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Abstract 
 
Nanoparticle-mediated drug targeting is an active area of cancer research and hold enormous potential in 
improving anticancer efficacy by providing tumor tissue specificity. Herein, tumor targeting capabilities of 
nanoparticles between passive targeting approach via the enhanced permeability and retention (EPR) effect and 
active targeting approach via the biotin receptors were compared to determine targeting efficiency rates. For this 
reason, Fe3O4@SiO2(FITC)-DOX (for passive targeting) and Fe3O4@SiO2(FITC)-BTN/DOX (for active 
targeting) multifunctional nanoparticles combining imaging and therapy were used. Fluorescence microscopy and 
flow cytometry were employed to both visualize and quantify the accumulation of nanoparticles into the tumor 
cells. The results demonstrated that active targeting strategy considerably enhanced nanoparticle accumulation in 
the cervical carcinoma HeLa cells with a 2-fold increase in comparison to passive targeting. Targeted nanoparticles 
exhibited higher cytotoxicity in cancer cells with an approximately 2.5-fold better half maximal inhibitory 
concentration (IC50) value than untargeted nanoparticles. Moreover, it was found that targeted nanoparticles 
increased the number of apoptotic cells by nearly 21.1% as compared to untargeted nanoparticles. These 
observations show that active tumor targeting drug delivery systems could be more promising for enhancing the 
chemotherapeutic effects of anticancer drugs as compared to passive tumor targeting drug delivery systems. 
 
Keywords: Cancer, multifunctional nanoparticles, passive targeting, active targeting 
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1. �*�ø�5�ø�ù 
 
�'�R�N�X�O�D�U�D���P�R�O�H�N�•�O�H�U���V�H�Y�L�\�H�G�H���Q�•�I�X�]���H�W�P�H���|�]�H�O�O�L�N�O�H�U�L��
�V�D�\�H�V�L�Q�G�H�� �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U �L�O�D�o�� �W�D�ú�Õ�P�D�� �V�L�V�W�H�P�O�H�U�L��
�R�O�D�U�D�N���� �K�H�P�� �G�L�\�D�J�Q�R�V�W�L�N�� �K�H�P�� �G�H�� �W�H�U�D�S�|�W�L�N��
uygulamalarda umut vaat etmektedir [1]. Geleneksel 
�N�H�P�R�W�H�U�D�S�|�W�L�N���D�M�D�Q�O�D�U�Õ�Q���o�R�÷�X�����G�•�ú�•�N���I�D�U�P�D�N�R�N�L�Q�H�W�L�N��
�S�U�R�I�L�O�O�H�U�H���V�D�K�L�S�W�L�U���Y�H���Y�•�F�X�G�D���Q�R�Q�V�S�H�V�L�I�L�N���\�D�\�Õ�O�G�Õ�N�O�D�U�Õ��
�L�o�L�Q�� �F�L�G�G�L�� �\�D�Q�� �H�W�N�L�O�H�U�� �J�|�V�W�H�U�H�Q�� �V�Lstemik toksisiteye 
�Q�H�G�H�Q�� �R�O�P�D�N�W�D�G�Õ�U�� �>���@���� �� �� �%�X�Q�G�D�Q�� �G�R�O�D�\�Õ���� �W�•�P�|�U��
�E�|�O�J�H�O�H�U�L�Q�L�� �K�H�G�H�I�O�H�\�H�E�L�O�H�Q�� �L�O�D�o�� �W�D�ú�Õ�P�D�� �V�L�V�W�H�P�O�H�U�L�Q�L�Q��
�J�H�O�L�ú�W�L�U�L�O�P�H�V�L�����K�H�P���L�O�D�o�O�D�U�Õ�Q���W�R�N�V�L�N���H�W�N�L�V�L�Q�L���D�]�D�O�W�P�D�N����
�K�H�P�� �G�H�� �o�R�N�O�X�� �L�O�D�o�� �G�L�U�H�Q�o�O�L�O�L�÷�L�Q�L�Q�� �|�Q�•�Q�H�� �J�H�o�P�H�N��
�D�o�Õ�V�Õ�Q�G�D�Q�� �o�R�N�� �|�Q�H�P�O�L�� �E�L�U�� �S�R�W�D�Q�V�L�\�H�O�H sahiptir [3]. 
�*�•�Q�•�P�•�]�G�H�� �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�� �E�X�� �S�R�W�D�Q�V�L�\�H�O�O�H�U�L�Q�L�Q��
�D�U�W�Õ�U�Õ�O�P�D�V�Õ�� �L�o�L�Q���� �S�D�V�L�I�� �Y�H�� �D�N�W�L�I�� �W�•�P�|�U�� �K�H�G�H�I�O�H�P�H��
�V�W�U�D�W�H�M�L�O�H�U�L�� �J�H�O�L�ú�W�L�U�L�O�H�U�H�N�� �J�H�O�H�Q�H�N�V�H�O�� �N�H�P�R�W�H�U�D�S�L�� �\�D�Q��
�H�W�N�L�O�H�U�L�Q�L�Q�� �H�Q�� �D�]�D�� �L�Q�G�L�U�L�O�P�H�V�L�� �D�P�D�o�O�D�Q�P�D�N�W�D�G�Õ�U�� �>���@����
�$�U�W�P�Õ�ú�� �J�H�o�L�U�J�H�Q�O�L�N�� �Y�H�� �D�O�Õ�N�R�Q�P�D�� ���(�3�5����enhanced 
permeability and retention) etkisi, bir pasif 
�K�H�G�H�I�O�H�P�H�� �I�R�U�P�X�G�X�U�� �Y�H�� �o�H�ú�L�W�O�L�� �E�R�\�X�W�O�D�U�G�D�N�L��
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�� ���J�H�Q�H�O�O�L�N�O�H�� ����-�������� �Q�P���� �W�•�P�|�U��
�G�R�N�X�O�D�U�Õ�Q�G�D���� �V�D�÷�O�Õ�N�O�Õ�� �G�R�N�X�O�D�U�G�D�� �P�•�P�N�•�Q�� �R�O�P�D�\�D�Q��
�ú�H�N�L�O�G�H���E�L�U�L�N�P�H�V�L���V�R�Q�X�F�X���R�O�X�ú�X�U���>���@�����1�D�Q�R�S�D�U�W�L�N�•�O�O�H�U��
bu benzersi�]�� �|�]�H�O�O�L�N�O�H�U�L�� �V�D�\�H�V�L�Q�G�H���� �D�Q�W�L�N�D�Q�V�H�U��
�D�M�D�Q�O�D�U�Õ�Q�� �W�•�P�|�U�� �K�•�F�U�H�O�H�U�L�Q�H�� �W�D�ú�Õ�Q�Õ�P�Õ�Q�Õ�� �P�•�P�N�•�Q��
�N�Õ�O�P�D�N�W�D�G�Õ�U���� �� �%�X�Q�X�Q�� �\�D�Q�Õ�� �V�Õ�U�D�� �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q��
�\�•�]�H�\�O�H�U�L�� �N�D�Q�V�H�U�� �K�•�F�U�H�O�H�U�L�� �W�D�U�D�I�Õ�Q�G�D�Q�� �D�ú�Õ�U�Õ�� �L�I�D�G�H��
�H�G�L�O�H�Q�� �U�H�V�H�S�W�|�U�O�H�U�H�� �V�S�H�V�L�I�L�N�� �O�L�J�D�Q�G�O�D�U�O�D�� �P�R�G�L�I�L�\�H��
�H�G�L�O�H�U�H�N���� �V�D�÷�O�Õ�N�O�Õ�� �K�•�F�U�H�O�H�U�� �\�H�U�L�Q�H�� �N�D�Q�V�H�U�O�H�ú�P�L�ú��
�K�•�F�U�H�O�H�U�� �G�D�K�D�� �\�•�N�V�H�N�� �D�I�L�Q�L�W�H�G�H�� �D�N�W�L�I�� �R�O�D�U�D�N��
hedeflenebilmektedir [6]. Bu sayede, 
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�� �D�U�D�F�Õ�O�Õ�÷�Õ�\�O�D�� �N�D�Q�V�H�U�� �K�•�F�U�H�O�H�U�L�Q�L�Q��
�L�o�L�Q�G�H�N�L�� �L�O�D�o�� �N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U�Õ�� �D�U�W�Õ�U�Õ�O�Õ�U�N�H�Q���� �Q�R�U�P�D�O��
�K�•�F�U�H�O�H�U�H���N�D�U�ú�Õ���P�H�\�G�D�Q�D���J�H�O�H�E�Llecek olan toksik etki 
minimize edilmektedir. 
 
�7�•�P�� �F�D�Q�O�Õ�� �K�•�F�U�H�O�H�U���� �\�D�ú�D�P�O�D�U�Õ�Q�Õ�� �V�•�U�G�•�U�H�E�L�O�P�H�O�H�U�L��
�L�o�L�Q���Y�L�W�D�P�L�Q�O�H�U�H���L�K�W�L�\�D�o���G�X�\�D�U�O�D�U�����I�D�N�D�W���K�Õ�]�O�D���E�|�O�•�Q�H�Q��
�N�D�Q�V�H�U�� �K�•�F�U�H�O�H�U�L���� �|�]�H�O�O�L�N�O�H�� �K�Õ�]�O�Õ�� �E�•�\�•�P�H�O�H�U�L�Q�L��
�V�•�U�G�•�U�H�E�L�O�P�H�N�� �L�o�L�Q�� �E�H�O�L�U�O�L�� �Y�L�W�D�P�L�Q�O�H�U�H�� �G�D�K�D�� �I�D�]�O�D��
�L�K�W�L�\�D�o���G�X�\�D�U�O�D�U�����%�X���Q�H�G�H�Q�O�H���Y�L�W�D�P�L�Q���D�O�Õ�P�Õ�Q�D���N�D�W�Õ�O�D�Q��
�U�H�V�H�S�W�|�U�O�H�U���� �N�D�Q�V�H�U�O�H�ú�H�Q�� �K�•�F�U�H�� �\�•�]�H�\�O�H�U�L�Q�G�H�� �D�ú�Õ�U�Õ��
�P�L�N�W�D�U�G�D�� �L�I�D�G�H�� �H�G�L�O�P�H�\�H�� �E�D�ú�O�D�P�D�N�W�D�G�Õ�U�� �>���@���� �%�X��
�D�U�W�Õ�ú�O�D�U�� �V�D�\�H�V�L�Q�G�H���� �Y�L�W�D�P�L�Q-�E�D�÷�O�D�Q�W�Õ�O�Õ�� �L�O�D�o�� �W�D�ú�Õ�P�D��
�V�L�V�W�H�P�O�H�U�L�Q�L�Q�� �G�D�K�D�� �\�•�N�V�H�N�� �D�I�L�Q�L�W�H�G�H�� �W�•�P�|�U��
�K�•�F�U�H�O�H�U�L�Q�L�� �K�H�G�H�I�O�H�P�H�V�L�� �V�D�÷�O�D�Q�D�E�L�O�P�H�N�W�H�G�L�U��[8]. 
Vitamin B12, folik asit ve biyotin gibi vitaminler 
�N�D�Q�V�H�U�O�L�� �K�•�F�U�H�O�H�U�G�H�� �P�L�W�R�]�� �E�|�O�•�Q�P�H�� �L�o�L�Q�� �W�H�P�H�O��
�Y�L�W�D�P�L�Q�O�H�U�G�L�U�� �Y�H�� �N�D�Q�V�H�U�� �K�•�F�U�H�O�H�U�L�� �W�D�U�D�I�Õ�Q�G�D�Q�� �K�•�F�U�H��
�\�•�]�H�\�L�Q�G�H�N�L�� �U�H�V�H�S�W�|�U�O�H�U�L�� �D�U�W�D�Q�� �R�U�D�Q�O�D�U�G�D�� �L�I�D�G�H��
�H�G�L�O�P�H�N�W�H�G�L�U�� �>���@���� �6�R�Q�� �]�D�P�D�Q�O�D�U�G�D�� �\�D�S�Õ�O�D�Q��
�o�D�O�Õ�ú�P�D�O�D�U�G�D�� �E�L�U�o�R�N�� �N�D�Q�V�H�U�� �K�•�F�U�H�V�L�Q�G�H�� �E�L�\�R�W�L�Q��
�U�H�V�H�S�W�|�U�O�H�U�L�Q�L�Q���� �Y�L�W�D�P�L�Q�� �%������ �Y�H�� �I�R�O�D�W��
�U�H�V�H�S�W�|�U�O�H�U�L�Q�G�H�Q�� �G�D�K�D�� �I�D�]�O�D�� �L�I�D�G�H�� �H�G�L�O�G�L�÷�L��
�J�|�V�W�H�U�L�O�P�L�ú�W�L�U�� �>�����@���� �%�X�� �Q�H�G�H�Q�O�H�� �E�L�\�R�W�L�Q�� �U�H�V�H�S�W�|�U�O�H�U�L��
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�� �D�N�W�L�I�� �K�H�G�H�I�O�H�Q�G�L�U�L�O�P�H�V�L�Q�G�H�� �J�•�o�O�•��
potansiyele sahip bir hedefleme biyobelirtecidir. 
 

�%�X�� �o�D�O�Õ�ú�P�D�G�D���� �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�� �D�U�D�F�Õ�O�Õ�÷�Õ�\�O�D�� �S�D�V�L�I�� �Y�H��
�D�N�W�L�I�� �W�•�P�|�U�� �K�H�G�H�I�O�H�P�H�� �\�D�N�O�D�ú�Õ�P�O�D�U�Õ�Q�Õ�Q��
�N�D�U�ú�Õ�O�D�ú�W�Õ�U�Õ�O�P�D�V�Õ�� �D�P�D�o�O�D�Q�P�Õ�ú�W�Õ�U���� �%�X�Q�X�Q�� �L�o�L�Q���� �G�D�K�D��
�|�Q�F�H�N�L�� �o�D�O�Õ�ú�P�D�O�D�U�G�D�� �J�H�O�L�ú�W�L�U�L�O�P�L�ú�� �Y�H�� �N�D�U�D�N�W�H�U�L�]�H��
�H�G�L�O�P�L�ú�� �E�L�\�R�W�L�Q�� �U�H�V�H�S�W�|�U�O�H�U�L�Q�L�� �D�N�W�L�I�� �R�O�D�U�D�N��
hedefliyebilen, Fe3O4@SiO2(FITC)-BTN/DOX 
�P�X�O�W�L�I�R�Q�N�V�L�\�R�Q�H�O�� �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�� �L�O�H�� �E�L�U�� �S�D�V�L�I��
�K�H�G�H�I�O�H�P�H�� �I�R�U�P�X�� �R�O�D�Q�� �D�U�W�P�Õ�ú�� �J�H�o�L�U�J�H�Q�O�L�N�� �Y�H��
�D�O�Õ�N�R�Q�P�D�� ���(�3�5���� �H�W�N�L�V�L�� �L�o�L�Q�� �V�H�Q�W�H�]�O�H�Q�H�Q�� �E�L�\�R�W�L�Q��
konjuge olmayan Fe3O4@SiO2(FITC)-DOX 
�P�X�O�W�L�I�R�Q�N�V�L�\�R�Q�H�O���Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L���N�X�O�O�D�Q�Õ�O�G�Õ���>����-12]. 
�$�N�W�L�I�� �Y�H�� �S�D�V�L�I�� �K�H�G�H�I�O�H�P�H�� �L�o�L�Q�� �N�X�O�O�D�Q�Õ�O�D�Q�� �E�X��
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q���� �D�Q�W�L�N�D�Q�V�H�U�� �H�W�N�L�Q�O�L�N�O�H�U�L���� �L�Q�V�D�Q��
�V�H�U�Y�L�N�D�O�� �N�D�Q�V�H�U�� �+�H�/�D�� �K�•�F�U�H�O�H�U�L�Q�H�� �N�D�U�ú�Õ�� �J�|�V�W�H�U�P�L�ú��
�R�O�G�X�N�O�D�U�Õ�� �������� �K�•�F�U�H�V�H�O�� �D�O�Õ�P���� �������� �I�O�R�U�H�V�D�Q��
�J�|�U�•�Q�W�•�O�H�P�H���� �������� �V�L�W�R�W�R�N�V�L�N�� �Y�H�� �������� �S�U�R-apoptotik 
�H�W�N�L�O�H�U�L���D�U�D�ú�W�Õ�U�Õ�O�D�U�D�N���N�D�U�ú�Õ�O�D�ú�W�Õ�U�Õ�O�G�Õ���� 
 
2. �0�$�/�=�(�0�(���9�(���<�g�1�7�(�0 
 
2.1. Malzeme 
 
3-(4,5-dimetil-2-tiazolil)-2,5-difeniltetrazolyum 
bromid (MTT) ve tripsin Sigma-Aldrich Chemicals 
�¶�G�D�Q�����D�G�U�L�P�L�V�L�Q�����G�R�N�V�R�U�X�E�L�V�L�Q�����6�$�%�$���3�K�D�U�P�D���¶�G�D�Q����
%10 fetal bovin serumu (FBS), streptomisin, 
penisilin, L-glutamik asit, DMEM besi yeri Gibco 
�/�L�I�H�� �W�H�F�K�Q�R�O�R�J�L�H�V�� �¶�G�H�Q���� ��-AAD (7-amino 
aktinomisin) ve PE-Anneksin-V BD Pharmingen 
�¶�G�H�Q�� �W�H�P�L�Q�� �H�G�L�O�P�L�ú�W�L�U���� �.�X�O�O�D�Q�Õ�O�D�Q�� �G�L�÷�H�U�� �W�•�P��
�N�L�P�\�D�V�D�O�O�D�U�� �D�Q�D�O�L�W�L�N�� �V�D�I�O�Õ�N�W�D�G�Õ�U�� �Y�H�� �G�H�Q�H�P�H�O�H�U��
boyun�F�D���X�O�W�U�D���V�D�I���V�X���N�X�O�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U�� 
 
2.2. �+�•�F�U�H���.�•�O�W�•�U�• 
 
�+�H�/�D�����L�Q�V�D�Q���H�S�L�W�H�O�\�D�O���V�H�U�Y�L�N�D�O���N�D�U�V�L�Q�R�P�D�����K�•�F�U�H���K�D�W�W�Õ��
�ø�]�P�L�U���<�•�N�V�H�N���7�H�N�Q�R�O�R�M�L���(�Q�V�W�L�W�•�V�•�����%�L�\�R�W�H�N�Q�R�O�R�M�L���Y�H��
�%�L�\�R�P�•�K�H�Q�G�L�V�O�L�N�� �$�U�D�ú�W�Õ�U�P�D�� �Y�H�� �8�\�J�X�O�D�P�D��
�0�H�U�N�H�]�L�Q�G�H�Q�� �W�H�P�L�Q�� �H�G�L�O�G�L���� �.�D�Q�V�H�U�� �K�•�F�U�H�O�H�U�L����10% 
(v/v) fetal bovin �V�H�U�X�P�X�� ���)�%�6������ �������� �—�J���P�/ 
streptomisin, 100 U/mL penisilin ve 2 mM L-
�J�O�X�W�D�P�L�N���D�V�L�W���L�o�H�U�H�Q���'�0�(�0�� �E�H�V�L�\�H�U�L���L�o�L�Q�G�H�� �N�•�O�W�•�U�H��
�H�G�L�O�G�L���� �.�•�O�W�•�U���� �V�W�H�U�L�O�� �N�R�ú�X�O�O�D�U�� �D�O�W�Õ�Q�G�D�� ������ �R�&�� �G�H���� ������
�&�2�����L�K�W�L�Y�D���H�G�H�Q���L�Q�N�•�E�D�W�|�U�G�H���J�H�U�o�H�N�O�H�ú�W�L�U�L�O�G�L�� 
 
2.3. �1�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�� �6�H�Q�W�H�]�L�� �Y�H 

Karakteriz asyonu 
 
Fe3O4@SiO2(FITC)-BTN/DOX multifonksiyonel 
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�� ���ù�H�N�L�O�� ���$���� �N�D�\�Q�D�N�o�D�� ������ �Y�H�� ������ �G�H��
�W�D�U�L�I�� �H�G�L�O�G�L�÷�L�� �J�L�E�L�� �G�D�K�D�� �|�Q�F�H�N�L�� �o�D�O�Õ�ú�P�D�O�D�U�Õ�P�Õ�]�G�D��
�V�H�Q�W�H�]�O�H�Q�G�L���� �%�X�Q�X�Q�� �L�o�L�Q��ilk olarak demir oksit 
���)�H���2�������o�H�N�L�U�G�H�N���\�D�S�Õ�V�Õ��Fe+2/Fe+3 �W�X�]�O�D�U�Õ�Q�Õ�Q���R�U�W�D�N��
�o�|�N�W�•�U�•�O�P�Hsi �\�|�Q�W�H�P�L�\�O�H�� �V�H�Q�W�H�]�O�H�Q�G�L������������
�1�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�� �E�L�\�R�X�\�X�P�O�X�O�X�N�� �Y�H�� �V�W�D�E�L�O�L�W�H��
�N�D�]�D�Q�P�D�V�Õ���� �D�\�U�Õ�F�D�� �I�L�]�L�N�R�N�L�P�\�D�V�D�O�� �P�H�W�R�G�O�D�U�O�D��
�\�•�]�H�\�O�H�U�L�Q�L�Q�� �I�R�Q�N�V�L�\�R�Q�H�O�O�H�ú�W�L�U�L�O�H�E�L�O�P�H�V�L�� �L�o�L�Q���� �G�H�P�L�U��
�R�N�V�L�W���o�H�N�L�U�G�H�N�����V�L�O�L�N�D���S�R�O�L�P�H�U�L���L�O�H���N�D�S�O�D�Q�G�Õ�����%�X���D�P�D�o��
�L�o�L�Q�� �V�R�O-�M�H�O�� �N�L�P�\�D�V�Õ�Q�G�D�Q�� �\�D�U�D�U�O�D�Q�Õ�O�G�Õ�� �Y�H�� �W�H�W�U�D�H�W�L�O��
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�R�W�U�R�V�L�O�L�N�D�W�� ���7�(�2�6���� �L�O�H�� �G�H�P�L�U�� �R�N�V�L�W�� �o�H�N�L�U�G�H�N��
�N�D�S�O�D�Q�D�U�D�N�� �)�H���2���#�6�L�2���� �Q�D�Q�R�S�D�U�W�L�N�•�O�� �\�D�S�Õ�V�Õ��
�R�O�X�ú�W�X�U�X�O�G�X���� �'�D�K�D�� �V�R�Q�U�D�� �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�� �K�•�F�U�H��
�W�D�U�D�I�Õ�Q�G�D�Q�� �D�O�Õ�Q�G�Õ�÷�Õ�Q�Õ�Q�� �R�S�W�L�N�� �R�O�D�U�D�N�� �L�]�O�H�Q�H�E�L�O�P�H�V�L��
�L�o�L�Q���� �)�H���2���#�6�L�2���� �Q�D�Q�R�S�D�U�W�L�N�•�O�� �\�D�S�Õ�V�Õ�Q�D�� �I�O�R�U�H�V�D�Q��
�|�]�H�O�O�L�÷�L�Q�H�� �V�D�K�L�S�� �I�O�R�U�H�V�L�Q�� �L�]�R�W�L�\�R�V�L�\�D�Q�D�W�� ���)�,�7�&����
�H�Q�N�D�S�V�•�O�H�� �H�G�L�O�G�L���� �(�Q�N�D�S�V�•�O�D�V�\�R�Q�� �V�D�\�H�V�L�Q�G�H����
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q���I�R�W�R�N�L�P�\�D�V�D�O���V�W�D�E�L�O�L�W�H�V�L�Q�L���D�U�W�Õ�U�P�D�V�Õ��
�V�D�÷�O�D�Q�G�Õ�����%�X���L�ú�O�H�P�O�H�U���V�R�Q�U�D�V�Õ�Q�G�D�����L�Q���Y�L�Y�R���Y�H���L�Q���Y�L�W�U�R��
�N�R�ú�X�O�O�D�U�G�D���W�D�N�L�S���H�G�L�O�H�E�L�O�H�Q����silika manyetik-floresan 
[Fe3O4@SiO2���)�,�7�&���@���Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L���R�O�X�ú�W�X�U�X�O�G�X����
�'�D�K�D���V�R�Q�U�D���Q�D�Q�R�S�D�U�W�L�N�•�O���\�•�]�H�\�O�H�U�L�Q�L�Q���E�L�\�R�W�L�Q�����%�7�1����
�L�O�H�� �H�V�W�H�U�L�I�L�N�D�V�\�R�Q�X�� �V�D�÷�O�D�Q�D�U�D�N���� �D�N�W�L�I�� �W�•�P�|�U��
�K�H�G�H�I�O�H�P�H�� �|�]�H�O�O�L�÷�L�� �N�D�]�D�Q�G�Õ�U�Õ�O�G�Õ���� �6�R�Q�� �D�G�Õ�P�G�D�� �L�V�H����
doksorubisin (DOX), amin-fonksiyonel 

�Q�D�Q�R�S�D�U�W�L�N�•�O�� �\�•�]�H�\�L�Q�H��schiff-�E�D�]�Õ�� �N�L�P�\�D�V�Õ�� �L�O�H��
�E�D�÷�O�D�Q�G�Õ�����3�D�V�L�I���K�H�G�H�I�O�H�P�H���o�D�O�Õ�ú�P�D�O�D�U�Õ�Q�G�D���N�X�O�O�D�Q�Õ�O�D�Q��
Fe3O4@SiO2(FITC)-DOX multifonksiyonel 
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�L�Q�� ���ù�H�N�L�O�� ���%���� �V�H�Q�W�H�]�L�Q�G�H����
�Q�D�Q�R�S�D�U�W�L�N�•�O�� �\�•�]�H�\�O�H�U�L�Q�L�Q�� �%�7�1�� �L�O�H�� �H�V�W�H�U�L�I�L�N�D�V�\�R�Q�X��
�K�D�U�L�F�L�Q�G�H���� �\�X�N�D�U�Õ�G�D�N�L�� �W�•�P�� �L�ú�O�H�P�O�H�U�� �V�Õ�U�D�V�Õ�\�O�D�� �W�D�N�Lp 
�H�G�L�O�G�L���� �1�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�� �I�L�]�L�N�R�N�L�P�\�D�V�D�O��
�N�D�U�D�N�W�H�U�L�]�D�V�\�R�Q�O�D�U�Õ���� �G�L�Q�D�P�L�N�� �Õ�ú�Õ�N�� �V�D�o�Õ�O�Õ�P��
spektrometresi (DLS), zeta-�S�R�W�H�Q�V�L�\�H�O�L�� �|�O�o�•�P�•���� �;-
�Õ�ú�Õ�Q�O�D�U�Õ�� �G�L�I�U�D�N�V�L�\�R�Q�� �D�Q�D�O�L�]�L�� ���;�5�'������ �)�R�X�U�L�H�U��
�G�|�Q�•�ú�•�P�O�•�� �N�Õ�]�Õ�O�|�W�H�V�L�� �V�S�H�N�W�U�R�V�N�R�S�L�V�L�� ���)�7�,�5���� �Y�H��
elektron mikroskobu teknikleri (SEM, STEM ve 
�(�'�;�����L�O�H���J�H�U�o�H�N�O�H�ú�W�L�U�L�O�G�L���� 
 

 
 

 
 
�ù�H�N�L�O�� ������ ���$���� �)�H���2���#�6�L�2�����)�,�7�&��-DOX ve (B) Fe3O4@SiO2(FITC)-BTN/DOX n�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�L�Q�� �ú�H�P�D�W�L�N��
�J�|�V�W�H�U�L�P�L�����
���1�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q �o�H�N�L�U�G�H�N-�N�D�E�X�N���\�D�S�Õ�V�Õ���W�D�U�D�P�D�O�Õ-�J�H�o�L�U�L�P�O�L���H�O�H�N�W�U�R�Q���P�L�N�U�R�V�N�R�E�X�����6�7�(�0�����D�U�D�F�Õ�O�Õ�÷�Õ�\�O�D��
elde edildi. 
 
2.4. �+�•�F�U�H�V�H�O���$�O�Õ�P���'�H�Q�H�\�O�H�U�L 
 
Fe3O4@SiO2(FITC)-DOX ve 
Fe3O4@SiO2(FITC)-BTN/DOX multifonksiyonel 
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�L�Q���� �+�H�/�D �N�D�Q�V�H�U�� �K�•�F�U�H�O�H�U�L�Q�L��
hedefleme potansiyelleri floresan mikroskopu ve 
�D�N�Õ�P���V�L�W�R�P�H�W�U�L�V�L���N�X�O�O�D�Q�Õ�O�D�U�D�N���D�U�D�ú�W�Õ�U�Õ�O�G�Õ���� 
 
�0�L�N�U�R�V�N�R�S�L�N�� �J�|�U�•�Q�W�•�O�H�P�H�� �L�o�L�Q���� �+�H�/�D�� �K�•�F�U�H�O�H�U�L��
���������������� �K�•�F�U�H���P�/�� �\�R�÷�X�Q�O�X�÷�X�Q�G�D�� ���� �N�X�\�X�O�X��
�S�O�D�N�D�O�D�U�G�D�� ������ �—�J���P�/�� �Q�D�Q�R�S�D�U�W�L�N�•�O��
konsantrasyonunda 4 saat b�R�\�X�Q�F�D�� �L�Q�N�•�E�H�� �H�G�L�O�G�L����
�ø�Q�N�•�E�D�V�\�R�Q���V�R�Q�U�D�V�Õ���K�•�F�U�H�O�H�U���•�o���G�H�I�D���I�R�V�I�D�W���W�D�P�S�R�Q�O�X��
�o�|�]�H�O�W�L�����3�%�6�����L�O�H���\�Õ�N�D�Q�G�Õ�N�W�D�Q���V�R�Q�U�D�����Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�H��
�H�Q�N�D�S�V�•�O�H�� �H�G�L�O�H�Q�� �)�,�7�&�� �I�O�R�U�H�V�D�Q�V�� �P�L�N�U�R�V�N�R�E�X�Q�G�D��
�R�S�W�L�N�� �R�O�D�U�D�N�� �L�]�O�H�Q�G�L���� �1�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�� �K�•�F�U�H�V�H�O��
�D�O�Õ�P�Õ���� �2�O�\�P�S�X�V�� �,�;��-ILL100 floresan mikroskobu 
�N�X�O�O�D�Q�Õ�O�D�U�D�N�� �J�|�U�•�Q�W�•�O�H�Q�G�L���� �ø�O�J�L�O�L�� �J�|�U�•�Q�W�•�O�H�U�L�Q��
�I�R�W�R�÷�U�D�I�O�D�U�Õ�� �&�&�'�� �N�D�P�H�U�D�� �N�X�O�O�D�Q�Õ�O�D�U�D�N�� �o�H�N�L�O�G�L�� �Y�H��
�,�P�D�J�H�-���S�U�R�J�U�D�P�Õ���N�X�O�O�D�Q�Õ�O�D�U�D�N���D�Q�D�O�L�]���H�G�L�O�G�L�� 
 
�+�•�F�U�H�V�H�O���D�O�Õ�P���P�L�N�W�D�U�V�D�O���D�Q�D�O�L�]�L���L�o�L�Q�����+�H�/�D���K�•�F�U�H�O�H�U�L��
���������������� �K�•�F�U�H���P�/�� �\�R�÷�X�Q�O�X�÷�X�Q�G�D�� ���� �N�X�\�X�O�X��
plakalarda �E�L�U�� �J�H�F�H�� �E�R�\�X�Q�F�D�� �L�Q�N�•�E�H�� �H�G�L�O�G�L���� �'�D�K�D��
�V�R�Q�U�D���K�H�U���E�L�U���N�X�\�X�G�D�N�L���E�H�V�L�\�H�U�O�H�U�L���D�W�Õ�O�G�Õ���Y�H���K�•�F�U�H�O�H�U��
�\�X�N�D�U�Õ�G�D�� �D�Q�O�D�W�Õ�O�G�Õ�÷�Õ�� �J�L�E�L�� �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�� �L�O�H�� �L�Q�N�•�E�H��
�H�G�L�O�G�L���� �ø�Q�N�•�E�D�V�\�R�Q�� �V�R�Q�U�D�V�Õ�� �K�•�F�U�H�O�H�U�� �W�U�L�S�V�L�Q�L�]�H��
�H�G�L�O�H�U�H�N�� �W�R�S�O�D�Q�G�Õ�� �Y�H�� �D�N�Õ�P�� �V�L�W�R�P�H�W�U�H�V�L�Q�G�H�� �)�,�7�&��

�I�O�R�U�H�V�D�Q�Õ�Q�Õ�Q�� �G�D�÷�Õ�O�Õ�P�Õ�� �L�o�L�Q�� �D�Q�D�O�L�]�� �H�G�L�O�G�L���� �$�N�Õ�P��
�V�L�W�R�P�H�W�U�L�N�� �D�Q�D�O�L�]�O�H�U�L���� �)�$�&�6�� �F�L�K�D�]�Õ�� ���)�D�F�V�F�D�Q�W�R����
�%�H�F�W�R�Q���'�L�F�N�L�Q�V�R�Q�����6�D�Q���-�R�V�H�����&�$�����L�O�H���\�D�S�Õ�O�G�Õ�� 
 
2.5. �0�X�O�W�L�I�R�Q�N�V�L�\�R�Q�H�O�� �1�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q��

Sitotoksik Etkileri  
 
Fe3O4@SiO2(FITC)-DOX ve 
Fe3O4@SiO2(FITC)-BTN/DOX multifonksiyonel 
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�L�Q�����+�H�/�D���N�D�Q�V�H�U���K�•�F�U�H�O�H�U�L���•�]�H�U�L�Q�G�H��
�J�|�V�W�H�U�G�L�N�O�H�U�L�� �V�L�W�R�W�R�N�V�L�V�L�W�H���� �0�7�7�� �\�|�Q�W�H�P�L��
�N�X�O�O�D�Q�Õ�O�D�U�D�N���E�H�O�L�U�O�H�Q�G�L�� 
 
�6�L�W�R�W�R�N�V�L�V�L�W�H���o�D�O�Õ�ú�P�D�O�D�U�Õ���L�o�L�Q�����+�H�/�D���K�•�F�U�H�O�H�U�L����������������
�K�•�F�U�H���P�/�� �\�R�÷�X�Q�O�X�÷�X�Q�G�D�� ������ �N�X�\�X�O�X�� �S�O�D�N�D�O�D�U�G�D��
���������������������������������������������������� �—�J���P�/�� �Q�D�Q�R�S�D�U�W�L�N�•�O��
�N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U�Õ�\�O�D���Y�H���V�H�U�E�H�V�W���'�2�;�������������Q�0�����L�O�H����
������ �V�D�D�W�� �E�R�\�X�Q�F�D�� �L�Q�N�•�E�H�� �H�G�L�O�G�L���� �%�X�� �L�Q�N�X�E�D�V�\�R�Q�G�D�Q��
�V�R�Q�U�D���� �K�•�F�U�H�O�H�U�� �������� �P�J���P�/�� �0�7�7�� �L�o�H�U�H�Q�� �R�U�W�D�P�G�D�� ����
�V�D�D�W���L�Q�N�•�E�H���H�G�L�O�G�L���Y�H���D�U�G�Õ�Q�G�D�Q���S�O�D�N�D�O�D�U�������������U�S�P���G�H��
������ �G�D�N�L�N�D�� �E�R�\�X�Q�F�D�� �V�D�Q�W�U�L�I�•�M�� �H�G�L�O�G�L���� �6�•�S�H�U�Q�D�W�D�Q�W��
uzakla�ú�W�Õ�U�Õ�O�G�Õ�N�W�D�Q�� �V�R�Q�U�D�� �K�H�U�� �E�L�U�� �N�X�\�X�F�X�N�G�D�� �R�O�X�ú�D�Q��
�I�R�U�P�D�]�D�Q�� �N�U�L�V�W�D�O�O�H�U�L�� �������� �—�/�� �'�0�6�2�� �L�o�H�U�L�V�L�Q�G�H��
�o�|�]�•�O�G�•�� �Y�H�� �������� �Q�P�� �G�H�N�L�� �D�E�V�R�U�E�D�Q�V�O�D�U�Õ�� �P�L�N�U�R�S�O�D�N�D��
�R�N�X�\�X�F�X�� �D�U�D�F�Õ�O�Õ�÷�Õ�\�O�D�� �R�N�X�Q�D�U�D�N�� �³�\�D�U�Õ-maksimum 
�L�Q�K�L�E�L�V�\�R�Q�� �N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U�Õ�¶�¶�� ���,�&�������� �E�H�O�L�U�O�H�Q�G�L����
�,�&������ �G�H�÷�H�U�O�H�U�L�� �*�U�D�S�K�3�D�G�� �3�U�L�V�P�� �������� �\�D�]�Õ�O�Õ�P�Õ�� �L�O�H��
�K�H�V�D�S�O�D�Q�G�Õ�� 
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2.6. �0�X�O�W�L�I�R�Q�N�V�L�\�R�Q�H�O�� �1�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�� �3�U�R-

apoptotik Etkileri  
 
Fe3O4@SiO2(FITC)-DOX ve Fe3O4@SiO2(FITC)-
�%�7�1���'�2�;�� �P�X�O�W�L�I�R�Q�N�V�L�\�R�Q�H�O�� �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�L�Q����
�+�H�/�D�� �N�D�Q�V�H�U�� �K�•�F�U�H�O�H�U�L�� �•�]�H�U�L�Q�G�H�� �J�|�V�W�H�U�G�L�N�O�H�U�L�� �S�U�R-
apoptotik etkileri ve apop�W�R�]�D�� �X�÷�U�D�\�D�Q�� �K�•�F�U�H�O�H�U�L�Q��
�\�•�]�G�H�O�H�U�L����7-AAD ve PE-Anneksin-�9�� �o�L�I�W�� �E�R�\�D�P�D��
�\�|�Q�W�H�P�L���L�O�H���D�N�Õ�P���V�L�W�R�P�H�W�U�H�V�L�Q�G�H���|�O�o�•�O�G�•�� 
 
�$�S�R�S�W�R�]�� �o�D�O�Õ�ú�P�D�O�D�U�Õ�� �L�o�L�Q���� �+�H�O�D�� �K�•�F�U�H�O�H�U�L�� ����������������
�K�•�F�U�H���P�/�� �\�R�÷�X�Q�O�X�÷�X�Q�G�D�� ���� �N�X�\�X�O�X�� �S�O�D�N�D�O�D�U�G�D�� �,�&50 
�N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U�Õ�Q�G�D�N�L�� �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�� �L�O�H�� ���� �V�D�Dt 
�E�R�\�X�Q�F�D���L�Q�N�•�E�H���H�G�L�O�G�L�����ø�Q�N�•�E�D�V�\�R�Q���V�R�Q�U�D�V�Õ���K�•�F�U�H�O�H�U����
�3�%�6�� �L�O�H�� �\�Õ�N�D�Q�G�Õ�� �Y�H�� �W�U�L�S�V�L�Q�L�]�H�� �H�G�L�O�H�U�H�N�� �V�D�Q�W�U�L�I�•�M�O�H��
�W�R�S�O�D�Q�G�Õ���� �6�D�Q�W�U�L�I�•�M�� �V�R�Q�U�D�V�Õ�� �W�H�N�U�D�U�� �3�%�6�� �L�o�H�U�L�V�L�Q�G�H��
�\�Õ�N�D�Q�D�Q�� �K�•�F�U�H�O�H�U���� �������� �—�/�� �D�Q�Q�H�N�V�L�Q�� �E�D�÷�O�D�P�D��
�W�D�P�S�R�Q�X���L�o�H�U�L�V�L�Q�G�H���o�|�]�•�O�G�•���Y�H�������¶�D�U���—�/����-AAD ve 
PE-Anneksin-�9�� �L�O�H�� �E�R�\�D�Q�D�U�D�N���� ������ �G�D�N�L�N�D�� �N�D�U�D�Q�O�Õ�N��
�R�U�W�D�P�G�D�� �L�Q�N�•�E�H�� �H�G�L�O�G�L���� �ø�Q�N�•�E�D�V�\�R�Q�� �V�R�Q�U�D�V�Õ��
�K�•�F�U�H�O�H�U�L�Q�� �K�H�S�V�L�� �D�\�U�Õ�� �D�\�U�Õ�� �D�N�Õ�P�� �V�L�W�R�P�H�W�U�H�V�L�Q�G�H��
�R�N�X�W�X�O�D�U�D�N���D�S�R�S�W�R�]���R�U�D�Q�O�D�U�Õ���E�H�O�L�U�O�H�Q�G�L��  
 
2.7. �ø�V�W�D�W�L�V�W�L�N�V�H�O���$�Q�D�O�L�] 
 
�7�•�P���Y�H�U�L�O�H�U�����R�U�W�D�O�D�P�D���“���V�W�D�Q�G�D�U�W���V�D�S�P�D�����6�6�����R�O�D�U�D�N��
�Y�H�U�L�O�G�L���� �ø�V�W�D�W�L�N�V�H�O�� �D�Q�D�O�L�]�O�H�U�� �6�W�X�G�H�Q�W�
�V�� �W�� �W�H�V�W�L��
�N�X�O�O�D�Q�Õ�O�D�U�D�N�� �0�L�F�U�R�V�R�I�W�� �(�[�F�H�O�� �\�D�]�Õ�O�Õ�P�Õ�� �D�U�D�F�Õ�O�Õ�÷�Õ�\�O�D��
�\�D�S�Õ�O�G�Õ���� �3�� �”���������� �G�H�÷�H�U�L�� �L�V�W�D�W�L�V�W�L�N�V�H�O�� �R�O�D�U�D�N�� �D�Q�O�D�P�O�Õ��
kabul edildi. 

3. �6�2�1�8�d�/�$�5���9�(���7�$�5�7�,�ù�0�$ 
 
3.1. �+�•�F�U�H�V�H�O���$�O�Õ�P 
 
Fe3O4@SiO2(FITC)-DOX ve 
Fe3O4@SiO2(FITC)-BTN/DOX multifonksiyonel 
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�L�Q�� �+�H�/�D�� �N�D�Q�V�H�U�� �K�•�F�U�H�O�H�U�L�Q�L��
�K�H�G�H�I�O�H�P�H�� �S�R�W�D�Q�V�L�\�H�O�O�H�U�L�Q�L�Q�� �D�U�D�ú�W�Õ�U�Õ�O�P�D�V�Õ�� �L�o�L�Q��
�D�\�G�Õ�Q�O�Õ�N�� �D�O�D�Q�� �Y�H�� �I�O�R�U�H�V�D�Q�V�� �P�L�N�U�R�V�N�R�S�� �J�|�U�•�Q�W�•�O�H�U�L��
�o�H�N�L�O�G�L�����1�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q���K�•�F�U�H�V�H�O���O�R�N�D�O�L�]�D�V�\�R�Q�O�D�U�Õ����
�I�O�R�U�H�V�D�Q�V�� �J�|�U�•�Q�W�•�O�H�U�L�Q�H�� �N�D�U�ú�Õ�O�Õ�N�� �J�H�O�H�Q�� �D�\�G�Õ�Q�O�Õ�N�� �D�O�D�Q��
�J�|�U�•�Q�W�•�O�H�U�L�Q�L�Q�� �N�D�U�ú�Õ�O�D�ú�W�Õ�U�Õ�O�P�D�V�Õ�\�O�D�� �H�O�G�H�� �H�G�L�O�G�L���� �+�H�U��
�L�N�L�� �Q�D�Q�R�S�D�U�W�L�N�•�O�•�Q�� �G�H�� �N�D�Q�V�H�U�� �K�•�F�U�H�O�H�U�L�Q�L��
�K�H�G�H�I�O�H�\�H�E�L�O�G�L�÷�L���� �I�D�N�D�W�� �D�N�W�L�I�� �K�H�G�H�I�O�L��
Fe3O4@SiO2(FITC)-BTN/DOX 
nanopartik�•�O�O�H�U�L�Q�L�Q�� �K�•�F�U�H�� �L�o�L�� �I�O�R�U�H�V�D�Q�V��
�\�R�÷�X�Q�O�X�N�O�D�U�Õ�Q�Õ�Q���S�D�V�L�I���K�H�G�H�I�O�L���)�H���2���#�6�L�2�����)�,�7�&��-
�'�2�;���Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�H���R�U�D�Q�O�D���G�D�K�D���\�•�N�V�H�N���R�O�G�X�÷�X��
�E�H�O�L�U�O�H�Q�G�L���� �$�N�Õ�P�� �V�L�W�R�P�H�W�U�L�N�� �D�Q�D�O�L�]�O�H�U�L�� �V�R�Q�X�F�X����
Fe3O4@SiO2(FITC)-�%�7�1���'�2�;�� �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L��
������������ �¶�O�L�N�� �G�•�]�H�\�G�H�� �K�•�F�U�H�V�H�O�� �D�O�Õ�P�� �Y�H�U�L�P�O�L�O�L�÷�L��
�J�|�V�W�H�U�L�U�N�H�Q���� �)�H���2���#�6�L�2�����)�,�7�&��-DOX 
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�L�Q�� ������������ �¶�O�•�N�� �E�L�U�� �K�•�F�U�H�V�H�O�� �D�O�Õ�P��
�Y�H�U�L�P�O�L�O�L�÷�L�� �J�|�V�W�H�U�G�L�÷�L�� �E�H�O�L�U�O�H�Q�G�L�� ���ù�H�N�L�O�� �������� �%�X��
�V�R�Q�X�o�O�D�U�����D�N�W�L�I���K�H�G�H�I�O�L���Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q���S�D�V�L�I���K�H�G�H�I�O�L��
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�H�� �J�|�U�H���� �N�D�Q�V�H�U�� �K�•�F�U�H�O�H�U�L�Q�H�� �G�D�K�D��
�E�D�ú�D�U�Õ�O�Õ�� �E�L�U�� �ú�H�N�L�O�G�H�� �Q�•�I�X�]�� �H�G�H�E�L�O�G�L�÷�L�Q�L��
�J�|�V�W�H�U�P�H�N�W�H�G�L�U��

 

 
�ù�H�N�L�O�������+�H�/�D�� �K�•�F�U�H�O�H�U�L�Q�L�Q�� ���$���� �)�H���2���#�6�L�2�����)�,�7�&��-DOX ve (B) Fe3O4@SiO2(FITC)-BTN/DOX 
�P�X�O�W�L�I�R�Q�N�V�L�\�R�Q�H�O�� �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�� �L�O�H�� ���� �V�D�D�W�� �L�Q�N�•�E�D�V�\�R�Q�X�� �V�R�Q�U�D�V�Õ�� �K�•�F�U�H�V�H�O�� �D�O�Õ�P�� �P�L�N�W�D�U�V�D�O�� �D�Q�D�O�L�]�L�� �Y�H�� �I�O�R�U�H�V�D�Q��
�P�L�N�U�R�V�N�R�E�X�� �J�|�U�•�Q�W�•�O�H�U�L�� �6�•�W�X�Q�O�D�U�� �L�o�L�Q���� ������ �D�\�G�Õ�Q�O�Õ�N�� �D�O�D�Q�� �J�|�U�•�Q�W�•�O�H�U�L���� ������ �I�O�R�U�H�V�D�Q�V�� �J�|�U�•�Q�W�•�O�H�U�L���� �Y�H�� ������ �K�H�U�� �L�N�L��
�J�|�U�•�Q�W�•�Q�•�Q���•�V�W���•�V�W�H���E�L�U�O�H�ú�W�L�U�L�O�P�H�V�L�� 
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3.2. �0�X�O�W�L�I�R�Q�N�V�L�\�R�Q�H�O�� �1�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q��
Sitotoksik Etkileri  

 
Fe3O4@SiO2(FITC)-DOX ve 
Fe3O4@SiO2(FITC)-BTN/DOX multifonksiyonel 
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�L�Q�� �+�H�/�D�� �N�D�Q�V�H�U�� �K�•�F�U�H�O�H�U�L�� �•�]�H�U�L�Q�G�H��
�Q�D�V�Õ�O���E�L�U���V�L�W�R�W�R�N�V�L�N���H�W�N�L���J�|�V�W�H�U�G�L�÷�L�Q�L���L�Q�F�H�O�H�P�H�N���L�o�L�Q����
�0�7�7�� �K�•�F�U�H�� �S�U�R�O�L�I�H�U�D�V�\�R�Q�X�� �D�Q�D�O�L�]�L�� �\�D�S�Õ�O�G�Õ���� �%�X�Q�X�Q��
�L�o�L�Q���� �N�D�Q�V�H�U�� �K�•�F�U�H�O�H�U�L�Q�H�� ������ �V�D�D�W�� �E�R�\�X�Q�F�D�� �D�U�W�D�Q��
konsantrasyonlarda (0.1-�����������J���P�/�����Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U��
ve serbest DOX (100 nM) �X�\�J�X�O�D�Q�G�Õ����
Fe3O4@SiO2(FITC)-BTN/DOX 
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�L�Q���� �)�H���2���#�6�L�2�����)�,�7�&��-DOX 
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�� �L�O�H�� �N�D�U�ú�Õ�O�D�ú�W�Õ�U�Õ�O�G�Õ�÷�Õ�Q�G�D�� �\�D�N�O�D�ú�Õ�N�� ��������
�N�D�W�� �G�D�K�D�� �G�•�ú�•�N�� �,�&������ �G�H�÷�H�U�L�� �L�O�H�� �N�D�Q�V�H�U�� �K�•�F�U�H�O�H�U�L�Q�H��
�N�D�U�ú�Õ�� �G�D�K�D�� �J�•�o�O�•�� �E�L�U�� �V�L�W�R�W�R�N�V�L�N�� �H�W�N�L�\�H�� �V�D�K�L�S�� �R�O�G�X�÷�X��
bulundu (Tablo 1). Daha ileri sitotoksisite 
�D�U�D�ú�W�Õ�U�P�D�O�D�U�Õ�Q�G�D�� �K�•�F�U�H�O�H�U�H���� �N�H�P�R�W�H�U�D�S�L�� �D�O�W�Õ�Q�G�D�N�L��

�K�D�V�W�D�O�D�U�Õ�Q�� �R�U�W�D�O�D�P�D�� �S�O�D�]�P�D�� �G�R�N�V�R�U�X�E�L�V�L�Q��
konsantrasyonunu olan 100 nM serbest DOX [13] 
�X�\�J�X�O�D�Q�G�Õ���� �ù�H�N�L�O�� ���� �G�H�� �J�|�V�W�H�U�L�O�G�L�÷�L�� �J�L�E�L���� �V�D�K�L�S��
�R�O�G�X�N�O�D�U�Õ���G�D�K�D �G�•�ú�•�N���'�2�;���N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U�Õ���L�O�H�����K�H�U��
�L�N�L�� �Q�D�Q�R�S�D�U�W�L�N�•�O�� �G�H�� �V�H�U�E�H�V�W�� �'�2�;�� �W�D�U�D�I�Õ�Q�G�D�Q��
�V�H�U�J�L�O�H�Q�H�Q�G�H�Q�� �G�D�K�D�� �\�•�N�V�H�N�� �R�U�D�Q�O�D�U�G�D�� �V�L�W�R�W�R�N�V�L�V�L�W�H��
�V�H�U�J�L�O�H�G�L���� �%�X�� �V�R�Q�X�o�O�D�U�� �D�N�W�L�I�� �K�H�G�H�I�O�L��
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q���� �S�D�V�L�I�� �K�H�G�H�I�O�L�� �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�H��
�J�|�U�H�� �G�D�K�D�� �\�•�N�V�H�N�� �V�L�W�R�W�R�N�V�L�N�� �S�R�W�D�Q�V�L�\�H�Oe sahip 
�R�O�G�X�÷�X�Q�X���� �I�D�N�D�W�� �K�H�U�� �L�N�L�� �L�O�D�o�� �W�D�ú�Õ�P�D�� �V�L�V�W�H�P�L�Q�L�Q�� �G�H��
�N�H�P�R�W�H�U�D�S�|�W�L�N�� �D�M�D�Q�Õ�Q�� �D�Q�W�L�N�D�Q�V�H�U�� �H�W�N�L�Q�O�L�÷�L�Q�L��
�D�U�W�W�Õ�U�G�Õ�÷�Õ�Q�Õ�� �J�|�V�W�H�U�G�L���� �%�H�Q�]�H�U�� �E�L�U�� �ú�H�N�L�O�G�H�� �G�D�K�D�� �|�Q�F�H��
�\�D�S�W�Õ�÷�Õ�P�Õ�]�� �o�D�O�Õ�ú�P�D�O�D�U�G�D�� �G�D���� �L�O�D�o�� �W�D�ú�Õ�P�D�� �V�L�V�W�H�P�O�H�U�L��
�R�O�D�U�D�N�� �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�� �N�H�P�R�W�H�U�D�S�|�W�L�N�� �D�M�D�Q�O�D�U�Õ�Q��
antikanser aktivitelerini, biyokimyasal profilleri 
�E�L�U�E�L�U�O�H�U�L�Q�G�H�Q�� �o�R�N�� �I�D�U�N�O�Õ�� �R�O�D�Q�� �W�•�P�|�U�� �W�•�U�H�Y�O�L�� �o�H�ú�L�W�O�L��
�N�D�Q�V�H�U�� �K�•�F�U�H�� �K�D�W�O�D�U�Õ�Q�D�� �N�D�U�ú�Õ�� �D�U�W�W�Õ�U�G�Õ�÷�Õ�� �J�|�V�W�H�U�L�O�P�L�ú�W�L�U����
[14-15]. 

 
Tablo 1. Fe3O4@SiO2(FITC)-DOX ve Fe3O4@SiO2(FITC)-BTN/DO�;�� �P�X�O�W�L�I�R�Q�N�V�L�\�R�Q�H�O�� �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�L�Q��
�+�H�/�D�� �K�•�F�U�H�O�H�U�L�Q�G�H�N�L�� ������ �V�D�D�W�O�L�N�� �,�&50 �G�H�÷�H�U�O�H�U�L���� �'�H�÷�H�U�O�H�U�� �•�o�� �E�D�÷�Õ�P�V�Õ�]�� �G�H�Q�H�P�H�Q�L�Q�� �R�U�W�D�O�D�P�D�� �“�6�6�
�V�Õ�Q�Õ�� �W�H�P�V�L�O��
etmektedir. 

�)�R�U�P�•�O�D�V�\�R�Q�O�D�U  IC 50  

Fe3O4@SiO2(FITC) -DOX 111.3 �“�������� �—�J/�P�/�����I�����������Q�0���N�R�Q�M�X�J�H���'�2�;���L�o�H�U�P�H�N�W�H�� 

Fe3O4@SiO2(FITC) -BTN/DOX �����������“�����������—�J/�P�/�����I�����������Q�0���N�R�Q�M�X�J�H���'�2�;���L�o�H�U�P�H�N�W�H�� 

 

 
�ù�H�N�L�O�� ������ �6�H�U�E�H�V�W�� �'�2�;���� �)�H���2���#�6�L�2�����)�,�7�&��-DOX ve Fe3O4@SiO2(FITC)-BTN/DOX multifonksiyonel 
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�L�Q�� �+�H�/�D�� �K�•�F�U�H�O�H�U�L�� �•�]�H�U�L�Q�G�H�� �J�|�V�W�H�U�G�L�÷�L�� �D�Q�W�L�N�D�Q�V�H�U�� �D�N�W�L�Y�L�W�H�O�H�U�L���� �+�H�U�� �E�L�U�� �N�R�O�R�Q���•�o�� �E�D�÷�Õ�P�V�Õ�]��
�G�H�Q�H�P�H�Q�L�Q���R�U�W�D�O�D�P�D���“�6�6�¶�V�Õ�Q�Õ���W�H�P�V�L�O���H�W�P�H�N�W�H�G�L�U�� 
 
3.3. �0�X�O�W�L�I�R�Q�N�V�L�\�R�Q�H�O�� �1�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�� �3�U�R-

apoptotik Etkileri  
 
Fe3O4@SiO2(FITC)-DOX ve 
Fe3O4@SiO2(FITC)-BTN/DOX multifonksiyonel 
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�L�Q���� �+�H�/�D�� �N�D�Q�V�H�U�� �K�•�F�U�H�O�H�U�L��

�•�]�H�U�L�Q�G�H�N�L���D�S�R�S�W�R�]�X���L�Q�G�•�N�O�H�P�H���H�W�N�L�O�H�U�L���Y�H���D�S�R�S�W�R�]�D��
�X�÷�U�D�\�D�Q���K�•�F�U�H�O�H�U�L�Q���I�D�]���N�R�P�S�R�]�L�V�\�R�Q�O�D�U�Õ����7-AAD ve 
PE-Anneksin-�9�� �o�L�I�W�� �E�R�\�D�P�D�� �\�|�Q�W�H�P�L�� �L�O�H���D�N�Õ�P��
�V�L�W�R�P�H�W�U�H�V�L�Q�G�H�� �|�O�o�•�O�G�•���� �)�H���2���#�6�L�2�����)�,�7�&��-
�%�7�1���'�2�;�� �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L���� �)�H���2���#�6�L�2�����)�,�7�&��-
�'�2�;���Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L���L�O�H���N�D�U�ú�Õ�O�D�ú�W�Õ�U�Õ�O�G�Õ�÷�Õ�Q�G�D�����N�D�Q�V�H�U��
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�K�•�F�U�H�O�H�U�L�Q�G�H�� �o�L�I�W�� ���3�(-anneksin-V/7-ADD) pozitif 
�D�S�R�S�W�R�W�L�N���K�•�F�U�H�O�H�U�L�Q���\�•�]�G�H�V�L�Q�L���������������µ�G�D�Q���������������µ�H��
�D�U�W�Õ�U�G�Õ�����ù�H�N�L�O�����������%�X���V�R�Q�X�o�O�D�U���J�|�V�W�H�U�P�H�N�W�H�G�L�U���N�L�����D�N�W�L�I��
�K�H�G�H�I�O�L�� �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U���� �N�D�Q�V�H�U�� �K�•�F�U�H�O�H�U�L�Q�H�� �G�D�K�D��
�\�•�N�V�H�N�� �R�U�D�Q�G�D�� �N�H�P�R�W�H�U�D�S�|�W�L�N �D�M�D�Q�� �\�•�N�O�H�P�H�V�L��
�V�D�÷�O�D�P�D�N�W�D�� �Y�H�� �E�X�� �V�D�\�H�G�H�� �'�2�;-�D�U�D�F�Õ�O�Õ�� �D�S�R�S�W�R�]��
�R�U�D�Q�O�D�U�Õ�Q�Õ���S�D�V�L�I���K�H�G�H�I�O�L���Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�H���R�U�D�Q�O�D���D�\�Q�Õ��
�]�D�P�D�Q�� �G�L�O�L�P�L�� �L�o�H�U�L�V�L�Q�G�H�� �G�D�K�D�� �\�X�N�D�U�Õ�� �V�H�Y�L�\�H�O�H�U�H��

�W�D�ú�Õ�P�D�N�W�D�G�Õ�U���� �$�\�U�Õ�F�D�� �E�X�� �V�R�Q�X�o�O�D�U�� �G�D�K�D�� �|�Q�F�H��
�U�D�S�R�U�O�D�G�Õ�÷�Õ�P�Õ�]���� �N�D�Q�V�H�U�� �K�•�F�U�H�O�H�U�L�Q�L�Q�� �\�•�]�H�\�L�Q�G�H�N�L 
�E�L�U�G�H�Q�� �I�D�]�O�D�� �U�H�V�H�S�W�|�U�•�� �K�H�G�H�I�O�H�P�H�N�� �V�X�U�H�W�L�\�O�H���� �K�•�F�U�H��
�L�o�L���L�O�D�o���N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U�Õ�Q�Õ�Q���D�U�W�Õ�U�Õ�O�D�E�L�O�G�L�÷�L�Q�L���Y�H���E�X�Q�D��
�E�D�÷�O�Õ�� �R�O�D�U�D�N�� �G�D���� �G�D�K�D�� �\�•�N�V�H�N�� �D�S�R�S�W�R�W�L�N�� �K�•�F�U�H��
�G�H�÷�H�U�O�H�U�L�Q�H�� �X�O�D�ú�Õ�O�D�E�L�O�G�L�÷�L�Q�L�� �J�|�V�W�H�U�G�L�÷�L�P�L�]��
�o�D�O�Õ�ú�P�D�P�Õ�]�Õ���G�D���G�H�V�W�H�N�O�H�P�H�N�W�H�G�L�U���>�����@�� 

 

 
 
�ù�H�N�L�O������ �+�H�/�D���K�•�F�U�H�O�H�U�L�Q�L�Q���D�S�R�S�W�R�]���D�Q�D�O�L�]�O�H�U�������$����Fe3O4@SiO2(FITC)-DOX ve Fe3O4@SiO2(FITC)-BTN/DOX 
�P�X�O�W�L�I�R�Q�N�V�L�\�R�Q�H�O���Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L���L�O�H���,�&�������N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U�Õ�Q�G�D���P�X�D�P�H�O�H���H�G�L�O�H�Q���N�D�Q�V�H�U���K�•�F�U�H�O�H�U�L�Q�L�Q��7-AAD ve 
PE-Anneksin-�9���o�L�I�W���E�R�\�D�P�D���R�N�X�P�D�O�D�U�Õ�����$�N�Õ�P���V�L�W�R�P�H�W�U�H�V�L���J�U�D�I�L�N�O�H�U�L�Q�G�H�����F�D�Q�O�Õ���K�•�F�U�H�O�H�U���3�(-annexin-V(-)/7-ADD(-
�����R�O�D�U�D�N���H�W�L�N�H�W�O�L�����H�U�N�H�Q���D�S�R�S�W�R�W�L�N���K�•�F�U�H�O�H�U���3�(-annexin-V(+)/7-ADD(-�����R�O�D�U�D�N���H�W�L�N�H�W�O�L���Y�H���D�S�R�S�W�R�W�L�N���K�•�F�U�H�O�H�U���L�V�H���3�(-
annexin-V(+)/7-ADD(+) olarak etiketlidir. (B) Nanopa�U�W�L�N�•�O�O�H�U�� �L�O�H�� �P�X�D�P�H�O�H�� �H�G�L�O�H�Q�� �+�H�/�D�� �K�•�F�U�H�O�H�U�L�Q�L�Q�� �I�D�]��
�N�R�P�S�R�]�L�V�\�R�Q���\�•�]�G�H�V�L�����1�D�Q�R�S�D�U�W�L�N�•�O���X�\�J�X�O�D�Q�P�D�\�D�Q���K�•�F�U�H�O�H�U���N�R�Q�W�U�R�O���R�O�D�U�D�N���N�X�O�O�D�Q�Õ�O�G�Õ�����+�H�U���E�L�U���N�R�O�R�Q���•�o���E�D�÷�Õ�P�V�Õ�]��
denemenin (n = 3)  �R�U�W�D�O�D�P�D���“�6�6�¶�V�Õ�Q�Õ���W�H�P�V�L�O���H�W�P�H�N�W�H�G�L�U�� 
 
4. �*�(�1�(�/���'�(�ö�(�5�/�(�1 �'�ø�5�0�(  
 
�%�X�� �o�D�O�Õ�ú�P�D�G�D���� �L�O�D�o�� �W�D�ú�Õ�P�D�� �V�L�V�W�H�P�O�H�U�L�� �R�O�D�U�D�N�� �N�D�Q�V�H�U��
�K�•�F�U�H�O�H�U�L�Q�L pasif olarak hedefleyebilen 
Fe3O4@SiO2(FITC)-DOX multifonksiyonel 
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�� �L�O�H aktif olarak hedefleyebilen 
Fe3O4@SiO2(FITC)-BTN/DOX multifonksiyonel 
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�L�Q��antikanser etkinlikleri 

�N�D�U�ú�Õ�O�D�ú�W�Õ�U�Õ�O�G�Õ���� �+�•�F�U�H�V�H�O�� �D�O�Õ�P�� �G�H�Q�H�\�O�H�U�L�� �L�O�H�� �K�H�U�� �L�N�L��
�Q�D�Q�R�S�D�U�W�L�N�•�O�•�Q�� �G�H�� �V�H�o�L�F�L�� �R�O�D�U�D�N�� �+�H�/�D�� �N�D�Q�V�H�U��
�K�•�F�U�H�O�H�U�L�Q�L�� �K�H�G�H�I�O�H�\�H�O�H�E�L�O�G�L�÷�L����fakat aktif hedefli 
�Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q���K�•�F�U�H�V�H�O���D�O�Õ�P���N�D�S�D�V�L�W�H�O�H�U�L�Q�L�Q���S�D�V�L�I��
�K�H�G�H�I�O�L�� �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�H�� �J�|�U�H �o�R�N�� �G�D�K�D�� �\�•�N�V�H�N��
�R�O�G�X�÷�X belirlendi. Sitotoksisite ve pro-apoptotik 
�o�D�O�Õ�ú�P�D�O�D�U�Õ���� �K�•�F�U�H�V�H�O�� �D�O�Õ�P�� �N�D�S�D�V�L�W�H�O�H�U�L�Q�H�� �S�D�U�D�O�H�O�� �E�L�U��
�ú�H�N�L�O�G�H�� �D�N�W�L�I�� �K�H�G�H�I�O�L�� �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q�� �J�|�V�W�H�U�G�L�÷�L��
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�V�R�Q�X�o�O�D�U���� �D�N�W�L�I�� �K�H�G�H�I�O�L�� �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�L�Q���� �S�D�V�L�I��
�K�H�G�H�I�O�L�� �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U�H�� �R�U�D�Q�O�D���� �N�D�Q�V�H�U�� �W�H�G�D�Y�L�V�L�Q�G�H��
�G�D�K�D�� �|�Q�H�P�O�L�� �E�L�U�� �D�Q�W�L�W�•�P�|�U�� �S�R�W�D�Q�V�L�\�H�O�H�� �V�D�K�L�S 
�R�O�G�X�÷�X�Q�X���J�|�V�W�H�U�P�H�N�W�H�G�L�U�� 
 
5. �7�(�ù�(�.�.�h�5  
 
�$�N�Õ�P�� �V�L�W�R�P�H�W�U�H�V�L�� �R�N�X�P�D�O�D�U�Õ�Q�G�D�N�L�� �W�H�N�Q�L�N��
�\�D�U�G�Õ�P�O�D�U�Õ�Q�G�D�Q�� �G�R�O�D�\�Õ�� �ø�]�P�L�U�� �<�•�N�V�H�N�� �7�H�N�Q�R�O�R�M�L��
�(�Q�V�W�L�W�•�V�•���� �%�L�\�R�W�H�N�Q�R�O�R�M�L�� �Y�H�� �%�L�\�R�P�•�K�H�Q�G�L�V�O�L�N��
�8�\�J�X�O�D�P�D�� �Y�H�� �$�U�D�ú�W�Õ�U�P�D�� �0�H�U�N�H�]�L�� �o�D�O�Õ�ú�D�Q�Õ�� �8�]�P�D�Q��
�g�]�J�•�U�� �<�Õ�O�P�D�]�H�U�� �¶�H�� �H�Q�� �L�o�W�H�Q�� �G�L�O�H�N�O�H�U�L�P�O�H�� �W�H�ú�H�N�N�•�U��
ederim. 
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Abstract 
 
Aluminum slags are wastes formed as a result of primary and secondary aluminum production. These wastes are 
called white and black slag. These waste slags are classified according to the amount of metallic aluminum in the 
slags. White slag contains more aluminum metal than black slag. The amount of metallic aluminum contained in 
the white slag ranges between 15-70%. Black slag contains between 12 and 18% of aluminum metal and contains 
mostly aluminum oxide. Because of black slag being ensued by secondary production, it contains high amount of 
salt constituents (more than 40%). Salts considered hazardous (nitrogen, fluorine, chlorine, etc.) in aluminum slags 
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are taken via washing. The limit values of these salts and the content of silicon dioxide, carbon and moisture in 
the slag should be in accordance with TS 13644. According to TS 13644, it is possible to make flux products from 
aluminum slag. The slag, which is purified from its salt content, is grouped according to the amount of aluminum 
metal and aluminum oxide. It is produced as a pellet with dimensions of 10 - 100 mm or as a flux of non-pelletized 
particle size of 2 - 100 mm. This flux can be used as a deoxidation and slag precipitation product for the steel 
industry. By recycling aluminum slag, which is the waste of the aluminum production facilities, antioxidant and 
slag precipitator flux can be produced in steel industry and can contribute to the national economy. Likewise, the 
salt in the slag will be prevented from harming the environment. 
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1. �*�ø�5�ø�ù 
 
�$�O�•�P�L�Q�\�X�P���H�Q���o�R�N���E�X�O�X�Q�D�Q���E�L�U���P�H�W�D�O���R�O�X�S���Y�H���R�N�V�L�M�H�Q��
�Y�H�� �V�L�O�R�N�R�Q�� �G�D�Q�� �V�R�Q�U�D�� �G�•�Q�\�D�� �N�D�E�X�÷�X�Q�G�D�� �H�Q�� �I�D�]�O�D��
�E�X�O�X�Q�D�Q���•�o�•�Q�F�•���H�O�H�P�H�Q�W�W�L�U�������'�R�÷�D�O���R�O�D�U�D�N���V�H�U�E�H�V�W���E�L�U��
�H�O�H�P�H�Q�W���R�O�D�U�D�N���\�H�U�\�•�]�•�� �N�D�E�X�÷�X�Q�G�D�����E�X�O�X�Q�P�D�]�����+�H�U��
�D�O�D�Q�G�D���W�H�U�F�L�K���H�G�L�O�H�Q���Y�H���J�H�Q�L�ú���N�X�O�O�D�Q�Õ�P���D�O�D�Q�Õ�Q�D���V�D�K�L�S��
�R�O�D�Q���D�O�•�P�L�Q�\�X�P���\�H�U�\�•�]�•���N�D�E�X�÷�X�Q�G�D���E�X�O�X�Q�D�Q���E�R�N�V�L�W��
�P�D�G�H�Q�L�Q�G�H�Q�� �H�O�G�H�� �H�G�L�O�P�H�N�W�H�G�L�U���� �)�D�U�N�O�Õ�� �V�H�N�W�|�U�O�H�U�G�H��
�N�X�O�O�D�Q�Õ�O�D�Q�� �D�O�•�P�L�Q�\�X�P���� �J�H�U�L�� �N�D�]�D�Q�Õ�P�� �\�|�Q�W�H�P�O�H�U�L�� �L�O�H��
�•�O�N�H�� �H�N�R�Q�R�P�L�V�L�Q�H�� �N�D�W�N�Õ�� �V�D�÷�O�D�P�D�V�Õ�� �D�o�Õ�V�Õ�Q�G�D�Q�� �E�L�U�o�R�N��
�D�U�D�ú�W�Õ�U�P�D���� �P�D�N�D�O�H�� �Y�H�� �W�H�N�Q�L�N�� �o�D�O�Õ�ú�P�D�Q�Õ�Q�� �N�R�Q�X�V�X��
�R�O�P�X�ú�W�X�U���� �� �$�O�•�P�L�Q�\�X�P���� �X�O�D�ú�W�Õ�U�P�D���� �K�D�Y�D�F�Õ�O�Õ�N���� �X�]�D�\����
�G�H�Q�L�]�F�L�O�L�N�����S�D�N�H�W�O�H�P�H���Y�H���N�R�Q�V�W�U�•�N�V�L�\�R�Q���V�H�N�W�|�U�•���J�L�E�L��
�S�H�N���o�R�N�� �\�H�U�G�H�� �N�X�O�O�D�Q�Õ�O�P�D�N�W�D�G�Õ�U���� �%�X�� �H�Q�G�•�V�W�U�L�O�H�U���L�o�L�Q��
�R�O�G�X�N�o�D�� �N�U�L�W�L�N�� �E�L�U�� �P�D�O�]�H�P�H�G�L�U���� �%�X�J�•�Q�� �D�O�•�P�L�Q�\�X�P����
�L�N�L�� �I�D�U�N�O�Õ�� �P�H�W�R�G�� �L�O�H�� �•�U�H�W�L�O�P�H�N�W�H�G�L�U���� �� �%�X�Q�O�D�U�G�D�Q�� �L�O�N�L��
�E�L�U�L�Q�F�L�O�� �D�O�•�P�L�Q�\�X�P�� �•�U�H�W�L�P�� �\�|�Q�W�H�P�L�� �R�O�D�Q�� �F�H�Y�K�H�U�G�H�Q��
���E�R�N�V�L�W���� �Y�H�� �L�N�L�Q�F�L�O�� �•�U�H�W�L�P�� �\�|�Q�W�H�P�L�� �R�O�D�Q�� �K�X�U�G�D�� �Y�H�\�D��
�F�•�U�X�I�W�D�Q�� �J�H�U�L�� �G�|�Q�•�ú�•�P�� �\�|�Q�W�H�P�L�G�L�U���� �$�O�•�P�L�Q�\um 
�F�•�U�X�I�X�� �L�V�H�� �E�L�U�L�Q�F�L�O�� �Y�H�� �L�N�L�Q�F�L�O�� �D�O�•�P�L�Q�\�X�P�� �•�U�H�W�L�P�L��
�V�R�Q�X�F�X���R�U�W�D�\�D���o�Õ�N�D�Q�����W�H�K�O�L�N�H�O�L���D�W�Õ�N�O�D�U�G�Õ�U�����%�X���F�•�U�X�I�O�D�U��
�D�O�•�P�L�Q�\�X�P���L�o�H�U�L�÷�L�Q�H���J�|�U�H���E�H�\�D�]���Y�H���N�D�U�D���F�•�U�X�I���R�O�D�U�D�N��
�V�Õ�Q�Õ�I�O�D�Q�G�Õ�U�Õ�O�Õ�U���� �%�H�\�D�]�� �F�•�U�X�I���� �\�•�N�V�H�N�� �D�O�•�P�L�Q�\�X�P��
�P�H�W�D�O�L�� �L�o�H�U�P�H�N�W�H�� �R�O�X�S���� �E�L�U�L�Q�F�L�O�� �Y�H�� �L�N�L�Q�F�L�O�� �•�U�H�W�L�P��
�V�R�Q�X�F�X�� �D�O�•�P�L�Q�\�X�P�X�Q�� �H�U�J�L�W�L�O�P�H�V�L�� �V�R�Q�X�F�X�� �R�U�W�D�\�D��
�o�Õ�N�D�Q���D�W�Õ�N�W�Õ�U�����.�D�U�D���F�•�U�X�I���L�V�H���G�•�ú�•�N���D�O�•�P�L�Q�\�X�P���P�H�W�D�O�L��
�L�o�H�U�P�H�N�W�H�� �R�O�X�S���� �J�H�U�L�� �G�|�Q�•�ú�•�P�� �V�R�Q�X�F�X�� �R�U�W�D�\�D�� �o�Õ�N�D�Q��
�D�W�Õ�N�W�Õ�U���� �%�H�\�D�]�� �F�•�U�X�I�� �������� �L�O�D�� ������ ���R�U�W�D�O�D�P�D�� ����������
�D�U�D�V�Õ�Q�G�D���J�H�U�L���G�|�Q�•�ú�H�E�L�O�L�U�� �P�H�W�D�O�L�N���D�O�•�P�L�Q�\�X�P���L�o�H�U�L�U������
�%�X�J�•�Q�� �H�Q���L�\�L�� �W�H�N�Q�R�O�R�M�L�O�H�U�O�H�� �D�O�•�P�L�Q�\�X�P�� �F�•�U�X�I�•�Q�G�D�Q��
���� �����¶�H�� �N�D�G�D�U�� �J�H�U�L�� �G�|�Q�•�ú�•�P�� �\�D�S�P�D�N�� �V�X�U�H�W�L�\�O�H��
�D�O�•�P�L�Q�\�X�P�� �•�U�H�W�L�O�P�H�V�L�� �P�•�P�N�•�Q�G�•�U���� �.�D�U�D�� �F�•�U�X�I�� �L�V�H��
�D�O�•�P�L�Q�\�X�P�� �R�N�V�L�W�O�L�� �o�•�U�X�I�� �S�D�U�o�D�F�Õ�N�O�D�U�Õ�Q�G�D�Q��
�R�O�X�ú�P�D�N�W�D�G�Õ�U�����*�H�U�L���G�|�Q�•�ú�H�E�L�O�H�Q���D�O�•�P�L�Q�\�X�P���G�H�÷�H�U�L������
������ �L�O�D�� ������ �D�U�D�V�Õ�Q�G�D�� �R�O�X�S�� �\�•�N�V�H�N�� �P�L�N�Warda tuz (tipik 
�R�O�D�U�D�N�� ���� �����¶�G�D�Q�� �I�D�]�O�D���� �L�o�H�U�L�U���� �$�\�U�Õ�F�D�� �L�N�L�Q�F�L�O��
�D�O�•�P�L�Q�\�X�P�� �•�U�H�W�L�P�L�� �V�R�Q�X�F�X�Q�G�D�� �D�W�Õ�N�� �R�O�D�U�D�N��
�D�O�•�P�L�Q�\�X�P���W�X�]���F�•�U�X�I�X�����D�O�•�P�L�Q�\�X�P���W�X�]���N�H�N���R�O�D�U�D�N���G�D��
�E�L�O�L�Q�L�U���� �� �R�U�W�D�\�D�� �o�Õ�N�P�D�N�W�D�G�Õ�U���� �7�X�]�� �N�H�N�L�Q�G�H�� ���� ����-30 
�D�O�•�P�L�Q�\�X�P���R�N�V�L�W������������-�������V�R�G�\�X�P�� �N�O�R�U�•�U����������-30 
potasyu�P�� �N�O�R�U�•�U���� ���� ��-���� �P�H�W�D�O�L�N�� �D�O�•�P�L�Q�\�X�P�� �Y�H��
�\�D�E�D�Q�F�Õ�� �P�D�G�G�H�O�H�U�� ���N�D�U�E�•�U�O�H�U���� �Q�L�W�U�•�U�O�H�U���� �V�•�O�I�L�W�O�H�U�� �Y�H��
�I�R�V�I�L�W�O�H�U���� �L�o�H�U�L�U���� �ø�N�L�Q�F�L�O�� �D�O�•�P�L�Q�\�X�P�� �•�U�H�W�L�P�L�Q�G�H���� �W�R�Q��
�E�D�ú�Õ�Q�D���R�O�X�ú�D�Q���D�W�Õ�N���R�O�D�Q���W�X�]���N�H�N�L�����P�L�N�W�D�U�Õ�����������L�O�D����������
�N�J�� �G�H�÷�L�ú�L�U���� �7�X�]�� �N�H�N�L���� �W�R�N�V�L�N�� �Y�H�� �W�H�K�O�L�N�H�O�L�� �D�W�Õ�N�� �R�O�D�U�D�N��
�V�Õ�Q�Õ�I�O�D�Q�G�Õ�U�Õ�O�Õ�U���>��-3]. 
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�P�L�O�\�R�Q�� �W�R�Q�� �D�O�•�P�L�Q�\�X�P�� �•�U�H�W�L�O�P�L�ú���� �E�X�Q�X�Q�� ������ �P�L�O�\�R�Q��
�W�R�Q�X�� �L�V�H�� �K�X�U�G�D�� �D�O�•�P�L�Q�\�X�P�� �N�X�O�O�D�Q�Õ�O�D�U�D�N�� �•�U�H�W�L�O�P�L�ú�W�L�U����
���������� �\�Õ�O�Õ�Q�G�D�� �G�•�Q�\�D�G�D�N�L�� �D�O�•�P�L�Q�\�X�P�� �L�K�W�L�\�D�F�Õ�� �� ������
�P�L�O�\�R�Q�� �W�R�Q�� �R�O�D�F�D�÷�Õ�� �|�Q�J�|�U�•�O�P�H�N�H�G�L�U���� �%�X�Q�X�Q�� ���� 
�P�L�O�\�R�Q�� �W�R�Q�X�� �L�V�H�� �K�X�U�G�D�G�D�Q�� �•�U�H�W�L�O�H�F�H�N�W�L�U���� �%�X�J�•�Q�� �L�V�H��
�$�Y�U�X�S�D�� �G�D�� �D�O�•�P�L�Q�\�X�P�� �•�U�H�W�L�P�L�Q�L�Q�� ���� �����¶�V�L�Q�G�H�Q��
�I�D�]�O�D�V�Õ���K�X�U�G�D���D�O�•�P�L�Q�\�X�P�X�Q���J�H�U�L���G�|�Q�•�ú�•�P�•�Q�G�H�Q���H�O�G�H��
�H�G�L�O�P�H�N�W�H�G�L�U���� �%�X�� �R�U�D�Q�� �J�L�W�W�L�N�o�H�� �D�U�W�D�F�D�÷�Õ��
�J�|�U�•�O�P�H�N�W�H�G�L�U���� �$���%���'���¶�G�H�� �\�H�Q�L�� �D�O�•�P�L�Q�\�X�P��
�P�D�O�]�H�P�H�O�H�U�L�Q�� �������¶�L�� �N�X�O�O�D�Q�Õ�O�P�Õ�ú�� �D�O�•�P�L�Q�\�X�P�G�D�Q��
�•�U�H�W�L�O�P�H�N�W�H�G�L�U���� ���������� �\�Õ�O�Õ�Q�G�D�� ������������ �P�L�O�\�D�U��
�D�O�•�P�L�Q�\�X�P�� �N�X�W�X�Q�X�Q�� ���������� �P�L�O�\�D�U�� �D�G�H�W�L�� �J�H�U�L��
�N�D�]�D�Q�Õ�O�P�Õ�ú�� �D�O�•�P�L�Q�\�X�P�G�D�Q�� �•�U�H�W�L�O�P�L�ú�W�L�U�� �<�D�N�O�D�ú�Õ�N��
�R�O�D�U�D�N���� �G�•�Q�\�D�G�D�� �K�H�U�� �\�Õ�O�� ���� �P�L�O�\�R�Q�� �W�R�Q�� �N�D�G�D�U�� �E�H�\�D�]��
�F�•�U�X�I�� �Y�H�� ���� �P�L�O�\�R�Q�� �W�R�Q�G�D�Q�� �G�D�K�D�� �I�D�]�O�D�� �N�D�U�D�� �F�•�U�X�I�X�Q��
�D�W�Õ�N�� �R�O�D�U�D�N�� �R�O�X�ú�W�X�÷�X�� �U�D�S�R�U�� �H�G�L�O�P�L�ú�W�L�U���� �%�X�� �D�W�Õ�N�O�D�U�Õ�Q��
�\�D�N�O�D�ú�Õ�N�� ���� �����¶�L�� �G�H�� �J�|�P�•�O�P�H�N�� �V�X�U�H�W�L�\�O�H�� �E�H�U�W�D�U�D�I��
�H�G�L�O�P�H�N�W�H�G�L�U�������$�W�Õ�N�O�D�U���L�o�H�U�L�L�V�Q�G�H���E�X�O�X�Q�D�Q���W�X�]�O�D�U���F�L�G�G�L��
�o�H�Y�U�H���S�U�R�E�O�H�P�L���R�O�X�ú�W�X�U�P�D�N�W�D�G�Õ�U���>��-3].  
   
�%�R�N�V�L�W�W�H�Q�� �E�L�U�� �W�R�Q�� �D�O�•�P�L�Q�\�X�P�� �•�U�H�W�L�P�L�� �L�o�L�Q�� �\�D�N�O�D�ú�Õ�N��
17000 kWh enerji gerekirken���� �J�H�U�L�� �G�|�Q�•�ú�•�P�O�H�� �D�\�Q�Õ��
�P�L�N�W�D�U�� �D�O�•�P�L�Q�\�X�P�� �L�o�L�Q�� �������� �N�:�K�� �H�Q�H�U�M�L��
�K�D�U�F�D�Q�P�D�N�W�D�G�Õ�U���� �ø�N�L�Q�F�L�O�� �D�O�•�P�L�Q�\�X�P�� �•�U�H�W�L�P�L�Q�L��
�E�L�U�L�Q�F�L�O�� �•�U�H�W�L�P�� �L�O�H�� �P�X�N�D�\�H�V�H�� �H�G�H�U�V�H�N�� �E�R�N�V�L�W�W�H�Q��
�•�U�H�W�L�O�H�Q�� �H�Q�H�U�M�L�� �K�D�U�F�D�P�D�V�Õ�Q�Õ�Q�� �\�D�N�O�D�ú�Õ�N�� ���� ���¶�� �L�� �N�D�G�D�U��
�H�Q�H�U�M�L�� �K�D�U�F�D�Q�P�D�N�W�D�� �Y�H�� �V�D�G�H�F�H�� �V�H�U�D�� �J�D�]�Õ�Q�Õ�Q�� ���� ���
�L��
�N�D�G�D�U�Õ���o�H�Y�U�H�\�H�� �D�W�Õ�O�P�D�N�W�D�G�Õ�U���� �$�W�Õ�÷�Õ�Q�� �J�|�P�•�O�P�H�N��
�V�X�U�H�W�L�\�O�H���E�H�U�W�D�U�D�I�D���H�G�L�O�P�H�V�L�����\�H�U�L�Q�H���E�X���D�W�Õ�N�O�D�U�Õ�Q���D�W�Õ�÷�Õ�Q��
�J�H�U�L���G�|�Q�•�ú�W�•�U�•�O�P�H�V�L���V�D�÷�O�D�Q�P�D�O�Õ�G�Õ�U�>������-6].  
 
�ù�H�N�L�O�����¶�G�H���E�L�U�L�Q�F�L�O���Y�H���L�N�L�Q�F�L�O���D�O�•�P�L�Q�\�X�P���•�U�H�W�L�P�L�Q�G�H�Q��
�D�W�Õ�N�� �R�O�D�U�D�N�� �R�U�W�D�\�D�� �o�Õ�N�D�Q�� �E�H�\�D�]�� �Y�H�� �N�D�U�D�� �D�O�•�P�L�Q�\�X�P��
�F�•�U�•�I�O�D�U�Õ���J�|�U�•�O�P�H�N�W�H�G�L�U�� �>���@���� �%�X�� �o�D�O�Õ�ú�P�D�G�D����
�•�O�N�H�P�L�]�G�H���E�L�U�L�Q�F�L�O���Y�H���L�N�L�Q�F�L�O���D�O�•�P�L�Q�\�X�P���•�U�H�W�L�P�L�Q�G�H�Q��
�D�W�Õ�N�� �R�O�D�U�D�N�� �R�U�W�D�\�D�� �o�Õ�N�D�Q�� �E�H�\�D�]�� �Y�H�� �N�D�U�D�� �D�O�•�P�L�Q�\�X�P��
�F�•�U�•�I�X�Q�G�D�Q���� �D�O�•�P�L�Q�\�X�P�� �P�H�W�D�O�L�Q�L�Q�� ���N�•�O�o�H���� �Y�V���� �� �J�H�U�L��
�N�D�]�D�Q�Õ�O�P�D�V�Õ�� �L�O�H�� �H�O�G�H�� �H�G�L�O�P�H�V�L�� �Y�H�� �|�]�H�O�O�L�N�O�H�� �E�X��
�F�•�U�X�I�O�D�U�G�D�Q�� �Y�H�� �W�X�]�� �N�H�N�L�Q�G�H�Q�� �o�H�O�L�N�� �H�Q�G�•�V�W�U�L�V�L�� �L�o�L�Q��
�F�•�U�X�I���o�|�N�W�•�U�•�F�•���Y�H���G�H�R�N�V�L�G�D�V�\�R�Q���R�O�D�U�D�N���N�X�O�O�D�Q�Õ�O�D�F�D�N��
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�I�O�D�N�V�� �H�O�G�H�� �H�G�L�O�P�H�V�L�� �L�Q�F�H�O�H�Q�H�F�H�N�W�L�U���� �$�O�•�P�L�Q�\�X�P��
�F�•�U�X�I�O�D�U�Õ�� �Y�H�� �R�F�D�N�� �N�H�N�L�Q�G�H�Q�� �$�U�D�O�Õ�N�� ���������� �\�Õ�O�Õ�Q�G�D��
�o�Õ�N�D�U�Õ�O�D�Q���7�6�� ������������ �³�$�O�•�P�L�Q�\�X�P�� �(�V�D�V�O�Õ���)�O�D�N�V�O�D�U-
�d�H�O�L�N�� �(�Q�G�•�V�W�U�L�V�L�� �ø�o�L�Q�´���6�W�D�Q�G�D�U�G�� �L�O�H�� �D�O�•�P�Lnyum 
�F�•�U�X�I�O�D�U�Õ�� �W�R�S�U�D�÷�D�� �J�|�P�•�O�P�H�\�H�F�H�N�� �Y�H�� �o�H�O�L�N�� �•�U�H�W�L�P��
�V�D�Q�D�\�L�V�L�Q�G�H�����\�X�U�W���G�Õ�ú�Õ�Q�G�D�Q���W�H�P�L�Q���H�G�L�O�H�Q���R�N�V�L�W���J�L�G�H�U�L�F�L��
�I�O�D�N�V�� ���N�D�O�V�L�\�X�P�� �D�O�•�P�L�Q�D�W�� �Y�H�� �N�D�O�V�L�\�X�P�� �I�O�R�U�•�U���� �Y�H��

�F�•�U�X�I�� �o�|�N�W�•�U�•�F�•�� �N�•�O�o�H�� �P�H�W�D�O�L�N�� �D�O�•�P�L�Q�\�X�P�� �\�H�U�L�Q�H��
�R�N�V�L�W���J�L�G�H�U�L�F�L���Y�H���F�•�U�X�I���o�|�N�W�•�U�•�F�•���³�I�O�D�N�V�´��  �•�U�•�Q olarak 
�N�X�O�O�D�Q�Õ�O�P�D�V�Õ�� �V�D�÷�O�D�Q�D�F�D�N�W�Õ�U���� �� �&�•�U�X�I�� �Y�H�� �W�X�]�� �N�H�N�L�Q�G�H�Q��
�I�O�D�N�V�� �•�U�H�W�L�P�L���� �o�H�Y�U�H�� �N�L�U�O�L�O�L�÷�L�Q�L�Q�� �|�Q�O�H�Q�P�H�V�L�� �Y�H��
�•�O�N�H�P�L�]�L�Q�� �H�N�R�Q�R�P�L�N�� �N�D�]�D�Q�Õ�P�Õ�� �L�o�L�Q�� �R�O�G�X�N�o�D��
�|�Q�H�P�O�L�G�L�U���� 

 

 
�ù�H�N�L�O��������Beyaz ve Kara �$�O�•�P�L�Q�\�X�P �&�•�U�X�I�X���>���@ 
 
2. �*�(�5�ø���'�g�1�h�ù�h�0���0�(�7�2�'�8 
 
2.1. �$�O�•�P�L�Q�\�X�P���0�H�W�D�O�L���h�U�H�W�L�P�L 
 
�%�L�U�L�Q�F�L�O���Y�H���L�N�L�Q�F�L�O���D�O�•�P�L�Q�\�X�P���•�U�H�W�L�P�L���V�R�Q�X�F�X�Q�G�D���D�W�Õ�N��
�R�O�D�U�D�N�� �o�Õ�N�D�Q�� �E�H�\�D�]�� �Y�H�� �N�D�U�D�� �F�•�U�X�I�O�D�U�Õ���� �J�H�U�L�� �N�D�]�D�Q�Õ�P��
prosesi �X�\�J�X�O�D�Q�D�U�D�N�� �D�O�•�P�L�Q�\�X�P�� �P�H�W�D�O�L�� �Y�H��
�D�O�•�P�L�Q�\�X�P�� �R�N�V�L�W�� �H�O�G�H�� �H�G�L�O�P�H�N�W�H�G�L�U���� �g�]�H�O�O�L�N�O�H��
�D�O�•�P�L�Q�\�X�P�� �P�H�W�D�O�L�Q�L�Q�� �J�H�U�L�� �N�D�]�D�Q�Õ�O�P�D�V�Õ�� �E�H�\�D�]�� �F�•�U�X�I��
���E�L�U�L�Q�F�L�O�� �•�U�H�W�L�P���� �J�H�U�L�� �G�|�Q�•�ú�•�P�� �S�U�R�V�H�V�L�� �X�\�J�X�O�D�Q�D�U�D�N��
�D�O�•�P�L�Q�\�X�P�� �P�H�W�D�O�L�Q�L�Q�� ���� ���������� �R�U�D�Q�Õ�Q�G�D�� �J�H�U�L��
�N�D�]�D�Q�Õ�O�P�D�V�Õ�� �P�•�P�N�•�Q�� �R�O�P�D�N�W�D�G�Õ�U���� �$�O�•�P�L�Qyum 
�P�H�W�D�O�L�� �J�H�U�L�� �G�|�Q�•�ú�•�P�� �S�U�R�V�H�V�L�Q�L�Q�� �D�N�Õ�ú�� �ú�H�P�D�V�Õ�� �ù�H�N�L�O��
���¶�G�H���J�|�U�•�O�P�H�N�W�H�G�L�U�������'�D�K�D���o�R�N���W�H�U�F�L�K���H�G�L�O�H�Q���E�L�U�L�Q�F�L�O��
�D�O�•�P�L�Q�\�X�P�� �F�•�U�X�I�O�D�U�Õ�� ���L�K�W�L�\�D�o�� �K�D�O�L�Q�G�H�� �L�N�L�Q�F�L�O�� �•�U�H�W�L�P��
�F�•�U�X�I�O�D�U�Õ���N�X�O�O�D�Q�Õ�O�P�D�N�W�D�������G�|�Q�H�U���W�D�P�E�X�U�G�D���X�\�J�X�O�D�Q�D�Q��
�I�L�]�L�N�V�H�O���L�ú�O�H�P�O�H���L�o�H�U�L�V�L�Q�G�H�N�L���o�H�O�L�N���E�L�O�\�D�O�D�U���V�Dyesinde 
�D�O�•�P�L�Q�\�X�P�� �P�H�W�D�O�L�� �•�]�H�U�L�Q�G�H�N�L�� �D�O�•�P�L�Q�\�X�P�� �R�N�V�L�W��
�P�H�W�D�O�G�H�Q�� �D�\�U�Õ�O�Õ�U���� �$�O�•�P�L�Q�\�X�P�� �R�N�V�L�W�� ���� �P�P�� �D�O�W�Õ�� �W�R�]��

�E�R�\�X�W�X�Q�G�D�G�Õ�U���� �$�O�•�P�L�Q�\�X�P�� �P�H�W�D�O�L�� �W�D�P�E�X�U�� �G�L�E�L�Q�G�H��
�E�L�U�L�N�L�U�N�H�Q�����E�X�Q�G�D�Q���o�R�N���G�D�K�D���K�D�I�L�I���E�L�U���P�D�O�]�H�P�H���R�O�D�Q��
�D�O�•�P�L�Q�\�X�P�� �R�N�V�L�W�� �E�L�U�� �I�D�Q�� �\�D�U�G�Õ�P�Õ�� �L�O�H�� �o�H�N�L�O�P�H�N�W�H�� �Y�H��
torba filtrelere verilmektedir. Torba filtrelerde 
�W�X�W�X�O�D�Q�� �D�O�•�P�L�Q�\�X�P�� �R�N�V�L�W���� �E�X�Q�N�H�U�G�H�� �W�R�S�O�D�Q�P�D�N�W�D�� �Y�H��
�E�X�Q�N�H�U�� �W�D�E�D�Q�Õ�Q�G�D�Q�� �W�R�U�E�D�O�D�U�D�� �N�R�Q�X�O�D�U�D�N�� �J�H�o�L�F�L��
�G�H�S�R�O�D�P�D���V�D�K�D�V�Õ�Q�D���D�O�Õ�Q�P�D�N�W�D�G�Õ�U�����7�D�P�E�X�U���W�D�E�D�Q�Õ�Q�G�D��
�E�L�U�L�N�H�Q�� �D�O�•�P�L�Q�\�X�P�� �P�H�W�D�O�O�H�U�L�� �L�V�H���� �W�D�P�E�X�U�� �W�D�E�D�Q��
�N�D�S�D�÷�Õ���D�o�Õ�O�D�U�D�N���G�Õ�ú�D�U�Õ���D�O�Õ�Q�P�D�N�W�D���Y�H���G�R�÷�U�X�G�D�Q���H�U�J�L�W�P�H��
�S�R�W�D�V�Õ�Q�D�� �J�|�Q�H�U�L�O�H�U�H�N�� �H�U�J�L�W�L�O�P�H�V�L�� �V�D�÷�O�D�Q�Õ�U���� �(�U�J�L�W�P�H��
�L�ú�O�H�P�L�� �\�D�N�O�D�ú�Õ�N�� ��������o�&�� �V�Õ�F�D�N�O�Õ�N�W�D��
�J�H�U�o�H�N�O�H�ú�W�L�U�L�O�P�H�N�W�H�G�L�U���� �3�R�W�D�G�D�� �X�\�J�X�O�D�Q�D�Q�� �H�U�J�L�W�P�H��
�L�ú�O�H�P�L�Q�H�� �E�D�÷�O�Õ�� �R�O�D�U�D�N�� �P�H�\�G�D�Q�D�� �J�H�O�H�Q�� �F�•�U�X�I�� ���W�X�]��
�N�H�N�L�������L�ú�O�H�W�P�H�G�H���W�H�N�U�D�U���K�D�P�P�D�G�G�H���R�O�D�U�D�N���D�O�•�P�L�Q�\�Xm 
�F�X�U�•�I�� �L�O�H�� �E�L�U�O�L�N�W�H�� �W�H�N�U�D�U�� �N�X�O�O�D�Q�Õ�O�P�D�N�W�D���� �V�Õ�Y�Õ�� �K�D�O�H��
�J�H�O�P�L�ú�� �D�O�•�P�L�Q�\�X�P�� �P�H�W�D�O�L�� �L�V�H�� �N�D�O�Õ�S�O�D�U�D�� �G�|�N�•�O�H�U�H�N��
�N�•�O�o�H���D�O�•�P�L�Q�\�X�P���H�O�G�H���H�G�L�O�P�H�N�W�H���Y�H���D�P�E�D�O�D�M�O�D�Q�D�U�D�N��
piyasaya arz edilmektedir [5,7-8]. 
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�ù�H�N�L�O���������g�U�Q�H�N���7�H�V�L�V�W�H���$�O�•�P�L�Q�\�X�P���*�H�U�L���.�D�]�D�Q�Õ�P���3�U�R�V�H�V�L�� 
 
 

     

           �ù�H�N�L�O���������%�H�\�D�]���$�O�•�P�L�Q�\�X�P���&�X�U�X�I 

 

 
         �ù�H�N�L�O���������7�D�P�E�X�U�G�D�Q���d�Õ�N�D�Q���$�O�•�P�L�Q�\�X�P���&�•�U�X�I 

  

�'�|�Q�H�U���7�D�P�E�X�U 

Al Oksit 

Toz (Kaba) 

Al  Metal 

�$�O�����&�X�U�•�I�����K�D�P�P�D�G�G�H���� 

Elektrik Motoru 

�0�H�N�D�Q�L�]�P�D�V�Õ 

  
�ø�Q�G�•�N�V�L�\�R

�Q�����2�F�D�÷�Õ 

Fan  

Bunker 

�������&�X�U�•�I 

Al  Metal  

���.�•�O�o�H�� 

 Al Oksit 

Al  Oksit 

�7�R�]�����ø�Q�F�H�� 
�0�D�÷�Q�H�W��

�0�D�N�L�Q�D�V�Õ 

�d�H�O�L�N�� 

Al  Metal 
���}�R���o���'���Ì 

�~�<�º�o�����• 
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      �ù�H�N�L�O�������������������6�D�I�O�Õ�N�W�D���.�•�O�o�H���$�O�•�P�L�Q�\�X�P                                    �ù�H�N�L�O���������3�R�W�D�G�D�Q���d�Õ�N�D�Q���&�•�U�X�I�������7�X�]���.�H�N�L��

 
2.2. �)�O�D�N�V���h�U�H�W�L�P�L 
 
�%�L�U�L�Q�F�L�O�� �Y�H�\�D�� �L�N�L�Q�F�L�O�� �D�O�•�P�L�Q�\�X�P�� �F�•�U�X�I�O�D�U�Õ�Q�G�D�Q��
�D�O�•�P�L�Q�\�X�P�� �P�H�W�D�O�L�� �•�U�H�W�L�O�L�U�N�H�Q�� �E�X�� �S�U�R�V�H�V�� �V�R�Q�Xcunda 
�I�L�O�L�W�U�H�O�H�U�G�H�� �W�X�W�X�O�D�Q�� �W�R�]�� �D�O�•�P�L�Q�\�X�P�� �R�N�V�L�W�� �Y�H�� �R�F�D�N�W�D�Q��
�o�Õ�N�D�Q�� �W�X�]�� �N�H�N�L�� �J�L�E�L�� �W�H�K�O�L�N�H�O�L�� �D�W�Õ�N�O�D�U�� �o�H�O�L�N�� �H�Q�G�•�V�W�U�L�V�L��
�L�o�L�Q���R�N�V�L�M�H�Q���J�L�G�H�U�L�F�L���Y�H���F�X�U�X�I���D�N�Õ�ú�N�D�Q�O�D�ú�W�Õ�U�Õ�F�Õ���R�O�D�U�D�N����

�I�O�D�N�V���•�U�H�W�L�P�L���\�D�S�Õ�O�D�E�L�O�P�H�N�W�H�G�L�U�������%�X���D�W�Õ�N�O�D�U���7�6��������������
�V�W�D�Q�G�D�U�G�Õ�Q�D�� �X�\�J�X�Q�� �R�O�D�U�D�N�� �\�Õ�N�D�Q�D�U�D�N���� �� �L�o�H�U�L�V�L�Q�G�H�N�L��
�W�X�]�O�D�U�G�D�Q�� �D�U�Õ�Q�G�Õ�U�O�P�D�N�� �V�X�U�H�W�L�\�O�H�� �I�O�D�N�V�� �•�U�H�W�L�P�L�� �H�O�G�H��
�H�G�L�O�P�H�N�W�H�G�L�U�������ù�H�N�L�O�����¶�G�D���|�U�Q�H�N���W�H�V�L�V�W�H���S�H�O�H�W�O�H�Q�P�H�P�L�ú��
�I�O�D�N�V�����S�D�U�o�D�F�Õ�N���E�R�\�X�W�X�Q�G�D�����Y�H���ù�H�N�L�O�����¶�G�H���S�H�O�H�W�O�H�Q�P�L�ú��
���S�H�O�H�W�����I�O�D�N�V���•�U�H�W�L�P�L���J�|�U�•�O�P�H�N�W�H�G�L�U�>�������@���� 
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. 
�ù�H�N�L�O���������g�U�Q�H�N���7�H�V�L�V�W�H���3�H�O�H�W�O�H�Q�P�H�P�L�ú���)�O�D�N�V���h�U�H�W�L�P�L 
 

 
�ù�H�N�L�O���������3�H�O�H�W�O�H�Q�P�L�ú���)�O�D�N�V���h�U�H�W�L�P�L���D�N�Õ�ú���ú�H�P�D�V�Õ 
 
2.2.1. �$�O�•�P�L�Q�\�X�P���&�•�U�X�I�X�Q�X�Q���<�Õ�N�D�Q�P�D�V�Õ 
 

 
PH3  ve H2S meydana gelebilecektir. 
 
�'�R�O�D�\�Õ�V�Õ�\�O�D�� �W�X�]�O�X�� �N�D�U�D�� �F�•�U�X�I�O�D�U�Õ�Q�Õ�Q�� �\�Õ�N�D�Q�P�D�V�Õ��
�S�U�R�V�H�V�L�Q�G�H�� �R�U�W�D�\�D�� �o�Õ�N�D�F�D�N�� �R�O�D�Q�� �J�D�]�O�D�U�Õ�Q�� �K�D�F�L�P�V�H�O��
�R�U�D�Q�Õ���\�D�N�O�D�ú�Õ�N�������������&�+�y�����+�w���Y�H���1�+�x���N�D�U�Õ�ú�Õ�P�Õ���Y�H������
5 de PH3 ve H2�6���N�D�U�Õ�ú�Õ�P�Õ���R�O�D�F�D�N�W�Õ�U���>��-7]. 
 
2.2.2. �<�Õ�N�D�P�D�� �6�R�Q�X�F�X�Q�G�D�� �d�Õ�N�D�Q�� �*�D�]�O�D�U�Õ�Q��  

�'�H�Q�H�\�V�H�O���0�H�W�R�G���L�O�H���ø�Q�F�H�O�H�Q�P�H�V�L 
 
�'�H�Q�H�\�� �� �G�•�]�H�Q�H�÷�L�� �ú�H�N�L�O�� ���¶�G�D�� �J�|�U�•�O�P�H�N�W�H�G�L�U���� �%�X��
�G�•�]�H�Q�H�N�W�H�Q�� �L�N�L�� �D�G�H�W�� �E�X�O�X�Q�P�D�N�W�D�G�Õ�U���� �'�•�]�H�Q�H�N�O�H�U�G�H�Q��
�E�L�U�L�Q�G�H���� �P�H�Y�F�X�W�� �E�•�W�•�Q�� �K�D�P�P�D�G�G�H�\�L�� �W�H�P�V�L�O�� �H�G�H�F�H�N��
�ú�H�N�L�O�G�H�� �W�H�P�L�Q�� �H�G�L�O�P�L�ú�� �R�O�D�Q�� �K�R�P�R�M�H�Q���� �\�Õ�N�D�Q�P�D�P�Õ�ú��
al�•�P�L�Q�\�X�P�� �F�•�U�X�I�X�Q�G�D�Q�� ������ �J�U�� �D�O�Õ�Q�P�Õ�ú�� �� �Y�H�� �R�G�D��
�V�Õ�F�D�N�O�Õ�÷�Õ�Q�G�D�N�L�����������P�/���V�X���L�O�D�Y�H���H�G�L�O�H�U�H�N���N�D�U�Õ�ú�W�Õ�U�Õ�O�P�D�N��
�V�X�U�H�W�L�\�O�H�� �J�D�]�� �o�Õ�N�Õ�ú�Õ�� �J�|�]�O�H�Q�P�L�ú�W�L�U���� �<�D�N�O�D�ú�Õ�N�� ������ �V�D�D�W��
�E�R�\�X�Q�F�D���� �o�Õ�N�D�Q�� �J�D�]�� �E�H�K�H�U�G�H�N�L�� �V�X�� �L�o�L�Q�G�H�� �E�X�O�X�Q�D�Q��

�P�H�]�X�U�G�D�� �W�R�S�O�D�Q�P�Õ�ú�� �Y�H�� �W�R�S�O�D�Q�D�Q�� �J�D�]�� �P�L�N�W�D�U�Õ��
�|�O�o�•�O�P�•�ú�W�•�U���>���@���� 
 

 
�ù�H�N�L�O���������7�H�V�W���'�•�]�H�Q�H�÷�L 
 
�6�|�]���N�R�Q�X�V�X���G�H�Q�H�\�����E�H�Q�]�H�U���L�N�L���D�\�U�Õ���Q�X�P�X�Q�H�G�H��������oC  
ve  60 o�&���V�Õ�F�D�N�O�Õ�÷�Õ�Q�G�D�N�L���V�X���L�O�H���D�\�U�Õ���D�\�U�Õ���\�D�S�Õ�O�P�Õ�ú�W�Õ�U����
�'�L�÷�H�U���W�H�V�W���G�•�]�H�Q�H�÷�L�Q�G�H���L�V�H�����\�Õ�N�D�Q�P�Õ�ú���Y�H���G�R�O�D�\�Õ�V�Õ�\�O�D��
�W�X�]�X�Q�G�D�Q���D�U�Õ�Q�G�Õ�U�Õ�O�P�Õ�ú���D�O�•�P�L�Q�\�X�P���F�•�U�X�I�X���N�X�O�O�D�Q�Õ�O�P�Õ�ú��
ve deney yine 25 oC ve 60 o�&�� �V�Õ�F�D�N�O�Õ�÷�Õ�Q�G�D�N�L�� �V�X�� �L�O�H��
�D�\�U�Õ�� �D�\�U�Õ�� �\�D�S�Õ�O�P�Õ�ú�W�Õ�U���� �%�X�� �G�H�Q�H�\�G�H�� �G�L�N�N�D�W�H�� �G�H�÷�H�U�� �E�L�U��
�J�D�]���o�Õ�N�Õ�ú�Õ���R�O�P�D�G�Õ�÷�Õ���J�|�]�O�H�Q�P�L�ú�W�L�U�������<�Õ�N�D�Q�P�D�P�Õ�ú���������J�U��
�D�O�•�P�L�Q�\�X�P�� �F�•�U�X�I�X�� ������o�&�� �V�Õ�F�D�N�O�Õ�N�W�D�N�L�� �V�X�� �L�O�H�� �\�D�S�Õ�O�D�Q��
�W�H�V�W���V�R�Q�X�F�X�Q�G�D�����������P�/���N�D�G�D�U���J�D�]���P�H�\�G�D�Q�D���J�H�O�G�L�÷�L���Y�H��
�\�Õ�N�D�Q�P�Õ�ú�� ������ �J�U�� �D�O�•�P�L�Q�\�X�P�� �F�•�U�X�I�X�� �\�L�Q�H�� ������oC 
�V�Õ�F�D�N�O�Õ�N�W�D�N�L�� �V�X�� �L�O�H�� �\�D�S�Õ�O�D�Q�� �W�H�V�W�� �V�R�Q�X�F�X�Q�G�D�Q�� �L�V�H�� �H�V�H�U��
�P�L�N�W�D�U�G�D�� �� �J�D�]�� �o�Õ�N�Õ�ú�Õ�� �R�O�G�X�÷�X�� �J�|�U�•�O�P�•�ú�W�•�U���� �<�L�Q�H��
�\�Õ�N�D�Q�P�D�P�Õ�ú�� ������ �J�U�� �D�O�•�P�L�Q�\�X�P�� �F�•�U�X�I�X�� �� ������oC 
�V�Õ�F�D�N�O�Õ�N�W�D�N�L�� �V�X�� �L�O�H�� �\�D�S�Õ�O�D�Q�� �W�H�V�W�� �V�R�Q�X�F�X�Q�G�D�� ������ �P�/����
�N�D�G�D�U���J�D�]���P�H�\�G�D�Q�D���J�H�O�G�L�÷�L���Y�H���D�\�U�Õ�F�D���\�Õ�N�D�Q�P�Õ�ú��50 gr 
�D�O�•�P�L�Q�\�X�P�� �F�•�U�X�I�X�� ������o�&�� �V�Õ�F�D�N�O�Õ�N�W�D�N�L�� �V�X�� �L�O�H�� �\�D�S�Õ�O�D�Q��
�W�H�V�W�� �V�R�Q�X�F�X�Q�G�D�� �L�V�H�� �H�V�H�U�� �P�L�N�W�D�U�G�D�� �J�D�]�� �o�Õ�N�Õ�ú�Õ�� �R�O�G�X�÷�X��
�J�|�U�•�O�P�•�ú�W�•�U���>���@�� 

  

�'�|�Q�H�U���<�Õ�N�D�P�D 

  �7�D�Q�N�Õ 
Ele

k Al  �&�X�U�•�I�������<�Õ�N�D�Q�P�Õ�ú�� 

�$�O�����&�X�U�•�I�� 

(hammadde)  

Motor 

  
�'�|�Q�H�U�� �.�X�U�X�W�P�D��

�)�Õ�U�Õ�Q�Õ 

Fan  

�����P�P���D�O�W�Õ toz 

 

Su 

 
�3�H�O�H�W�O�H�Q�P�H�P�L�ú��Flaks 

Flaks 

Baca 

�6�Õ�F�D�N���6�X���7�D�Q�N�Õ�������������������6�R�÷�X�N�����6�X���7�D�Q�N�O�D�U�Õ 

Elek 

2-100 mm 

 �$�O�����&�X�U�•�I 

Baca 

Filitreler 

�7�X�]�O�D�U�� ���d�|�N�H�U�W�P�H��

�'�R�÷�D�O��

Gaz 

�'�R�÷�D

l  Gaz 

�W���o���š�o���u�����m�v�]�š���•�]�v���� 
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�ø�N�L�� �I�D�U�N�O�Õ�� �V�Õ�F�D�N�O�Õ�N�W�D�� ��������0C   ve 60 0C ) su ile 
�o�|�]�•�O�H�E�L�O�H�Q���W�X�]���P�L�N�W�D�U�O�D�U�Õ���\�D�N�O�D�ú�Õ�N���R�O�D�U�D�N���H�ú�L�W���R�O�G�X�÷�X��
�J�|�U�•�O�P�H�N�W�H�G�L�U�����%�X���V�Õ�F�D�N�O�Õ�N�O�D�U�G�D�N�L���V�X���L�O�H���D�O�•�P�L�Q�\�X�P��
�F�•�U�X�I�� �L�o�H�U�L�V�L�Q�G�H�� �� �o�|�]�•�O�H�E�L�O�H�Q�� �W�X�]�� �P�L�N�W�D�U�Õ�� �I�D�U�N�Õ��
�\�D�N�O�D�ú�Õ�N�������������N�D�G�D�U�G�Õ�U���>�����@������������0�&���V�Õ�F�D�N�O�Õ�N�W�D���V�X���L�O�H��
�\�Õ�N�D�P�D�� �\�D�S�D�U�D�N�� �\�D�N�O�D�ú�Õ�N�� ���� ���� �N�D�G�D�U�� �I�D�]la tuz 
�F�•�U�X�I�W�D�Q���D�O�Õ�Q�P�D�N�W�D�G�Õ�U����������0�&���V�Õ�F�D�N�O�Õ�N�W�D���V�X���L�O�H���\�Õ�N�D�P�D��
�\�D�S�P�D�Q�Õ�Q�� �o�R�N�� �I�D�]�O�D�� �D�Y�D�Q�W�D�M�O�Õ�� �R�O�P�D�G�Õ�÷�Õ��
�J�|�U�•�O�P�H�N�W�H�G�L�U�� �7�H�V�L�V�W�H�� �X�\�J�X�O�D�Q�D�F�D�N�� �R�O�D�Q�� �S�U�R�V�H�V�L�Q��
�D�P�D�F�Õ�Q�Õ�Q���� �F�•�U�X�I�� �L�o�L�Q�G�H�N�L�� �W�X�]�O�D�U�Õ�Q�� �D�\�U�Õ�ú�W�Õ�U�Õ�O�P�D�V�Õ��
�R�O�G�X�÷�X�Q�D���J�|�U�H�����G�•�ú�•�N���V�Õ�F�D�N�O�Õ�N�W�D�����R�G�D���V�Õ�F�D�N�O�Õ�÷�Õ�Q�G�D��������
0�&���� �\�Õ�N�D�Q�D�U�D�N�� �W�X�]�O�D�U�Õ�Q�� �D�O�Õ�Q�D�E�L�O�G�L�÷�L�� �Y�H�� �H�Q�H�U�M�L��
�H�N�R�Q�R�P�L�V�L���D�o�Õ�V�Õ�Q�G�D�Q���G�D�K�D���X�\�J�X�Q���R�O�D�F�D�N�W�Õ�U���>��-9]. 
 
2.2.3. �d�Õ�N�D�Q���*�D�]�Õ�Q���<�|�Q�H�W�P�H�O�L�÷�H���*�|�U�H���'�X�U�X�P�X 
 
�'�H�Q�H�\���V�R�Q�X�F�X�Q�G�D�����������J�U�����D�O�•�P�L�Q�\�X�P���F�•�U�X�I�X�Q�X�Q����������
oC ve 60 o�&���V�Õ�F�D�N�O�Õ�÷�Õ�Q�G�D�N�L���V�X���L�O�H���\�Õ�N�D�Q�P�D�V�Õ�Q�D���E�D�÷�O�Õ��
�R�O�D�U�D�N���V�Õ�U�D�V�Õ�\�O�D�� ������ �P�/�� �Y�H�� ������ �P�/ �W�R�S�O�D�P�� �J�D�]�� �o�Õ�N�Õ�ú�Õ��
�R�O�G�X�÷�X�� �J�|�U�•�O�P�•�ú�W�•�U���� �'�R�O�D�\�Õ�V�Õ�\�O�D���� �\�Õ�N�D�Q�P�D�P�Õ�ú�� �E�L�U��
�W�R�Q�� �W�X�]�O�X�� �N�D�U�D�� �D�O�•�P�L�Q�\�X�P�� �F�•�U�X�I�X�Q�X�Q�� �R�G�D��
�V�Õ�F�D�N�O�Õ�÷�Õ�Q�G�D�� ��������o�&���� �\�Õ�N�D�Q�P�D�V�Õ���V�R�Q�X�F�X�Q�G�D�� �\�D�N�O�D�ú�Õ�N��
���������� �P�����J�•�Q�� �J�D�]�� �o�Õ�N�D�F�D�N�W�Õ�U���� �g�U�Q�H�÷�L�Q�� �J�•�Q�O�•�N�� �F�•�U�X�I��
�\�Õ�N�D�P�D�� �N�D�S�D�V�L�W�H�V�L�Q�L�Q�� �\�D�N�O�D�ú�Õ�N�� �������� �W�R�Q���J�•�Q�� �R�O�G�X�÷�X��
ka�E�X�O�� �H�W�W�L�÷�L�P�L�]�� �E�L�U�� �W�H�V�L�V�� �J�|�]�� �|�Q�•�Q�H�� �D�O�Õ�Q�G�Õ�÷�Õ�Q�G�D�� �G�D����
�J�•�Q�O�•�N�� �W�R�S�O�D�P�� �J�D�]�� �K�D�F�P�L�Q�L�Q�� �\�D�N�O�D�ú�Õ�N�� ������ �P3���J�•�Q��
�R�O�D�F�D�÷�Õ���� �J�•�Q�G�H�� �\�D�N�O�D�ú�Õ�N�� ������ �V�D�D�W�� �o�D�O�Õ�ú�Õ�O�G�Õ�÷�Õ�Q�G�D�� �G�D��
�V�D�D�W�O�L�N���J�D�]���K�D�F�P�L�Q�L�Q���\�D�N�O�D�ú�Õ�N�����������P3���K���R�O�D�F�D�N�W�Õ�U���>���@�� 
   

�$�Q�D�O�L�]�O�H�U�� �L�o�H�U�L�V�L�Q�G�H�� �N�D�U�E�R�Q���� �I�R�V�I�•�U�� �Y�H�� �V�•�O�I�•�U�O�• 
�E�L�O�H�ú�L�N�O�H�U�L�Q���E�X�O�X�Q�P�D�G�Õ�÷�Õ���J�|�U�•�O�P�H�N�W�H�G�L�U�����%�X���D�Q�D�O�L�]�O�H�U��
�L�Q�F�H�O�H�Q�G�L�÷�L�Q�G�H�� �� �F�•�U�X�I�� �L�o�H�U�L�V�L�Q�G�H�� �$�O�1�� ���D�O�•�P�L�Q�\�X�P��
�Q�L�W�U�•�U���� �I�D�]�O�D�� �P�L�N�W�D�U�G�D���R�O�G�X�÷�X�� �Y�H���V�Õ�U�D�V�Õ���L�O�H���$�O2MgO4 
���P�D�J�Q�H�V�L�X�P�� �D�O�X�P�L�Q�D�W�H������ �1�D�&�O�� ���V�R�G�\�X�P�� �N�O�R�U�•�U�� ���� �Y�H��
Al 2O3 ���D�O�•�P�L�Q�\�X�P�� �R�N�V�L�W���� �E�L�O�H�ú�L�N�O�H�U�L�Q�L�Q�� �R�O�G�X�÷�X��
�J�|�U�•�O�P�H�N�W�L�U���� �'�R�O�D�\�Õ�V�Õ�\�O�D�� �D�O�•�P�L�Q�\�X�P�� �F�•�U�X�I�X�Q�X�Q��
�\�Õ�N�D�P�D�� �S�U�R�V�H�V�L�� �V�R�Q�X�F�X�Q�G�D�� �L�o�H�U�G�L�÷�L�� �H�O�H�P�H�Q�W�� �Y�H��
�E�L�O�H�ú�L�N�O�H�U�G�H�Q�� �G�R�O�D�\�Õ�� �V�D�G�H�F�H�� �D�P�R�Q�\�D�N�� ���1�+3), eser 
�P�L�N�W�D�U�G�D���K�L�G�U�R�M�H�Q�����+�w�����Y�H���H�V�H�U���P�L�N�W�D�U�G�D���P�H�W�D�Q�����&�+4) 
�J�D�]�O�D�U�Õ���o�Õ�N�Õ�ú�Õ���R�O�D�F�D�N�W�Õ�U���>���@���� 
 
�<�Õ�N�D�P�D�� �V�R�Q�X�F�X�Q�G�D�� �o�Õ�N�D�Q�� �J�D�]�Õ�Q�� �G�H�E�L�V�L�� �\�D�N�O�D�ú�Õ�N��
1.1x10-3 m3���V�� �R�O�X�S���� �\�D�Q�P�D�� �L�o�L�Q�� �O�H�O�� �K�D�F�P�L��
�R�O�X�ú�W�X�U�P�D�P�D�N�W�D�G�Õ�U�����%�X���\�•�]�G�H�Q���R�U�W�D�P�G�D���\�D�Q�P�D���U�L�V�N�L��
�R�O�X�ú�W�X�U�P�D�]���� �<�D�Q�P�D�� �J�H�U�o�H�N�O�H�ú�V�H�� �E�L�O�H�� �o�D�E�X�N�� �V�|�Q�H�U����
�<�Õ�N�D�P�D�� �V�R�Q�X�F�X�� �|�U�Q�H�N�� �W�H�V�L�V�W�H�Q�� �o�Õ�N�D�F�D�N�� �J�•�Q�O�•�N�� �J�D�]��
�P�L�N�W�D�U�Õ�Q�Õ�Q���������P3���J�•�Q�����V�D�D�W�O�L�N���J�D�]���P�L�N�W�D�U�Õ�Q�Õ�Q�����������P3/h 
�R�O�G�X�÷�X���H�V�D�V���D�O�Õ�Q�G�Õ�÷�Õ�Q�G�D���Y�H���R�U�W�D�O�D�P�D���J�D�]���\�R�÷�X�Q�O�X�÷�X��
�G�D�� �\�D�N�O�D�ú�Õ�N�� ���������� �N�J���P3 �N�D�E�X�O�� �H�G�L�O�G�L�÷�L�Q�� �G�H���� �o�Õ�N�D�Q��
�J�D�]�Õ�Q���V�D�D�W�O�L�N���N�•�W�O�H�V�H�O���G�H�E�L�V�L�Q�L�Q���G�H���\�D�N�O�D�ú�Õ�N�����������N�J���K��
�R�O�D�F�D�N�W�Õ�U���� �$�O�•�P�L�Q�\�X�P�� �F�•�U�X�I�� �\�Õ�N�D�P�D�� �N�D�S�D�V�L�W�H�V�L�Q�L�Q��
�\�D�N�O�D�ú�Õ�N�� �������� �W�R�Q���J�•�Q�� �R�O�G�X�÷�X�� �N�D�E�X�O�� �H�W�W�L�÷�L�P�L�]�� �E�L�U��
�|�U�Q�H�N�� �W�H�V�L�V�W�H�Q�� �o�Õ�N�D�F�D�N�� �W�R�S�O�D�P�� �J�D�]�� �P�L�N�W�D�U�Õ�� �\�D�N�O�D�ú�Õ�N��
�������� �N�J���K�� �R�O�D�F�D�N�W�Õ�U���� �%�X�� �G�H�÷�H�U�L�Q���� �6�D�Q�D�\�L�� �.�D�\�Q�D�N�O�Õ��
�+�D�Y�D�� �.�L�U�O�L�O�L�÷�L�Q�L�Q�� �.�R�Q�W�U�R�O�•�� �<�|�Q�H�W�P�H�O�L�÷�L�¶�� �G�H��
�E�H�O�L�U�W�L�O�H�Q�� �G�H�÷�H�U�O�H�U�L�Q�� �D�O�W�Õ�Q�G�D�� �R�O�G�X�÷�X�� �J�|�U�•�O�P�H�N�W�H�G�L�U��
�>���������@���� �� �7�D�E�O�R�� ���¶�G�H�� �� �6�D�Q�D�\�L�� �.�D�\�Q�D�N�O�Õ�� �+�D�Y�D��
�.�L�U�O�L�O�L�÷�L�Q�L�Q�� �.�R�Q�W�U�R�O�•�� �<�|�Q�H�W�P�H�O�L�÷�L�¶�J�|�U�•�O�Pektedir 
[10]. 

 
�7�D�E�O�R���������6�D�Q�D�\�L���.�D�\�Q�D�N�O�Õ���+�D�Y�D���.�L�U�O�L�O�L�÷�L�Q�L�Q���.�R�Q�W�U�R�O�•���<�|�Q�H�W�P�H�O�L�÷�L�����(�N-2 T�D�E�O�R�����������.�•�W�O�H�V�H�O���'�H�E�L�O�H�U�����>�����@ 
 

  
Emisyonlar 

�1�R�U�P�D�O���L�ú�O�H�W�P�H���ú�D�U�W�O�D�U�Õ�Q�G�D���Y�H���K�D�I�W�D�O�Õ�N���L�ú���J�•�Q�O�H�U�L�Q�G�H�N�L���L�ú�O�H�W�P�H����
�V�D�D�W�O�H�U�L���L�o�L�Q���N�•�W�O�H�V�H�O���G�H�E�L�O�H�U�����Ng/h) 

Bacadan �%�D�F�D���'�Õ�ú�Õ�Q�G�D�N�L���<�H�U�O�H�U�G�H�Q 

Toz  10 1 

�.�X�U�ú�X�Q 0.5 0.05 
Kadmiyum 0.01 0.001 
Talyum 0.01 0.001 
Klor 20 2 
�+�L�G�U�R�M�H�Q���N�O�R�U�•�U���Y�H���*�D�]���+�D�O�G�H���ø�Q�R�U�J�D�Q�L�N��
�.�O�R�U�•�U���%�L�O�H�ú�L�N�O�H�U�L 

20 2 

�+�L�G�U�R�M�H�Q���I�O�R�U�•�U���Y�H���*�D�]���+�D�O�G�H���ø�Q�R�U�J�D�Q�L�N��
�)�O�R�U�•�U���%�L�O�H�ú�L�N�O�H�U�L 

2 0.2 

�+�L�G�U�R�M�H�Q���6�•�O�I�•�U 4 0.4 
Karbon Monoksit 500 50 
�.�•�N�•�U�W���'�L�R�N�V�L�W 60 6 
Azot Dioksit [NOx (NO2 cinsinden)]  40  4 
�7�R�S�O�D�P���2�U�J�D�Q�L�N���%�L�O�H�ú�L�N�O�H�U 30 3 
�1�R�W�����7�D�E�O�R�G�D�N�L���H�P�L�V�\�R�Q�O�D�U���L�ú�O�H�W�P�H�Q�L�Q���W�D�P�D�P�Õ�Q�G�D�Q�����E�D�F�D�O�D�U�Õ�Q���W�R�S�O�D�P�Õ�����\�D�\�Õ�O�D�Q���V�D�D�W�O�L�N���N�•�W�O�H�V�H�O���G�H�E�L�O�H�U�G�L�U�� 
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2.2.4. �7�V�� ������������ �6�W�D�Q�G�D�U�G�Õ�Q�Õ�Q�� �L�Q�F�H�O�H�Q�P�H�V�L�� �Y�H��
�'�H�÷�H�U�O�H�Q�G�L�U�L�O�P�H�V�L 

 
�7�6�� ������������ �� �V�W�D�Q�G�D�U�G�Õ���� �o�H�O�L�N�� �•�U�H�W�L�P�L�Q�G�H�� �I�O�D�N�V�� �•�U�•�Q��
�R�O�D�U�D�N�� �N�X�O�O�D�Q�Õ�O�D�F�D�N�� �D�O�•�P�L�Q�\�X�P�� �H�V�D�V�O�Õ�� �I�O�D�N�V�O�D�U�Õ�Q��
�W�D�U�L�I�L�Q�L���� �V�Õ�Q�Õ�I�O�D�Q�G�Õ�U�P�D�V�Õ�Q�Õ���� �|�]�H�O�O�L�N�O�H�U�L�Q�L���� �Q�X�P�X�Q�H��
�D�O�P�D�\�Õ�� �Y�H�� �\�D�S�Õ�O�D�F�D�N�� �G�H�Q�H�\�Oer ile piyasaya arz 
�H�V�D�V�O�D�U�Õ�Q�Õ�� �N�D�S�V�D�P�D�N�W�D�G�Õ�U���� �%�X�� �V�W�D�Q�G�D�U�G�� �G�D�� �E�H�O�L�U�W�L�O�H�Q��
�I�O�D�N�V���� �o�H�O�L�N�� �•�U�H�W�L�P�L�Q�G�H�� �R�N�V�L�M�H�Q�� �J�L�G�H�U�L�F�L���|�Q�O�H�\�L�F�L�� �Y�H��
�F�•�U�X�I�� �D�N�Õ�ú�N�D�Q�O�D�ú�W�Õ�U�Õ�F�Õ���o�|�N�W�•�U�•�F�•�� �R�O�D�U�D�N�� �N�X�O�O�D�Q�Õ�O�P�D�N��
�D�P�D�F�Õ�\�O�D�����D�O�•�P�L�Q�\�X�P���F�•�U�X�I�X�Q�X�Q���L�o�H�U�L�V�L�Q�G�H�N�L���]�D�U�D�U�O�Õ��
�L�o�H�U�L�N�O�H�U�L�Q�� ���D�]�R�W���� �N�U�L�\�R�O�L�W�� flor, klor ve silisyum 
�G�L�R�N�V�L�W���Y�E���������E�H�O�L�U�O�L�����E�X���G�H�÷�H�U�O�H�U���d�H�Y�U�H���Y�H���ù�H�K�L�U�F�L�O�L�N��
�%�D�N�D�Q�O�Õ�÷�Õ�� �\�H�W�N�L�O�H�U�L�Q�G�H�Q�� �D�O�Õ�Q�D�Q���� �G�H�÷�H�U�O�H�U�L�Q�� �D�O�W�Õ�Q�D��
�G�•�ú�•�U�•�O�P�H�V�L�� �L�O�H���H�O�G�H�� �H�G�L�O�H�Q���•�U�•�Q�G�•�U���� �%�X�� �I�O�D�N�V�� �•�U�•�Q����
�P�H�W�D�O�L�N���D�O�•�P�L�Q�\�X�P���L�o�H�U�L�÷�L�Q�H���J�|�U�H�����6�Õ�Q�Õ�I���$�����6�Õ�Q�Õ�I���%������
�6�Õ�Q�Õ�I�� �&�� �Y�H�� �6�Õ�Q�Õ�I�� �'�� �R�O�P�D�N�� �•�]�H�U�H�� ���� �V�Õ�Q�Õ�I�D��

�D�\�U�Õ�O�P�D�N�W�D�G�Õ�U�����$�O�•�P�L�Q�\�X�P���R�N�V�L�W���L�o�H�U�L�÷�L�Q�H���J�|�U�H�����6�Õ�Q�Õ�I��
�(���� �6�Õ�Q�Õ�I�� �)�� �Y�H�� �� �6�Õ�Q�Õ�I�� �*�� �� �R�O�P�D�N�� �•�]�H�U�H�� ���� �V�Õ�Q�Õ�I�D��
�D�\�U�Õ�O�P�D�N�W�D�G�Õ�U���� �<�L�Q�H�� �S�L�\�D�V�D�\�D���� �S�H�O�H�W�O�H�Q�P�H�P�L�ú�� �\�D�Q�L��
�S�D�U�o�D�F�Õ�N�� �R�O�D�U�D�N�� �Y�H�� �S�H�O�H�W�� �K�D�O�L�Q�H�� �J�H�W�L�U�L�O�H�U�H�N�� �S�L�\�D�V�D�\�D��
�D�U�]���H�G�L�O�P�H�N�W�H�G�L�U�������3�H�O�H�W�O�H�Q�P�L�ú���I�O�D�N�V�Õ�Q boyutu, 10 mm 
�L�O�H�� �������� �P�P�� �D�U�D�O�Õ�÷�Õ�Q�G�D�G�Õ�U���� �3�H�O�H�W�� �I�O�D�N�V�� �•�U�H�W�L�P�L�Q�G�H��
�N�L�U�H�o���Y�H���Y�H�\�D���K�H�U�K�D�Q�J�L���E�L�U���R�U�J�D�Q�L�N���E�D�÷�O�D�\�Õ�F�Õ���G�Õ�ú�Õ�Q�G�D��
�E�L�U�� �N�D�W�N�Õ�� �P�D�G�G�H�V�L�� �N�X�O�O�D�Q�Õ�O�P�D�P�D�N�W�D�G�Õ�U���� �3�D�U�o�D�F�Õ�N��
�E�R�\�X�W�X�Q�G�D���� �K�H�U�K�D�Q�J�L�� �E�L�U�� �E�D�÷�O�D�\�Õ�F�Õ�� �N�D�W�Õ�O�P�D�\�D�Q��
�D�O�•�P�L�Q�\�X�P���F�•�U�X�I�X���L�V�H�������P�P���L�O�H�����������P�P���D�U�D�O�Õ�÷�Õ�Q�G�D 
�E�R�\�X�W�O�D�U�Õ�Q�G�D�G�Õ�U���>�����@�� 
 
�6�W�D�Q�G�D�U�G���G�D���I�O�D�N�V�Õ�Q���N�L�P�\�D�V�D�O�����|�]�H�O�O�L�N�O�H�U�L�������$�����%�����&�����'��
�V�Õ�Q�Õ�I�Õ���I�O�D�N�V�O�D�U�Õ�Q���N�L�P�\�D�V�D�O���|�]�H�O�O�L�N�O�H�U�L���7�D�E�O�R�����¶�H�����(�����)��
�Y�H���*���V�Õ�Q�Õ�I�Õ���I�O�D�N�V�O�D�U�Õ�Q���N�L�P�\�D�V�D�O���|�]�H�O�O�L�N�O�H�U�L���7�D�E�O�R�����¶�H��
�X�\�J�X�Q���R�O�P�D�O�Õ�G�Õ�U���>�����@�� 

 
Tablo 2. A, �%�����&�����'���V�Õ�Q�Õ�I�Õ���I�O�D�N�V�O�D�U�Õ�Q���N�L�P�\�D�V�D�O���|�]�H�O�O�L�N�O�H�U�L���>��1] 
 
 

 

�6�Õ�Q�Õ�I 

Metalik 
�$�O�•�P�L�Q�\�X�P��

�L�o�H�U�L�÷�L 
% 

�$�O�•�P�L�Q�\�X�P��
�R�N�V�L�W���L�o�H�U�L�÷�L 

% 
En az 

Azot 
�L�o�H�U�L�÷�L 

% 
En fazla 

Kriyolit 
�L�o�H�U�L�÷�L���� 
En fazlaa 

Toplam 
Flor 

�L�o�H�U�L�÷�L�� 
% En 
fazla 

Toplam 
Klor 

�L�o�H�U�L�÷�L�� 
%  

En fazla 

Silisyum 
dioksit 
�L�o�H�U�L�÷�L�� 

%   
En fazla 

Karbon 
�L�o�H�U�L�÷�L�� 

% 
En fazla 

 

�1�H�P���L�o�H�U�L�÷�L�� 
%  

 En fazla 

A 40 �± 50 25 5 3 1.63 1 10 5 2 
B 30 - 40 25 5 3 1.63 1 10 5 2 
C 20 - 30 30 5 3 1.63 1 10 5 2 
D 5 - 20 40 5 3 1.63 1 10 5 2 

a) Kriyolit  �\�•�]�G�H�V�L�����I�O�R�U���N�•�W�O�H���\�•�]�G�H�V�L���W�D�\�L�Q�L���\�D�S�Õ�O�D�U�D�N���K�H�V�D�S�O�D�Q�Õ�U�� 
Not- �ø�o�H�U�L�N�O�H�U���N�•�W�O�H���R�U�D�Q�Õ���F�L�Q�V�L�Q�G�H�Q���K�H�V�D�S�O�D�Q�Õ�U�� 

 
�7�D�E�O�R�����¶�G�H���P�H�W�D�O�L�N���D�O�•�P�L�Q�\�X�P���L�o�H�U�L�÷�L���|�Q�H�P�O�L���R�O�X�S���V�Õ�Q�Õ�I�O�D�Q�G�Õ�U�P�D���E�X���R�U�D�Q�D���J�|�U�H�� �\�D�S�Õ�O�P�D�N�W�D�G�Õ�U�����6�Õ�Q�Õ�I�� �$���� �P�H�W�D�O�L�N��
�D�O�•�P�L�Q�\�X�P���L�o�H�U�L�÷�L���H�Q���I�D�]�O�D���R�O�D�Q���Y�H���D�O�•�P�L�Q�\�X�P���R�N�V�L�W���L�o�H�U�L�÷�L���H�Q���D�]���R�O�D�Q���I�O�D�N�V���W�•�U�•�G�•�U�����6�Õ�Q�Õ�I���'���L�V�H���P�H�W�D�O�L�N���D�O�•�P�L�Q�\�X�P��
�L�o�H�U�L�÷�L���D�]���R�O�D�Q���Y�H���D�O�•�P�L�Q�\�X�P���R�N�V�L�W���L�o�H�U�L�÷�L���H�Q���I�D�]�O�D���R�O�D�Q���I�O�D�N�V���W�•�U�•�G�•�U�� 
 
Tablo 3. �(���)�����*���V�Õ�Q�Õ�I�Õ���I�O�D�N�V�O�D�U�Õ�Q���N�L�P�\�D�V�D�O���|�]�H�O�O�L�N�O�H�U�L���>��1] 
 

 
 
 

�6�Õ�Q�Õ�I 

Metalik 
�$�O�•�P�L�Q�\�X�P��

�L�o�H�U�L�÷�L 
% 

En Fazla 

�$�O�•�P�L�Q�\�X�P��
�R�N�V�L�W���L�o�H�U�L�÷�L 

% 
En az 

Azot 
�L�o�H�U�L�÷�L 

% 
En fazla 

Kriyolit 
�L�o�H�U�L�÷�L�� 

% 
En fazlaa 

Toplam 
Flor 

�L�o�H�U�L�÷�L 
%  

En fazla 

Toplam 
Klor 

�L�o�H�U�L�÷�L 
% 

En fazla 

Silisyum 
dioksit 
�L�o�H�U�L�÷�L 

% 
En fazla 

Karbon 
�L�o�H�U�L�÷�L 

% 
En fazla 

 

�1�H�P���L�o�H�U�L�÷�L 
% 

En fazla 

E 20 65 5 3 1.63 1 10 5 2 
F 15 60 5 3 1.63 1 10 5 2 
G 15 50 5 3 1.63 1 10 5 2 

a) �.�U�L�\�R�O�L�W���\�•�]�G�H�V�L�����I�O�R�U���N�•�W�O�H���\�•�]�G�H�V�L���W�D�\�L�Q�L���\�D�S�Õ�O�D�U�D�N���K�H�V�D�S�O�D�Q�Õ�U�� 
Not- �ø�o�H�U�L�N�O�H�U���N�•�W�O�H���R�U�D�Q�Õ���F�L�Q�V�L�Q�G�H�Q���K�H�V�D�S�O�D�Q�Õ�U�� 

�7�D�E�O�R�����¶�G�H���L�V�H���D�O�•�P�L�Q�\�X�P���R�N�V�L�W���L�o�H�U�L�÷�L���|�Q�H�P�O�L���R�O�X�S��
�V�Õ�Q�Õ�I�O�D�Q�G�Õ�U�P�D���E�X���R�U�D�Q�D���J�|�U�H�� �\�D�S�Õ�O�P�D�N�W�D�G�Õ�U�����6�Õ�Q�Õ�I���(����
�D�O�•�P�L�Q�\�X�P�� �R�N�V�L�W�� �L�o�H�U�L�÷�L�� �Y�H�� �� �P�H�W�D�O�L�N�� �D�O�•�P�L�Q�\�X�P��
�L�o�H�U�L�÷�L�� �H�Q�� �I�D�]�O�D�� �R�O�D�Q�� �I�O�D�N�V�� �W�•�U�•�G�•�U���� �6�Õ�Q�Õ�I�� �*�� �L�V�H��
�D�O�•�P�L�Q�\�X�P�� �R�N�V�L�W�� �L�o�H�U�L�÷�L�� �Y�H�� �P�H�W�D�O�L�N�� �D�O�•�P�L�Q�\�X�P��
�L�o�H�U�L�÷�L���H�Q���D�] �R�O�D�Q���I�O�D�N�V���W�•�U�•�G�•�U�� 
 
�3�H�O�H�W�O�H�Q�P�L�ú�� �Y�H�\�D�� �S�H�O�H�W�O�H�Q�P�H�P�L�ú�� �I�O�D�N�V�� ���S�D�U�o�D�F�Õ�N����
�•�U�•�Q���L�o�L�Q���D�]�R�W���L�o�H�U�L�÷�L���H�Q���I�D�]�O�D�������������N�U�L�\�R�O�L�W���L�o�H�U�L�÷�L������
�������W�R�S�O�D�P���I�O�R�U���L�o�H�U�L�÷�L�������������������W�R�S�O�D�P���N�O�R�U���L�o�H�U�L�÷�L����������
�R�O�P�D�O�Õ�G�Õ�U���� �$�]�R�W���� �I�O�R�U�� �G�R�O�D�\�Õ�V�Õ�\�O�D�� �N�U�L�\�R�O�L�W���� �N�O�R�U�� �V�Õ�Q�Õ�U��
�G�H�÷�H�U�O�H�U�L���� �d�H�Y�U�H�� �Y�H���ù�H�K�L�U�F�L�O�L�N�� �%�D�N�D�Q�O�Õ�÷�Õ�� �\�H�W�N�L�O�L�O�H�U�L��

�W�D�U�D�I�Õ�Q�G�D�Q�� �� �$�Y�U�X�S�D�� �X�\�X�P�� �\�D�V�D�O�D�U�Õ�� �J�H�U�H�÷�L�� �R�O�P�D�V�Õ��
�L�V�W�H�Q�P�L�ú�W�L�U�����$�\�U�Õ�F�D���o�H�O�L�N���•�U�H�W�L�P�L�Q�G�H���S�R�W�D���D�ú�Õ�Q�P�D�V�Õ�Q�Õ�Q��
�|�Q�O�H�P�H�V�L�� �D�P�D�F�Õ�� �L�O�H�� �I�O�D�N�V�� �L�o�L�Q�G�H�N�L�� �V�L�O�L�V�\�X�P�� �G�L�R�N�V�L�W��
�L�o�H�U�L�÷�L�� �� ���� ������ �Y�H�� �N�D�U�E�R�Q�� �R�U�D�Q�Õ�Q�Õ�Q�� ���� ���¶�� �L�� �D�ú�P�D�P�D�V�Õ��
�L�V�W�H�÷�L�� �o�H�O�L�N�� �•�U�H�W�L�F�L�O�H�U�L�� �W�D�U�D�I�Õ�Q�G�D�Q�� �L�V�W�H�Q�P�L�ú�W�L�U���� �)�O�D�N�V��
�L�o�L�Q�G�H�N�L�� �Q�H�P�L�Q�G�H�� �H�Q�� �I�D�]�O�D�� ���� ���� �R�O�P�D�V�Õ�� �ú�H�N�O�L�Q�G�H��
�\�D�S�Õ�O�D�Q�� �W�R�S�O�D�Q�W�Õ�O�D�U�� �V�R�Q�X�Q�G�D�� �J�|�U�•�ú�� �R�O�X�ú�P�X�ú�� �Y�H��
�V�W�D�Q�G�D�U�G���E�X���K�D�O�L�\�O�H���R�O�X�ú�W�X�U�X�O�P�X�ú�W�X�U���� 
�$�O�•�P�L�Q�\�X�P�� �F�•�U�X�I�X���� �E�H�\�D�]���� �N�D�U�D�� �Y�H�� �|�]�H�O�O�L�N�O�H�� �W�X�]��
keki), standarda belirtilen kimyasal ve fiziksel 
�|�]�H�O�O�L�N�O�H�U�L�� �V�D�÷�O�D�Q�D�U�D�N�� �I�O�D�N�V�� �•�U�•�Q�� �H�O�G�H�� �H�G�L�O�H�F�H�N�W�L�U����
�$�O�•�P�L�Q�\�X�P���F�•�U�X�I�X�Q�G�D�Q���6�Õ�Q�Õ�I���$�¶�G�D�Q���*���N�D�G�D�U���o�H�ú�L�W�O�L��
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�W�L�S�O�H�U�G�H���I�O�D�N�V���•�U�H�W�L�P�L���\�D�S�Õ�O�P�D�V�Õ���P�•�P�N�•�Q�G�•�U�������ø�K�W�L�\�D�o��
�P�D�N�D�P�Õ�� �R�O�D�Q�� �o�H�O�L�N�� �•�U�H�W�L�F�L�O�H�U�L�Q�� �L�V�W�H�G�L�÷�L�� �E�R�\�X�W�� �Y�H��
�W�•�U�G�H�N�L�� �I�O�D�N�V�� �•�U�•�Q�•�� �W�H�P�L�Q�� �H�G�H�E�L�O�P�H�V�L�� �Y�H�� �\�X�U�W��
�G�Õ�ú�Õ�Q�Gan temin edilen  toz halindeki kalsiyum 
�D�O�•�P�L�Q�D�W���Y�H�\�D���N�D�O�V�L�\�X�P���I�O�|�U�•�U���Y�H����������-���������J�U���N�•�W�O�H�O�L��
�D�O�•�P�L�Q�\�X�P�� �S�D�U�o�D�O�D�U�Õ�Q�� �\�H�U�L�Q�H�� �� �E�X�� �I�O�D�N�V�� �•�U�•�Q�O�H�U��
�N�X�O�O�D�Q�Õ�O�P�D�V�Õ�� �X�\�J�X�Q�� �J�|�U�•�O�P�H�N�W�H�G�L�U���� �� �)�O�D�N�V�� �•�U�•�Q�O�H�U��
�V�D�\�H�V�L�Q�G�H�� �\�X�U�W�� �G�Õ�ú�Õ�Q�G�D�Q�� �W�H�P�L�Q�� �H�G�L�O�H�Q�� �� �N�D�O�V�L�\�X�P��
�D�O�•�P�L�Q�D�W���Y�H�\�D���N�D�O�V�L�\�X�P���I�O�|�U�•�U���J�L�E�L���N�L�P�\�D�V�D�O���W�R�]�O�D�U�Õ�Q��
�D�O�Õ�Q�P�D�V�Õ�� �|�Q�O�H�Q�P�L�ú�� �R�O�D�F�D�N�� �Y�H�� ��������-�������� �J�U�� �N�•�W�O�H�\�H��
�V�D�K�L�S�� �� �D�O�•�P�L�Q�\�X�P�� �S�D�U�o�D�O�D�U�� �� �N�X�O�O�D�Q�Õ�O�P�D�\�D�F�D�N�W�Õ�U����
�'�L�U�H�N�� �R�O�D�U�D�N�� �E�X�� �I�O�D�N�� �•�U�•�Q�� �� �N�X�O�O�D�Q�Õ�O�P�D�N�� �V�X�U�H�W�L�\�O�H��
�H�N�R�Q�R�P�L�N���N�D�]�D�Q�o���V�|�]���N�R�Q�X�V�X���R�O�D�F�D�N�W�Õ�U�� 
 
3. �6�2�1�8�d 
 
�%�L�U�L�Q�F�L�O�� �Y�H�� �L�N�L�Q�F�L�O�� �•�U�H�W�L�P�G�H�Q�� �W�H�K�O�L�N�H�O�L�� �D�W�Õ�N�� �R�O�D�U�D�N��
�o�Õ�N�D�Q���E�H�\�D�]���Y�H���N�D�U�D���F�•�U�X�I�����W�X�]���N�H�N�L���L�o�H�U�L�V�L�Q�G�H���|�Q�H�P�O�L��
�P�L�N�W�D�U�O�D�U�G�D�� �D�O�•�P�L�Q�\�X�P�� �P�H�W�D�O�L�� �E�X�O�X�Q�P�D�N�W�D�G�Õ�U����
�$�\�U�Õ�F�D�� �D�W�Õ�N�O�D�U�Õ�Q�� �L�o�H�U�L�V�L�Q�G�H�� �E�X�O�X�Q�D�Q�� �1�D�&�O�� �Y�H�� �.�&�O��
�W�X�]�O�D�U�Õ�� �o�H�Y�U�H�� �L�o�L�Q�� �F�L�G�G�L�� �V�R�U�X�Q�O�D�U�� �R�O�X�ú�W�X�U�P�D�N�W�D�G�Õ�U�O�D�U������
�%�X���D�W�Õ�N�O�D�U�Õ�Q���\�D�N�O�D�ú�Õ�N�����������¶�L���G�H���J�|�P�•�Omek suretiyle 
�E�H�U�W�D�U�D�I�� �H�G�L�O�P�H�N�W�H�� �Y�H�\�D�� �D�W�Õ�N�� �D�U�D�� �G�H�S�R�O�D�P�D��
�W�H�V�L�V�O�H�U�L�Q�H���ø�]�D�\�G�D�ú�¶�� �D�� �E�H�U�W�D�U�D�I�� �•�F�U�H�W�L�� �|�G�H�P�H�N��
�V�X�U�H�W�L�\�O�H���E�H�U�W�D�U�D�I���H�G�L�O�P�H�V�L���V�D�÷�O�D�Q�P�D�N�W�D�G�Õ�U�����g�]�H�O�O�L�N�O�H��
�D�O�•�P�L�Q�\�X�P���N�•�O�o�H���•�U�H�W�L�F�L�O�H�U�L���E�X���D�W�Õ�÷�Õ���•�F�U�H�W���|�G�H�\�H�U�H�N��
�E�H�U�W�D�U�D�I�D�� �Y�H�U�P�H�� �]�R�U�X�Q�O�X�O�X�÷�X�� �Y�D�U�G�Õ�U���� �$�\�U�Õ�F�D��
�D�O�•�P�L�Q�\�X�P�� �P�H�W�D�O�L�� �•�U�H�W�L�P�L�� �V�R�Q�X�F�X�Q�G�D�� �R�U�W�D�\�D�� �o�Õ�N�D�Q��
�D�O�•�P�L�Q�\�X�P���R�N�V�L�W���Y�H���P�H�W�D�O�L�N���D�O�•�P�L�Q�\�X�P���L�K�W�L�Y�D���H�G�H�Q��
�E�H�\�D�]�� �Y�H�� �N�D�U�D�� �F�•�U�X�I�� �D�W�Õ�N�O�D�U�Õ�Q�� �L�o�H�U�L�V�L�Q�G�H�� �� ������-70 
�D�U�D�V�Õ�Q�G�D���J�H�U�L���G�|�Q�•�ú�H�E�L�O�L�U���P�H�W�D�O�L�N���D�O�•�P�L�Q�\�X�P���Y�H���W�X�]��
�N�H�N�L���L�o�H�U�L�V�L�Q�G�H���P�L�Q�X�P�X�P�����������R�U�D�Q�Õ�Q�G�D���D�O�•�P�L�Q�\�X�P��
metali bulunmakta�G�Õ�U���� �� �%�X�J�•�Q�� �H�Q�� �L�\�L�� �W�H�N�Q�R�O�R�M�L�O�H�U�O�H��
�F�•�U�X�I�W�D�Q�� ���� �����¶�H�� �N�D�G�D�U�� �J�H�U�L�� �G�|�Q�•�ú�•�P�� �L�O�H�� �P�H�W�D�O�L�N��

�D�O�•�P�L�Q�\�X�P�� �H�O�G�H�� �H�W�P�H�N�� �P�•�P�N�•�Q�G�•�U���� �ø�o�H�U�L�V�L�Q�G�H��
�P�L�Q�X�P�X�P�� ���� ���� �D�O�•�P�L�Q�\�X�P�� �P�H�W�D�O�L�� �E�X�O�X�Q�D�Q�� �F�•�U�X�I�X�Q��
�Y�H�\�D�� �G�D�K�D�� �I�D�]�O�D�� �D�O�•�P�L�Q�\�X�P�� �P�H�W�D�O�L�� �L�o�H�U�H�Q�� �F�•�U�X�I�X�Q��
�J�|�P�•�O�P�H�V�L���Y�H�\�D���E�H�U�W�D�U�D�I�D���Y�H�U�L�O�P�H�V�L���•�O�N�H ekonomisi 
�D�o�Õ�V�Õ�Q�G�D�Q�� �X�\�J�X�Q�� �G�H�÷�L�O�G�L�U���� �%�X�� �F�L�G�G�L�� �E�L�U�� �H�N�R�Q�R�P�L�N��
�N�D�\�Õ�S�W�Õ�U�� 
�%�X�J�•�Q���o�H�O�L�N���•�U�H�W�L�F�L�O�H�U�L�Q���o�H�O�L�N���•�U�H�W�L�P�L�Q�G�H���V�Õ�Y�Õ���o�H�O�L�÷�L�Q��
�R�N�V�L�W�O�H�Q�P�H�V�L�Q�L�� �|�Q�O�H�P�H�N�� �D�P�D�F�Õ�� �L�O�H�� �N�D�O�V�L�\�X�P��
�D�O�•�P�•�Q�D�W�� �Y�H�� �N�D�O�V�L�\�X�P�� �I�O�R�U�•�U�� �N�X�O�O�D�Q�P�D�N�W�D�G�Õ�U�O�D�U���� �%�X��
�•�U�•�Q�O�H�U�L�Q�� �W�R�Q�X���� �\�D�N�O�D�ú�Õ�N�� �������� �$�P�H�U�L�N�D�Q�� �G�R�O�D�U�Õ��
�F�L�Y�D�U�Õ�Q�G�D�G�Õ�U���� �%�X�Q�X�Q�O�D�� �E�L�U�O�L�N�W�H�� �o�H�O�L�÷�L�Q�� �Y�H�\�D�� �F�•�U�X�I�X�Q��
�N�D�\�J�D�Q�O�D�ú�W�Õ�U�Õ�F�Õ�O�Õ�÷�Õ�Q�Õ���V�D�÷�O�D�P�D�N���D�P�D�F�Õ���L�O�H����������-500 gr 
�N�•�W�O�H�O�L�� �D�O�•�P�L�Q�\�X�P�� �P�H�W�D�O�� �S�D�U�o�D�O�D�U�� �N�X�O�O�D�Q�Õ�O�P�D�N�W�D�G�Õ�U����
�%�X�� �•�U�•�Q�•�Q�� �I�L�\�D�W�Õ�� �L�V�H�� �\�D�N�O�D�ú�Õ�N�� ���������� �7�/���W�R�Q�� �µ�G�X�U����
�.�D�O�V�L�\�X�P�� �D�O�•�P�L�Q�D�W�� �Y�H�\�D�� �N�D�O�V�L�\�X�P�� �I�O�|�U�•�U�� �Y�H  
�D�O�•�P�L�Q�\�X�P�� �S�D�U�o�D�O�D�U�� �N�X�O�O�D�Q�P�D�N�� �\�H�U�L�Q�H�� �D�W�Õ�N�� �R�O�D�Q��
�D�O�•�Q�\�X�P���F�•�U�X�I�X�Q�X�Q���W�X�]�O�D�U�G�D�Q���D�U�Õ�Q�G�Õ�U�Õ�O�D�U�D�N���7�6��������������
�E�H�O�L�U�W�L�O�H�Q�� �ú�D�U�W�O�D�U�Õ�Q�� �V�D�÷�O�D�Q�P�D�V�Õ�� �N�R�ú�X�O�X�� �L�O�H�� �I�O�D�N�V��
�•�U�•�Q�O�H�U�H�� �G�|�Q�•�ú�W�•�U�•�O�P�H�V�L�� �Y�H�� �E�X�� �•�U�•�Q�O�H�U�L�Q�� �o�H�O�L�N��
�V�D�Q�D�\�L�V�L�Q�G�H�� �N�X�O�O�D�Q�Õ�O�P�D�V�Õ���� �o�H�O�L�N�� �•�U�H�W�L�F�L�O�H�U�L�� �L�o�L�Q�� �X�F�X�]��
ve ekono�P�L�N�� �E�L�U�� �K�D�P�P�D�G�G�H�� �R�O�D�F�D�N�W�Õ�U���� �$�\�U�Õ�F�D�� �E�X��
�D�W�Õ�N�O�D�U�Õ�Q�� �o�H�Y�U�H�\�H�� �R�O�X�P�V�X�]�� �H�W�N�L�O�H�U�L�G�H�� �|�Q�O�H�Q�P�L�ú��
�R�O�D�F�D�N�W�Õ�U���� �� �ø�o�H�U�L�V�L�Q�G�H�� �E�H�O�O�L�� �R�U�D�Q�O�D�U�� �G�D�� �D�O�•�P�L�Q�\�X�P��
�P�H�W�D�O�L�� �Y�H�� �D�O�•�P�L�Q�\�X�P�� �R�N�V�L�W�� �E�X�O�X�Q�D�Q�� �F�•�U�X�I�O�D�U�Õ�Q��
�\�Õ�N�D�Q�P�D�N�� �V�X�U�H�W�L�\�O�H�� �� �U�H�K�D�E�L�O�O�L�W�H�� �H�G�L�O�H�U�H�N�� �I�O�D�N�V�� �H�O�G�H��
�H�G�L�O�P�H�V�L�� �•�O�N�H�P�L�]�H�� �H�N�R�Q�R�P�L�N�� �D�o�Õ�G�D�Q�� �F�L�G�G�L�� �E�L�U�� �N�D�W�N�Õ��
�V�D�÷�O�D�\�D�F�D�N�W�Õ�U���� �$�O�•�P�L�Q�\�X�P�� �F�•�U�X�I�W�D�Q�� �H�O�G�H�� �H�G�L�O�H�Q�� �E�X��
�•�U�•�Q�•���N�X�O�O�D�Q�P�D�N���V�X�U�H�W�L�\�O�H���\�X�U�W���G�Õ�ú�Õ�Q�G�D�Q���W�H�P�L�Q���H�G�L�O�H�Q����
�N�D�O�V�L�\�X�P���D�O�•�P�L�Q�D�W���Y�H���N�D�O�V�L�\�X�P���I�O�R�U�•�U���J�L�E�L���N�L�P�\�D�V�D�O��
�W�R�]�O�D�U�� �L�o�L�Q�� �G�|�Y�L�]�� �K�D�U�F�D�Q�P�D�\�D�F�D�N�� �Y�H�� �•�O�N�H�P�L�]�G�H��
�W�H�K�O�L�N�H�O�L�� �D�W�Õ�N�� �R�O�D�Q�� �D�O�•�P�L�Q�\�X�P�� �F�•�U�X�I�X�� �R�O�X�ú�W�X�X�U�O�D�Q��
�V�W�D�Q�G�D�U�G�� �V�D�\�H�V�L�Q�G�H�� �•�U�•�Q�H�� �G�|�Q�•�ú�W�•�U�•�O�H�U�H�N�� �� �•�O�N�H��
�H�N�R�Q�R�P�L�V�L�Q�H���N�D�W�N�Õ���V�D�÷�O�D�\�D�F�D�N�W�Õ�U�� 

 
�.�$�<�1�$�.�d�$ 
 

[1] E. Petavratzi and W. Scott, �³Residues from 
aluminium dross recycling in cement�´����
Characterisation of Mineral Wastes, Resources and 
Processing Technologies, November 2007, pp.1-8.  
[2] J.Y. Hwang, X. Huang X and Z. Xu, �³Recovery 
of Metals from Aluminium Dross and Salt Cake� ,́ 
Journal of Minerals &Metarials characterization & 
Engineering, 2006; vol.5,pp. 47-62.  
[3] �3���(���� �7�V�D�N�L�U�L�G�L�V�� ���� �³�$�O�X�P�L�Q�L�X�P�� �V�D�O�W�� �V�O�D�J��
characterization and utilization �± �$���U�H�Y�L�H�Z�´���-�R�X�U�Q�D�O��
of Hazardous Materials 217�± 218 (2012) 1�± 10. 
[4] M.�g�]�W�•�U�N�����³�.�X�O�O�D�Q�Õ�O�P�Õ�ú��A�O�•�P�L�Q�\�X�P��
Malzemelerinin Geri K�D�]�D�Q�Õ�O�P�D�V�Õ�����d�H�Y�U�H���Y�H���2�U�P�D�Q��
Baka�Q�O�Õ�÷�Õ����Rapor, Ankara, (2005). 
[5] N. �6�|�]�E�L�U���� �0. �$�N�o�L�O���� �Y�H�� �� �+. Okuyucu, 
�³�$�O�•�P�L�Q�\�X�P�� �&�•�U�X�I�X�Q�G�D�Q�� �$�O�•�P�L�Q�\�X�P�� �0�H�W�D�O�L�� �Y�H��
�)�O�D�N�V�� �(�O�G�H�V�L�´�����,�6�(�0���������� �$�G�Õ�\�D�P�D�Q���� ��������-113, 
(2014. 
[6] O. �<�•�F�H�O�� �Y�H�� �(. �&�D�U���³�$�O�•�P�L�Q�\�X�P��c�•�U�X�I�O�D�U�Õ�Q�Õ�Q��
�G�H�÷�H�U�O�H�Q�G�L�U�L�O�P�H�V�L�� �Y�H�� �Nlasiyum a�O�•�P�L�Q�D�W��sentetik 

c�•�U�X�I���\�D�S�Õ�F�Õ�� �•�U�H�W�L�P�L�´���� �7�•�U�N�� �0�•�K�H�Q�G�L�V�� �Y�H�� �0�L�P�D�U��
�2�G�D�O�D�U�Õ���%�L�U�O�L�÷�L���0�H�W�D�O�X�U�M�L���Y�H���0�D�O�]�H�P�H���0�•�K�H�Q�G�L�V�O�H�U�L��
�2�G�D�V�Õ�����0�H�W�D�O�X�U�M�L���6�D�\�Õ�������������$�÷�X�V�W�R�V���������������� 
[7) �1���6�|�]�E�L�U���� �$���� �$�W�H�ú�� �Y�H�� �0���� �$�N�o�L�O���� �$�O�•�P�L�Q�\�X�P��
�&�•�U�X�I�X�Q�G�D�Q�� �d�H�O�L�N�� �(�Q�G�•�V�W�U�L�V�L�� �L�o�L�Q�� �)�O�D�N�V�� �h�U�H�W�L�P�L����
ISEM 2016, 3. International Symposium on 
Environment and Morality, 04-06 November 2016, 
�$�O�D�Q�\�D�����7�•�U�N�L�\�H�� 
[8] �1���� �6�|�]�E�L�U���� �$���� �0�D�Q�]�D�N���� �0���� �7�H�N�H�U�� �Y�H�� �h���� �8�\�V�D�O����
�³�$�O�•�P�L�Q�\�X�P�� �&�•�U�X�I�X�Q�G�D�Q�� �)�O�D�N�V�� �h�U�H�W�L�O�L�U�N�H�Q�� �2�O�X�ú�D�Q��
�*�D�]�Õ�Q�� �ø�Q�F�H�O�H�Q�P�H�V�L�´���� ���U�G���� �,�6�(�0������������ ������
�,�Q�W�H�U�Q�D�W�Õ�R�Q�D�O�� �6�\�P�S�R�V�L�X�P�� �R�Q�� �(�Q�Y�L�U�Rnment and 
Morality, 04-�������1�R�Y�H�P�E�H�U���������������$�O�D�Q�\�D�����7�•�U�N�L�\�H�� 
[9] A. B. �<�R�U�X�o���Y�H���0. �d�L�÷�G�H�P�����³�7�X�]�O�X���$�O�•�P�L�Q�\�X�P��
C�•�U�X�I�O�D�U�Õ�Q�Õ�Q�� �'�H�÷�H�U�O�H�Q�G�L�U�L�O�P�H�V�L�´�<�Õ�O�G�Õ�]�� �7�H�N�Q�L�N��
�h�Q�L�Y�H�U�V�L�W�H�V�L���� �.�L�P�\�D-�0�H�W�D�O�X�U�M�L�� �)�D�N�•�O�W�H�V�L���� �0�H�W�D�O�X�U�M�L��
�Y�H���0�D�O�]�H�P�H���0�•�K�H�Q�G�L�V�O�L�÷�L���%�|�O�•�P�•��(2001). 
[10] Sanayi �.�D�\�Q�D�N�O�Õ�� �+�D�Y�D�� �.�L�U�O�L�O�L�÷�L�Q�L�Q�� �.�R�Q�W�U�R�O�•��
�<�|�Q�H�W�P�H�O�L�÷�L���� �5�H�V�P�L�� �*�D�]�H�W�H���� �6�D�\�Õ���������������� ������ �$�U�D�O�Õ�N��
2014. 
[11] TSE  13644���³�$�O�•�P�L�Q�\�X�P���(�V�D�V�O�Õ���)�O�D�N�V�O�D�U- �d�H�O�L�N��
�(�Q�G�•�V�W�U�L�V�L�� �L�o�L�Q�´���� �$�U�D�O�Õ�N�� ����������(R�D�S�|�U�W�|�U�� �'�R�o���'�U����
�1�H�G�L�P���6�|�]�E�L�U����

 

16 



R. OZDOGAN/APJES 6-1 (2018) 17-24 
 

*Sorumlu Yazar: 1 �0�•�K�H�Q�G�L�V�O�L�N���)�D�N�•�O�W�H�V�L�����3�R�O�L�P�H�U���0�•�K�H�Q�G�L�V�O�L�÷�L���%�|�O�•�P�•�����<�D�O�R�Y�D���h�Q�L�Y�H�U�V�L�W�H�V�L�����7�•�U�N�L�\�H 
mithat.celebi@yalova.edu.tr 
  
Doi: 10.21541/apjes.290368 
 

�%�D�V�L�F���%�O�X�H���������Y�H���%�D�V�L�F���5�H�G���������%�R�\�D�U���0�D�G�G�H�O�H�U�L�Q�L�Q���d�|�]�H�O�W�L�G�H�Q���$�Q�\�R�Q�L�N��
Polimer Membran ile Giderilmesi 

 
*1Reyhan Ozdogan, 1Mithat Celebi 

1 �0�•�K�H�Q�G�L�V�O�L�N���)�D�N�•�O�W�H�V�L�����3�R�O�L�P�H�U���0�•�K�H�Q�G�L�V�O�L�÷�L���%�|�O�•�P�•�����<�D�O�R�Y�D���h�Q�L�Y�H�U�V�L�W�H�V�L�����7�•�U�N�L�\�H 
mithat.celebi@yalova.edu.tr 

�*�H�O�L�ú���7�D�U�L�K�L������������-02-06    Kabul Tarihi: 2018-01-31 
 
 

�g�] 
 
�(�Q�G�•�V�W�U�L�\�H�O���D�W�Õ�N���V�X�O�D�U���L�o�H�U�L�V�L�Q�G�H���W�H�N�V�W�L�O���D�W�Õ�N���V�X�O�D�U�Õ���o�R�N���o�H�ú�L�W�O�L���N�L�P�\�D�V�D�O�O�D�U���Y�H���E�R�\�D�U���P�D�G�G�H�O�H�U���L�o�H�U�P�H�O�H�U�L�Q�G�H�Q���G�R�O�D�\�Õ��
�G�L�N�N�D�W���o�H�N�P�H�N�W�H�G�L�U�O�H�U�����%�X���E�R�\�D�U���P�D�G�G�H�O�H�U�L���V�X���N�D�\�Q�D�N�O�D�U�Õ�Q�D�����Õ�U�P�D�N�O�D�U�D���Y�H���G�H�Q�L�]�O�H�U�H���D�U�Õ�W�Õ�O�P�D�G�D�Q���E�Õ�U�D�N�Õ�O�G�Õ�N�O�D�U�Õ�Q�G�D��
�V�X�G�D�� �\�D�ú�D�\�D�Q�� �F�D�Q�O�Õ�O�D�U�� �Y�H�� �E�H�V�L�Q�� �]�L�Q�F�L�U�L�� �R�O�X�P�V�X�]�� �H�W�N�L�O�H�Q�P�H�N�W�H�G�L�U���� �%�X�� �]�D�U�D�U�O�Õ�� �H�W�N�L�O�H�U�L�Q�� �H�Q�� �D�]�D�� �L�Q�G�L�U�L�O�P�H�V�L�� �L�o�L�Q��
�H�Q�G�•�V�W�U�L�\�H�O�� �D�W�Õ�N�� �V�X�O�D�U�Õ�Q�� �D�U�Õ�W�Õ�O�P�D�V�Õ�� �F�D�Q�O�Õ�O�D�U�� �L�o�L�Q�� �K�D�\�D�W�L�� �|�Q�H�P�� �W�D�ú�Õ�P�D�N�W�D�G�Õ�U�����%�X�� �o�D�O�Õ�ú�P�D�G�D���� �D�N�U�L�O�L�N�� �H�O�\�D�I�O�D�U�Õ�Q��
�E�R�\�D�Q�P�D�V�Õ�Q�G�D���N�X�O�O�D�Q�Õ�O�D�Q���L�N�L���I�D�U�N�O�Õ���E�D�]�L�N���N�D�U�D�N�W�H�U�G�H�N�L���W�H�N�V�W�L�O���E�Ryar maddesi (Basic Blue 41-BB41 and Basic Red 
46-BR46�����I�D�U�N�O�Õ���S�+�����V�•�U�H�����V�Õ�F�D�N�O�Õ�N���Y�H���E�D�ú�O�D�Q�J�Õ�o���E�R�\�D�U���P�D�G�G�H���N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U�Õ�Q�G�D���V�•�O�I�R�Q�L�N���D�V�L�W���H�V�D�V�O�Õ���S�R�O�L�P�H�U�L�N��
membran ile �o�|�]�H�O�W�L�� �R�U�W�D�P�Õ�Q�G�D�Q�� ���� ������ �L�O�H�� ���� �������� �D�U�D�O�Õ�÷�Õ�Q�G�D�� �E�R�\�D�U�� �P�D�G�G�H�� �J�L�G�H�U�P�H�� �\�•�]�G�H�V�L�� �L�O�H�� �J�L�G�H�U�L�O�G�L. Gibbs 
serbest enerjisi (�¨�*�����G�H�÷�H�U�O�H�U�L���%�%�������Y�H���%�5�������E�R�\�D�U���P�D�G�G�H�O�H�U�L���L�o�L�Q�����������.�¶�G�H���V�Õ�U�D�V�Õ���L�O�H����-5.2 kj/mol ve -5,52 kj/mol 
olarak bulundu. Adsorpsiyon �L�]�R�W�H�U�P�O�H�U�L�� �L�Q�F�H�O�H�Q�G�L�÷�L�Q�G�H�� �K�H�U�� �L�N�L�� �E�R�\�D�U�� �P�D�G�G�H�Q�L�Q�� �S�R�O�L�P�H�U�� �P�H�P�E�U�D�Q�Õ�Q�D��
adsorpsiyonunun Freundlich izotermin�H���X�\�G�X�÷�X���W�H�V�S�L�W���H�G�L�O�G�L�� 
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Abstract 
 
Textile wastewaters in industrial wastewaters are attracting attention because of containing a various chemicals 
and dyestuffs. When these dyestuffs are discharge to water resources, rivers and seas, the aquatic life and food 
chain without any treatment are adversely affected. The treatment of industrial wastewater is vital for all living 
creatures to minimize these harmful effects. Two different basic dyestuffs (Basic Blue 41-BB41 and Basic Red 
46-BR46), which are used to dyeing of acrylic fibers were removed from the solution with a sulfonic acid based 
polymeric membrane adsorbent at different pH, time, temperature and initial dyestuff concentration with 75% to 
�����������U�H�P�R�Y�D�O���S�H�U�F�H�Q�W�D�J�H���U�D�Q�J�H���Y�D�O�X�H�V���L�Q���W�K�L�V���V�W�X�G�\�����7�K�H���*�L�E�E�V���I�U�H�H���H�Q�H�U�J�\�����û�*�����Y�D�O�X�H�V���Z�H�U�H���I�R�X�Q�G���W�R���E�H��-5.2 
kJ/mol and -5.52 kJ/mol for the BB41 and BR 46 dyes, respectively, at 318 K. According to the adsorption 
isotherms, the adsorption of both dyestuffs on the polymer membrane were fit to the Freundlich isotherm. 
 
Keywords: acrylic fiber, adsorption, basic dyestuff, Nafion�Šmembrane, wastewater 
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1. �*�ø�5�ø�ù 
 
�6�H�Q�W�H�W�L�N���E�R�\�D�U���P�D�G�G�H�O�H�U���\�Õ�O�G�D��������-0,8 milyon tondan 
�I�D�]�O�D�� �G�•�Q�\�D�� �o�D�S�Õ�Q�G�D�� �•�U�H�W�L�O�H�U�H�N�� �H�Q�G�•�V�W�U�L�G�H�� �G�H�÷�L�ú�L�N��
�V�H�N�W�|�U�O�H�U�G�H���N�X�O�O�D�Q�Õ�O�P�D�N�W�D�G�Õ�U�����<�D�N�O�D�ú�Õ�N�����������������I�D�U�N�O�Õ��
�E�R�\�D���Y�H���S�L�J�P�H�Q�W���H�Q�G�•�V�W�U�L�\�H�O���R�O�D�U�D�N���N�X�O�O�D�Q�Õ�O�P�D�N�W�D�G�Õ�U����
�7�H�N�V�W�L�O���� �N�D�÷�Õ�W���� �J�Õ�G�D���� �S�O�D�V�W�L�N�� �Y�H�� �N�R�]�P�H�W�L�N�� �J�L�E�L�� �o�H�ú�L�W�O�L��
�V�H�N�W�|�U�O�H�U�G�H�Q�� �U�H�Q�N�O�L�� �D�W�Õ�N�� �V�X�� �G�H�ú�D�U�M�Õ�� �L�O�H�� �L�O�J�L�O�L�� �V�R�U�X�Q�O�D�U��
�K�•�N�•�P�H�W�O�H�U�L�Q�� �Y�H�� �E�L�O�L�P�� �L�Q�V�D�Q�O�D�U�Õ�Q�Õ�Q�� �G�L�N�N�D�W�L�Q�L��
�o�H�N�P�H�N�W�H�G�L�U��[1]���� �7�H�N�V�W�L�O�� �H�Q�G�•�V�W�U�L�V�L�Q�G�H�� �E�R�\�D�P�D��
�L�ú�O�H�P�O�H�U�L�� �V�Õ�U�D�V�Õ�Q�G�D�� �J�H�Q�H�O�O�L�N�O�H�� �U�H�Q�N�O�L���� �\�•�N�V�Hk 
�N�L�P�\�D�V�D�O�� �Y�H�� �E�L�\�R�O�R�M�L�N�� �R�N�V�L�M�H�Q�� �L�K�W�L�\�D�F�Õ���� �N�X�O�O�D�Q�Õ�O�D�Q��
�L�ú�O�H�P�H�� �Y�H�� �E�R�\�D�U�� �P�D�G�G�H�� �W�•�U�•�Q�H�� �J�|�U�H�� �I�D�U�N�O�Õ���S�+�¶�O�D�U�G�D��
�D�W�Õ�N�� �V�X�O�D�U�� �P�H�\�G�D�Q�D�� �J�H�O�P�H�N�W�H�G�L�U���� �$�W�Õ�N�� �V�X�O�D�U�Õ�Q��
�H�N�R�V�L�V�W�H�P�� �L�o�L�Q�� �G�R�÷�U�X�G�D�Q�� �U�L�V�N�� �R�O�X�ú�W�X�U�P�D�O�D�U�Õ��
�Q�H�G�H�Q�L�\�O�H�� �D�U�Õ�W�P�D�O�D�U�Õ�� �|�Q�H�P�O�L�G�L�U��[2]. Boyar 
�P�D�G�G�H�O�H�U�L�Q�� �E�L�U�� �N�Õ�V�P�Õ�� �N�D�Q�V�H�U�R�M�H�Q�� �R�O�G�X�N�O�D�U�Õ�Q�G�D�Q�� �Y�H��
�V�X�G�D�� �R�O�X�ú�W�X�U�G�X�N�O�D�U�Õ�� �U�H�Q�N�� �Q�H�G�H�Q�L�\�O�H�� �J�•�Q�H�ú�� �Õ�ú�Õ�÷�Õ�Q�Õ��
�H�Q�J�H�O�O�H�P�H�O�H�U�L���� �I�R�W�R�V�H�Q�W�H�]�L�� �D�]�D�O�W�P�D�V�Õ�� �Y�H�� �J�|�U�•�Q�W�•��
�N�L�U�O�L�O�L�÷�L�� �R�O�X�ú�W�X�U�G�X�N�O�D�U�Õ�Q�G�D�Q�� �G�R�O�D�\�Õ�� �D�W�Õ�N�� �V�X�O�D�U�G�D�Q��
bertaraf edilmeleri gerekmektedir [3].  

 
�2�U�J�D�Q�L�N���P�R�O�H�N�•�O�O�H�U���R�O�D�U�D�N���E�L�O�L�Q�H�Q���E�R�\�D�U���P�D�G�G�H�O�H�U�L�Q��
�o�R�÷�X�� �V�X�G�D�� �o�|�]�•�Q�•�U�N�H�Q�� ���N�D�W�\�R�Q�L�N-bazik, asid, metal 
kompleks, direk ve reaktif boyar maddeler), sadece 
dispers boyalar suda dispersiyon halinde bulunurlar. 
�%�R�\�D�U�� �P�D�G�G�H�O�H�U�� �\�D�\�J�Õ�Q�� �R�O�D�U�D�N�� �L�N�L�� �I�D�U�N�O�Õ�� �ú�H�N�L�O�G�H��
�N�L�P�\�D�V�D�O�� �\�D�S�Õ�O�D�U�Õ�Q�D�� �Y�H�� �N�X�O�O�D�Q�Õ�P�� �D�P�D�F�Õ�Q�D�� �J�|�U�H��
�V�Õ�Q�Õ�I�O�D�Q�G�Õ�U�Õ�O�Õ�U�O�D�U���� �(�Q�G�•�V�W�U�L�G�H�� �E�R�\�D�U�� �P�D�G�G�H�O�H�U�� �G�D�K�D��
�o�R�N�� �N�X�O�O�D�Q�Õ�P�� �D�P�D�F�Õ�Q�D�� �J�|�U�H�� �V�Õ�Q�Õ�I�O�D�Q�G�Õ�U�Õ�O�G�Õ�N�O�D�U�Õ��
isimleri ile bilinmektedir [4],[5] ���� �<�D�\�J�Õ�Q�� �R�O�D�U�D�N��
�N�X�O�O�D�Q�Õ�O�D�Q�� �E�R�\�D�U�� �P�D�G�G�H�O�H�U�L�Q�� �N�L�P�\�D�V�D�O�� �\�D�S�Õ�V�Õ�� �Y�H��
�R�O�X�ú�W�X�U�G�X�N�O�D�U�Õ���N�L�U�O�L�O�L�N���d�L�]�H�O�J�H�����¶�G�H���|�]�H�W�O�H�Q�P�H�N�W�H�G�L�U��
[6]. �0�R�O�H�N�•�O�O�H�U�L�Q�G�H�� �S�R�]�L�W�L�I�� �\�•�N�� �W�D�ú�Õ�\�D�Q�� �E�R�\�D�U��
maddelere katyonik boyar maddeler veya  bazik boyar 
�P�D�G�G�H�O�H�U�� �D�G�Õ�� �Y�H�U�L�O�L�U��[7]. Bazik boyar maddeler 
genellikle asetik asit veya tannik �D�V�L�W���\�D�U�G�Õ�P�Õ�\�O�D������-90 
�ž�&�¶�G�H���D�N�U�L�O�L�N�� �H�O�\�D�I�Õ�Q�Õ�� �K�Õ�]�O�Õ�� �E�L�U�� �ú�H�N�L�O�G�H�� �E�R�\�D�U�O�D�U�� �Y�H��
�N�X�P�D�ú�D�� �J�•�o�O�•�� �E�L�U�� �ú�H�N�L�O�G�H�� �E�D�÷�O�D�Q�Õ�U�O�D�U����Bazik boyar 
�P�D�G�G�H�O�H�U�� �W�H�N�V�W�L�O�� �H�Q�G�•�V�W�U�L�V�L�Q�G�H�� �|�]�H�O�O�L�N�O�H�� �D�N�U�L�O�L�N��
�H�O�\�D�I�O�D�U�Õ�Q���E�R�\�D�Q�P�D�V�Õ�Q�G�D���N�X�O�O�D�Q�Õ�O�P�D�N�W�D�G�Õ�U���� [3], [8].   

 
Tablo �������%�R�\�D�U���P�D�G�G�H�O�H�U�L�Q���V�Õ�Q�Õ�I�O�D�U�Õ�����N�L�P�\�D�V�D�O���J�U�X�S�O�D�U�Õ���Y�H���R�O�X�ú�D�Q���N�L�U�O�L�O�L�N 
 
�$�W�Õ�N��

sulardan boyar maddelerin giderilmesinde ana 
�E�D�ú�O�Õ�N�O�D�U�� �K�D�O�L�Q�G�H�� �I�L�]�L�N�V�H�O���� �N�L�P�\�D�V�D�O�� �Y�H�� �E�L�\�R�O�R�M�L�N��
�\�|�Q�W�H�P�O�H�U���N�X�O�O�D�Q�Õ�O�P�D�N�W�D�G�Õ�U�����%�X���\�|�Q�W�H�P�O�H�U���L�o�H�U�L�V�L�Q�G�H��
�S�R�O�L�H�O�H�N�W�U�R�O�L�W�O�H�U�� �L�O�H�� �I�O�R�N�X�O�D�V�\�R�Q�� �Y�H�� �N�R�D�J�•�O�D�V�\�R�Q����
�R�N�V�L�G�D�V�\�R�Q�����R�]�R�Q�O�D�P�D�����P�H�P�E�U�D�Q���L�O�H���D�\�Õ�U�P�D�����G�H�÷�L�ú�L�N��
fonk�V�L�\�R�Q�H�O�� �J�U�X�S�O�D�U�� �L�o�H�U�H�Q�� �W�D�V�D�U�O�D�Q�P�Õ�ú�� �S�R�O�L�P�H�U�O�H�U�H��
�]�H�K�L�U�O�L�� �Y�H�� �U�H�Q�N�O�L�� �N�L�P�\�D�V�D�O�O�D�U�Õ�Q�� �D�G�V�R�U�S�V�L�\�R�Q�X�� �Y�H��
�D�Q�D�H�U�R�E�L�N�� �D�U�Õ�W�P�D�� �J�L�E�L�� �\�|�Q�W�H�P�O�H�U�� �D�\�U�Õ�� �R�O�D�U�D�N�� �Y�H�\�D��
�E�L�U�G�H�Q�� �I�D�]�O�D�� �\�|�Q�W�H�P�L�Q�� �E�L�U�E�L�U�L�Q�L�Q�� �D�U�G�Õ�� �V�Õ�U�D��
�N�X�O�O�D�Q�Õ�O�P�D�V�Õ�� �D�W�Õ�N�� �V�X�\�X�Q�� �N�D�U�D�N�W�H�U�L�]�D�V�\�R�Q�X�Q�D�� �J�|�U�H��
tercih edilmektedir [2], [9]�±[12]���� �7�H�N�V�W�L�O�� �H�Q�G�•�V�W�U�L�V�L��
�N�D�\�Q�D�N�O�Õ�� �U�H�Q�N�O�L�� �D�W�Õ�N�� �V�X�O�D�U�Õ�Q�� �J�L�G�H�U�L�P�L�Q�G�H�� �S�R�O�L�P�H�U�O�H�U��
�S�R�O�L�H�O�H�N�W�U�R�O�L�W���Y�H�\�D���D�G�V�R�U�E�D�Q���R�O�D�U�D�N���N�X�O�O�D�Q�Õ�O�P�D�N�W�D�G�Õ�U����
�$�G�V�R�U�E�D�Q�� �P�D�W�H�U�\�D�O�L�Q�L�Q�� �W�H�N�U�D�U�� �N�X�O�O�D�Q�Õ�O�D�E�L�O�P�H�V�L��

�H�N�R�Q�R�P�L�N���R�O�P�D�V�Õ���D�o�Õ�V�Õ�Q�G�D�Q���|�Q�H�P�O�L�G�L�U�����$�N�W�L�I���N�D�U�E�R�Q����
�N�L�W�R�V�D�Q���� �]�H�R�O�L�W�O�H�U���� �N�L�O�O�H�U���� �E�D�]�Õ�� �H�Q�G�•�V�W�U�L�\�H�O�� �D�W�Õ�N�O�D�U�� �Y�H��
�W�D�U�Õ�P�V�D�O�� �D�W�Õ�N�O�D�U�� �E�R�\�D�U�� �P�D�G�G�H�O�H�U�L�Q�� �J�L�G�H�U�L�O�P�H�V�L�Q�G�H��
�V�Õ�N�O�Õ�N�O�D�� �N�X�O�O�D�Q�Õ�O�D�Q�� �D�G�V�R�U�E�D�Q�O�D�U�� �D�U�D�V�Õ�Q�G�D�� �\�H�U��
�D�O�P�D�N�W�D�G�Õ�U��[11], [13]�±[16]���� �/�L�W�H�U�D�W�•�U�G�H��
�S�H�U�I�O�X�R�U�R�V�•�O�I�R�Q�L�N�� �D�V�L�W�� �H�V�D�V�O�Õ�� �S�R�O�L�P�H�U�L�N�� �P�H�P�E�U�D�Q��
���1�D�I�L�R�Q�Š�����L�O�H���E�D�]�L�N���E�R�\�D�U���P�D�G�G�H�O�H�U�L�Q���J�L�G�H�U�L�O�P�H�V�L�Q�H��
�D�L�W�� �K�H�U�K�D�Q�J�L�� �E�L�U�� �o�D�O�Õ�ú�P�D�\�D�� �U�D�V�W�O�D�Q�P�D�P�Õ�ú�W�Õ�U���� �%�X��
�o�D�O�Õ�ú�P�D�G�D���� �S�H�U�I�O�X�R�U�R�V�•�O�I�R�Q�L�N�� �D�V�L�W�� �H�V�D�V�O�Õ�� �S�R�O�L�P�H�U�L�N��
�P�H�P�E�U�D�Q���D�G�V�R�U�E�D�Q���P�D�W�H�U�\�D�O�L���R�O�D�U�D�N���N�X�O�O�D�Q�Õ�O�D�U�D�N���L�N�L��
�I�D�U�N�O�Õ���E�D�]�L�N���E�R�\�D�U���P�D�G�G�H�Q�L�Q�����%�D�V�L�F���%�O�X�H���������Y�H���%�D�V�L�F��
�5�H�G�� �������� �I�D�U�N�O�Õ�� �N�R�ú�X�O�O�D�U�G�D�� ���S�+���� �V�Õ�F�D�N�O�Õ�N���� �E�D�ú�O�D�Q�J�Õ�o��
boyar madde konsantrasyonu) giderilmesi incelendi.  
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�g�]�H�O�O�L�N�O�H�U�L �.�L�P�\�D�V�D�O���*�U�X�S�O�D�U�Õ�� �2�O�X�ú�D�Q���.�L�U�O�L�O�L�N 

Asit �6�X�G�D���o�|�]�•�Q�•�U 
Azo, nitro, nitrozo, 
trifenilmetan, ksanten 

Renk, organik asitler, 
�E�D�÷�O�D�Q�P�D�\�D�Q���E�R�\�D�U���P�D�G�G�H�� 

Bazik �6�X�G�D�� �o�|�]�•�Q�•�U���� �\�•�N�V�H�N��
�S�D�U�O�D�N�O�Õ�N 

azo, triarilmetan, ksanten, 
akridin, oksazin, antrakinon 

Renk,  �E�D�÷�O�D�Q�P�D�\�D�Q�� �E�R�\�D�U��
madde  

Direkt 
�6�X�G�D�� �o�|�]�•�Q�•�U, elyafa 
�G�R�÷�U�X�G�D�Q���X�\�J�X�O�D�Q�Õ�U 

Azo, fitalosiyanin, stilben, 
oksazin 

Renk, tuz,  �E�D�÷�O�D�Q�P�D�\�D�Q��
boyar madde, �\�•�]�H�\�� �D�N�W�L�I��
maddeler 

Dispers �6�X�G�D���o�|�]�•�Q�P�H�] Azo, antrakinon, nitro 
Renk, organik asitler, 
�I�R�V�I�D�W�O�D�U���� �N�|�S�•�N�� �N�Õ�U�Õ�F�Õ�O�D�U����
�D�÷�D�U�W�Õ�F�Õ�O�D�U����dispersantlar  

Reaktif 
�6�X�G�D�� �o�|�]�•�Q�•�U, e�Q�� �J�H�Q�L�ú��
�E�R�\�D�U���P�D�G�G�H���V�Õ�Q�Õ�I�Õ 

Azo, antrakinon, fitalosiyanin, 
formazon, oksazin 

Renk, tuz, alkalinite,  
�E�D�÷�O�D�Q�P�D�\�D�Q�� �E�R�\�D�U�� �P�D�G�G�H����
�\�•�]�H�\�� �D�N�W�L�I�� �P�D�G�G�H�O�H�U���� �N�|�S�•�N��
�N�Õ�U�Õ�F�Õ�O�D�U�� 
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2. �0�$�/�=�(�0�(���9�(���<�g�1�7�(�0 
 
�d�D�O�Õ�ú�P�D�G�D�� �N�X�O�O�D�Q�Õ�O�D�Q���E�D�]�L�N���E�R�\�D�U���P�D�G�G�H�O�H�U�L���D�N�U�L�O�L�N��
�H�O�\�D�I�� �I�D�E�U�L�N�D�V�Õ�Q�G�D�Q�� �W�H�P�L�Q�� �H�G�L�O�G�L���� �.�X�O�O�D�Q�Õ�O�D�Q�� �E�R�\�D�U��
�P�D�G�G�H�O�H�U�L�Q�� �|�]�H�O�O�L�N�O�H�U�L�� �d�L�]�H�O�J�H�� ���¶�G�H�� �J�|�V�W�H�U�L�O�G�L����
�$�G�V�R�U�E�D�Q�� �P�D�W�H�U�\�D�O�L�� �R�O�D�U�D�N�� �1�D�I�L�R�Q�Š�� �1-117 ticari 
islimli me�P�E�U�D�Q���$�O�I�D���$�H�V�D�U���I�L�U�P�D�V�Õ�Q�G�D�Q���V�D�W�Õ�Q���D�O�Õ�Q�G�Õ����
�%�X�� �P�H�P�E�U�D�Q�� �J�H�Q�H�O�� �R�O�D�U�D�N�� �\�D�N�Õ�W�� �S�L�O�O�H�U�L�Q�G�H��
�N�X�O�O�D�Q�Õ�O�P�D�N�W�D�G�Õ�U�����0�H�P�E�U�D�Q�Õ�Q���N�D�O�Õ�Q�O�Õ�÷�Õ�����������������P�P���Y�H��

�L�\�R�Q���G�H�÷�L�ú�W�L�U�P�H���N�D�S�D�V�L�W�H�V�L���L�V�H���•�����������P�H�T���J�¶�G�L�U�����8�O�W�U�D��
saf su Millipore MilliQ sisteminden elde edildi. 
Asetik asit (Fluka), sodyum fosfat dibazik (Riedel-
de Haen), monobazik fosfat (Riedel-de Haen), 
disodyum sitrat tamponu (0,05 M, pH:3,0), fosfat 
tamponu (0,1 M, pH: 7,0), sodyum asetat tamponu 
(0,05 M, pH:5,0) boyar madde giderme 
�o�D�O�Õ�ú�P�D�O�D�U�Õ�Q�G�D���N�X�O�O�D�Q�Õ�O�G�Õ���� 

 
Tablo �������d�D�O�Õ�ú�P�D�G�D���N�X�O�O�D�Q�Õ�O�D�Q���E�D�]�L�N���E�R�\�D�U���P�D�G�G�H�O�H�U�L�Q���|�]�H�O�O�L�N�O�H�U�L 
 

Boyar madde �0�R�O�H�N�•�O���D�÷�Õ�U�O�Õ�÷�Õ  

(g/mol) 
Maksimum absorbans 
 �G�D�O�J�D�E�R�\�X������max) 

Basic Blue 41 (BB41) 482,57 609 
Basic Red 46 (BR 46) 403,32 530 

 

 
�ù�H�N�L�O��������Basic Blue 41 Boyar maddesi 
 

 

 
�ù�H�N�L�O���������%�D�V�L�F���5�H�G���������%�R�\�D�U���P�D�G�G�H�V�L 
 

 

 

2.1. �%�R�\�D�U�� �0�D�G�G�H�� �d�|�]�H�O�W�L�O�H�U�L�Q�L�Q�� �+�D�]�Õ�U�O�D�Q�P�D�V�Õ��
ve Giderilmesi 
 
�%�R�\�D�U���P�D�G�G�H���o�|�]�H�O�W�L�O�H�U�L�����%�D�V�L�F���%�O�X�H���������Y�H���%�D�V�L�F���5�H�G��
46) 1000 mg/L konsantrasyonda destile su ile 
�K�D�]�Õ�U�O�D�Q�G�Õ�����ø�V�W�H�Q�H�Q���N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U���E�X���E�R�\�D�U���P�D�G�G�H��
�o�|�]�H�O�W�L�V�L�� �V�H�\�U�H�O�W�L�O�H�U�H�N�� �K�D�]�Õ�U�O�D�Q�G�Õ���� �� �+�D�]�Õ�U�O�D�Q�D�Q�� �E�R�\�D�U��
�P�D�G�G�H�� �o�|�]�H�O�W�L�O�H�U�L�Q�L�Q�� �P�D�N�V�L�P�X�P�� �G�D�O�J�D�� �E�R�\�O�D�U�Õ�� �8�9-
�9�L�V���¶�G�H�� ������-�������� �Q�P�� �D�U�D�V�Õ�Q�G�D�� �V�S�H�N�W�U�X�P�� �D�O�Õ�Q�D�U�D�N��
belirlendi. Maksimum dalga boyunda okunan 
�D�E�V�R�U�E�D�Q�V���G�H�÷�H�U�O�H�U�L���������¶�L�Q���•�]�H�U�L�Q�G�H���R�O�G�X�÷�X�Q�G�D���G�D�K�D��
�K�D�V�V�D�V���D�E�V�R�U�E�D�Q�V���G�H�÷�H�U�L���R�N�X�Q�P�D�V�Õ���L�o�L�Q���E�R�\�D�U���P�D�G�G�H��
�o�|�]�H�O�W�L�O�H�U�L�� �G�H�V�W�L�O�H�� �V�X�� �V�H�\�U�H�O�W�L�O�G�L���� �0�D�N�V�L�P�X�P��
�D�E�V�R�U�E�D�Q�V�� �G�H�÷�H�U�L�Q�G�H�� �R�N�X�Q�D�Q�� �D�E�V�R�U�E�D�Q�V�� �G�H�÷�H�U�O�H�U�L��
�V�H�\�U�H�O�W�P�H�� �I�D�N�W�|�U�•�� �L�O�H�� �o�D�U�S�Õ�O�D�U�D�N�� �E�R�\�D�U�� �P�D�G�G�H��

�o�|�]�H�O�W�L�O�H�U�L�Q�L�Q�� �E�D�ú�O�D�Q�J�Õ�o�� �D�E�V�R�U�E�V�L�\�R�Q�� �G�H�÷erleri 
�K�H�V�D�S�O�D�Q�G�Õ���� �+�D�]�Õ�U�O�D�Q�D�Q�� �o�|�]�H�O�W�L�O�H�U�L�Q�� �S�+�¶�O�D�U�Õ�� ���1��
�1�D�2�+�� �Y�H�\�D�� ���1�� �+�&�O�� �N�X�O�O�D�Q�Õ�O�D�U�D�N�� �D�\�D�U�O�D�Q�G�Õ���� ������ �P�J��
�D�Q�\�R�Q�L�N���S�R�O�L�P�H�U���V�H�Q�W�H�W�L�N���E�R�\�D�U���P�D�G�G�H���o�|�]�H�O�W�L�O�H�U�L�Q�H��
�L�O�D�Y�H�� �H�G�L�O�L�S�� �������� �U�S�P�¶�G�H�� �E�L�U�� �V�D�D�W�� �N�D�U�Õ�ú�W�Õ�U�Õ�O�G�Õ���� �%�R�\�D�U��
�P�D�G�G�H�O�H�U�L�Q�� �E�D�ú�O�D�Q�J�Õ�o�� �E�R�\�D�U�� �P�D�G�G�H�� �N�R�Q�V�D�Q�W�U�D�V�\�R�Q�X��
60 �P�J���/�¶�G�Õ�U���� �%�R�\�D�U�� �P�D�G�G�H�O�H�U�L�Q�� �J�L�G�H�U�L�P�L�� �E�R�\�D�O�D�U�Õ�Q��
�P�D�N�V�L�P�X�P�� �G�D�O�J�D�� �E�R�\�X�Q�G�D�N�L�� �D�]�D�O�P�D�Q�Õ�Q�� �8�9-Vis. 
Spekrofotometre (Shimadzu, UV-1800) incelenmesi 
�L�O�H�� �E�H�O�L�U�O�H�Q�G�L���� �%�R�\�D�U�� �P�D�G�G�H�O�H�U�L�Q�� �\�•�]�G�H�� �J�L�G�H�U�L�P�L��
�G�H�÷�H�U�O�H�U�L���(�ú�L�W�O�L�N�����¶�H���J�|�U�H���K�H�V�D�S�O�D�Q�G�Õ�� 
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Abs (i): boyar maddenin maksimum dalga boyunda 
�J�|�V�W�H�U�G�L�÷�L���D�E�V�R�U�E�D�Q�V���G�H�÷�H�U�L 

Abs (t): Boyar maddeye adsorban ilavesinden sonra 
�J�H�o�H�Q���V�•�U�H�Q�L�Q���V�R�Q�X�Q�G�D���P�D�N�V�L�P�X�P���G�D�O�J�D���E�R�\�X�Q�G�D�N�L��
�D�E�V�R�U�E�D�Q�V���G�H�÷�H�U�L���� 
 
2.2. �$�G�V�R�U�S�V�L�\�R�Q�� �.�L�Q�H�W�L�N�O�H�U�L�Q�L�Q�� �+�H�V�D�S�O�D�Q�P�D�V�Õ��
�Y�H���7�H�U�P�R�G�L�Q�D�P�L�N���d�D�O�Õ�ú�P�D�O�D�U�Õ 
 
�/�X�J�P�X�L�U���ø�]�R�W�H�U�P�L 
 

 
qe: adsorpsiyon kapasitesi (mg/g); Co: boyar 
�P�D�G�G�H�Q�L�Q�� �E�D�ú�O�D�Q�J�Õ�o�� �N�R�Q�V�D�Q�W�U�D�V�\�R�Q�X�� ���P�J���/������ �&e:  
�o�|�]�H�O�W�L�G�H�N�L���E�R�\�D�U���P�D�G�G�H�Q�L�Q���N�R�Q�V�D�Q�W�U�D�V�\�R�Q�X�����P�J���/������
�9���� �d�|�]�H�O�W�L�� �K�D�F�P�L�� ���/������ �P���� �D�G�V�R�U�E�D�Q�� �D�÷�Õ�U�O�Õ�÷�Õ�� ���J������ �Tm: 
�D�G�V�R�U�E�D�Q�Õ�Q�� �P�D�N�V�L�P�X�P�� �D�G�V�R�U�S�O�D�P�D�� �N�D�S�D�V�L�W�H�Vi; KL: 
Langmuir adsorpsiyon sabiti.     
�(�ú�L�W�O�L�N�� ������ �N�X�O�O�D�Q�Õ�O�D�U�D�N�� �D�G�V�R�U�E�D�Q�Õ�Q�� �D�G�V�R�U�S�V�L�\�R�Q��
�N�D�S�D�V�L�W�H�V�L���P�J���J���R�O�D�U�D�N���K�H�V�D�S�O�D�Q�G�Õ�� 

 
�(�ú�L�W�O�L�N�� ���¶�H�� �J�|�U�H���%�Ø�¶�\�H�� �N�D�U�ú�Õ  

�¼�Ð
�ä�Ð

 �J�U�D�I�L�÷�H�� �J�H�o�L�U�L�O�L�U�V�H��

�G�R�÷�U�X�Q�X�Q�� �H�÷�L�P�L�Q�G�H�Q���M�à ���� �N�D�\�P�D�� �G�H�÷�H�U�L�Q�G�H�Q�� �L�V�H���-�Å 
�V�D�E�L�W�L���K�H�V�D�S�O�D�Q�G�Õ���� 
 
�)�U�H�X�Q�G�O�L�F�K���ø�]�R�W�H�U�P�L 
 

 
�-�Ù�ã���)�U�H�X�Q�G�O�L�F�K���V�D�E�L�W�L�����Q�����V�D�E�L�W�W�L�U�����Q���!�������������(�ú�L�W�O�L�N�����¶�H��
�J�|�U�H���H�J�M�Ø�¶�\�H�� �N�D�U�ú�Õ���H�J�%�Ø �J�U�D�I�L�÷�H�� �J�H�o�L�U�L�O�G�L�� �Y�H��
�G�R�÷�U�X�Q�X�Q�� �H�÷�L�P�L�Q�G�H�Q�� �Q���� �N�D�\�P�D�� �G�H�÷�H�U�L�Q�G�H�Q�� �L�V�H���-�Ù 
�V�D�E�L�W�L���K�H�V�D�S�O�D�Q�G�Õ���� 
 
3. BULGULAR  
 
Bazik boyar maddelerin giderilmesinde �O�L�W�H�U�D�W�•�U�G�H��
�V�R�Q���\�Õ�O�O�D�U�G�D���N�X�O�O�D�Q�Õ�O�D�Q���D�G�V�R�U�E�D�Q�O�D�U���D�U�D�V�Õ�Q�G�D�����E�R�U���Y�H��
�D�W�Õ�N�O�D�U�Õ��[25], kitosan [13], [19]���� �E�D�]�Õ�� �H�Q�G�•�V�W�U�L�\�H�O��
�D�W�Õ�N�O�D�U��[17] �Y�H�� �W�D�U�Õ�P�V�D�O�� �D�W�Õ�N�O�D�U��[15], [16], [20] yer 
�D�O�P�D�N�W�D�G�Õ�U���� �*�X�S�W�D�� �Y�H�� �D�U�N���� ���������������� �E�R�U�� �L�O�H��
�]�H�Q�J�L�Q�O�H�ú�W�L�U�L�O�P�L�ú���D�W�Õ�N�O�D�U�Õ���Y�H���P�H�O�D�V�Õ���%�D�V�L�F���%�O�X�H���������Y�H��
Basic Red 46 boyar maddelerinin giderilmesinde 
�N�X�O�O�D�Q�P�Õ�ú�O�D�U�G�Õ�U��[17].  
 
�%�X���o�D�O�Õ�ú�P�D�G�D�����%�D�V�L�F���%�O�X�H�������� ���%�%���������Y�H���%�D�V�L�F���5�H�G��
������ ���%�5�������� �E�D�]�L�N�� �E�R�\�D�U�� �P�D�G�G�H�O�H�U�L�� �� �I�D�U�N�O�Õ�� �V�•�U�H����
�V�Õ�F�D�N�O�Õ�N���� �S�+�� �Y�H�� �E�D�ú�O�D�Q�J�Õ�o�� �E�R�\�D�U�� �P�D�G�G�H��
�N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U�Õ�Q�G�D�� �S�H�U�I�O�X�R�U�R�V�•�O�I�R�Q�L�N�� �D�V�L�W�� �H�V�D�V�O�Õ��
�S�R�O�L�P�H�U���L�O�H���J�L�G�H�U�L�O�G�L�����ù�H�N�L�O�����¶�W�H���E�R�\�D�U���P�D�G�G�H��giderme 
�\�•�]�G�H�V�L�� �V�Õ�F�D�N�O�Õ�÷�Õ�Q�� �D�U�W�P�D�V�Õ�� �L�O�H�� �D�U�W�W�Õ�÷�Õ�� �J�|�U�•�O�P�H�N�W�H�G�L�U����
������ �R�&�� �L�O�H�� ������ �R�&�� �D�U�D�V�Õ�Q�G�D�� �E�R�\�D�U�� �P�D�G�G�H�� �J�L�G�H�U�P�H��
�\�•�]�G�H�V�L���E�L�U�E�L�U�L�Q�G�H�Q���o�R�N���I�D�U�N�O�Õ���R�O�P�D�G�Õ�÷�Õ���L�o�L�Q���E�X�Q�G�D�Q��

�V�R�Q�U�D�N�L���G�H�Q�H�\�O�H�U���G�D�K�D���I�D�]�O�D���H�Q�H�U�M�L���N�X�O�O�D�Q�P�D�P�D�N���L�o�L�Q��
�������R�&�¶�G�H���\�D�S�Õ�O�G�Õ�� 
 

 
�ù�H�N�L�O���������%�D�]�L�N���E�R�\�D�U���P�D�G�G�H�O�H�U�L�Q���S�+�����������Y�H���������G�D�N�L�N�D��
�E�R�\�X�Q�F�D���I�D�U�N�O�Õ���V�Õ�F�D�N�O�Õ�N�O�D�U�G�D���H�O�G�H���H�G�L�O�H�Q���\�•�]�G�H���E�R�\�D�U��
�P�D�G�G�H���J�L�G�H�U�P�H���G�H�÷�H�U�O�H�U�L���� 
 
�6�Õ�F�D�N�O�Õ�N�� �D�U�W�W�Õ�N�o�D�� �E�R�\�D�U�� �P�D�G�G�H�Q�L�Q�� �D�G�V�R�U�E�D�Q�D��
�W�X�W�X�Q�P�D�V�Õ���G�D�� �D�U�W�D�U�D�N���E�R�\�D�U�� �P�D�G�G�H�� �J�L�G�H�U�P�H�� �\�•�]�G�H�V�L��
�D�U�W�W�Õ�� ���ù�H�N�L�O�� �������� ��Her iki boyar �P�D�G�G�H�� ������ �G�D�N���� �V�•�U�H��
�L�o�H�U�L�V�L�Q�G�H���������P�J���D�G�V�R�U�E�D�Q���L�O�H���P�X�D�P�H�O�H���H�G�L�O�G�L���Y�H��������
o�&�¶�G�H�� �\�D�N�O�D�ú�Õ�N�� ���� �������� �E�R�\�D�U�� �P�D�G�G�H�� �J�L�G�H�U�P�H��
�G�H�÷�H�U�O�H�U�L�� �H�O�G�H�� �H�G�L�O�G�L�����$�\�U�Õ�F�D���� �%�5������ �E�R�\�D�U�� �P�D�G�G�H�V�L��
�%�%�������E�R�\�D�U���P�D�G�G�H�V�L�Q�H���J�|�U�H���G�D�K�D���\�•�N�V�H�N���E�L�U���\�•�]�G�H��
�L�O�H�� �J�L�G�H�U�L�O�G�L���� �%�5������ �E�R�\�D�U�� �P�D�G�G�H�V�L�Q�L�Q�� �P�R�O�H�N�•�O��
�D�÷�Õ�U�O�Õ�÷�Õ�Q�Õ�Q���%�%�������E�R�\�D�U���P�D�G�G�H�V�L�Q�H���J�|�U�H���G�D�K�D���N�•�o�•�N��
�R�O�P�D�V�Õ���Q�H�G�H�Q�L�\�O�H���D�G�V�R�U�E�D�Q�Õ�Q���\�•�]�H�\�L�Q�G�H���G�D�K�D���\�•�N�V�H�N��
�N�R�Q�V�D�W�U�D�V�\�R�Q�G�D�� �W�X�W�X�O�P�D�V�Õ�Q�D�� �Y�H�� �G�R�O�D�\�Õ�V�Õ�\�O�D�� �G�D�K�D��
�\�•�N�V�H�N�� �Y�H�U�L�P�O�H�� �J�L�G�H�U�L�O�P�H�V�L�Q�G�H�� �H�W�N�L�O�L�� �R�O�G�X�÷�X��
�G�•�ú�•�Q�•�O�P�H�N�W�H�G�L�U�� ���d�L�]�H�O�J�H�� ��������BB41 boyar maddesi 
�S�+���������¶�G�H�� �H�Q�� �\�•�N�V�H�N��oranda giderildi. BR46 boyar 
�P�D�G�G�H�V�L�� �L�V�H�� �W�•�P�� �S�+�� �D�U�D�O�Õ�N�O�D�U�Õ�Q�G�D�� ���� ������ �J�L�G�H�U�L�O�G�L����
�$�G�V�R�U�E�D�Q�Õ�Q�� �o�D�O�Õ�ú�Õ�O�D�Q�� �W�•�P�� �S�+�� �D�U�D�O�Õ�N�O�D�U�Õ�Q�G�D�� �S�R�]�L�W�L�I��
�\�•�N�O�•�� �E�D�]�L�N�� �E�R�\�D�O�D�U�� �H�W�N�L�O�H�ú�H�E�L�O�H�F�H�N�� �|�]�H�O�O�L�N�W�H�� �L�\�R�Q��
�G�H�÷�L�ú�W�L�U�L�F�L�� �E�L�U�� �P�H�P�E�U�D�Q�� �R�O�P�D�V�Õ�� �Q�H�G�H�Q�L�\�O�H�� �\�•�N�V�H�N��
�\�•�]�G�H�� �L�O�H�� �E�R�\�D�U�� �P�D�G�G�H�O�H�U�L�� �J�L�G�H�U�H�E�L�O�G�L�÷�L��
�G�•�ú�•�Q�•�O�P�H�N�W�H�G�L�U�����ù�H�N�L�O���������� 
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�ù�H�N�L�O���������%�D�]�L�N���E�R�\�D�U���P�D�G�G�H�O�H�U�L�Q���������Û�&���Y�H����������
�G�D�N�L�N�D�G�D���I�D�U�N�O�Õ���S�+�¶�O�D�U�G�D���H�O�G�H���H�G�L�O�H�Q���\�•�]�G�H���E�R�\�D�U��
madde giderme  
 

 
�ù�H�N�L�O���������S�+�������������������ž�&���Y�H���������G�D�N�L�N�D���E�R�\�X�Q�F�D���I�D�U�N�O�Õ��
�E�D�ú�O�D�Q�J�Õ�o���E�R�\�D���N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U�Õ�Q�G�D���H�O�G�H���H�G�L�O�H�Q��
�\�•�]�G�H���E�R�\�D���J�L�G�H�U�P�H���G�H�÷�H�U�O�H�U�L 
 
�ù�H�N�L�O�����¶�G�D���%�%�������E�R�\�D�U���P�D�G�G�H�V�L���L�o�L�Q���D�U�W�D�Q���E�D�ú�O�D�Q�J�Õ�o��
�N�R�Q�V�D�Q�W�U�D�V�\�R�Q�X�� �P�L�N�W�D�U�Õ�� �L�O�H�� �E�R�\�D�U�� �P�D�G�G�H�� �J�L�G�H�U�L�P�L��
�\�•�]�G�H�V�L�Q�G�H�� �G�•�ú�P�H�� �J�|�]�O�H�Q�L�U�N�H�Q�� �%�5�� ������ �E�R�\�D�U��
�P�D�G�G�H�V�L�Q�L�Q�� �J�L�G�H�U�L�P�L�Q�G�H�� �E�D�ú�O�D�Q�J�Õ�o�� �E�R�\�D��
�N�R�Q�V�D�Q�W�U�D�V�\�R�Q�X�Q�� �D�U�W�P�D�V�Õ�� �E�R�\�D�U�� �P�D�G�G�H�Q�L�Q��
giderilmesin�L�� �R�O�X�P�V�X�]�� �H�W�N�L�O�H�Q�P�H�G�L���� �ù�H�N�L�O�� ���¶�G�D��
�J�|�U�•�O�G�•�÷�•���J�L�E�L���D�G�V�R�U�E�D�Q�Õ�Q���E�R�\�D�U���P�D�G�G�H���L�O�H���P�X�D�P�H�O�H��

�V�•�U�H�V�L�� �D�U�W�W�Õ�N�o�D�� �E�R�\�D�U�� �P�D�G�G�H�� �J�L�G�H�U�P�H�� �\�•�]�G�H�V�L�� �D�U�W�W�Õ����
�������� �G�D�N�L�N�D�G�D�� �P�D�N�V�L�P�X�P�D�� �X�O�D�ú�Õ�S�� �G�D�K�D�� �V�R�Q�U�D�� �E�R�\�D�U��
�P�D�G�G�H�� �J�L�G�H�U�P�H�� �G�H�÷�H�U�O�H�U�L�� �V�D�E�L�W�� �N�D�O�G�Õ���� �d�D�O�Õ�ú�P�D�G�D��
�N�X�O�O�D�Q�Õ�O�D�Q���E�R�\�D�U���P�D�G�G�H�O�H�U�L�Q �d�L�]�H�O�J�H�����¶�G�H���J�|�V�W�H�U�L�O�H�Q��
�P�R�O�H�N�•�O�� �D�÷�Õ�U�O�Õ�N�O�D�U�Õ�� �G�L�N�N�D�W�H�� �D�O�Õ�Q�G�Õ�÷�Õ�Q�G�D�� �P�R�O�H�N�•�O��
�D�÷�Õ�U�O�Õ�÷�Õ���N�•�o�•�O�G�•�N�o�H���E�R�\�D���J�L�G�H�U�P�H���\�•�]�G�H�V�L�Q�L�Q���D�U�W�W�Õ�÷�Õ��
�G�L�N�N�D�W���o�H�N�P�H�N�W�H�G�L�U���� 
 

 
�ù�H�N�L�O���������S�+�������������������Û�&���Y�H���������P�J���/���E�D�ú�O�D�Q�J�Õ�o���E�R�\�D��
�N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U�Õ�Q�G�D �I�D�U�N�O�Õ���E�H�N�O�H�P�H���V�•�U�H�O�H�U�L�Q�G�H��
elde edilen % boyar madde giderme  
 
�d�L�]�H�O�J�H�� ���¶�G�H�� �o�H�ú�L�W�O�L�� �E�D�]�L�N�� �E�R�\�D�U�� �P�D�G�G�H�O�H�U�L�Q��
�J�L�G�H�U�L�O�P�H�V�L�Q�G�H�� �N�X�O�O�D�Q�Õ�O�D�Q�� �\�|�Q�W�H�P�O�H�U�� �Y�H�� �E�X��
�o�D�O�Õ�ú�P�D�O�D�U�G�D�Q���H�O�G�H���H�G�L�O�H�Q���V�R�Q�X�o�O�D�U���|�]�H�W�O�H�Q�P�L�ú�W�L�U�� 
 

Tablo 3. Bazik boyar �P�D�G�G�H�O�H�U�L�Q���J�L�G�H�U�L�O�P�H�V�L�Q�G�H���N�X�O�O�D�Q�Õ�O�D�Q���o�H�ú�L�W�O�L���\�|�Q�W�H�P�O�H�U���Y�H���H�O�G�H���H�G�L�O�H�Q���\�•�]�Ge boyar madde 
�J�L�G�H�U�P�H���G�H�÷�H�U�O�H�U�L 

Boyar madde �<�|�Q�W�H�P���0�D�O�]�H�P�H 
�����*�L�G�H�U�L�P�����Y�H���2�U�W�D�P���N�R�ú�X�O�O�D�U�Õ�����V�•�U�H�����V�Õ�F�D�N�O�Õ�N����

pH) 
Ref. 

Basic Blue 41 
Adsorpsiyon/ 
Nikel Demir �1�D�Q�R�S�D�U�W�L�N�•�O�O�H�U 

�a�������������S�+�������Y�H���S�+���������V�•�U�H�����������G�D�N�������E�D�ú�O�D�Q�J�Õ�o���E�R�\�D�U��
�P�D�G�G�H�� �N�R�Q�V�D�Q�W�U�D�V�\�R�Q�X���� ������ �P�J���/���� �V�Õ�F�D�N�O�Õ�N���� ������oC, 
�N�D�U�Õ�ú�W�Õ�U�P�D���K�Õ�]�Õ�������������U�S�P�����D�G�V�R�U�E�D�Q���P�L�N�W�D�U�Õ�������������J���� 

[21] 

Basic Blue 41 Adsorpsiyon/Magnetik 
�G�H�P�L�U���Q�D�Q�R�S�D�U�W�L�N�•�O�±alginat 

���� ������ ���D�G�V�R�U�E�D�Q�� �P�L�N�W�D�U�Õ���� �������� �J���� �V�•�U�H���� �������� �G�D�N������
maksimum �D�G�V�R�U�S�V�L�\�R�Q���S�+�¶�V�Õ������������ 

[22] 

Basic Blue 41 Enzimatik /Kloroperoksidaz 
% 40 (enzim) 
% 15 (immobilize enzim, pH: 3, 25 oC) 

[23] 

Basic Red 46 �(�O�H�N�W�U�R�N�R�D�J�•�O�D�V�\�R�Q 
���� ������ ���R�S�W�L�P�X�P�� �S�+���� ������ �E�D�ú�O�D�Q�J�Õ�o�� �E�R�\�D�U�� �P�D�G�G�H��
�N�R�Q�V�D�Q�W�U�D�V�\�R�Q�X�����������P�J���/�����V�•�U�H���������G�D�N���� 

[24] 

Basic Red 46 Fotokatalitik/ immobilize 
TiO2 �Q�D�Q�R�S�D�U�W�L�N�•�O�O�H�U 

���� ������ ���S�+���� ������������ �E�D�ú�O�D�Q�J�Õ�o�� �E�R�\�D�U�� �P�D�G�G�H��
�N�R�Q�V�D�Q�W�U�D�V�\�R�Q�X���������������P�J���/�����V�•�U�H�����������G�D�N���� 

[25] 

Basic Red 46 
Basic Blue 41 

Adsorpsiyon/ boron ile 
�]�H�Q�J�L�Q�O�H�ú�W�L�U�L�O�P�L�ú���D�W�Õ�N�O�D�U 

maksimum pH: 9,0-12,0 
optimum pH: 9,0 

[17] 

Basic Blue 41 
Basic Red 18 

Adsorpsiyon/ 
modifiye kitosan 

�������������S�+�����������V�•�U�H���������G�D�N�������V�Õ�F�D�N�O�Õ�N����������oC) 
�������������S�+�����������V�•�U�H���������G�D�N�������V�Õ�F�D�N�O�Õ�N����������oC) 

[13] 

Basic Blue 41 

Mikroorganizma/Trametes 
versicolor 

�������������V�•�U�H���������J�•�Q�����S�+�������������V�Õ�F�D�N�O�Õ�N����������oC) 

[8] 
�$�G�V�R�U�S�V�L�\�R�Q���V�•�O�I�R�Q�O�D�Q�P�Õ�ú��
polimer 

���������������������U�S�P�����R�G�D���V�Õ�F�D�N�O�Õ�÷�Õ�����S�+�������������V�•�U�H�������������G�D�N���� 

Enzimatik/Horseradish 
Peroksidaz 

% 30 (150 dak., pH: 7, 30 oC) 

Basic Blue 41 
Basic Red 46 

Adsorpsiyon/ 
Nafion�Šmembran 

�a���� �������� ���V�•�U�H���� �������G�D�N���� �N�D�U�Õ�ú�W�Õ�U�P�D�� �K�Õ�]�Õ���� �������� �U�S�P����
�S�+���������� �V�Õ�F�D�N�O�Õ�N���� ������ �Û�&���� �E�D�ú�O�D�Q�J�Õ�o�� �E�R�\�D�U�� �P�D�G�G�H��
konsantrasyonu: 60 mg/L) 

Bu 
�o�D�O�Õ�ú�P�D 
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�d�L�]�H�O�J�H�����¶�W�H���J�|�V�W�H�U�L�O�H�Q���O�L�W�H�U�D�W�•�U�G�H�N�L BB41 ve BR46 
�E�R�\�D�U���P�D�G�G�H�O�H�U�L�Q�L�Q���J�L�G�H�U�P�H���\�•�]�G�H�O�H�U�L�������������L�O�H������������
�D�U�D�V�Õ�Q�G�D�� �G�H�÷�L�ú�W�L�÷�L�� �J�|�U�•�O�P�H�N�W�H�G�L�U���� �%�X�� �o�D�O�Õ�ú�P�D�G�D�� �L�V�H��
���� �������� �E�R�\�D�U�� �P�D�G�G�H�� �J�L�G�H�U�P�H�� �G�H�÷�H�U�O�H�U�L�� �H�O�G�H�� �H�G�L�O�G�L����
�%�X���D�G�V�R�U�E�D�Q�Õ�Q���P�D�O�L�\�H�W�O�L���R�O�P�D�V�Õ�Q�D���N�D�U�ú�Õ�Q���R�Q�O�D�U���N�H�]��

rejenere olabilmesi ve % 100 boyar madde giderme 
verimi nedeni ile bazik boyar  maddelerin 
�J�L�G�H�U�L�O�P�H�V�L�Q�G�H�� �D�O�W�H�U�Q�D�W�L�I�� �R�O�D�E�L�O�H�F�H�÷�L��
�G�•�ú�•�Q�•�O�P�H�N�W�H�G�L�U���� 
 
 

 
 

Adsorpsiyon Kinetikleri  
 

 

 

  
�ù�H�N�L�O�����������%�D�V�L�F���5�H�G���������E�R�\�Dr maddesinin Freundlich 
�ø�]�R�W�H�U�P�L

�ù�H�N�L�O�����������%�D�V�L�F���%�O�X�H���������E�R�\�D�U���P�D�G�G�H�V�L�Q�L�Q���/�D�Q�J�P�X�L�U��
�ø�]�R�W�H�U�P�L 
 

 

�ù�H�N�L�O�� ���¶�G�D�� �H�O�G�H�� �H�G�L�O�H�Q�� �/�D�Q�J�P�X�L�U�� �L�]�R�W�H�U�P�L��
�G�R�÷�U�X�V�X�Q�X�Q�� �H�÷�L�P�L�Q�G�H�Q�� �%�%������ �E�R�\�D�U�� �P�D�G�G�H�V�L�� �L�o�L�Q��
�D�G�V�R�U�E�D�Q�Õ�Q���P�D�N�V�L�P�X�P���D�G�V�R�U�S�O�D�P�D kapasitesi 52,63 
�P�J���J���R�O�D�U�D�N���K�H�V�D�S�O�D�Q�G�Õ�����%�D�V�L�F���5�H�G���������E�R�\�D�U���P�D�G�G�H�V�L��
�L�o�L�Q�� �G�R�÷�U�X�Q�X�Q�� �ù�H�N�L�O�� �����¶�G�D�� �H�O�G�H�� �H�G�L�O�H�Q�� �)�U�H�X�Q�G�O�L�F�K��
�L�]�R�W�H�U�P�L���H�÷�L�P�L�Q�G�H�Q���Q�����������������Y�H���.�I���L�V�H���������������R�O�D�U�D�N��
bulundu. Nafion�Š �P�H�P�E�U�D�Q�Õ���L�O�H���%�%�������E�R�\�D�U���P�D�G�G�H��
�D�G�V�R�U�S�V�L�\�R�Q�X�Q�D�� �D�L�W�� �W�H�U�P�R�G�L�Q�D�P�L�N�� �o�D�O�Õ�ú�P�D�O�D�U�Õ��
�V�R�Q�X�F�X�Q�G�D���H�O�G�H���H�G�L�O�H�Q���G�H�Q�H�\�V�H�O���Y�H�U�L�O�H�U���N�X�O�O�D�Q�Õ�O�D�U�D�N��
hesaplanan Gibbs serbest enerjisi (�¨�*���� �G�H�÷�H�U�O�H�U�L��
�%�%������ �Y�H�� �%�5������ �E�R�\�D�U�� �P�D�G�G�H�O�H�U�L�� �L�o�L�Q�� �������� �.��
�V�Õ�F�D�N�O�Õ�N�W�D�� �V�Õ�U�D�V�Õ�� �L�O�H�� ��-5.2 kj/mol ve -5,52 kj/mol 
�R�O�D�U�D�N���E�X�O�X�Q�G�X�����%�X���V�R�Q�X�o�O�D�U���K�H�U���L�N�L���E�R�\�D�U���P�D�G�G�H�Q�L�Q��
de Nafion�Š �P�H�P�E�U�D�Q�Õ�Q�D�� �D�G�V�R�U�S�V�L�\�R�Q�X�Q�X�Q��
�N�H�Q�G�L�O�L�÷�L�Q�G�H�Q�� �P�H�\�G�D�Q�D�� �J�H�O�G�L�÷�L�Q�L�� �J�|�V�W�H�U�P�H�N�W�H�G�L�U����
�ø�]�R�W�H�U�P�O�H�U�� �L�Q�F�H�O�H�Q�G�L�÷�L�Q�G�H�� �K�H�U�� �L�N�L�� �E�R�\�D�U�� �P�D�G�G�H�Q�L�Q��
�S�R�O�L�P�H�U�� �P�H�P�E�U�D�Q�Õ�Q�D�� �D�G�V�R�U�S�V�L�\�R�Q�X�Q�X�Q�� �)�U�H�X�Q�G�O�L�F�K��
�L�]�R�W�H�U�P�L�Q�H���X�\�G�X�÷�X���W�H�V�S�L�W���H�G�L�O�G�L���� 

�ù�H�N�L�O��������Basic Blue 41 boyar maddesinin Freundlich 
�ø�]�R�W�H�U�P�L 
 
�'�R�÷�U�X�Q�X�Q�� �H�÷�L�P�L�Q�G�H�Q�� �%�%������ �E�R�\�D�U�� �P�D�G�G�H�V�L�� �L�o�L�Q��
�D�G�V�R�U�E�D�Q�Õ�Q�� �P�D�N�V�L�P�X�P�� �D�G�V�R�U�S�O�D�P�D�� �N�D�S�D�V�L�W�H�V�L���� �Tm: 
15,63 mg/L olarak bulundu. Basic Blue 41 boyar 
�P�D�G�G�H�V�L�� �L�o�L�Q�� �)�U�H�X�Q�G�O�L�F�K�� �L�]�R�W�H�U�P�L�Q�G�H�� �H�O�G�H�� �H�G�L�O�H�Q��
�G�H�Q�N�O�H�P�� �N�X�O�O�D�Q�Õ�O�D�U�D�N�� �G�R�÷�U�X�Q�X�Q�� �H�÷�Lminden  n: 1.83 
ve Kf: 3,03 olarak bulundu 

 
�ù�H�N�L�O�� ������ �%�D�V�L�F�� �5�H�G�� ������ �E�R�\�D�U�� �P�D�G�G�H�V�L�Q�L�Q�� �/�D�Q�J�P�X�L�U��
izotermi 
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Tablo �������%�%�������Y�H���%�5�������E�R�\�D�U���P�D�G�G�H�O�H�U�L���L�o�L�Q���D�G�V�R�U�S�V�L�\�R�Q���N�L�Q�H�W�L�N�O�H�U�L�Q�L�Q���O�L�W�H�U�D�W�•�U�G�H�N�L �V�R�Q�X�o�O�D�U���L�O�H���E�X���o�D�O�Õ�ú�P�D�G�D�Q��
�H�O�G�H���H�G�L�O�H�Q���V�R�Q�X�o�O�D�U�Õ�Q���N�D�U�ú�Õ�O�D�ú�W�Õ�U�Õ�O�P�D�V�Õ 
 �/�D�Q�J�P�X�L�U�� �ø�]�R�W�H�U�P��

Parametreleri 
�)�U�H�X�Q�G�O�L�F�K�� �ø�]�R�W�H�U�P��
Parametreleri 

�'�H�Q�H�\���.�R�ú�X�O�O�D�U�Õ Ref. 

Adsorban KL 

(L/mg) 
qmax  

(mg/g) 
r2 K f 1/n r2 Adsorb

an 
 (g/L) 

Boyar 
madde  
(mg/L) 

�6�•�U�H���� �S�+����
�V�Õ�F�D�N�O�Õ�N 

 

Titanyum 
�P�L�N�U�R�N�•�U�H�O�H�U
/ BB41 

0,776 142,86 0,966 59,85
7 

0,237 0,814 0,6 60 90 dak.        
pH: 9.0,       
25 OC 

[26] 

Nafion�Š 
BB41 

1,047 
 

15,65 0.981 3.035  0.511 0.993 5 60   60 dak. pH: 
7.0, 45 oC 

Bu 
�o�D�O�Õ�ú�P�D 

Nafion�Š 
BR46 

0,042 52,63 0,902 2,375 0,811 0,998 5 60   60 dak. pH: 
7.0, 45 oC 

Bu 
�o�D�O�Õ�ú�P�D 

Moroccan 
Clay for 
BR46 

1.248 54 0.99 31.22 0.23 0.89 0,4 10 20 dak. pH: 
6,0,30 dak. 
25 oC  

[27] 

Raw fish 
bone for 
BB41  

- 37.36 - - - - 2.5 100 30 dak.  [28] 

Boron waste 
for BR46 

- 38 0.838 - 0.992 0.862 2.0 60 35 oC pH:9.0 [18] 

 
�%�X�� �o�D�O�Õ�ú�P�D�G�D����adsorbsiyon izotermlerinden elde 
�H�G�L�O�H�Q�� �V�R�Q�X�o�O�D�U�G�D�� �%�D�V�L�F�� �%�O�X�H�� ������ �Y�H�� �%�D�V�L�F�� �5�H�G�� ������
�E�R�\�D�U���P�D�G�G�H�O�H�U�L���L�o�L�Q���V�Õ�U�D�V�Õ���L�O�H���D�G�V�R�U�E�D�Q�Õ�Q���P�D�N�V�L�P�X�P��
adsorplama kapasitesi 15,65  mg/g ve 52, 63 mg/g 
�R�O�D�U�D�N�� �E�X�O�X�Q�P�X�ú�W�X�U�� ���d�L�]�H�O�J�H�� �������� �%�R�\�D�� �J�L�G�H�U�P�H��
�\�•�]�G�H�V�L�Q�G�H�� �G�H�� �R�O�G�X�÷�X�� �J�L�E�L�� �D�G�Vorpsiyon kinetik 
�o�D�O�Õ�ú�P�D�O�D�U�Õ�� �V�R�Q�X�F�X�Q�G�D�� �D�G�V�R�U�S�V�L�\�R�Q�� �L�]�R�W�H�U�P�O�H�U�L�Q�G�H�Q��
�H�O�G�H���H�G�L�O�H�Q���V�R�Q�X�o�O�D�U���%�D�V�L�F���5�H�G���������E�R�\�D�U���P�D�G�G�H�V�L�Q�L�Q��
�%�D�V�L�F���%�O�X�H���������E�R�\�D�U���P�D�G�G�H�V�L�Q�H���J�|�U�H���G�D�K�D���\�•�N�V�H�N���E�L�U��
�N�R�Q�V�D�Q�W�U�D�V�\�R�Q�G�D�� �D�G�V�R�U�S�O�D�Q�G�Õ�÷�Õ�� �R�U�W�D�\�D�� �o�Õ�N�P�Õ�ú�W�Õ�U����
�%�5������ �E�R�\�D�U�� �P�D�G�G�H�V�L�Q�L�Q�� �P�R�O�H�N�•�O�� �D�÷�Õ�U�O�Õ�÷�Õ��BB41 
�E�R�\�D�U���P�D�G�G�H�V�L�Q�G�H�Q���G�D�K�D���N�•�o�•�N���R�O�G�X�÷�X���L�o�L�Q���D�G�V�R�U�E�D�Q��
�\�•�]�H�\�L�Q�G�H�� �G�D�K�D�� �\�•�N�V�H�N�� �N�R�Q�V�D�Q�W�U�D�V�\�R�Q�G�D��
�D�G�V�R�U�S�O�D�Q�G�Õ�÷�Õ���G�•�ú�Q�•�O�P�H�N�W�H�G�L�U���� 
 
4. �'�(�ö�(�5�/�(�1�'�ø�5�0�(���9�(���6�2�1�8�d 
 
�%�X���o�D�O�Õ�ú�P�D�G�D�����D�N�U�L�O�L�N���H�O�\�D�I���E�R�\�D�Q�P�D�V�Õ�Q�G�D���N�X�O�O�D�Q�Õ�O�D�Q��
�E�D�]�L�N�� �E�R�\�D�U�� �P�D�G�G�H�O�H�U�L�Q�� �N�X�P�D�ú�D�� �E�R�\�D�Q�P�D�� �V�R�Q�U�D�V�Õ��
�W�X�W�X�Q�P�D�G�D�Q���N�D�O�D�Q���E�R�\�D�U���P�D�G�G�H�O�H�U�G�H�Q���R�O�X�ú�D�Q���U�H�Q�J�L�Q��
�J�L�G�H�U�L�O�H�U�H�N�� �o�H�Y�U�H�\�H�� �]�D�U�D�U�V�Õ�]�� �K�D�O�H�� �J�H�W�L�U�L�O�P�H�V�L��
�D�P�D�o�O�D�Q�G�Õ�����%�X���D�P�D�F�D���X�O�D�ú�P�D�N���L�o�L�Q���S�H�U�I�O�X�R�U�R�V�•�O�I�R�Q�L�N��
asit �H�V�D�V�O�Õ��polimerik membran (Nafion�Š�����N�X�O�O�D�Q�Õ�O�G�Õ����
�%�D�]�L�N�� �E�R�\�D�U�� �P�D�G�G�H�\�H�� �J�R�U�H�� �I�D�U�N�O�Õ�� �E�R�\�D�� �J�L�G�H�U�P�H��
�\�•�]�G�H�O�H�U�L�� �H�O�G�H�� �H�G�L�O�G�L���� �%�R�\�D�U�� �P�D�G�G�H�Q�L�Q�� �P�R�O�H�N�•�O��
�E�•�\�•�N�O�•�÷�•�Q�•�Q�� �N�•�o�•�O�P�H�V�L�� �D�G�V�R�U�E�D�Q�� �S�R�O�L�P�H�U�L�N��
�P�H�P�E�U�D�Q�Õ�Q���G�D�K�D���N�•�o�•�N���J�|�]�H�Q�H�N�O�H�U�L�Q�H���J�L�U�P�H�V�L�Q�H���Y�H��
�W�X�W�X�Q�P�D�V�Õ�Q�D���\�R�O���D�o�W�Õ�÷�Õ���G�•�ú�•�Q�•�O�P�H�N�W�Hdir. Bu nedenle 
�%�5������ �E�R�\�D�U�� �P�D�G�G�H�V�L�� �G�L�÷�H�U�� �E�R�\�D�U�� �P�D�G�G�H�O�H�U�H�� �J�|�U�H��
�G�D�K�D�� �\�•�N�V�H�N�� �E�R�\�D�� �J�L�G�H�U�P�H�� �\�•�]�G�H�V�L�� �L�O�H�� �J�L�G�H�U�L�O�G�L�� 
�6�Õ�F�D�N�O�Õ�÷�Õ�Q�� �D�U�W�P�D�V�Õ�� �E�R�\�D�U�� �P�D�G�G�H�O�H�U�L�Q�� �E�R�\�D�� �J�L�G�H�U�P�H��
�\�•�]�G�H�O�H�U�L�Q�L���E�H�O�L�U�J�L�Q���E�L�U���ú�H�N�L�O�G�H���D�U�W�W�Õ�U�G�Õ�����%�X���o�D�O�Õ�ú�P�D�G�D��
�N�X�O�O�D�Q�Õ�O�D�Q���S�R�O�L�P�H�U�L�N���P�H�P�E�U�D�Q�Õ�Q���P�D�O�L�\�H�W�L���\�•�N�V�H�N�W�L�U����
�5�H�M�H�Q�H�U�H���R�O�D�E�L�O�H�Q���G�D�K�D���X�F�X�]���P�D�O�L�\�H�W�O�H���•�U�H�W�L�O�H�E�L�O�H�F�H�N��
�S�R�O�L�P�H�U�O�H�U�L�N�� �D�G�V�R�U�E�D�Q�O�D�U�Õ�Q�� �•�U�H�W�L�O�P�H�V�L�� �E�D�]�L�N�� �E�R�\�D�U��

�P�D�G�G�H�O�H�U�L�Q���G�D�K�D���H�N�R�Q�R�P�L�N���E�L�U���ú�H�N�L�O�G�H���D�W�Õ�N���V�X�O�D�U�G�D�Q��
�J�L�G�H�U�L�O�P�H�V�L�Q�H���I�D�\�G�D���V�D�÷�O�D�\�D�F�D�N�W�Õ�U���� 
�$�G�V�R�U�E�D�Q�� �P�D�O�L�\�H�W�O�L�� �R�O�P�D�V�Õ�Q�D�� �N�D�U�ú�Õ�� �H�Q�� �D�]�� ������ �N�H�]��
rejenere �R�O�D�U�D�N���W�H�N�U�D�U���N�X�O�O�D�Q�Õ�O�D�E�L�O�H�Q���E�L�U���D�G�V�R�U�E�D�Q�G�Õ�U����
�$�\�U�Õ�F�D���O�L�W�H�U�D�W�•�U�G�H���G�H���E�D�]�L�N���E�R�\�D�O�D�U�Õ�Q���J�L�G�H�U�L�O�P�H�V�L�Q�G�H��
�N�X�O�O�D�Q�Õ�O�P�D�G�Õ�÷�Õ�Q�G�D�Q���� �W�H�U�P�D�O���� �P�H�N�D�Q�L�N�� �G�D�\�D�Q�Õ�P�Õ��
�\�•�N�V�H�N���� �H�V�Q�H�N�� �Y�H�� �R�Q�O�D�U�F�D�� �N�H�]�� �U�H�M�H�Q�H�U�H�� �R�O�D�E�L�O�H�Q�� �E�L�U��
�D�G�V�R�U�E�D�Q���R�O�G�X�÷�X���L�o�L�Q���E�X���o�D�O�Õ�ú�P�D�G�D���W�H�U�F�L�K���H�G�L�O�G�L�� 
 
5. �7�(�ù�(�.�.�h�5  
 
B�X�� �o�D�O�Õ�ú�P�D�� �<�D�O�R�Y�D�� �h�Q�L�Y�H�U�V�L�W�H�V�L��(Proje No: 
�����������%�$�3�������������W�D�U�D�I�Õ�Q�G�D�Q���G�H�V�W�H�N�O�H�Q�P�L�ú�W�L�U�� 
 
�.�$�<�1�$�.�d�$ 
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������������������ �N�:�K�H�� �Y�H�� �Õ�V�Õ���H�Q�H�U�M�L�V�L�� ������������������������ �N�F�D�O���R�O�D�U�D�N���K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U���� �(�U�]�L�Q�F�D�Q�¶�Õ�Q���E�L�\�R�J�D�]�� �N�D�\�Q�D�N�O�Õ���H�O�H�N�W�U�L�N��
�N�X�U�X�O�X���J�•�F�•���E�D�N�Õ�P�Õ�Q�G�D�Q�����������0�:�¶�O�Õ�N���E�L�U���S�R�W�D�Q�V�L�\�H�O���E�D�U�Õ�Q�G�Õ�U�G�Õ�÷�Õ�����E�L�\�R�J�D�]���Y�H���H�Q�H�U�M�L���•�U�H�W�L�P�L���G�H�÷�H�U�O�H�U�L���D�o�Õ�V�Õ�Q�G�D�Q���G�D��
�N�D�\�G�D���G�H�÷�H�U���E�L�U���Q�L�W�H�O�L�N���W�D�ú�Õ�G�Õ�÷�Õ���J�|�U�•�O�P�H�N�W�H�G�L�U������ 
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Abstract 
 
The fossil-based energy resource's is non-renewable and causing negative effects on the environment. Because of 
the ever-increasing need for energy, the more efficients use of existing resources and is necessary move towards 
domestic and renewable energy sources. 
 
The main livelihood of agriculture and animal husbandry is 37% of Erzincan province's surface area is composed 
of meadow and grassland. This has led to the cultivation of feed plant varieties in large areas and the development 
of animal production. In Erzincan province where cattle, sheep and poultry are grown, 434469 tons of animal 
waste is obtained annually. Biogas production is one of the best ways to use these wastes in a sustainable and 
efficient way. 
 
In this study, the amount of biogas available per year from Erzincan province animal wastes was calculated as 
15511011 m3, electric energy 38025864 kWhe and heat energy 35818027112 kcal using data from Erzincan Cattle 
Breeders Association and Food, Agriculture and Livestock Provincial Directorate. It is observed that Erzincan has 
a potential of 4.3 MW in terms of biogas-derived electricity generation power and has an important capacity for 
biogas and energy production values. 
 
Keywords: Biogas, Biogas Potential, Erzincan, Animal Waste, Renewable Energy 



A K SEYHAN/APJES 6-1 (2018) 25-35 
 

1. �*�ø�5�ø�ù 
 
�'�•�Q�\�D�� �Q�•�I�X�V�X�Q�X�Q�� �K�Õ�]�O�D�� �D�U�W�P�D�V�Õ�� �Y�H�� �J�H�O�L�ú�H�Q��
�V�D�Q�D�\�L�O�H�ú�P�H�\�O�H�� �E�L�U�O�L�N�W�H���� �H�Q�H�U�M�L�� �N�D�\�Q�D�N�O�D�U�Õ�� �N�X�O�O�D�Q�Õ�P�Õ��
�|�Q�H�P�O�L�� �V�H�Y�L�\�H�O�H�U�H���X�O�D�ú�P�Õ�ú�W�Õ�U���� �)�R�V�L�O�� �\�D�N�Õ�W�O�D�U�� �G�•�Q�\�D�Q�Õ�Q��
�H�Q�H�U�M�L�� �D�U�]�Õ�Q�G�D�� �E�•�\�•�N�� �S�D�\�D�� �V�D�K�L�S�W�L�U�� �Y�H�� �P�H�Y�F�X�W�� �o�H�Y�U�H�V�H�O��
�V�R�U�X�Q�O�D�U�D���� �|�]�H�O�O�L�N�O�H�� �K�D�Y�D�� �N�L�U�O�L�O�L�÷�L�� �Y�H�� �N�•�U�H�V�H�O�� �Õ�V�Õ�Q�P�D�\�D��
�Q�H�G�H�Q�� �R�O�X�U���� �%�X�Q�D�� �J�|�U�H���� �N�D�\�Q�D�N�O�D�U�Õ�Q�� �K�Õ�]�O�Õ�� �W�•�N�H�Q�P�H�V�L�� �Y�H��
�I�L�\�D�W�� �G�D�O�J�D�O�D�Q�P�D�O�D�U�Õ���� �G�•�Q�\�D�� �J�H�Q�H�O�L�Q�G�H�� �\�H�Q�L�O�H�Q�H�E�L�O�L�U��
ener�M�L�� �N�D�\�Q�D�N�O�D�U�Õ�� �H�÷�L�O�L�P�L�Q�G�H�� �E�L�U�� �D�U�W�Õ�ú�D�� �Q�H�G�H�Q�� �R�O�P�X�ú�W�X�U��
[1]. 
 
�=�D�P�D�Q�O�D���� �K�H�P�� �G�R�÷�D�O�� �N�D�\�Q�D�N�O�D�U�Õ�Q�� �H�O�G�H�V�L�� �Y�H�� �W�H�P�L�Q��
�H�G�L�O�H�E�L�O�L�U�O�L�÷�L�� �D�]�D�O�P�D�\�D�� �E�D�ú�O�D�P�Õ�ú���� �K�H�P�� �G�H�� �G�R�÷�D�O�� �R�U�W�D�P�D��
�Y�H�U�L�O�H�Q�� �]�D�U�D�U�O�D�U�� �L�O�H�� �E�L�U�O�L�N�W�H�� �o�H�Y�U�H�� �N�L�U�O�L�O�L�÷�L�Q�G�H�� �D�U�W�Õ�ú��
�P�H�\�G�D�Q�D�� �J�H�O�P�L�ú�W�L�U���� �6�R�Q���\�Õ�O�O�D�U�G�D�� �H�Q�H�U�M�L�� �N�D�\�Q�D�N���o�H�ú�L�W�O�H�U�L��
�Y�H�� �E�X�Q�O�D�U�Õ�Q�� �o�H�Y�U�H�V�H�O�� �H�W�N�L�O�H�U�L�� �o�R�N�� �W�D�U�W�Õ�ú�Õ�O�D�Q�� �N�R�Q�X�O�D�U�G�D�Q��
�E�L�U�L�� �K�D�O�L�Q�H�� �J�H�O�P�L�ú�W�L�U���� �(�Q�H�U�M�L�� �N�X�O�O�D�Q�Õ�P�Õ�Q�Õ�Q���Q�H�G�H�Q���R�O�G�X�÷�X��
�R�O�X�P�V�X�]�� �o�H�Y�U�H�V�H�O�� �H�W�N�L�O�H�U�L�Q�� �H�Q�� �G�•�ú�•�N�� �G�•�]�H�\�O�H�U�G�H��
tutulabilmesi, sosyal ve ekonomik �N�D�O�N�Õ�Q�P�D���D�o�Õ�V�Õ�Q�G�D�Q����
temiz enerji talebinin, ucuz, �J�•�Y�H�Q�L�O�L�U�� �Y�H���V�•�U�G�•�U�•�O�H�E�L�O�L�U��
�I�L�\�D�W�W�D�Q���N�D�U�ú�Õ�O�D�Q�P�D�V�Õ���]�R�U�X�Q�O�X�G�X�U�� 
 
�%�X�� �V�H�E�H�S�O�H�� ���������� �\�H�Q�L�O�H�Q�H�E�L�O�L�U�� �Y�H�� �V�•�U�G�•�U�•�O�H�E�L�O�L�U�� �H�Q�H�U�M�L��
�N�X�O�O�D�Q�Õ�P�Õ�� �L�o�L�Q�� �o�H�ú�L�W�O�L�� �o�D�O�Õ�ú�P�D�O�D�U�� �\�D�S�Õ�O�P�Õ�ú�W�Õ�U�� �>���@���� �%�X��
�o�D�O�Õ�ú�P�D�O�D�U�G�D�Q�� �E�L�U�L�V�L�� ���������� �\�Õ�O�Õ�Q�D�� �N�D�G�D�U�� �$�Y�U�X�S�D�� �%�L�U�O�L�÷�L��
(AB)'nde %100 yenilenebilir en�H�U�M�L�� �V�L�V�W�H�P�L�� �L�o�L�Q�� �E�L�U��
�V�H�Q�D�U�\�R�� �V�X�Q�D�U�D�N���� �V�H�Q�D�U�\�R�Q�X�Q�� �W�H�N�Q�L�N�� �R�O�D�U�D�N�� �P�•�P�N�•�Q��
�R�O�G�X�÷�X�Q�X���Y�H���W�R�S�O�X�P�X�Q�����X�\�J�X�Q���W�H�N�Q�R�O�R�M�L�����S�R�O�L�W�L�N���J�•�o���Y�H��

�X�\�J�X�O�D�P�D�� �N�D�E�L�O�L�\�H�W�L�� �L�O�H�� �J�H�U�o�H�N�O�H�ú�W�L�U�H�E�L�O�H�F�H�÷�L�� �V�R�Q�X�F�X�Q�D��
�Y�D�U�P�D�N�W�D�G�Õ�U���>���@�� 
 
�<�H�Q�L�O�H�Q�H�E�L�O�L�U�� �H�Q�H�U�M�L�� �N�D�\�Q�D�N�O�D�U�Õ�� �L�o�H�U�L�V�L�Q�G�H�� �|�Q�H�P�O�L�� �E�L�U��
yere �V�D�K�L�S�� �R�O�D�Q�� �E�L�\�R�N�•�W�O�H���� �V�•�U�G�•�U�•�O�H�E�L�O�L�U�� �N�D�O�N�Õ�Q�P�D��
�P�R�G�H�O�O�H�U�L�� �L�o�H�U�L�V�L�Q�G�H�� �o�H�Y�U�H�� �Y�H�� �H�Q�H�U�M�L�� �I�R�Q�N�V�L�\�R�Q�O�D�U�Õ��
�D�o�Õ�V�Õ�Q�G�D�Q�� �|�Q�H�P�O�L�G�L�U���� �%�L�\�R�N�•�W�O�H�� �V�D�G�H�F�H�� �V�•�U�G�•�U�•�O�H�E�L�O�L�U��
�N�D�O�N�Õ�Q�P�D�\�D�� �N�D�W�N�Õ�G�D�� �E�X�O�X�Q�P�D�N�O�D�� �N�D�O�P�Õ�\�R�U���� �D�\�Q�Õ��
�]�D�P�D�Q�G�D�� �G�•�Q�\�D�� �Q�•�I�X�V�X�Q�X�Q�� �W�D�P�D�P�Õ�Q�D�� �H�Q�H�U�M�L�� �J�•�Y�H�Q�O�L�÷�L��
�V�D�÷�O�Õ�\�R�U�� �Y�H�� �V�H�U�D�� �J�D�]�Õ�� �H�P�L�V�\�R�Q�O�D�U�Õ�Q�Õ�� �D�]�D�O�W�Õ�\�R�U����
�%�X�O�X�Q�D�E�L�O�L�U�O�L�÷�L�� �Y�H�� �L�\�L�� �E�L�O�L�Q�H�Q�� �G�|�Q�•�ú�W�•�U�P�H��
�W�H�N�Q�R�O�R�M�L�O�H�U�L�Q�L�Q�� �G�Õ�ú�Õ�Q�G�D�� �E�L�\�R�N�•�W�O�H���� �H�Q�� �\�D�N�Õ�Q�� �W�D�O�H�E�L��
�N�D�U�ú�Õ�O�D�P�D�N���Y�H���H�Q�H�U�M�L���D�U�]���J�•�Y�H�Q�O�L�÷�L�Q�L���V�D�÷�O�D�P�D�N���L�o�L�Q���\�D�N�Õ�Q��
�J�H�O�H�F�H�N�W�H�� �|�Q�H�P�O�L�� �H�Q�H�U�M�L�� �N�D�\�Q�D�N�O�D�U�Õ�Q�G�D�Q�� �E�L�U�L�� �R�O�D�F�D�N�W�Õ�U��
[4]. 
 
�%�L�\�R�N�•�W�O�H�� �H�Q�H�U�M�L�V�L���� �G�R�÷�D�O�� �R�U�P�D�Q���� �R�U�P�D�Q�F�Õ�O�Õ�N�� �Y�H�� �R�U�P�D�Q��
�H�Q�G�•�V�W�U�L�V�L�Q�G�H�Q���R�G�X�Q���D�W�Õ�N�O�D�U�Õ�����H�Y�V�H�O���Y�H���H�Q�G�•�V�W�U�L�\�H�O���D�W�Õ�N�O�D�U��
�Y�H�\�D�� �K�D�\�Y�D�Q�� �D�W�Õ�N�O�D�U�Õ�� �J�L�E�L�� �E�L�W�N�L�� �Y�H�� �K�D�\�Y�D�Q��
�P�D�W�H�U�\�D�O�O�H�U�L�Q�G�H�Q���W�•�U�H�W�L�O�P�H�N�W�H�G�L�U����[5-8]. 
�%�L�\�R�N�•�W�O�H�G�H�Q�����I�L�O�W�U�D�V�\�R�Q�����H�N�V�W�U�D�N�V�L�\�R�Q�����E�R�\�X�W���N�•�o�•�O�W�P�H-
�N�Õ�U�P�D���Y�H���|�÷�•�W�P�H�����N�X�U�X�W�P�D���Y�H���E�L�U�L�N�H�W�O�H�P�H���\�|�Q�W�H�P�O�H�U�L�Q�L��
�L�o�H�U�H�Q�� �I�L�]�L�N�V�H�O�� �V�•�U�H�o�O�H�U�� �L�O�H�� �\�D�� �G�D�� �W�H�U�P�R�N�L�P�\�D�V�D�O�� �Y�H��
�E�L�\�R�N�L�P�\�D�V�D�O�� �V�•�U�H�o�O�H�U�L�Q�L�� �L�o�H�U�H�Q�� �G�|�Q�•�ú�•�P�� �V�•�U�H�o�O�H�U�L�� �L�O�H��
�\�D�N�Õ�W�� �H�O�G�H�� �H�G�L�O�P�H�N�W�H�G�L�U���� �8�\�J�X�O�D�P�D�G�D�� �E�D�ú�D�U�Õ�V�Õ�Q�Õ��
�N�D�Q�Õ�W�O�D�P�Õ�ú���E�L�\�R�\�D�N�Õ�W�O�D�U�Õ�Q�����G�|�Q�•�ú�•�P���V�•�U�H�o�O�H�U�L���Y�H���•�U�•�Q�O�H�U�L��
Tablo 1���¶�G�H���V�X�Q�X�O�P�X�ú�W�X�U�� 
 

 

�7�D�E�O�R���������%�L�\�R�\�D�N�Õ�W�O�D�U�Õ�Q �G�|�Q�•�ú�•�P���V�•�U�H�o�O�H�U�L���Y�H���•�U�•�Q�O�H�U�L 

�'�|�Q�•�ú�•�P���6�•�U�H�F�L �h�U�•�Q 
�%�L�\�R�P�H�W�D�Q�O�D�ú�W�Õ�U�P�D���V�•�U�H�o�O�H�U�L Biyogaz 
�%�L�\�R�I�R�W�R�O�L�]���V�•�U�H�o�O�H�U�L Hidrojen 
�)�H�U�P�H�Q�W�D�V�\�R�Q���V�•�U�H�o�O�H�U�L Biyoetanol 
�3�L�U�R�O�L�]���V�•�U�H�o�O�H�U�L Pirolitik �V�Õ�Y�Õ 
�*�D�]�O�D�ú�W�Õ�U�P�D���V�•�U�H�o�O�H�U�L �*�D�]���\�D�N�Õ�W 
�.�D�U�E�R�Q�L�]�D�V�\�R�Q���V�•�U�H�o�O�H�U�L �%�L�\�R�N�|�P�•�U 
�(�V�W�H�U�O�H�ú�P�H���V�•�U�H�o�O�H�U�L Biyomotorin (Biyodizel) 

 
�%�X�� �\�D�N�Õ�W�O�D�U�� �L�o�L�Q�G�H�� �E�L�\�R�J�D�]���� �E�L�\�R�H�W�D�Q�R�O�� �Y�H�� �E�L�\�R�P�R�W�R�U�L�Q 
�|�Q�G�H�� �\�H�U�� �D�O�P�D�N�W�D�G�Õ�U���� �%�L�\�R�J�D�]�� �R�U�J�D�Q�L�N�� �P�D�G�G�H�O�H�U�L�Q��
�D�Q�D�H�U�R�E�L�N�� ���R�N�V�L�M�H�Q�V�L�]���� �R�U�W�D�P�G�D���� �I�D�U�N�O�Õ�� �P�L�N�U�R�R�U�J�D�Q�L�]�P�D��
�J�U�X�S�O�D�U�Õ�Q�Õ�Q�� �Y�D�U�O�Õ�÷�Õ�Q�G�D���� �E�L�\�R�P�H�W�D�Q�O�D�ú�W�Õ�U�P�D�� �V�•�U�H�o�O�H�U�L��
���K�D�Y�D�V�Õ�]�� �E�R�]�X�Q�P�D-biyolojik bozunma-mikrobiyal 
bozunma-�D�Q�D�H�U�R�E�L�N�� �I�H�U�P�H�Q�W�D�V�\�R�Q�X�Q�� �N�R�Q�W�U�R�O�O�•�� �V�•�U�H�F�L����
ile �H�O�G�H���H�G�L�O�H�Q���E�L�U���J�D�]���N�D�U�Õ�ú�Õ�P�Õ�G�Õ�U��[9]. 
�$�Q�D�H�U�R�E�L�N���E�L�\�R�O�R�M�L�N���S�U�R�V�H�V�W�H�Q���o�Õ�N�D�Q���E�X���J�D�]���N�D�U�Õ�ú�Õ�P�Õ�Q�D����
�W�H�N�U�D�U�O�D�Q�D�E�L�O�L�U�� �W�H�P�L�]�� �J�D�]�� �R�O�D�Q�� �Y�H�� �N�Õ�U�V�D�O�� �H�Q�H�U�M�L�� �W�D�O�H�E�L��
�V�D�÷�O�D�\�D�E�L�O�H�Q�� �E�L�\�R�J�D�]�� �G�H�Q�L�U��[10]. �5�H�Q�N�V�L�]�� �Y�H�� �\�D�Q�Õ�F�Õ�� �E�L�U��
�J�D�]���N�D�U�Õ�ú�Õ�P�Õ���R�O�D�Q���E�L�\�R�J�D�]�Õ�Q�����E�L�O�H�ú�L�P�L�Q�G�H��������-70 metan 
(CH4), %30-40 karbon dioksit (CO2) ve az miktarda 
�K�L�G�U�R�M�H�Q�� �V�•�O�I�•�U�� ���+2S), hidrojen (H2), karbon monoksit 
(CO) ve Nitrojen (N2�����E�X�O�X�Q�P�D�N�W�D�G�Õ�U��[11-13].  Biyogaz 
�G�R�÷�D�O�� �J�D�]�D�� �D�O�W�H�U�Q�D�W�L�I�� �E�L�U�� �J�D�]�� �\�D�N�Õ�W�� �R�O�D�U�D�N�� �G�R�÷�U�X�G�D�Q��
yakma-�Õ�V�Õ�Q�P�D�� �Y�H�� �Õ�V�Õ�W�P�D�G�D���� �P�R�W�R�U�� �\�D�N�Õ�W�Õ�� �R�O�D�U�D�N�� �W�•�U�E�L�Q��
�\�D�N�Õ�W�Õ�� �R�O�D�U�D�N���� �H�O�H�N�W�U�L�N�� �H�Q�H�U�M�L�V�L�� �H�O�G�H�� �H�G�L�O�P�H�V�L�Q�G�H���� �\�D�N�Õ�W��
�S�L�O�L�� �\�D�N�Õ�W�Õ�� �R�O�D�U�D�N���� �G�R�÷�D�O�� �J�D�]�� �L�o�L�Q�H�� �N�D�W�N�Õ�� �R�O�D�U�D�N�� �Y�H��
�N�L�P�\�D�V�D�O�O�D�U�Õ�Q���•�U�H�W�L�P�L�Q�G�H���N�X�O�O�D�Q�Õ�O�P�D�N�W�D�G�Õ�U��[9]. 
 

�h�O�N�H�P�L�]�G�H�� �K�D�\�Y�D�Q�� �S�R�W�D�Q�V�L�\�H�O�L�Q�L�Q���� �W�D�U�Õ�P�V�D�O�� �D�O�D�Q�O�D�U�Õ�Q����
�K�D�\�Y�D�Q�F�Õ�O�Õ�N�� �Y�H�� �W�D�U�Õ�P�O�D�� �X�÷�U�D�ú�D�Q�� �Q�•�I�X�V�X�Q fazla 
�R�O�P�D�V�Õ�Q�G�D�Q���G�R�O�D�\�Õ���E�L�\�R�J�D�]�����7�•�U�N�L�\�H���L�o�L�Q���H�W�N�L�O�L���E�L�U���H�Q�H�U�M�L��
�N�D�\�Q�D�÷�Õ�� �S�R�W�D�Q�V�L�\�H�O�L�Q�L�� �W�D�ú�Õ�P�D�N�W�D�G�Õ�U��[14]. �7�•�U�N�L�\�H�
�Q�L�Q��
�\�Õ�O�O�Õ�N�� �Y�H�� �W�R�S�O�D�P�� �J�H�U�L�� �N�D�]�D�Q�Õ�O�D�E�L�O�L�U�� �E�L�\�R�N�•�W�O�H�� �H�Q�H�U�M�L��
�S�R�W�D�Q�V�L�\�H�O�L�� �V�Õ�U�D�V�Õ�\�O�D�� ���������� �Y�H�� ���������� �0�7�(�3�� ���0�L�O�\�R�Q�� �7�R�Q��
�(�ú�G�H�÷�H�U�� �3�H�W�U�R�O���� �R�O�D�U�D�N�� �W�D�K�P�L�Q�� �H�G�Llmektedir. Bu enerji 
�S�R�W�D�Q�V�L�\�H�O�L���L�o�H�U�L�V�L�Q�G�H���K�D�\�Y�D�Q�F�Õ�O�Õ�N�W�D�Q���\�D�N�O�D�ú�Õ�N���������P�L�O�\�R�Q��
�W�R�Q�� �\�Õ�O�O�Õ�N�� �K�D�\�Y�D�Q�� �J�•�E�U�H�V�L�� �W�D�K�P�L�Q�L�� �\�D�S�Õ�O�P�D�N�W�D�G�Õ�U��[15]. 
�+�D�\�Y�D�Q�� �J�•�E�U�H�V�L�Q�L�Q�� �E�•�\�•�N�� �E�L�U�� �E�|�O�•�P�•�Q�•�Q�� �G�R�÷�U�X�G�D�Q��
�N�Õ�U�V�D�O���D�O�D�Q�O�D�U�G�D���Õ�V�Õ�W�P�D���D�P�D�F�Õ�\�O�D���N�R�Q�W�U�R�O�V�•�]���G�H�S�R�O�D�Q�P�D�V�Õ��
�\�D�� �G�D�� �\�D�N�Õ�O�P�D�V�Õ���� �J�•�E�Uenin kalitesinde azalmaya, 
�H�Q�H�U�M�L�Q�L�Q�� �o�R�÷�X�Q�X�Q�� �N�D�\�E�Õ�Q�D���� �N�R�N�X�� �Y�H�� �J�|�U�V�H�O�� �V�R�U�X�Q�O�D�U�D����
�W�R�S�U�D�N�� �Y�H�� �V�X�� �N�L�U�O�L�O�L�÷�L�� �J�L�E�L�� �o�H�ú�L�W�O�L�� �o�H�Y�U�H�� �Y�H�� �V�D�÷�O�Õ�N��
�V�R�U�X�Q�O�D�U�Õ�Q�D���G�D���V�H�E�H�S���R�O�P�D�N�W�D�G�Õ�U��[16]. 
 
�+�D�\�Y�D�Q���D�W�Õ�N�O�D�U�Õ�Q�G�D�Q���E�L�\�R�J�D�]�� �•�U�H�W�L�P�L���� �D�W�Õ�N�O�D�U�Õ�Q���o�H�Y�U�H�\�H��
olan olumsuz etkilerinin azalt�Õ�O�P�D�V�Õ�Q�Õ�Q�� �\�D�Q�Õ�� �V�Õ�U�D�� �H�Q�H�U�M�L��
�•�U�H�W�L�P�L�Q�G�H���G�H���N�D�\�Q�D�N���R�O�D�U�D�N���N�X�O�O�D�Q�Õ�O�D�E�L�O�P�H�V�L���Y�H���S�U�R�V�H�V��
�V�R�Q�X�F�X�� �\�D�Q�� �•�U�•�Q�� �R�O�D�Q�� �I�H�U�P�H�Q�W�H�� �J�•�E�U�H�Q�L�Q�� �W�D�U�Õ�P�G�D��
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�N�X�O�O�D�Q�Õ�O�D�U�D�N�� �W�D�U�Õ�P�V�D�O�� �Y�H�U�L�P�O�L�O�L�÷�L�Q�� �D�U�W�Õ�ú�Õ�Q�D�� �N�D�W�N�Õ�G�D��
�E�X�O�X�Q�D�E�L�O�P�H�V�L���D�o�Õ�V�Õ�Q�G�D�Q���|�Q�H�P���D�U�]���H�W�P�H�N�W�H�G�L�U��[17]. 
 
�%�X�� �o�D�O�Õ�ú�P�D�G�D���(�U�]�L�Q�F�D�Q�� �ø�O�L�� �Y�H�� �L�O�o�H�O�H�U�L�Q�G�H�N�L�� �K�D�\�Y�D�Q�V�D�O��
�D�W�Õ�N�� �N�D�\�Q�D�N�O�Õ�� �E�L�\�R�J�D�]�� �S�R�W�D�Q�V�L�\�H�O�L�Q�L�Q�� �E�H�O�L�U�O�H�Q�P�H�V�L��
�D�P�D�o�O�D�Q�P�Õ�ú�W�Õ�U�����%�X���S�R�W�D�Q�V�L�\�H�O�L�Q���E�H�O�L�U�O�H�Q�P�H�V�L�Q�G�H���K�D�\�Y�D�Q��
�V�D�\�Õ�O�D�U�Õ�� �L�O�H�� �L�O�J�L�O�L�� �Y�H�U�L�O�H�U�� �V�D�K�D�� �o�D�O�Õ�ú�P�D�O�D�U�Õ�Q�G�D�Q����
�E�L�U�O�L�N�O�H�U�G�H�Q���� �N�D�P�X�� �N�X�U�X�P�O�D�U�Õ�� �Y�H�� �\�H�U�H�O�� �H�Q�V�W�L�W�•�O�H�U�G�H�Q��
�D�O�Õ�Q�P�Õ�ú�W�Õ�U���� �d�D�O�Õ�ú�P�D�Q�Õ�Q�� �|�]�J�•�Q�O�•�÷�•�� �N�D�\�Õ�W�O�Õ�� �Q�H�W�� �Y�H�U�L�O�H�U��
�•�]�H�U�L�Q�G�H�Q���o�D�O�Õ�ú�Õ�O�P�Õ�ú���R�O�P�D�V�Õ�G�Õ�U�����(�U�]�L�Q�F�D�Q���'�D�P�Õ�]�O�Õ�N���6�Õ�÷�Õ�U��
�<�H�W�L�ú�W�L�U�L�F�L�O�H�U�L�� �%�L�U�O�L�÷�L���� �(�U�]�L�Q�F�D�Q�� �*�Õ�G�D���� �7�D�U�Õ�P�� �Y�H��
�+�D�\�Y�D�Q�F�Õ�O�Õ�N���ø�O���0�•�G�•�U�O�•�÷�•���Y�H�U�L�O�H�U�L���N�X�O�O�D�Q�Õ�O�D�U�D�N���(�U�]�L�Q�F�D�Q��
�0�H�U�N�H�]���Y�H�������L�O�o�H�V�L�Q�G�H���%�•�\�•�N�E�D�ú�����.�•�o�•�N�E�D�ú���Y�H���.�D�Q�D�W�O�Õ��
�K�D�\�Y�D�Q�� �V�D�\�Õ�O�D�U�Õ���� �W�•�U�O�H�U�L�� �Y�H�� �E�X�� �K�D�\�Y�D�Q�O�D�U�G�D�Q�� �H�O�G�H��
�H�G�L�O�H�E�L�O�H�F�H�N���D�W�Õ�N���P�L�N�W�D�U�O�D�U�Õ���E�H�O�L�U�O�H�Q�H�U�H�N�����(�U�]�L�Q�F�D�Q���L�O�L�Q�L�Q��
�K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�� �N�D�\�Q�D�N�O�Õ�� �H�Q�H�U�M�L�� �S�R�W�D�Q�V�L�\�H�O�L��
�K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U��  

 
2. �0�$�7�(�5�<�$�/���9�(���<�g�1�7�(�0 
 
2.1. Materyal  
 
�d�D�O�Õ�ú�P�D�Q�Õ�Q�� �Q�L�K�D�L�� �K�H�G�H�I�L���� �(�U�]�L�Q�F�D�Q�� �L�O�L�Q�G�H���� �K�D�\�Y�D�Q�V�D�O��
�D�W�Õ�N�O�D�U�G�D�Q�� �S�R�W�D�Q�V�L�\�H�O�� �H�Q�H�U�M�L�� �•�U�H�W�L�P�� �P�L�N�W�D�U�Õ�Q�Õ�Q��
�E�H�O�L�U�O�H�Q�H�U�H�N�� �E�X�� �G�R�÷�U�X�O�W�X�G�D�� �\�D�S�Õ�O�D�E�L�O�H�F�H�N�� �W�H�V�L�V��
�o�D�O�Õ�ú�P�D�O�D�U�Õ�Q�D�� �\�R�O�� �J�|�V�W�H�U�L�F�L�� �R�O�P�D�N�W�Õ�U����Erzincan ilinin 
�K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�� �N�D�\�Q�D�N�O�Õ�� �E�L�\�R�J�D�]�� �S�R�W�D�Q�V�L�\�H�O�L�Q�L�Q��
belirlenm�H�V�L�� �L�o�L�Q�� �L�O�N�� �D�G�Õ�P�� �K�D�\�Y�D�Q�� �V�D�\�Õ�O�D�U�Õ�Q�Õ�Q��
belirlenmesidir. �%�X���o�H�U�o�H�Y�H�G�H���(�U�]�L�Q�F�D�Q���'�D�P�Õ�]�O�Õ�N���6�Õ�÷�Õ�U��
�<�H�W�L�ú�W�L�U�L�F�L�O�H�U�L�� �%�L�U�O�L�÷�L�� �Y�H�� �(�U�]�L�Q�F�D�Q�� �*�Õ�G�D���� �7�D�U�Õ�P�� �Y�H��
�+�D�\�Y�D�Q�F�Õ�O�Õ�N�� �0�•�G�•�U�O�•�÷�•�¶�Q�H�� �D�L�W�� �Y�H�U�L�O�H�U�� �D�U�D�ú�W�Õ�U�P�D�Q�Õ�Q��
�W�H�P�H�O���P�D�W�H�U�\�D�O�L�Q�L���R�O�X�ú�W�X�U�P�X�ú�W�X�U�� 

�����������%�|�O�J�H�G�H�N�L���+�D�\�Y�D�Q���6�D�\�Õ�O�D�U�Õ�Q�Õ�Q���%�H�O�L�U�O�H�Q�P�H�V�L  
�(�U�]�L�Q�F�D�Q���\�|�U�H�V�L�Q�G�H���K�D�\�Y�D�Q�F�Õ�O�Õ�N�����E�•�\�•�N�E�D�ú�����N�•�o�•�N�E�D�ú���Y�H��
�N�D�Q�D�W�O�Õ�� �K�D�\�Y�D�Q�F�Õ�O�Õ�N�� ���N�•�P�H�V���� �V�H�N�W�|�U�O�H�U�L�Q�G�H�� �J�H�O�L�ú�P�L�ú�W�L�U����
�%�•�\�•�N�E�D�ú�� �R�O�D�U�D�N���� �L�Q�H�N���� �G�•�Y�H���� �E�R�÷�D���� �W�R�V�X�Q���� �H�U�N�H�N���G�L�ú�L��
�G�D�Q�D�� �Y�H�� �H�U�N�H�N���G�L�ú�L�� �E�X�]�D�÷�Õ�� �\�H�W�L�ú�W�L�U�L�F�L�O�L�÷�L���� �N�•�o�•�N�E�D�ú��
�R�O�D�U�D�N���� �N�R�\�X�Q�� �Y�H�� �N�H�o�L�� �\�H�W�L�ú�W�L�U�L�F�L�O�L�÷�L���� �N�D�Q�D�W�O�Õ�� �K�D�\�Y�D�Q�O�D�U��
�R�O�D�U�D�N�� �G�D�� �|�U�G�H�N���� �K�L�Q�G�L���� �N�D�]�� �Y�H�� �\�X�P�X�U�W�D���E�U�R�L�O�H�U�� �W�D�Y�X�N��
�\�H�W�L�ú�W�L�U�L�F�L�O�L�÷�L���\�D�S�Õ�O�P�D�N�W�D�G�Õ�U���� 
 
�ø�O�o�H�� �E�D�]�Õ�Q�G�D���N�•�o�•�N�E�D�ú�� �Y�H�� �N�D�Q�D�W�O�Õ�� �K�D�\�Y�D�Q�� �V�D�\�Õ�O�D�U�Õ�� �L�o�L�Q��
�*�Õ�G�D���� �7�D�U�Õ�P�� �Y�H�� �+�D�\�Y�D�Q�F�Õ�O�Õ�N�� �ø�O�� �0�•�G�•�U�O�•�÷�•�� �Y�H�U�L�O�H�U�L����
�E�•�\�•�N�E�D�ú�� �K�D�\�Y�D�Q�� �V�D�\�Õ�O�D�U�Õ�� �L�o�L�Q�� �L�V�H�� �(�U�]�L�Q�F�D�Q�� �'�D�P�Õ�]�O�Õ�N��
�6�Õ�÷�Õ�U�� �<�H�W�L�ú�W�L�U�L�F�L�O�H�U�L�� �%�L�U�O�L�÷�L�� �Y�H�U�L�O�H�U�L�� �N�X�O�O�D�Q�Õ�O�D�U�D�N�� �H�O�G�H��
�H�G�L�O�H�Q���H�Q���J�•�Q�F�H�O���Y�H�U�L�O�H�U���L�O�H���K�D�\�Y�D�Q���V�D�\�Õ�O�D�U�Õ���7�D�E�O�R�������¶�G�H 
�J�|�U�•�O�P�H�N�W�H�G�L�U��  
�(�U�]�L�Q�F�D�Q�� �L�O�L�Q�G�H�� �W�R�S�O�D�P�� �E�•�\�•�N�E�D�ú�� �K�D�\�Y�D�Q�� �V�D�\�Õ�V�Õ�Q�Õ�Q��
������������ �R�O�G�X�÷�X�� �Y�H�� �E�X�Q�X�Q�� �H�Q�� �E�•�\�•�N�� �N�Õ�V�P�Õ�Q�Õ���� ������������

�E�•�\�•�N�E�D�ú�� �K�D�\�Y�D�Q�� �V�D�\�Õ�V�Õ�� �L�O�H�� �0�H�U�N�H�]�� �L�O�o�H�V�L�Q�L�Q��
�R�O�X�ú�W�X�U�G�X�÷�X�� �J�|�U�•�O�P�H�N�W�H�G�L�U���� �(�U�]�L�Q�F�D�Q�� �L�O�L�Q�G�H�N�L�� �W�R�S�O�D�P��
�N�•�o�•�N�E�D�ú���K�D�\�Y�D�Q���V�D�\�Õ�V�Õ���������������¶�G�L�U�����%�X���W�R�S�O�D�P���G�H�÷erin 
�E�•�\�•�N�� �N�Õ�V�P�Õ�Q�Õ�� �R�O�X�ú�W�X�U�D�Q�� �N�R�\�X�Q�� �V�D�\�Õ�V�Õ���� �W�R�S�O�D�P�� �D�W�Õ�÷�Õ�Q��
�\�D�N�O�D�ú�Õ�N�� �������¶�Õ�Q�Õ�� �R�O�X�ú�W�X�U�P�D�N�W�D�G�Õ�U���� �.�•�o�•�N�E�D�ú�� �K�D�\�Y�D�Q��
�P�L�N�W�D�U�Õ�Q�Õ�Q���H�Q���\�•�N�V�H�N���R�O�G�X�÷�X���L�O�o�H�O�H�U�����������������L�O�H���0�H�U�N�H�]��
�L�O�o�H�V�L�� �Y�H�� �L�N�L�Q�F�L�� �R�O�D�U�D�N�� �G�D�� ������������ �G�H�÷�H�U�L�� �L�O�H�� �7�H�U�F�D�Q��
�ø�O�o�H�V�L�¶�G�L�U�����(�U�]�L�Q�F�D�Q���L�O�L�Q�G�H�N�L���W�R�S�O�D�P���N�D�Q�D�W�O�Õ �K�D�\�Y�D�Q���V�D�\�Õ�V�Õ��
�������������¶�W�•�U�����.�D�Q�D�W�O�Õ���K�D�\�Y�D�Q���V�D�\�Õ�V�Õ���E�D�N�Õ�P�Õ�Q�G�D�Q���(�U�]�L�Q�F�D�Q��
�0�H�U�N�H�]�� �L�O�o�H�V�L���� �������������� �L�O�H�� �E�D�ú�Õ�� �o�H�N�H�U�N�H�Q���� �E�X�� �G�H�÷�H�U�L��
�������������¶�O�L�N�� �K�D�\�Y�D�Q�� �V�D�\�Õ�V�Õ�� �L�O�H�� �h�]�•�P�O�•�� �ø�O�o�H�V�L�� �W�D�N�L�S��
�H�W�P�H�N�W�H�G�L�U�����g�W�H���\�D�Q�G�D�Q�����.�H�P�D�O�L�\�H���ø�O�o�H�V�L���V�D�G�H�F�H�����������D�G�H�W��
�N�D�Q�D�W�O�Õ�� �K�D�\�Y�D�Q�� �\�H�W�L�ú�W�L�U�L�F�L�O�L�÷�L���L�O�H�� �H�Q�� �D�]�� �K�D�\�Y�D�Q�� �V�D�\�Õ�V�Õ�Q�D��
�V�D�K�L�S�� �L�O�o�H�G�L�U���� �(�U�]�L�Q�F�D�Q�� �L�O�L�Q�G�H�N�L�� �W�R�S�O�D�P�� �E�•�\�•�N�E�D�ú����
�N�•�o�•�N�E�D�ú�� �Y�H�� �N�D�Q�D�W�O�Õ�� �K�D�\�Y�D�Q�� �V�D�\�Õ�O�D�U�Õ�Q�Õ�Q�� �G�D�÷�Õ�O�Õ�P�Õ�� �ù�H�N�L�O��
���¶�G�H���J�|�U�•�O�P�H�N�W�H�G�L�U�� 

 
 
 

 
 

�ù�H�N�L�O���������7�R�S�O�D�P �E�•�\�•�N�E�D�ú�����N�•�o�•�N�E�D�ú���Y�H���N�D�Q�D�W�O�Õ���K�D�\�Y�D�Q���V�D�\�Õ�O�D�U�Õ�Q�Õ�Q���G�D�÷�Õ�O�Õ�P�Õ 
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Tablo 2. Erzincan �0�H�U�N�H�]���Y�H���L�O�o�H�O�H�U�L�Q�G�H���E�X�O�X�Q�D�Q���o�L�I�W�O�L�N�O�H�U�G�H�N�L���K�D�\�Y�D�Q���V�D�\�Õ�O�D�U�Õ 
 

 
�����������<�|�Q�W�H�P 
 
���������������%�|�O�J�H�G�H�N�L���D�W�Õ�N���P�L�N�W�D�U�Õ�Q�Õ�Q���E�H�O�L�U�O�H�Q�P�H�V�L 
 
�%�|�O�J�H�G�H�N�L�� �K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�� �P�L�N�W�D�U�O�D�U�Õ���� �E�X�� �o�D�O�Õ�ú�P�D�G�D��
�E�H�O�L�U�W�L�O�P�L�ú���R�O�D�Q���J�•�Q�F�H�O���K�D�\�Y�D�Q���V�D�\�Õ�V�Õ���Y�H���\�D�S�Õ�O�D�Q���J�•�Q�O�•�N��
�K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�� �P�L�N�W�D�U�� �N�D�E�X�O�O�H�U�L�� �J�|�]�� �|�Q�•�Q�H�� �D�O�Õ�Q�D�U�D�N��
�K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U���� �(�U�]�L�Q�F�D�Q�� �L�O�L�� �K�D�\�Y�D�Q�F�Õ�O�Õ�N�� �V�H�N�W�|�U�•�Q�G�H����
�o�H�ú�L�W�O�L���K�D�\�Y�D�Q���W�L�S�O�H�U�L�Q�H���J�|�U�H���N�D�U�D�N�W�H�U�L�]�D�V�\�R�Q���Y�H���J�•�Q�O�•�N��
�K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�� �P�L�N�W�D�U�Õ�\�O�D�� �L�O�J�L�O�L�� �K�H�U�K�D�Q�J�L�� �E�L�U�� �o�D�O�Õ�ú�P�D��
�\�D�S�Õ�O�P�D�G�Õ�÷�Õ�� �W�H�V�S�L�W�� �H�G�L�O�P�L�ú�W�L�U���� �%�X�� �Q�H�G�H�Q�O�H���� �(�U�]�L�Q�F�D�Q�� �L�O��
�*�Õ�G�D���� �7�D�U�Õ�P�� �Y�H�� �+�D�\�Y�D�Q�F�Õ�O�Õ�N�� �0�•�G�•�U�O�•�÷�•�� �\�H�W�N�L�O�L�O�H�U�L�� �Ye 
�K�D�\�Y�D�Q�F�Õ�O�Õ�N�� �L�ú�O�H�W�P�H�� �V�D�K�L�S�O�H�U�L�� �L�O�H�� �J�|�U�•�ú�P�H�O�H�U��
�J�H�U�o�H�N�O�H�ú�W�L�U�L�O�H�U�H�N�� �(�U�]�L�Q�F�D�Q�� �L�O�L�� �R�U�W�D�O�D�P�D�� �E�•�\�•�N�E�D�ú�� �F�D�Q�O�Õ��
�K�D�\�Y�D�Q�� �D�÷�Õ�U�O�Õ�÷�Õ�� �������� �N�J�� �R�O�D�U�D�N�� �N�D�E�X�O�� �H�G�L�O�P�L�ú�W�L�U�� 
�7�H�U�P�L�Q�R�O�R�M�L�N�� �D�o�Õ�G�D�Q�� �E�D�N�Õ�O�G�Õ�÷�Õ�Q�G�D�� �K�D�\�Y�D�Q�� �D�W�Õ�N�O�D�U�Õ����
�N�H�V�L�P�K�D�Q�H�� �D�W�Õ�N�O�D�U�Õ�� �G�Õ�ú�Õ�Q�G�D�� �N�D�O�D�Q�� �K�D�\�Y�D�Q�� �G�Õ�ú�N�Õ�O�D�U�Õ�Q�G�D�Q��
o�O�X�ú�D�Q�� �D�W�Õ�÷�Õ�� �L�I�D�G�H�� �H�W�P�H�N�W�H�G�L�U���� �%�•�\�•�N�E�D�ú�� �K�D�\�Y�D�Q�O�D�U�Õ�Q��

�F�D�Q�O�Õ�� �D�÷�Õ�U�O�Õ�÷�Õ�Q�D�� �E�D�÷�O�Õ�� �R�O�D�U�D�N�� �•�U�H�W�L�O�H�E�L�O�H�F�H�N�� �J�•�Q�O�•�N�� �\�D�ú��
�J�•�E�U�H�� �P�L�N�W�D�U�Õ���� �F�D�Q�O�Õ�� �D�÷�Õ�U�O�Õ�÷�Õ�Q�Õ�Q�� ����-�����
�X�� �N�D�G�D�U�G�Õ�U�� �>�����@����
�+�H�V�D�S�O�D�P�D�O�D�U�G�D�� ������ �N�D�E�X�O�•�� �\�D�S�Õ�O�D�U�D�N�� �J�•�Q�O�•�N�� �D�W�Õ�N��
�P�L�N�W�D�U�Õ���E�H�O�L�U�O�H�Q�P�L�ú�W�L�U�����.�•�o�•�N�E�D�ú���Y�H���N�D�Q�D�W�O�Õ���K�Dyvanlarda 
�L�V�H�� �7�•�U�N�L�\�H�� �K�D�\�Y�D�Q�F�Õ�O�Õ�N�� �V�H�N�W�|�U�•�Q�G�H�N�L�� �J�•�Q�O�•�N�� �D�W�Õ�N��
�P�L�N�W�D�U�O�D�U�Õ���Y�H���|�]�H�O�O�L�N�O�H�U�L���N�X�O�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U���� 
 
�+�D�\�Y�D�Q�O�D�U�Õ�Q���D�K�Õ�U�G�D���N�D�O�P�D���V�•�U�H�O�H�U�L�����V�•�W���V�Õ�÷�Õ�U�Õ���L�o�L�Q�������������H�W��
�V�Õ�÷�Õ�U�Õ���L�o�L�Q�������������N�D�Q�D�W�O�Õ���K�D�\�Y�D�Q�O�D�U���L�o�L�Q�����������Y�H���N�•�o�•�N�E�D�ú��
�K�D�\�Y�D�Q�O�D�U�� �L�o�L�Q�� �������� �R�O�P�D�N�W�D�G�Õ�U��[19, 20]. Bu nedenle 
hesaplamalarda �D�K�Õ�U�G�D���N�D�O�P�D���V�•�U�H�V�L���J�|�]���|�Q�•�Q�H���D�O�Õ�Q�D�U�D�N��
�D�W�Õ�÷�Õ�Q�� �H�O�G�H�� �H�G�L�O�H�E�L�O�L�U�O�L�N�� �R�U�D�Q�Õ���� �E�•�\�•�N�E�D�ú�� �K�D�\�Y�D�Q�O�D�U�� �L�o�L�Q��
�����������N�•�o�•�N�E�D�ú���K�D�\�Y�D�Q�O�D�U���L�o�L�Q�����������Y�H���N�D�Q�D�W�O�Õ���K�D�\�Y�D�Q�O�D�U��
�L�o�L�Q�� �������� �R�O�D�U�D�N�� �V�H�o�L�O�P�L�ú�W�L�U���� �+�H�V�D�S�O�D�P�D�O�D�U�G�D��
�N�X�O�O�D�Q�Õ�O�P�D�N�� �•�]�H�U�H�� �K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�� �W�L�S�L�Q�H�� �E�D�÷�O�Õ���� �N�D�W�Õ��
�P�D�G�G�H���� �R�U�J�D�Q�L�N�� �N�D�W�Õ�� �P�D�G�G�H�� �L�o�H�U�L�÷�L�� �Y�H�� �E�L�\�R�J�D�]�� �•�U�H�W�L�P��
�S�R�W�D�Q�V�L�\�H�O�L�Q�H�� �L�O�L�ú�N�L�Q�� �\�D�S�Õ�O�D�Q�� �N�D�E�X�O�O�H�U�� �7�D�E�O�R�� ���¶�G�H��
�|�]�H�W�O�H�Q�P�L�ú�W�L�U���� 

 
�7�D�E�O�R���������$�W�Õ�N miktar kabulleri 

Hayvan Tipi 
�$�W�Õ�N���0�L�N�W�D�U�Õ 

�N�J���D�W�Õ�N���K�D�\�Y�D�Q�
�J�•�Q 
Kaynaklar  

�%�•�\�•�N�E�D�ú���+�D�\�Y�D�Q�O�D�U 29.75 [18] 
�.�•�o�•�N�E�D�ú���+�D�\�Y�D�Q�O�D�U 
�.�R�\�X�Q���Y�H���.�H�o�L 

2 [21] 

�.�D�Q�D�W�O�Õ�����.�•�P�H�V�����+�D�\�Y�D�Q�O�D�U   
Broiler Tavuk 0.19 [22] 

�<�X�P�X�U�W�D���7�D�Y�X�÷�X 0.13 [22] 
Hindi-Kaz-�g�U�G�H�N 0.07 [23] 

 
�7�R�S�O�D�P�� �D�W�Õ�N�� �P�L�N�W�D�U�O�D�U�Õ���� �J�•�Q�F�H�O���K�D�\�Y�D�Q�� �V�D�\�Õ�O�D�U�Õ�� �L�O�H�� �7�D�E�O�R�� ���¶�G�H���Y�H�U�L�O�P�L�ú�� �R�O�D�Q�� �N�D�E�X�O�O�H�U�H�� �E�D�÷�O�Õ�� �R�O�D�U�D�N���� �W�R�Q���D�W�Õ�N���\�Õ�O�� �R�O�D�U�D�N��
�K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U�� �%�X���K�H�V�D�S�O�D�P�D�O�D�U���o�H�U�o�H�Y�H�V�L�Q�G�H���H�O�G�H���H�G�L�O�H�Q���\�Õ�O�O�Õ�N���K�D�\�Y�D�Q���D�W�Õ�N���P�L�N�W�D�U�O�D�U�Õ���7�D�E�O�R�����¶�W�H���V�X�Q�X�O�P�X�ú�W�X�U���� 

�ø�/�d�(�/�(�5 

�%�h�<�h�.�%�$�ù��
2017 

�6�R�\���Y�H���g�Q���6�R�\��
�.�•�W�•�N���%�L�U�O�L�N�W�H 

KANATLI -2015 �.�h�d�h�.�%�$�ù-2015 

Yumurta Broiler �'�L�÷�H�U�
 Toplam Koyun �.�H�o�L Toplam 

MERKEZ 24646 430000 135000 1390 566390 119039 2605 121644 

�ø�/�ø�d 533 1425  90 1515 59022 9424 68446 

KEMAH 1435 1500  302 1802 54586 6482 61068 

�2�7�/�8�.�%�(�/�ø 2363 3400  175 3575 2523 258 2781 

TERCAN 15222 5497  2465 7962 87256 4999 92255 

�5�(�)�$�+�ø�<�( 6208 3000  560 3560 3457 1513 4970 

�.�(�0�$�/�ø�<�( 324 200  20 220 14125 14349 28474 

�h�=�h�0�/�h 5213 750 139500 190 140440 40509 800 41309 

�d�$�<�,�5�/�, 8923 3000  750 3750 21610 2161 23771 

TOPLAM  64867 448772 274500 5942 729214 402127 42591 444718 

�
�'�L�÷�H�U�����g�U�G�H�N�����K�L�Q�G�L���Y�H���N�D�]���V�D�\�Õ�O�D�U�Õ�Q�Õ�Q���W�R�S�O�D�P�Õ�Q�Õ���Y�H�U�P�H�N�W�H�G�L�U��  

28 
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Tablo 4. �+�D�\�Y�D�Q���D�W�Õ�N���P�L�N�W�D�U�O�D�U�Õ 

�ø�/�d�(�/�(�5 
�%�•�\�•�N�E�D�ú �$�W�Õ�N��

�0�L�N�W�D�U�Õ�����W�R�Q���\�Õ�O�� 
�.�D�Q�D�W�O�Õ���$�W�Õ�N 

 �0�L�N�W�D�U�Õ�����W�R�Q���\�Õ�O�� 
�.�•�o�•�N�E�D�ú�� 

�$�W�Õ�N���0�L�N�W�D�U�Õ�����W�R�Q���\�Õ�O�� 
�7�R�S�O�D�P���$�W�Õ�N��

�0�L�N�W�D�U�Õ�����W�R�Q���\�Õ�O�� 

MERKEZ 133812 29503 11544 174859 
�ø�/�ø�d 2894 69 6496 9459 
KEMAH 7791 78 5795 13664 
�2�7�/�8�.�%�(�/�ø 12830 164 264 13258 
TERCAN 82646 321 8755 91722 
�5�(�)�$�+�ø�<�( 33706 155 472 34333 
�.�(�0�$�/�ø�<�( 1759 10 2702 4471 
�h�=�h�0�/�h 28303 9618 3920 41841 
�d�$�<�,�5�/�, 48446 160 2256 50862 
TOPLAM  352187 40078 42204 434469 

 
�+�D�\�Y�D�Q�� �V�D�\�Õ�O�D�U�Õ�� �Y�H�� �W�•�U�O�H�U�L�Q�H�� �E�D�÷�O�Õ�� �R�O�D�U�D�N�� �R�O�X�ú�D�Q�� �D�W�Õ�N��
�P�L�N�W�D�U�O�D�U�Õ�� �L�Q�F�H�O�H�Q�G�L�÷�L�Q�G�H�� �H�Q�� �I�D�]�O�D�� �D�W�Õ�÷�Õ�� �E�•�\�•�N�E�D�ú��
�K�D�\�Y�D�Q�O�D�U�Õ�Q�� �R�O�X�ú�W�X�U�G�X�÷�X�� �J�|�U�•�O�P�H�N�W�H�G�L�U���� �<�Õ�O�O�Õ�N�� �W�R�S�O�D�P��
�G�H�÷�H�U�O�H�U�H���J�|�U�H���R�O�X�ú�D�Q���D�W�Õ�N���P�L�N�W�D�U�O�D�U�Õ���E�•�\�•�N�W�H�Q���N�•�o�•�÷�H����
�������������� �W�R�Q�� �D�W�Õ�N���\�Õ�O�� �L�O�H�� �E�•�\�•�N�E�D�ú�� �K�D�\�Y�D�Q�O�D�U����42204 
�W�R�Q���D�W�Õ�N���\�Õ�O���L�O�H���N�•�o�•�N�E�D�ú���K�D�\�Y�D�Q�O�D�U���Y�H���������������W�R�Q���D�W�Õ�N���\�Õ�O��
�N�D�Q�D�W�O�Õ�� �K�D�\�Y�D�Q�O�D�U�� �ú�H�N�O�L�Q�G�H�� �V�Õ�U�D�O�D�Q�D�E�L�O�L�U���� �+�D�\�Y�D�Q��
�W�•�U�O�H�U�L�Q�G�H�Q�� �N�D�\�Q�D�N�O�D�Q�D�Q�� �D�W�Õ�N�� �P�L�N�W�D�U�O�D�U�Õ�Q�Õ�Q�� �\�•�]�G�H�O�L�N��
�J�H�Q�H�O�� �G�D�÷�Õ�O�Õ�P�Õ�� �ù�H�N�L�O�� ���¶�W�H�� �Y�H�U�L�O�P�L�ú�W�L�U���� �� �%�•�\�•�N�E�D�ú��
�K�D�\�Y�D�Q�O�D�U�G�D�Q�� �H�O�G�H�� �H�G�L�O�H�Q�� �D�W�Õ�N�� �P�L�N�W�D�U�Õ���� �W�R�S�O�D�P�� �D�W�Õ�N��
�P�L�N�W�D�U�Õ�� �L�o�H�U�L�V�L�Q�G�H�� �� �������� �L�O�H�� �H�Q�� �E�•�\�•�N�� �N�Õ�V�P�Õ��
�R�O�X�ú�W�X�U�P�D�N�W�D�G�Õ�U�� 
 

 

�ù�H�N�L�O�� ���� �+�D�\�Y�D�Q�� �D�W�Õ�N�O�D�U�Õ�Q�Õ�Q�� �N�D�\�Q�D�÷�Õ�Q�D�� �J�|�U�H�� �\�•�]�G�H�O�L�N��
�G�D�÷�Õ�O�Õ�P�Õ 
 

�%�•�\�•�N�E�D�ú���� �N�•�o�•�N�E�D�ú�� �Y�H�� �N�D�Q�D�W�O�Õ�� �K�D�\�Y�D�Q�� �D�W�Õ�N��
�P�L�N�W�D�U�O�D�U�Õ�Q�Õ�Q�� �L�O�o�H�O�H�U�H�� �J�|�U�H�� �G�D�÷�Õ�O�Õ�P�Õ�� �L�Q�F�H�O�H�Q�G�L�÷�L�Q�G�H����
�E�•�\�•�N�E�D�ú�� �N�D�\�Q�D�N�O�Õ�� �H�Q�� �\�•�N�V�H�N �D�W�Õ�N�� �P�L�N�W�D�U�Õ�Q�Õ�Q�� �\�L�Q�H��
�E�•�\�•�N�E�D�ú���K�D�\�Y�D�Q���V�D�\�Õ�V�Õ���H�Q���I�D�]�O�D���R�O�D�Q���(�U�]�L�Q�F�D�Q���0�H�U�N�H�]��
�ø�O�o�H�V�L�¶�Q�G�H���R�O�G�X�÷�X���J�|�U�•�O�P�H�N�W�H�G�L�U�����0�H�U�N�H�]���L�O�o�H�\�L���7�H�U�F�D�Q����
�d�D�\�Õ�U�O�Õ�� �Y�H�� �5�H�I�D�K�L�\�H�� �L�O�o�H�O�H�U�L�� �L�]�O�H�P�H�N�W�H�G�L�U���� �.�•�o�•�N�E�D�ú��
�K�D�\�Y�D�Q�� �D�W�Õ�N�� �P�L�N�W�D�U�Õ�Q�Õ�Q�� �\�Õ�O�O�Õ�N�� �R�O�D�U�D�N�� �H�Q�� �I�D�]�O�D�� �R�O�G�X�÷�X��
�L�O�o�H�O�H�U�����0�H�U�N�H�]���L�O�H���7�H�U�F�D�Q���L�O�o�H�O�H�U�L�G�L�U�����$�\�Q�Õ���]�D�P�D�Q�G�D���E�X��
�L�O�o�H�O�H�U���� �K�D�\�Y�D�Q�� �V�D�\�Õ�V�Õ�Q�Õ�Q�� �G�D�� �H�Q�� �I�D�]�O�D�� �R�O�G�X�÷�X�� �L�O�o�H�O�H�U�G�L�U������
�.�D�Q�D�W�O�Õ�� �K�D�\�Y�D�Q�� �D�W�Õ�N�� �P�L�N�W�D�U�Õ�Q�Õ�Q�� �H�Q�� �I�D�]�O�D�� �R�O�G�X�÷�X�� �L�O�o�H�O�H�U����
�0�H�U�N�H�]�� �L�O�H�� �h�]�•�P�O�•�� �L�O�o�H�O�H�U�L�G�L�U���� �%�X�� �L�O�o�H�O�H�U�G�H�N�L�� �D�W�Õ�N��
�P�L�N�W�D�U�Õ�Q�Õ�Q���I�D�]�O�D���R�O�P�D�V�Õ�Q�Õ�Q���Q�H�G�H�Q�L���L�V�H���\�R�÷�X�Q���E�L�U���ú�H�N�L�O�G�H��
�E�U�R�L�O�H�U���Y�H���\�X�P�X�U�W�D���W�D�Y�X�N�o�X�O�X�÷�X���\�D�S�Õ�O�Õ�\�R�U���R�O�P�D�V�Õ�G�Õ�U���� 
 
�%�•�\�•�N�E�D�ú�����N�•�o�•�N�E�D�ú���Y�H���N�D�Q�D�W�O�Õ���K�D�\�Y�D�Q�O�D�U�G�D�Q���H�O�G�H���H�G�L�O�H�Q��
�D�W�Õ�N�� �P�L�N�W�D�U�Õ�Q�Õ�Q�� �(�U�]�L�Q�F�D�Q�� �J�H�Q�H�O�L�Q�G�H�N�L�� �W�R�S�O�D�P�� �G�H�÷�H�U�L����
���������������W�R�Q���\�Õ�O���R�O�D�U�D�N���K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U�����ø�O�o�H���E�D�]�O�Õ���K�D�\�Y�D�Q��
�D�W�Õ�N�� �G�D�÷�Õ�O�Õ�P�Õ�� �L�Q�F�H�O�H�Q�G�L�÷�L�Q�G�H�� �H�Q�� �I�D�]�O�D�� �D�W�Õ�÷�Õ�Q�� ��������������
�W�R�Q���\�Õ�O�� �L�O�H�� �0�H�U�N�H�]�� �L�O�o�H�G�H�� �J�H�U�o�H�N�O�H�ú�W�L�÷�L�� �K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U����
�0�H�U�N�H�]�� �L�O�o�H�G�H�� �E�•�\�•�N�E�D�ú�� �K�D�\�Y�D�Q�F�Õ�O�Õ�÷�Õ�Q�� �\�D�\�J�Õ�Q�� �R�O�P�D�V�Õ��
�G�R�O�D�\�Õ�V�Õ�\�O�D�� �E�X�� �L�O�o�H�G�H�Q�� �H�O�G�H�� �H�G�L�O�H�Q�� �E�•�\�•�N�E�D�ú�� �N�D�\�Q�D�N�O�Õ��
�D�W�Õ�N�� �P�L�N�W�D�U�Õ�� �G�H�÷�H�U�L�� �G�H�� �\�•�N�V�H�N�� �R�O�P�D�N�W�D�G�Õ�U���� �0�H�U�N�H�]�¶�G�H�Q��
�V�R�Q�U�D���������������W�R�Q���\�Õ�O���L�O�H���7�H�U�F�D�Q�����������������W�R�Q���\�Õ�O���L�O�H���d�D�\�Õ�U�O�Õ����
������������ �W�R�Q���\�Õ�O�� �L�O�H�� �h�]�•�P�O�•���� ������������ �W�R�Q���\�Õ�O�� �L�O�H�� �5�H�I�D�K�L�\�H����
������������ �W�R�Q���\�Õ�O�� �L�O�H�� �.�H�P�D�K���� ������������ �W�R�Q���\�Õ�O�� �L�O�H�� �2�W�O�X�N�E�H�O�L����
���������� �W�R�Q���\�Õ�O�� �L�O�H�� �ø�O�L�o�� �Y�H�� ���������� �W�R�Q���\�Õ�O�� �L�O�H�� �.�H�P�D�O�L�\�H��
�J�H�O�P�H�N�W�H�G�L�U�������ù�H�N�L�O�������� 

 

 

�ù�H�N�L�O���������7�R�S�O�D�P �K�D�\�Y�D�Q���D�W�Õ�N���P�L�N�W�D�U�O�D�U�Õ�Q�Õ�Q���L�O�o�H���E�D�]�O�Õ���G�D�÷�Õ�O�Õ�P�Õ 

29 



A K SEYHAN/APJES 6-1 (2018) 25-35 
 

 
�+�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�O�D�U�Õ�Q�� �H�Q�H�U�M�L�� �•�U�H�W�L�P�� �S�R�W�D�Q�V�L�\�H�O�O�H�U�L���� �E�X��
�o�D�O�Õ�ú�P�D�� �N�D�S�V�D�P�Õ�Q�G�D�� �L�Q�F�H�O�H�Q�P�L�ú�W�L�U���� �+�H�U�� �K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N��
�W�L�S�L���� �N�L�P�\�D�V�D�O�� �Y�H�� �I�L�]�L�N�V�H�O�� �|�]�H�O�O�L�N�O�H�U�L�Q�H�� �E�D�÷�O�Õ�� �R�O�D�U�D�N��

�G�H�÷�L�ú�H�Q���I�D�U�N�O�Õ���H�Q�H�U�M�L���S�R�W�D�Q�V�L�\�H�O�O�H�U�L�Q�H���V�D�K�L�S�W�L�U�����7�D�E�O�R�����¶�W�H��
�K�D�\�Y�D�Q���D�W�Õ�N�O�D�U�Õ�Q�Õ�Q���N�D�E�X�O���H�G�L�O�H�Q���|�]�H�O�O�L�N�O�H�U�L���Y�H�U�L�O�P�L�ú�W�L�U�� 

 
Tablo 5. �+�D�\�Y�D�Q���D�W�Õ�N�O�D�U�Õ�Q�Õ�Q���N�D�E�X�O���H�G�L�O�H�Q���|�]�H�O�O�L�N�O�H�U�L�����>�����@ 

�$�W�Õ�N���7�•�U�• 
K.M.  

���.�D�W�Õ���0�D�G�G�H�� 
O.K.M.  

���2�U�J�D�Q�L�N���.�D�W�Õ���0�D�G�G�H�� 
Biyogaz Potansiyeli 

(m3/ton O.K.M.)  

�%�•�\�•�N�E�D�ú���K�D�Y�\�D�Q���D�W�Õ�÷�Õ 14.5% 77.5% 250 
�.�D�Q�D�W�O�Õ���K�D�\�Y�D�Q���D�W�Õ�÷�Õ 28 % 80 % 400 

�.�•�o�•�N�E�D�ú���K�D�\�Y�D�Q���D�W�Õ�÷�Õ 30 % 80 % 200 
 
�3�R�W�D�Q�V�L�\�H�O�� �K�H�V�D�S�O�D�P�D�O�D�U�Õ�Q�G�D�� �N�X�O�O�D�Q�Õ�O�P�D�N�� �•�]�H�U�H�� �W�H�P�H�O��
�D�O�Õ�Q�D�Q�� �G�R�÷�D�O�J�D�]���� �N�|�P�•�U���� �J�•�E�U�H�� �Y�H�� �H�O�H�N�W�U�L�N�� �E�L�U�L�P��
�I�L�\�D�W�O�D�U�Õ���� �N�|�P�•�U���� �E�L�\�R�J�D�]�� �L�O�H�� �G�R�÷�D�O�J�D�]�Õ�Q�� �N�D�O�R�U�L�I�L�N��

�G�H�÷�H�U�O�H�U�L�� �Y�H�� �E�X�Q�O�D�U�D�� �H�N�� �R�O�D�U�D�N�� �N�R�M�H�Q�H�U�D�V�\�R�Q�� �Y�H�U�L�P�L����
�'�R�O�D�U���Y�H���(�X�U�R���P�H�U�N�H�]���E�D�Q�N�D�V�Õ���H�I�H�N�W�L�I���D�O�Õ�ú���I�L�\�D�W�O�D�U�Õ���7ablo 
���¶�G�D���Y�H�U�L�O�P�L�ú�W�L�U�� 

 
Tablo 6. Potansiyel �K�H�V�D�S�O�D�P�D�O�D�U�Õ�Q�G�D���\�D�S�Õ�O�D�Q���N�D�E�X�O�O�H�U���>�������������@ 

PARAMETRE  �'�(�ö�(�5  �%�ø�5�ø�0 
1 m3 biyogaz 0.65 m3 CH4 
�%�L�\�R�J�D�]���D�O�W���Õ�V�Õ�O���G�H�÷�H�U�L 5.837 kwh/m3 

�.�R�M�H�Q�H�U�D�V�\�R�Q���(�O�H�N�W�U�L�N���h�U�H�W�L�P���9�H�U�L�P�L 42% - 

Kojenerasyon Termal Verim 46% - 

�'�R�÷�D�O�J�D�]���E�L�U�L�P���I�L�\�D�W�Õ 0.60 TL/m3 �G�R�÷�D�O�J�D�] 

�.�|�P�•�U���E�L�U�L�P���I�L�\�D�W�Õ 150 �7�/���W�R�Q���N�|�P�•�U 

�(�O�H�N�W�U�L�N���E�L�U�L�P���I�L�\�D�W�Õ 0.39 TL/kWh elektrik 

�0�H�U�N�H�]���%�D�Q�N�D�V�Õ���(�I�H�N�W�L�I���$�O�Õ�ú�����2�F�D�N�������������� 2.94 USD/TRY 

�0�H�U�N�H�]���%�D�Q�N�D�V�Õ���(�I�H�N�W�L�I���$�O�Õ�ú�����2�F�D�N�������������� 3.20 EUR/TRY 
 
3. BULGULAR  
 
���������%�L�\�R�J�D�]���h�U�H�W�L�P���3�R�W�D�Q�V�L�\�H�O�L 
 
Tablo 7. Erzincan �L�O�L���W�R�S�O�D�P���E�L�\�R�J�D�]���•�U�H�W�L�P���S�R�W�D�Q�V�L�\�H�O�L 

�ø�/�d�(�/�(�5 

�%�•�\�•�N�E�D�ú��
�$�W�Õ�N��

�0�L�N�W�D�U�Õ��
���W�R�Q���\�Õ�O�� 

�.�D�Q�D�W�O�Õ��
�$�W�Õ�N��

�0�L�N�W�D�U�Õ��
���W�R�Q���\�Õ�O�� 

�.�•�o�•�N�E�D�ú��
�$�W�Õ�N��

�0�L�N�W�D�U�Õ��
���W�R�Q���\�Õ�O�� 

Toplam 
�$�W�Õ�N��

�0�L�N�W�D�U�Õ��
���W�R�Q���\�Õ�O�� 

Biyogaz 
Potansiyeli 

���P�����\�Õ�O�� 

Metan 
Potansiyel
�L�����P�����\�Õ�O�� 

Elektrik 
�h�U�H�W�L�P�L��

(kWh e���\�Õ�O�� 

�,�V�Õ���h�U�H�W�L�P�L��
���N�F�D�O���\�Õ�O�� 

Kurulu 
�*�•�o�� 

(kW e) 

Ton 
�(�ú�G�H�÷�H�U��
Petrol 

���7�(�3�������\�Õ�O�� 

MERKEZ  133812 29503 11544 174860 6956896 4521982 17055108 16064863228 1947 1466,74 
�ø�/�ø�d 2894 69 6496 9459 399286 259536 978866 922031964 112 84,18 
KEMAH  7791 78 5795 13665 504058 327637 1235717 1163969851 141 106,27 
�2�7�/�8�.�%�(�/�ø 12830 164 264 13258 387807 252075 950725 895524361 109 81,76 

TERCAN 82646 321 8755 91722 2 770 798 1801019 6792722 6398326909 775 584,17 
�5�(�)�$�+�ø�<�( 33706 155 472 34332 983451 639243 2410970 2270985307 275 207,34 

�.�(�0�$�/�ø�<�( 1759 10 2702 4471 180012 117008 441307 415683943 50 37,95 
�h�=�h�0�/�h 28303 9618 3920 41841 1845056 1199287 4523229 4260603728 516 389,00 
�d�$�<�,�5�/�, 48446 160 2256 50862 1483647 964371 3637220 3426037822 415 312,80 

TOPLAM  352187 40078 42204 434469 15511011 1008215
7 38025864 35818027112 4341 3270,22 

 
�(�U�]�L�Q�F�D�Q�� �ø�O�L�Q�L�Q�� �K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�� �P�L�N�W�D�U�Õ�� �Y�H�� �E�X��
�D�W�Õ�N�O�D�U�G�D�Q�� �H�O�G�H�� �H�G�L�O�H�F�H�N�� �R�O�D�Q�� �E�L�\�R�J�D�]�� �H�Q�H�U�M�L�V�L��
�S�R�W�D�Q�V�L�\�H�O�L�Q�L���E�H�O�L�U�O�H�P�H�N���D�P�D�F�Õ�\�O�D�����E�|�O�J�H�G�H���\�H�U���D�O�D�Q��
�L�ú�O�H�W�P�H�O�H�U�G�H�� �N�D�\�Õ�W�O�Õ�� �R�O�D�Q�� �K�D�\�Y�D�Q�� �V�D�\�Õ�O�D�U�Õ�Q�Õ�Q�� �L�O�o�H��
�E�D�]�Õ�Q�G�D�� �\�Õ�O�O�Õ�N�� �K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�� �•�U�H�W�L�P�� �P�L�N�W�D�U�Õ�� �Y�H�� �E�X��
�D�W�Õ�N�O�D�U�G�D�Q��elde edilebilecek biyogaz ve metan 

�S�R�W�D�Q�V�L�\�H�O�L�� �K�H�V�D�S�O�D�P�D�O�D�U�Õ�� �\�D�S�Õ�O�P�Õ�ú�W�Õ�U���� �%�•�\�•�N�E�D�ú����
�N�•�o�•�N�E�D�ú���Y�H���N�D�Q�D�W�O�Õ���K�D�\�Y�D�Q���V�D�\�Õ�O�D�U�Õ���E�D�]���D�O�Õ�Q�D�U�D�N���E�X��
�D�W�Õ�N�O�D�U�Õ�Q�� �G�H�÷�H�U�O�H�Q�G�L�U�L�O�P�H�V�L�\�O�H�� �H�O�G�H�� �H�G�L�O�H�E�L�O�H�F�H�N��
�E�L�\�R�J�D�]���� �P�H�W�D�Q���� �H�O�H�N�W�U�L�N�� �Y�H�� �Õ�V�Õ�� �P�L�N�W�D�U�O�D�U�Õ�Q�Õ�Q�� �L�O�o�H��
�E�D�]�Õ�Q�G�D���G�D�÷�Õ�O�Õ�P�Õ���7�D�E�O�R�����¶�G�H���V�X�Q�X�O�P�X�ú�W�X�U�� 
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Erzincan ilinin toplam biyogaz potansiyeli 
15511011 m3���\�Õ�O�� �R�O�D�U�D�N�� �K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U���� �%�L�\�R�J�D�]��
�•�U�H�W�L�P���S�R�W�D�Q�V�L�\�H�O�L���L�O�o�H�O�H�U���E�D�]�Õ�Q�G�D���L�Q�F�H�O�H�Q�G�L�÷�L�Q�G�H���H�Q��
�\�•�N�V�H�N���S�R�W�D�Q�V�L�\�H�O�H���V�D�K�L�S���L�O�o�H�Q�L�Q���������������������P3���\�Õ�O���L�O�H��
�0�H�U�N�H�]�� �L�O�o�H�� �R�O�G�X�÷�X�� �E�H�O�L�U�O�H�Q�P�L�ú�W�L�U���� �%�X�Q�X�� �V�Õ�U�D�V�Õ�\�O�D��
�7�H�U�F�D�Q���� �h�]�•�P�O�•���� �d�D�\�Õ�U�O�Õ���� �5�H�I�D�K�L�\�H���� �.�H�P�D�K���� �ø�O�L�o����
�2�W�O�X�N�E�H�O�L���Y�H���.�H�P�D�O�L�\�H���L�]�O�H�P�H�N�W�H�G�L�U�����%�L�\�R�J�D�]���•�U�H�W�L�P��
�S�R�W�D�Q�V�L�\�H�O�L�Q�L�Q�� �L�O�o�H�O�H�U�� �E�D�]�Õ�Q�G�D�� �N�Õ�\�D�V�O�D�Q�P�D�V�Õ�� �ù�H�N�L�O��

���¶�G�D�� �Y�H�U�L�O�P�L�ú�W�L�U���� �h�U�H�W�L�O�H�Q�� �E�L�\�R�J�D�]�Õ�Q�� �V�D�I�O�Õ�N�� �G�H�Uecesi, 
�P�H�W�D�Q�� �L�o�H�U�L�÷�L�� �L�O�H�� �E�H�O�L�U�O�H�Q�P�H�N�W�H�G�L�U���� �*�H�Q�H�O�� �E�L�U��
�\�D�N�O�D�ú�Õ�P�O�D���� �E�L�U�� �E�L�\�R�J�D�]�� �W�H�V�L�V�L�Q�L�Q�� �V�R�U�X�Q�V�X�]��
�o�D�O�Õ�ú�D�E�L�O�P�H�V�L���L�o�L�Q���•�U�H�W�W�L�÷�L���E�L�\�R�J�D�]�����H�Q���D�]�����������P�H�W�D�Q��
�L�o�H�U�L�÷�L�Q�H���V�D�K�L�S���R�O�P�D�O�Õ�G�Õ�U�����d�D�O�Õ�ú�P�D���N�D�S�V�D�P�Õ�Q�G�D����������
�P�H�W�D�Q�� �•�U�H�W�L�O�H�F�H�÷�L�� �N�D�E�X�O�•�� �L�O�H�� �(�U�]�L�Q�F�D�Q�� �L�O�L�Q�L�Q�� �\�Õ�O�O�Õ�N��
metan �•�U�H�W�L�P�� �S�R�W�D�Q�V�L�\�H�O�L�� ������������������ �P3 olarak 
�K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U�� 

 

 

�ù�H�N�L�O������ �(�U�]�L�Q�F�D�Q���L�O�L���W�R�S�O�D�P���E�L�\�R�J�D�]���S�R�W�D�Q�V�L�\�H�O�L�Q�L�Q���L�O�o�H���E�D�]�O�Õ���G�D�÷�Õ�O�Õ�P�Õ 

 
�(�U�]�L�Q�F�D�Q�� �L�O�L�Q�L�Q�� �E�L�\�R�J�D�]�G�D�Q�� �•�U�H�W�L�O�H�E�L�O�H�F�H�N�� �\�Õ�O�O�Õ�N��
�W�R�S�O�D�P�� �H�O�H�N�W�U�L�N�� �•�U�H�W�L�P�L�� �S�R�W�D�Q�V�L�\�H�O�L��������������������������������������������������������
38025864 kWhe �R�O�D�U�D�N�� �K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U���� �(�Q�� �\�•�N�V�H�N��
�H�O�H�N�W�U�L�N�� �•�U�H�W�L�P�L�� �E�L�\�R�J�D�]�� �S�R�W�D�Q�V�L�\�H�O�L�Q�L�Q�� �G�H�� �H�Q�� �I�D�]�O�D��

�R�O�G�X�÷�X�� �0�H�U�N�H�]�� �L�O�o�H�G�L�U���� �(�U�]�L�Q�F�D�Q�� �L�O�L�Q�G�H�� �K�D�\�Y�D�Qsal 
�D�W�Õ�N�� �N�D�\�Q�D�N�O�Õ�� �E�L�\�R�J�D�]�G�D�Q�� �H�O�H�N�W�U�L�N�� �•�U�H�W�L�P�L�Q�L�Q�� �L�O�o�H��
�E�D�]�O�Õ���G�D�÷�Õ�O�Õ�P�Õ���ù�H�N�L�O�����¶�G�H���Y�H�U�L�O�P�L�ú�W�L�U�� 

 

 

�ù�H�N�L�O������ �(�U�]�L�Q�F�D�Q���L�O�L���W�R�S�O�D�P���E�L�\�R�J�D�]���S�R�W�D�Q�V�L�\�H�O�L�Q�G�H�Q���H�O�H�N�W�U�L�N���•�U�H�W�L�P�L���L�O�o�H���G�D�÷�Õ�O�Õ�P�Õ 
 
�(�O�H�N�W�U�L�N���S�L�\�D�V�D�V�Õ�Q�G�D���I�D�D�O�L�\�H�Wte bulunan lisans sahibi 
�ú�L�U�N�H�W�O�H�U�L�Q�� �7���&���� �(�Q�H�U�M�L�� �3�L�\�D�V�D�V�Õ�� �'�•�]�H�Q�O�H�P�H��
�.�X�U�X�P�X�Q�D�� �V�X�Q�P�X�ú�� �R�O�G�X�N�O�D�U�Õ�� �E�L�O�G�L�U�L�P�O�H�U�� �H�V�D�V��
�D�O�Õ�Q�D�U�D�N�� �K�D�]�Õ�U�O�D�Q�P�Õ�ú�� �R�O�D�Q�� �(�\�O�•�O������������ �(�O�H�N�W�U�L�N��
�3�L�\�D�V�D�V�Õ���6�H�N�W�|�U���5�D�S�R�U�X�¶�Q�D���J�|�U�H���(�U�]�L�Q�F�D�Q���L�O�L���H�O�H�N�W�U�L�N��

�W�•�N�H�W�L�P�� �P�L�N�W�D�U�Õ�������������������� �0�:�K�� �R�O�X�S�� �7�•�U�N�L�\�H��
gene�O�L�Q�G�H�������������¶�O�L�N���R�U�D�Q�D���V�D�K�L�S�W�L�U���>�����@���� 
���� �N�L�ú�L�O�L�N�� �E�L�U�� �D�L�O�H�Q�L�Q�� �D�V�J�D�U�L�� �\�D�ú�D�P�� �V�W�D�Q�G�D�U�W�Õ�Q�D�� �J�|�U�H��
�D�\�O�Õ�N�� �H�O�H�N�W�U�L�N�� �W�•�N�H�W�L�P�L�� �D�U�D�ú�W�Õ�U�P�D�O�D�U�D�� �J�|�U�H�� ��������
kWh/ay  [28] , 230.4 kWh/ay [29] ve 297.8 
�N�:�K���D�\�¶�G�Õ�U �>�����@���� �%�X�� �G�H�÷�H�U�O�H�U���J�|�]�� �|�Q�•�Q�H�� �D�O�Õ�Q�D�U�D�N������
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�N�L�ú�L�O�L�N�� �E�L�U�� �D�L�O�H�Q�L�Q�� �D�V�J�D�U�L�� �\�D�ú�D�P�� �V�W�D�Q�G�D�U�W�Õ�Q�D�� �J�|�U�H��
�R�U�W�D�O�D�P�D�� �D�\�O�Õ�N�� �H�O�H�N�W�U�L�N�� �W�•�N�H�W�L�P�L�� �������� �N�:�K���D�\�� �Y�H��
�\�Õ�O�O�Õ�N�� �H�O�H�N�W�U�L�N�� �W�•�N�H�W�L�P�L�� ���������� �N�:�K���\�Õ�O�� �R�O�D�U�D�N��
�K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U�����d�D�O�Õ�ú�P�D�G�D�� �(�U�]�L�Q�F�D�Q�� �L�O�L�� �L�o�L�Q  �\�Õ�O�O�Õ�N��
�E�L�\�R�J�D�]�
�G�D�Q�� �H�O�H�N�W�U�L�N�� �•retim potansiyeli 38 025 864 
kWh �R�O�D�U�D�N�� �K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U���� �%�X�� �G�X�U�X�P�G�D��Erzincan 
�L�O�L�Q�L�Q���E�L�\�R�J�D�]���S�R�W�D�Q�V�L�\�H�O�L���G�H�÷�H�U�O�H�Q�G�L�U�L�O�G�L�÷�L���W�D�N�G�L�U�G�H��

�•�U�H�W�L�O�H�F�H�N�� �H�Q�H�U�M�L�� �\�D�N�O�D�ú�Õ�N��14300 hanenin elektrik 
�L�K�W�L�\�D�F�Õ�Q�Õ���N�D�U�ú�Õ�O�D�\�D�E�L�O�H�F�H�N�W�L�U�� 
�(�U�]�L�Q�F�D�Q�� �L�O�L�Q�G�H�� �K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�� �N�D�\�Q�D�N�O�Õ�� �E�L�\�R�J�D�]��
�•�U�H�W�L�P���S�R�W�D�Q�V�L�\�H�O�L�Q�G�H�Q���\�D�U�D�U�O�D�Q�Õ�O�D�U�D�N����������������������������
�N�F�D�O���\�Õ�O���D�W�Õ�N���Õ�V�Õ���•�U�H�W�L�P�L���J�H�U�o�H�N�O�H�ú�W�L�U�L�O�H�E�L�O�L�U�����(�U�]�L�Q�F�D�Q��
�L�O�L�Q�G�H�� �K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�� �N�D�\�Q�D�N�O�Õ�� �E�L�\�R�J�D�]�G�D�Q�� �Õ�V�Õ��
�•�U�H�W�L�P�L�Q�L�Q���L�O�o�H���E�D�]�O�Õ���G�D�÷�Õ�O�Õ�P�Õ���ù�H�N�L�O�����¶�G�H���Y�H�U�L�O�P�L�ú�W�L�U�� 

  

 

�ù�H�N�L�O������ E�U�]�L�Q�F�D�Q���L�O�L���W�R�S�O�D�P���E�L�\�R�J�D�]���S�R�W�D�Q�V�L�\�H�O�L�Q�G�H�Q���Õ�V�Õ���•�U�H�W�L�P�L���L�O�o�H���E�D�]�O�Õ���G�D�÷�Õ�O�Õ�P�Õ 

 
�����������*�H�O�L�U���Y�H���)�D�\�G�D���+�H�V�D�S�O�D�P�D�O�D�U�Õ 
 
�(�U�]�L�Q�F�D�Q�� �L�O�L�Q�G�H�� �K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�� �N�D�\�Q�D�N�O�Õ�� �E�L�\�R�J�D�]�� �•�U�H�W�L�P�L�Q�L�Q�� �G�|�Q�•�ú�•�P�•�� �L�O�H�� �H�O�G�H�� �H�G�L�O�H�E�L�O�H�F�H�N�� �H�O�H�N�W�U�L�N�� �Y�H�� �D�W�Õ�N�� �Õ�V�Õ��
�N�D�\�Q�D�N�O�Õ���I�D�\�G�D�O�D�U���7�D�E�O�R�����¶�G�H���Y�H�U�L�O�P�L�ú�W�L�U�� 
 
Tablo 8. �(�U�]�L�Q�F�D�Q���L�O�L���K�D�\�Y�D�Q���D�W�Õ�N�O�D�U�Õ�Q�Õ�Q���E�L�\�R�J�D�]���W�H�V�L�V�O�H�U�L�Q�G�H���N�X�O�O�D�Q�Õ�O�P�D�V�Õ���L�O�H���H�O�G�H���H�G�L�O�H�F�H�N���I�D�\�G�D�O�D�U 

FAYDA  �(�O�H�N�W�U�L�N���.�D�\�Q�D�N�O�Õ���)�D�\�G�D 
�,�V�Õ�O���.�D�\�Q�D�N�O�Õ���)�D�\�G�D 

�'�R�÷�D�O�J�D�]���(�ú�G�H�÷�H�U�L�Q�H��
�*�|�U�H 

�.�|�P�•�U���(�ú�G�H�÷�H�U�L�Q�H���*�|�U�H 

�ø�/�d�(�/�(�5 �h�U�H�W�L�P 
(kWh e���\�Õ�O�� 

�)�D�\�G�D�V�Õ 
���7�/���\�Õ�O�� 

Miktar  
(m3���\�Õ�O�� 

Fayda 
���7�/���\�Õ�O�� 

Miktar  
���W�R�Q���\�Õ�O�� 

Fayda 
���7�/���\�Õ�O�� 

MERKEZ  17055108 6992594 1947256 1168354 5355 803243 

�ø�/�ø�d 978866 401335 111761 67057 307 46102 

KEMAH  1235717 506644 141087 84652 388 58198 

�2�7�/�8�.�%�(�/�ø 950725 389797 108548 65129 299 44776 

TERCAN 6792722 2785016 775555 465333 2133 319916 

�5�(�)�$�+�ø�<�( 2410970 988498 275271 165163 757 113549 

�.�(�0�$�/�ø�<�( 441307 180936 50386 30232 139 20784 

�h�=�h�0�/�h 4523229 1854524 516437 309862 1420 213030 

�d�$�<�,�5�/�, 3637220 1491260 415277 249166 1142 171302 

TOPLAM  38025864 15590604 4341579 2604947 11939 1790901 
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�(�U�]�L�Q�F�D�Q�� �L�O�L�Q�G�H�� �K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�O�D�U�Õ�Q�� �E�L�\�R�J�D�]��
�V�D�Q�W�U�D�O�O�H�U�L�Q�G�H�� �G�H�÷�H�U�O�H�Q�G�L�U�L�O�P�H�V�L�\�O�H���� �H�O�H�N�W�U�L�N��
�N�D�\�Q�D�N�O�Õ�� �R�O�D�U�D�N�� �\�Õ�O�O�Õ�N�� ������������������ �7�/�� �I�D�\�G�D��
�V�D�÷�O�D�Q�P�D�V�Õ�� �P�•�P�N�•�Q�� �R�O�D�F�D�N�W�Õ�U�����$�W�Õ�N�� �Õ�V�Õ�G�D�Q��
�V�D�÷�O�D�Q�D�E�L�O�H�F�H�N���I�D�\�G�D���N�|�P�•�U���Y�H���G�R�÷�D�O�J�D�]���H�ú�G�H�÷�H�U�L�Q�H��
�J�|�U�H���K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U�����(�O�G�H���H�G�L�O�H�F�H�N���D�W�Õ�N���Õ�V�Õ�����G�R�÷�D�O�J�D�]��
�H�ú�G�H�÷�H�U�L�� �R�O�D�U�D�N�� �N�D�E�X�O�� �H�G�L�O�G�L�÷�L�Q�G�H�� �V�D�÷�O�D�Q�D�F�D�N�� �I�D�\�G�D��
�\�Õ�O�O�Õ�N�������������������7�/���R�O�D�F�D�N�W�Õ�U�����.�|�P�•�U���H�ú�G�H�÷�H�U�L���R�O�D�U�D�N��
�N�D�E�X�O���H�G�L�O�G�L�÷�L�Q�G�H�����N�|�P�•�U�•�Q���G�D�K�D���G�•�ú�•�N��maliyetli bir 
�\�D�N�Õ�W�� �R�O�P�D�V�Õ�� �V�H�E�H�E�L�\�O�H�� �\�Õ�O�O�Õ�N�� �V�D�÷�O�D�Q�D�F�D�N�� �I�D�\�G�D��
�����������������7�/���R�O�D�F�D�N�W�Õ�U�� 
 
4. �'�(�ö�(�5�/ E�1�'�ø�5�0�(���9�(���6�2�1�8�d 
 
�7�•�U�N�L�\�H�
�Q�L�Q�� �E�|�O�J�H�V�H�O�� �Y�H�� �J�H�Q�H�O�� �E�L�\�R�J�D�]�� �•�U�H�W�L�P��
�S�R�W�D�Q�V�L�\�H�O�L�Q�L�� �G�H�÷�H�U�O�H�Q�G�L�U�P�H�N�� �L�o�L�Q�� �E�L�U�o�R�N�� �o�D�O�Õ�ú�P�D��
�\�D�S�Õ�O�P�Õ�ú�W�Õ�U���� �%�X�Q�X�Q�O�D�� �E�L�U�O�L�N�W�H���� �E�X�� �o�D�O�Õ�ú�P�D�O�D�U�� �o�H�ú�L�W�Oi 
�E�L�\�R�J�D�]�� �N�D�\�Q�D�N�O�D�U�Õ�Q�Õ�Q�� �H�Q�H�U�M�L�� �S�R�W�D�Q�V�L�\�H�O�L�Q�H��
�R�G�D�N�O�D�Q�P�Õ�ú�W�Õ�U���>������������������-�����@�����7�•�U�N�L�\�H���H�N�R�Q�R�P�L�V�L�Q�L�Q��
�H�V�D�V�H�Q�� �W�D�U�Õ�P�� �Y�H�� �K�D�\�Y�D�Q�F�Õ�O�Õ�N�� �D�O�D�Q�O�D�U�Õ�Q�G�D�� �I�D�D�O�L�\�H�W��
�J�|�V�W�H�U�H�Q�� �G�R�÷�X�� �ú�H�K�L�U�O�H�U�L�Q�G�H�Q�� �E�L�U�L�� �R�O�D�Q�� �(�U�]�L�Q�F�D�Q�
�Õ�Q��
�E�L�\�R�J�D�]�� �S�R�W�D�Q�V�L�\�H�O�L�Q�L�� �Q�H�W�� �Y�H�U�L�O�H�U�� �•�]�H�U�L�Q�G�H�Q�� �R�U�W�D�\�D��
�o�Õ�N�D�U�W�D�Q�� �E�L�U�� �o�D�O�Õ�ú�P�D�\�D�� �U�D�V�W�O�D�Q�D�P�D�P�Õ�ú�W�Õ�U����
�/�L�W�H�U�D�W�•�U�G�H�N�L�� �E�H�Q�]�H�U�� �o�D�O�Õ�ú�P�D�O�D�U�G�D�� �o�R�÷�X�Q�O�X�N�O�D��
�P�D�W�H�U�\�D�O�� �R�O�D�U�D�N�� �7�•�U�N�L�\�H�� �ø�V�W�D�W�L�V�W�L�N�� �.�X�U�X�P�X�¶�Q�X�Q��
���7�8�ø�.�����Y�H�U�L�O�H�U�L���N�X�O�O�D�Q�Õ�O�P�D�N�W�D�G�Õ�U���������������������������������@���� 
 
�(�U�]�L�Q�F�D�Q�� �L�O�L�Q�G�H�� �E�•�\�•�N�E�D�ú���� �N�•�o�•�N�E�D�ú�� �Y�H�� �N�D�Q�D�W�O�Õ��
�K�D�\�Y�D�Q�� �o�L�I�W�O�L�N�O�H�U�L�Q�G�H�� �R�O�X�ú�D�Q�� �K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�O�D�U����
�K�H�U�K�D�Q�J�L�� �E�L�U�� �D�W�Õ�N�� �\�|�Q�H�W�L�P�L�Q�H�� �G�k�K�L�O�� �H�G�L�O�P�H�G�H�Q����
�G�R�÷�U�X�G�D�Q�� �E�H�O�H�G�L�\�H�Q�L�Q�� �o�|�S�� �G�H�S�R�O�D�P�D�� �V�D�K�D�O�D�U�Õ�Q�D��
�J�|�Q�G�H�U�L�O�P�H�N�W�H���Y�H�\�D���W�D�U�Õ�P���D�O�D�Q�O�D�U�Õ�Q�G�D���W�R�S�U�D�÷�Õ�Q���D�O�W�Õ�Q�D��
�N�D�U�Õ�ú�W�Õ�U�Õ�O�D�U�D�N�� �J�•�E�U�H�O�H�P�H�G�H�� �N�X�O�O�D�Q�Õ�P�� �D�P�D�F�Õ�\�O�D��
�E�H�U�W�D�U�D�I�� �H�G�L�O�P�H�N�W�H�G�L�U���� �� �%�X�� �X�\�J�X�O�D�P�D�O�D�U���� �o�H�Y�U�H�� �Y�H��
hava �N�L�U�O�L�O�L�÷�L���� �N�L�P�\�D�V�D�O�� �Y�H�� �E�L�\�R�O�R�M�L�N�� �E�R�]�X�Q�P�D�O�D�U��
�V�R�Q�X�F�X���D�W�Õ�N�O�D�U�G�D�Q���V�Õ�]�D�Q���V�Õ�]�Õ�Q�W�Õ���V�X�O�D�U�Õ�Q�Õ�Q�����W�R�S�U�D�÷�D���Y�H��
�\�H�U�D�O�W�Õ�� �V�X�O�D�U�Õ�Q�D�� �N�D�U�Õ�ú�P�D�V�Õ�\�O�D�� �o�H�Y�U�H�� �Y�H�� �L�Q�V�D�Q�� �V�D�÷�O�Õ�÷�Õ��
�E�D�N�Õ�P�Õ�Q�G�D�Q�� �V�R�Q�� �G�H�U�H�F�H�� �F�L�G�G�L�� �S�U�R�E�O�H�P�O�H�U��
�R�O�X�ú�W�X�U�D�E�L�O�P�H�N�W�H�G�L�U���� �7�D�U�Õ�P�� �D�O�D�Q�O�D�U�Õ�Q�Õ�Q�� �Y�H�U�L�P�V�L�]�� �Y�H��
�N�X�O�O�D�Q�Õ�O�D�P�D�]�� �K�Dle gelmesine de sebebiyet verirken, 
�W�H�P�L�]���V�X���N�D�\�Q�D�N�O�D�U�Õ�\�O�D���G�R�÷�U�X�G�D�Q���G�R�÷�U�X�\�D���E�D�÷�O�D�Q�W�Õ�O�Õ��
�R�O�D�Q�� �\�H�U�� �D�O�W�Õ�� �V�X�O�D�U�Õ�Q�Õ�� �G�D�� �N�L�U�O�H�W�P�H�N�W�H�G�L�U���� �%�X�Q�X�Q��
�\�D�Q�Õ�V�Õ�U�D�� �\�•�N�V�H�N�� �H�Q�H�U�M�L�� �•�U�H�W�L�P�� �S�R�W�D�Q�V�L�\�H�O�L�Q�H�� �V�D�K�L�S��
�R�O�D�Q�� �E�X�� �K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�O�D�U�Õ�Q���� �G�H�÷�H�U�O�H�Q�G�L�U�L�O�P�H�G�H�Q��
bertaraf edilmesi, mill�L�� �H�Q�H�U�M�L�� �N�D�\�Q�D�N�O�D�U�Õ�P�Õ�]�Õ�Q�� �E�L�U��
�N�D�\�E�Õ�G�Õ�U�� 
 
�%�X�� �V�H�E�H�S�O�H�� �(�U�]�L�Q�F�D�Q�� �L�O�L�Q�G�H�� �G�H�÷�H�U�O�H�Q�G�L�U�L�O�P�H�\�H�Q��
�D�W�Õ�N�O�D�U�Õ�Q�� �H�N�R�Q�R�P�L�\�H�� �N�D�]�D�Q�G�Õ�U�Õ�O�P�D�V�Õ�� �\�|�Q�•�Q�G�H����
�(�U�]�L�Q�F�D�Q���0�H�U�N�H�]���Y�H���L�O�o�H�O�H�U�L�Q�G�H���E�X�O�X�Q�D�Q���K�D�\�Y�D�Q�F�Õ�O�Õ�N��
�L�ú�O�H�W�P�H�O�H�U�L�Q�G�H�Q�� �N�D�\�Q�D�N�O�Õ�� �D�W�Õ�N�O�D�U�Õ�Q���� �E�L�\�R�J�D�]�� �H�Q�H�U�M�L�V�L��
potansiyelinin belirle�Q�P�H�V�L�� �D�P�D�o�O�D�Q�P�Õ�ú�W�Õ�U���� �%�X��
�S�R�W�D�Q�V�L�\�H�O�L�Q�� �E�H�O�L�U�O�H�Q�P�H�V�L�Q�G�H�� �K�D�\�Y�D�Q�� �V�D�\�Õ�O�D�U�Õ�� �L�O�H��
�L�O�J�L�O�L�� �Y�H�U�L�O�H�U�� �V�D�K�D�� �o�D�O�Õ�ú�P�D�O�D�U�Õ�Q�G�D�Q���� �E�L�U�O�L�N�O�H�U�G�H�Q����
�N�D�P�X�� �N�X�U�X�P�O�D�U�Õ�� �Y�H�� �\�H�U�H�O�� �H�Q�V�W�L�W�•�O�H�U�G�H�Q�� �D�O�Õ�Q�P�Õ�ú�W�Õ�U����
�d�D�O�Õ�ú�P�D�Q�Õ�Q�� �|�]�J�•�Q�O�•�÷�•�� �N�D�\�Õ�W�O�Õ�� �Q�H�W�� �Y�H�U�L�O�H�U�� �•�]�H�U�L�Q�G�H�Q��
�o�D�O�Õ�ú�Õ�O�P�Õ�ú�� �R�O�P�D�V�Õ�G�Õ�U����Elde edilen verilerden 
�K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�� �P�L�N�W�D�U�O�D�U�Õ�� �Y�H�� �E�X�� �D�W�Õ�N�O�D�U�Õ�Q�� �E�L�\�R�J�D�]��

�S�R�W�D�Q�V�L�\�H�O�L�� �E�H�O�L�U�O�H�Q�H�U�H�N�� �E�|�O�J�H�G�H�N�L�� �D�W�Õ�N�O�D�U�Õ�Q�� �H�O�Hktrik 
�Y�H���Õ�V�Õ���H�Q�H�U�M�L�V�L���S�R�W�D�Q�V�L�\�H�O�L���K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U���� 
 
�%�X�Q�D���J�|�U�H���(�U�]�L�Q�F�D�Q���L�O�L�Q�G�H���W�R�S�O�D�P���E�•�\�•�N�E�D�ú���K�D�\�Y�D�Q��
�V�D�\�Õ�V�Õ�� ���������������N�•�o�•�N�E�D�ú�� �K�D�\�Y�D�Q�� �V�D�\�Õ�V�Õ�� ������������, 
�N�D�Q�D�W�O�Õ���K�D�\�Y�D�Q���V�D�\�Õ�V�Õ���L�V�H���������������¶�W�•�U�����d�D�O�Õ�ú�P�D�G�D���H�O�G�H��
�H�G�L�O�H�Q���E�X���V�D�\�Õ�V�D�O���Y�H�U�L�O�H�U�H���J�|�U�H�����(�U�]�L�Q�F�D�Q���J�H�Q�H�O�L�Q�G�H�N�L��
�W�R�S�O�D�P�� �D�W�Õ�N�� �P�L�N�W�D�U�Õ�� �L�V�H�� �������������� �W�R�Q���\�Õ�O�� �R�O�D�U�D�N��
�K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U���� �%�X�� �D�W�Õ�N�� �P�L�N�W�D�U�O�D�U�Õ�Q�D�� �J�|�U�H�� �(�U�]�L�Q�F�D�Q��
ilinin toplam biyogaz potansiyeli 15511011 m3���\�Õ�O��
�R�O�D�U�D�N�� �K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U���� �%�L�\�R�J�D�]�G�D�Q�� �•�U�H�W�L�O�H�E�L�O�H�F�H�N��
�\�Õ�O�O�Õ�N�� �W�R�S�O�D�P �H�O�H�N�W�U�L�N�� �•�U�H�W�L�P�L�� �S�R�W�D�Q�V�L�\�H�O��38025864 
kWhe�¶�G�Õ�U���� �$�\�U�Õ�F�D�� �D�\�Q�Õ�� �N�D�\�Q�D�N�O�Õ�� �E�L�\�R�J�D�]�� �•�U�H�W�L�P��
�S�R�W�D�Q�V�L�\�H�O�L�Q�G�H�Q�� �\�D�U�D�U�O�D�Q�Õ�O�D�U�D�N�� �L�O�G�H�� ������������������������
�N�F�D�O���\�Õ�O���Õ�V�Õ���H�Q�H�U�M�L�V�L���•�U�H�W�L�P�L���G�H���H�O�G�H���H�G�L�O�H�E�L�O�H�F�H�N�W�L�U���� 
 
Bu durumda �\�Õ�O�O�Õ�N�� �W�R�S�O�D�P�� �H�O�H�N�W�U�L�N�� �•�U�H�W�L�P�L��
potansiyeli 38025864 kWhe  olan Erzincan ilinin 
�E�L�\�R�J�D�]�� �S�R�W�D�Q�V�L�\�H�O�L�� �G�H�÷�H�U�O�H�Q�G�L�U�L�O�G�L�÷�L�� �W�D�N�G�L�U�G�H��
�•�U�H�W�L�O�H�F�H�N�� �H�Q�H�U�M�L�� �\�D�N�O�D�ú�Õ�N��14300 hanenin elektrik 
�L�K�W�L�\�D�F�Õ�Q�Õ���N�D�U�ú�Õ�O�D�\�D�E�L�O�H�F�H�N�W�L�U�� 
 
�(�U�]�L�Q�F�D�Q�¶�G�D���\�H�W�H�U���V�D�\�Õ�G�D���K�D�\�Y�D�Q�V�D�O���D�W�Õ�÷�Õ�Q �E�X�O�X�Q�G�X�÷�X��
�Y�H�� �E�X�� �D�W�Õ�N�O�D�U�Õ�Q�� �G�H�÷�H�U�O�H�Q�G�L�U�L�O�P�H�V�L�� �\�R�O�X�\�O�D�� �H�O�H�N�W�U�L�N��
�N�D�\�Q�D�N�O�Õ�� �R�O�D�U�D�N�� �\�Õ�O�O�Õ�N�� ������������������ �7�/�� �I�D�\�G�D��
�V�D�÷�O�D�Q�D�F�D�÷�Õ�� �J�|�U�•�O�P�H�N�W�H�G�L�U���� �,�V�Õ�� �H�Q�H�U�M�L�V�L�Q�G�H�Q��
�V�D�÷�O�D�Q�D�F�D�N�� �\�Õ�O�O�Õ�N�� �I�D�\�G�D�� �N�|�P�•�U�� �Y�H�� �G�R�÷�D�O�J�D�]�� �L�O�H��
�P�X�N�D�\�H�V�H�� �H�G�L�O�G�L�÷�L�Q�G�H���� �G�R�÷�D�O�J�D�]�� �H�ú�G�H�÷�H�U�L�Q�H�� �J�|�U�H��
2604947 TL iken �G�D�K�D���G�•�ú�•�N���P�D�O�L�\�H�W�O�L���N�|�P�•�U�H���J�|�U�H��
�L�V�H�������������������7�/���R�O�D�F�D�N�W�Õ�U���� 
 
�d�D�O�Õ�ú�P�D�G�D�� �E�|�O�J�H�G�H�N�L�� �E�•�\�•�N�E�D�ú�� �K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�O�D�U�Õ�Q��
�������¶�V�L�����N�•�o�•�N�E�D�ú���K�D�\�Y�D�Q���D�W�Õ�N�O�D�U�Õ�Q�Õ�Q���������¶�•�����N�D�Q�D�W�O�Õ��
�K�D�\�Y�D�Q���D�W�Õ�N�O�D�U�Õ�Q�Õ�Q���L�V�H���������¶�X�Q�X�Q���H�O�G�H���H�G�L�O�H�E�L�O�L�U�����W�•�P��
�E�X���K�D�\�Y�D�Q�V�D�O���D�W�Õ�N�O�D�U�Õ�Q���H�ú�L�W���S�D�U�o�D�O�D�Q�P�D���N�D�Sasitesi ile 
�E�L�\�R�O�R�M�L�N�� �R�O�D�U�D�N�� �S�D�U�o�D�O�D�Q�D�E�L�O�L�U�� �R�O�G�X�÷�X�� �|�Q�J�|�U�•�V�•�\�O�H��
�\�D�S�Õ�O�D�Q�� �K�H�V�D�S�O�D�P�D�O�D�U�� �V�R�Q�X�F�X�Q�G�D���� �E�L�\�R�J�D�]�� �N�D�\�Q�D�N�O�Õ��
�H�O�H�N�W�U�L�N���N�X�U�X�O�X���J�•�F�•���E�D�N�Õ�P�Õ�Q�G�D�Q���(�U�]�L�Q�F�D�Q�¶�Õ�Q������������������
�0�:�¶�O�Õ�N�� �E�L�U�� �S�R�W�D�Q�V�L�\�H�O�� �E�D�U�Õ�Q�G�Õ�U�G�Õ�÷�Õ���� �E�L�\�R�J�D�]�� �Y�H��
�H�Q�H�U�M�L���•�U�H�W�L�P�L���G�H�÷�H�U�O�H�U�L���D�o�Õ�V�Õ�Q�G�D�Q���G�D���N�D�\�G�D���G�H�÷�H�U���E�L�U��
�Q�L�W�H�O�L�N���W�D�ú�Õ�G�Õ�÷�Õ���J�|�U�•�O�P�H�N�W�H�G�L�U������ 
 
�6�R�Q�X�o�� �R�O�D�U�D�N���(�U�]�L�Q�F�D�Q���|�]�H�O�L�Q�G�H�� �K�D�\�Y�D�Q�V�D�O���D�W�Õ�N�O�D�U�Õ�Q��
bertaraf edilmesinde biyogaz teknolojisinin katma 
�G�H�÷�H�U�L�� �\�•�N�V�H�N�� �|�Q�H�P�O�L�� �E�L�U�� �\�|�Q�W�H�P�� �R�O�G�X�÷�X��
�J�|�U�•�O�P�H�N�W�H�G�L�U���� �� �ø�O�H�U�O�H�\�H�Q�� �\�Õ�O�O�D�U�G�D���� �V�H�N�W�|�U�H�O��
�J�H�O�L�ú�P�H�O�H�U�H�� �E�D�÷�O�Õ�� �R�O�D�U�D�N���� �(�U�]�L�Q�F�D�Q�� �Y�H�� �L�O�o�H�O�H�U�L�Q�G�H��
�K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�O�D�U�G�D�� �D�U�W�Õ�ú�� �\�D�ú�D�Q�D�F�D�N�W�Õ�U���� �0�H�Y�F�X�W��
�J�H�O�H�Q�H�N�V�H�O���X�\�J�X�O�D�P�D�O�D�U�Õ�Q���G�H�Y�D�P���H�W�P�H�V�L���G�X�U�X�P�X�Q�G�D��
�L�V�H�� �K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�� �N�R�N�X�V�X���� �V�H�U�D�� �J�D�]�Õ�� �V�D�O�Õ�Q�Õ�P�O�D�U�Õ��
�Q�H�G�H�Q�L�\�O�H�� �D�]�D�O�D�Q�� �K�D�Y�D�� �N�D�O�L�W�H�V�L���� �K�L�M�\�H�Q���� �D�W�Õ�N�O�D�U�Õ�Q��
�J�|�P�•�O�P�H�V�L���Y�H���G�H�S�R�O�D�P�D���L�o�L�Q���X�\�J�X�Q���D�O�D�Q���Eulamama 
�J�L�E�L���V�R�U�X�Q�O�D�U���J�L�W�W�L�N�o�H���D�U�W�D�F�D�N���Y�H���I�L�Q�D�Q�V�D�O���D�o�Õ�G�D�Q���\�•�N��
�R�O�X�ú�W�X�U�P�D�\�D�� �E�D�ú�O�D�\�D�F�D�N�W�Õ�U���� �2�\�V�D�� �E�L�\�R�J�D�]��
�W�H�V�L�V�O�H�U�L�Q�G�H���D�W�Õ�N�O�D�U�Õ�Q���E�H�U�W�D�U�D�I���H�G�L�O�P�H�V�L�\�O�H���o�H�Y�U�H�V�H�O���Y�H��
�P�D�O�L�� �S�U�R�E�O�H�P�O�H�U�� �o�|�]�•�O�H�F�H�N���� �D�\�Q�Õ�� �]�D�P�D�Q�G�D�� �N�Õ�U�V�D�O��
�N�D�O�N�Õ�Q�P�D���V�D�÷�O�D�Q�D�U�D�N�����K�D�\�Y�D�Q�V�D�O���D�W�Õ�N�O�D�U���\�H�Q�L�O�H�Q�H�E�L�O�Lr 
�H�Q�H�U�M�L���N�D�\�Q�D�÷�Õ���R�O�D�U�D�N���G�H�÷�H�U�O�H�Q�G�L�U�L�O�H�E�L�O�H�F�H�N�W�L�U�� 
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�(�U�]�L�Q�F�D�Q�� �L�O�L�� �Y�H�� �L�O�o�H�O�H�U�L�Q�G�H�� �E�•�\�•�N�E�D�ú���� �N�•�o�•�N�E�D�ú�� �Y�H��
�N�D�Q�D�W�O�Õ�� �K�D�\�Y�D�Q�� �V�D�\�Õ�O�D�U�Õ���� �K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�� �P�L�N�W�D�U�Õ���� �E�X��
�D�W�Õ�N�O�D�U�G�D�Q�� �H�O�G�H�� �H�G�L�O�H�E�L�O�H�F�H�N�� �E�L�\�R�J�D�]���� �H�O�H�N�W�U�L�N�� �Y�H�� �Õ�V�Õ��
�H�Q�H�U�M�L�V�L�� �•�U�H�W�L�P�� �S�R�W�D�Q�V�L�\�H�O�O�H�U�L���� �K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N��
ka�\�Q�D�N�O�Õ�� �E�L�\�R�J�D�]�� �\�D�W�Õ�U�Õ�P�O�D�U�Õ�� �L�o�L�Q�� �X�P�X�W�� �Y�D�D�W��
etmektedir. Bu durum biyogaz tesislerinin 
�N�X�U�X�O�X�P�X�Q�X���J�H�U�H�N�W�L�U�L�U�N�H�Q�����W�H�V�L�V���L�o�L�Q���R�O�D�V�Õ���S�R�W�D�Q�V�L�\�H�O��
�G�H���E�|�O�J�H�G�H���P�H�Y�F�X�W�W�X�U���� 
 
�<�D�S�Õ�O�D�Q���E�X���o�D�O�Õ�ú�P�D�Q�Õ�Q�����(�U�]�L�Q�F�D�Q���L�O�L�Q�G�H���W�H�V�L�V���H�G�L�O�H�F�H�N��
�E�L�\�R�J�D�]���W�H�V�L�V�O�H�U�L�Q�L�Q���S�O�D�Q�O�D�Q�P�D�V�Õ�Q�G�D���\�R�O���J�|�V�W�H�U�L�F�L���E�L�U��
�U�H�K�E�H�U�� �R�O�P�D�V�Õ�Q�Õ�Q�� �\�D�Q�Õ�� �V�Õ�U�D�� �E�•�\�•�N�E�D�ú���� �N�•�o�•�N�E�D�ú�� �Y�H��
�N�D�Q�D�W�O�Õ���K�D�\�Y�D�Q�O�D�U�G�D�Q���N�D�\�Q�D�N�O�Õ���D�W�Õ�N�O�D�U�G�D�Q���H�Q�H�U�M�L���H�O�G�H��
�H�G�L�O�P�H�V�L�\�O�H�� �V�•�U�G�•�U�•�O�H�E�L�O�L�U�� �E�L�U�� �D�W�Õ�N�� �\�|�Q�H�W�L�P�� �P�R�G�H�O�L��
�R�O�X�ú�W�X�U�P�D�V�Õ�� �K�H�G�H�I�O�H�Q�P�H�N�W�H�G�L�U���� �ø�O�H�U�L�G�H�N�L��
�o�D�O�Õ�ú�P�D�O�D�U�G�D�� �P�H�Y�F�X�W�� �Y�H�U�L�O�H�U�� �N�X�O�O�D�Q�Õ�O�D�U�D�N�� �(�U�]�L�Q�F�D�Q 
�L�O�L�Q�G�H�� �E�X�O�X�Q�D�Q�� �K�D�\�Y�D�Q�V�D�O�� �D�W�Õ�N�O�D�U�Õ�Q�� �W�R�S�O�D�Q�D�U�D�N�� �E�L�U��
�E�L�\�R�J�D�]�� �W�H�V�L�V�L�Q�H�� �D�N�W�D�U�Õ�O�P�D�N�� �L�V�W�H�Q�P�H�V�L�� �G�X�U�X�P�X�Q�G�D��
�K�D�Q�J�L���E�|�O�J�H�O�H�U�G�H���E�L�\�R�J�D�]���W�H�V�L�V�O�H�U�L�Q�L�Q���N�X�U�X�O�D�E�L�O�H�F�H�÷�L��
�o�D�O�Õ�ú�P�D�V�Õ���•�]�H�U�L�Q�H���R�G�D�N�O�D�Q�Õ�O�D�E�L�O�L�U�� 
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Abstract 
 
Ethanol production from lignocellulosic materials has been extensively studied in order to substitute fossil fuels. 
The aim of the study was to investigate the potential of Pocidonia oceanica residues as a potential source of 
fermentable sugars for bioethanol production in an integrated process. By consecutive supercritical CO2 and 
�V�X�S�H�U�F�U�L�W�L�F�D�O���Z�D�W�H�U�����6�&�:�����K�\�G�U�R�O�\�V�L�V���Z�L�W�K���D���V�R�O�L�G���O�L�T�X�L�G���U�D�W�L�R���R�I���������������Z���Y�����D�W�����������ƒ�&�����F�H�O�O�X�O�R�V�H���D�Q�G���O�L�J�Q�L�Q���Z�H�U�H��
retained in solid phase whereas a reducing sugar value of 14.1 g/L was quantified in the liquid phase. Supercritical 
CO2 extraction acted as a pretreatment method in order to loosen the lignin structure and SCW hydrolysis was 
responsible for both releasing some of the hemicellulose in the matrix. The results are very promising in terms of 
deployment of the utilization processes to industrial scale applications, thereby proposing an alternative solution 
to the landfill of P. oceanica residues.  
 
Keywords: Marine Biomass, Hydrothermal Liquefaction, Supercritical CO2, Supercritical Water Hydrolysis, 
Reducing Sugar. 
 
 
1. INTRODUCTI ON 
 
Environmental issues related to the energy resources 
have been discussed all over the world over the past 
few decades but have grown as its importance 
become more explicit recently with the development 
of ecological sustainability policies [1]. The studies 
to substitute fossil fuel are focused on ethanol 
production and particularly from lignocellulosic 
materials as they are abundant and constitute higher 
cellulosic and hemicellulosic contents up to 80-95 % 
[2, 3]. 
 
The bioconversion of the lignocellulosic materials to 
bioethanol includes two processes: hydrolysis of 
cellulose to fermentable sugars and fermentation of 
the sugars to ethanol. The aim of the first step is to 
reduce the cellulose crystallinity, increase porosity 
and especially remove lignin. However this process 
is generally carried out with dilute acid solutions 
which are toxic, corrosive, hazardous and require 
reactors that are resistant to corrosion [4]. In dilute 
acid hydrolysis, depolymerisation of lignin is 
performed [5]. Cellulose and hemicelluloses in the 
biomass are liquefied in basic sugar forms and this 
sugar containing broth can be used for further 
applications such as paper pulp, polymeric materials, 
scaffold for tissue culturing, biodispersants, resins, 
carbon fibers, composites, H2 and CO production 
and also chemical intermediates to replace those 
derived from oil [6]. Recently research efforts have 

been dedicated to develop obtaining sugar rich 
fractions in liquid form which allow further usage of 
sugars.  
 
Pocidonia oceanica is a highly available seagrass in 
Turkey and its functionalities for several biological 
activities were demonstrated with a high amounts of 
holocellulose (65-75 %) which make it a unique 
candidate for both utilization of sugars and 
subsequently bioethanol production with a 
biorefinery approach [7]. Therefore an efficient 
separation of cellulose and leaving lignin in biomass 
could potentially enhance the economics of 
bioethanol production from liquid phase. 
 
Supercritical fluid applications are considered to be 
�µ�J�U�H�H�Q�¶�� �D�O�W�H�U�Q�D�W�L�Y�H�V�� �W�R�� �W�K�H�� �F�R�U�U�R�V�L�Y�H�� �D�F�L�G�V�� �D�Q�G��
organic solvents, which are used industrially at 
present [8]. The behavior of a lignocellulosic 
material in supercritical systems was investigated 
before, where water dissolved hemicelluloses 
completely, leaving lignin in the solid phase without 
introduction of chemicals to the process [9].  
 
The objective of this study was to investigate the 
effect of temperature and solid:liquid ratio (w/v) for 
obtaining a sugar rich fraction of P. oceanica by 
employing supercritical water hydrolysis without 
adding a catalyst or a chemical reagent. The response 
was based on maximization of the sugar content in 
the liquid phase.  
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Subsequently, amounts of reducing sugars in the 
liquid phase were quantified in order to propose a 
holistic approach for utilization of P. oceanica 
residues as a feedstock, rather than to be deposited 
for landfill. 
 
2. MATERI ALS AND METHODS  
 
2.1. Materials 
 
Posidonia oceanica leaves were harvested from 
Izmir, Turkey. These wastes were washed with 
distilled water in order to eliminate sand and 
contaminants and then dried to a constant weight at 
room temperature. The dried sample was chopped 
into small pieces and passed through a 0.2-0.5 cm 
�V�L�H�Y�H���D�Q�G���V�W�R�U�H�G���D�W�������ƒ�&���� 
 
2.2. Supercritical Water Hydrolysis 
 
The supercritical water (SCW) biomass conversion 
system used in this study was a batch-type reaction 
vessel with an working volume of 100 cm3. The 
meshed biomass and water were fed with a ratio of 
1.2:15 (w:v) to the hydrolysis reactor. The gas in the 
vessel was replaced with nitrogen gas and then it was 
heated at the set temperature. After cooling to room 
temperature, water-soluble portion was retrieved by 
filtration. The filtrate was used for reduced sugar 
analysis, and filter was dried to constant weight in an 
�R�Y�H�Q�����0�H�P�P�H�U�W�����*�H�U�P�D�Q�\�����D�W�������ƒ�&�����3�X�O�S���\�L�H�O�G���Z�D�V��
calculated by the amount of the obtained solid after 
hydrolysis per the amount of the solid biomass. 
 
2.3. Reducing Sugar Analyis 
 
Total reducing sugars in the residue was determined 
colorimetrically by applying dinitrosalicylic acid 
(DNS) (Merck, Darmstadt, Germany) method using 
glucose as the standard [10]. 
 
2.4. Statistical Analyses 
 
All results are the means of two samples and analysis 
of variance (ANOVA) was used to compare the 
results and yields. Statistical significance level was 
5% (p< 0.05). 
 
3. RESULTS AND DISCUSSION 
 
In terms of bioethanol production from liquid 
fraction of lignocellulosic biomass, supercritical 
water treatment is considered to be a promising 
pretreatment and temperature is important for 
liquefaction of hemicellulose content in hydrolysis 
process. In order to present a holistic utilization 
approach, reducing sugar contents of liquid fractions 
were analyzed while the other components were left 
to remain in the solid phase.  

Investigation of the effect of temperature on 
reducing sugar contents indicated that the increase of 
�W�H�P�S�H�U�D�W�X�U�H���I�U�R�P�����������W�R�����������ƒ�&���\�L�H�O�G�H�G���D���G�H�F�U�H�Dse 
in reducing sugar concentrations from 6.9 to 3.3 g/L 
�Z�K�H�U�H�� ������������ �K�L�J�K�H�U�� �Y�D�O�X�H�� �Z�D�V�� �U�H�F�R�U�G�H�G�� �D�W�� �������� �ƒ�&��
�F�R�P�S�D�U�H�G���W�R���W�K�H���Y�D�O�X�H���R�E�W�D�L�Q�H�G���D�W�����������ƒ�&�����)�L�J�X�U�H����������
It is worth mentioning that, pure cellulose 
conversion to water soluble sugars was observed to 
increase sharply at high temperatures in the range 
302-�������ƒ�&�� �>�����@���� �7�K�H�� �U�H�D�F�W�L�R�Q�� �P�H�F�K�D�Q�L�V�P�� �R�I��
cellulose was reported to change from heterogeneous 
to homogeneous hydrolysis at around the critical 
point of water with respect to the shrinking rate of 
cellulose that increased with temperature [3] which 
also supports the statement that cellulose dissolves 
into water at near and supercritical water conditions 
[12] and in agreement with the highest concentration 
�R�I�� �U�H�G�X�F�L�Q�J�� �V�X�J�D�U���R�E�W�D�L�Q�H�G���D�W���������� �ƒ�&�� �L�Q���W�K�L�V�� �V�W�X�G�\����
Regarding conversion selectivity, the solubilized 
cellulose formed by the supercritical water 
pretreatment was converted to glucose and 
cellobiose in a selectivity of about 84 % at about 30 
min [13]. Another study indicated that half of the 
cellulose was converted to organic acids after 
�K�\�G�U�R�O�\�V�L�V���D�W���������ƒ�&���D�Q�G���������0�3�D���E�X�W���Z�L�W�K���D���U�H�D�F�W�L�R�Q��
time of only 9.9 s due to the rapid change in the 
polarity of water transforming from reaction 
condition to room temperature where solid cellulose-
like residues were formed [3], whereas no solid 
cellulose-like residues were observed in our study. It 
was also reported that hydrolysis dissolved 
hemicelluloses completely at higher temperatures 
from alfalfa fiber with no chemicals used [14]. 
 

 
Figure 1. The effect of temperature on reducing 
sugar contents of the liquid fractions from hydrolysis 
of P. oceanica. 
 
Solid to water ratios ranging between 0.04-0.12 
(w/v) were tested in terms of reducing sugar contents 
and the results obtained are depicted in Figure 2. As 
the solid content increased two fold from 0.04 to 
0.08, the reducing sugar concentration was increased 
48.8 % (p<0.05). However as the solid content was 
further increased, the increase in the concentration 
(7.7 %) was not statically significant (p>0.05). Most 
recently, the influence of the corn slurry was 
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investigated for batch systems and at loading of 456 
granular starch hydrolyzing units per gram of 
substrate, a yield of reducing sugars was obtained as 
1.6 g/L [15]. 
 

 
Figure 2. The effect of solid:liquid ratios (w/v) on 
reducing sugar contents of the liquid fractions from 
hydrolysis of P. oceanica. 
 
The success of hydrolysis is directly related to the 
temperature during the process, therefore different 
temperatures (300-���������ƒ�&�����Z�H�U�H���V�W�X�G�L�H�G�����3�X�O�S���\�L�H�O�G��
increased with the increasing temperature until 400 
�ƒ�&�� ���7�D�E�O�H�� �������� �$�W�� �K�L�J�K�H�U�� �W�H�P�S�H�U�D�W�X�U�H�V�� �S�X�O�S�� �\�L�H�O�G�V 
decreased dramatically. Similar results were 
obtained in other studies, where higher temperatures 
resulted in less pulp yield in the solid phase [16].  
 
Table 1. Effect of reaction temperature on gas 
volume and the hydrolysis of P. oceanica with a 
solid:liquid ratio of 0.08 (w/v). 

Temperature 
���ƒ�&�� 

Pulp yield 
(%) 

300 18.5     
350 20.2     
400 20.3     
450 15.1     
500 16.8     
550 18.9     
600 17.9     

 
Solid to water ratios ranging between 0.04-0.12 
(w/v) were tested and the results obtained in this set 
of experiments are shown in Table 2. As the solid to 
liquid ratio increased, pulp yield also increased in the 
solid phase. However, the pulp yield decreased about 
36.09 % at higher solid to liquid ratios compared to 
the critical value of 0.08 (w/v) (Table 2). Similarly, 
it was shown that at higher water densities of about 
1011 kg/m3 �D�W�����������ƒ�&�����O�L�T�X�H�I�L�F�D�W�L�R�Q���R�I���E�L�R�P�D�V�V���Z�D�V��
very low [9].  
 
 
 
 
Table 2. Effect of solid to liquid ratio (w/v) on the 
hydrolysis of P. oceanica ���W�H�P�S�H�U�D�W�X�U�H���������ƒ�&���� 

Solid:liquid ratio 
(w/v) 

Pulp yield 
(%) 

0.04 9.2 
0.06 14.1 
0.08 20.3     
0.10 19.1     
0.12 18.1 

 
Moreover, P. oceanica was subjected to supercritical 
CO2 extraction and the remaining residue after this 
step was processed at high pressure hydrolysis in 
order to investigate the effect of high pressure 
pretreatment (Table 3). Indeed, 14.1 g/L reducing 
sugar was solubilized in liquid phase which was 2.9 
fold higher than the value recorded for the liquid 
phase of the untreated samples. These results suggest 
the loosening of lignin structure by high pressure and 
possibly facilitation of the release of holocelluloses 
which can serve as an alternative technique to 
overcome the main problem of lignin barrier when 
dealing with lignocellulosic biomass for ethanol 
production [17, 8].  
 
Supercritical CO2 was reported to selectively 
hydrolyze sugar extract with experiments conducted 
at 360-374 �ƒ�&�� �D�Q�G�� �������� �E�D�U���� �0�R�U�H�R�Y�H�U���� �L�W was 
mentioned that supercritical water and supercritical 
CO2 acted upon glucan to selective hydrolysis of 
sugars in biomass [18]. In another study, the 
extraction of secondary metabolites from Zostera 
marina as studied and supercritical CO2 extraction 
was reported to act as a pretreatment method in order 
to loosen the lignin structure, thereby liberating 
some of the hemicellulose in the matrix [17]. 
However, in contrast to the increase in terms of 
reducing sugar content in the liquid phase, the gas 
yields were decreased due to the conservation of 
total carbon amount when supercritical CO2 
pretreated sample was used.  
 
Table 3. Analysis of solid, liquid and gas phases of 
P. oceanica samples by supercritical CO2 
pretreatment prior to supercritical water hydrolysis. 

Property  Amount 
Solid Phase  
       Pulp yield (%) 11.1 
Liquid Phase  
       Reducing sugar (g/L) 14.1 

 
4. CONCLUSIONS 
 
This study focused on an alternative approach for the 
utilization of P. oceanica residues which create 
nuisance at the coastlines. Supercritical water was 
used to produce a liquid fraction comprised of 
soluble sugars and a solid insoluble fraction. 
Obtained fermentable sugar serves as a polymeric 
material in deriving high-value intermediates and 
chemicals whereas hexose and pentose sugars are 
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feedstocks for bioethanol fermentation. The results 
of this study also indicated that supercritical CO2 
extraction process acted as a pretreatment method 
for increasing the availability of hemicelluloses and 
celluloses. Under optimized conditions, 14.1 g/L 
reducing sugar was obtained by consecutive 
supercritical CO2 and SCW hydrolysis where 
insoluble content remained in solid phase which 
shows the potential of P. oceanica residues to be 
utilized for not only as polymeric materials, but also 
for bioethanol production on industrial scale. 
Consequently, results of this research can be of great 
value for mitigating the increasing costal pollution 
and contamination. 
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Abstract 
 
In this study, the performance of a cross-linked chitosan coated banana peel (CBP), which has been cross-linked 
with glutaraldehyde, has been investigated for the adsorption of Cr(VI) ions from aqueous solutions.  The influence 
of different experimental parameters; different concentration of Cr(VI) ions, pH, adsorbent amount and contact 
time was evaluated. The concentration of Cr(VI) in residual solution was identified by a UV-Vis 
spectrophotometer using a  diphenylcarbazide reagent.  pH 2.0 was found to be an optimum pH for Cr(VI) 
adsorption onto CBP beads.  The maximum removal efficiencies were obtained 90.2 % for Cr(VI) by using CBP, 
at a pH 2, contact time of 1h.  Various active functional groups were identified by FTIR analysis.  The adsorption 
experimental equilibrium data was found to best fit to the Langmuir mode. Maximum adsorption capacity of CBP 
was determined to be 102 mg/g. Results showed that CBP is favourable adsorbent for the adsorption of Cr(VI) 
ions. 
 
Keywords: Adsorption, Chitosan, Banana peel, Chromium, Isotherm. 
                                    
 
1. �*�ø�5�ø�ù 
 

�$�÷�Õ�U���P�H�W�D�O���L�\�R�Q�O�D�U�Õ�Q�Õ���L�o�H�U�H�Q���H�Q�G�•�V�W�U�L�\�H�O���D�W�Õ�N���V�X�O�D�U��
�J�•�Q�•�P�•�]�G�H�� �K�H�P�� �L�Q�V�D�Q�� �V�D�÷�O�Õ�÷�Õ�� �K�H�P�� �G�H�� �W�•�P��
�H�N�R�V�L�V�W�H�P���L�o�L�Q���F�L�G�G�L���E�L�U���W�H�K�G�L�W���R�O�X�ú�W�X�U�P�D�N�W�D�G�Õ�U���>��-

���@���� �%�D�]�Õ�� �P�H�W�D�O�� �E�L�O�H�ú�L�N�O�H�U�L�� �N�X�O�O�D�Q�Õ�O�P�D�O�D�U�Õ�� �J�H�U�H�÷�L��
�G�L�U�H�N�W�� �Y�H�\�D�� �G�R�÷�D�O�� �M�H�R�N�L�P�\�D�V�D�O�� �R�O�D�\�O�D�U�O�D�� �o�H�Y�U�H�\�H��
�\�D�\�Õ�O�Õ�U���Y�H���o�H�Y�U�H���N�L�U�O�L�O�L�÷�L�Q�H���V�H�E�H�S���R�O�P�D�N�W�D�G�Õ�U�����$�÷�Õ�U��
�P�H�W�D�O�� �N�D�\�Q�D�N�O�Õ�� �N�L�U�O�H�Q�P�H�O�H�U�L�Q�� �o�R�÷�X�� �V�X�O�D�U�G�D��
�W�R�S�O�D�Q�Õ�U���� �(�Q�G�•�V�W�U�L�\�H�O�� �S�U�R�V�H�V�O�H�U�� �V�R�Q�X�F�X�� �R�O�X�ú�D�Q�� �E�X��
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�D�W�Õ�N���V�X�O�D�U�Õ�Q���G�R�÷�D�O���V�X�O�D�U�D���G�H�ú�D�U�M���H�G�L�O�P�H�V�L�Q�G�H�Q���|�Q�F�H��
�|�Q�� �Y�H�� �L�N�L�Q�F�L�O�� �R�O�P�D�N�� �•�]�H�U�H�� �E�L�U�� �G�L�]�L�� �D�U�Õ�W�Õ�P�� �L�ú�O�H�P�L��
�J�H�U�o�H�N�O�H�ú�W�L�U�L�O�P�H�N�W�H�G�L�U�����$�U�D�ú�W�Õ�U�P�D�F�Õ�O�D�U���D�W�Õ�N���V�X�O�D�U�Õ�Q��
�D�U�Õ�W�Õ�O�P�D�V�Õ�Q�G�D�� �H�Q�� �X�\�J�X�Q�� �V�•�U�H�o�O�H�U�L�Q�� �J�H�O�L�ú�W�L�U�L�O�P�H�V�L��
�L�o�L�Q�� �E�L�U�o�R�N�� �o�D�O�Õ�ú�P�D�O�D�U�� �\�•�U�•�W�P�H�N�W�H�G�L�U�O�H�U����Krom, 
�N�R�E�D�O�W���� �D�U�V�H�Q�L�N���� �E�D�N�Õ�U�����N�X�U�ú�X�Q�� �J�L�E�L�� �D�÷�Õ�U�� �P�H�W�D�O��
�L�\�R�Q�O�D�U�Õ�Q�Õ�Q�� �D�U�Õ�W�Õ�P�Õ�Q�G�D�� �P�H�P�E�U�D�Q����kimyasal 
�o�|�N�W�•�U�P�H����ters osmoz, indirgeme, filtrasyon, 
�o�|�]�•�F�•�� �H�N�V�W�U�D�N�V�L�\�R�Q�X�� �J�L�E�L�� �o�H�ú�L�W�O�L�� �\�|�Q�W�H�P�O�H�U��
�N�X�O�O�D�Q�Õ�O�P�D�N�W�D�G�Õ�U���>��-6]. Bu proseslerin maliyetinin 
�\�•�N�V�H�N�� �R�O�P�D�V�Õ���� �L�N�L�Q�F�L�O�� �N�L�U�O�L�O�L�÷�H�� �V�H�E�H�S�� �R�O�P�D�V�Õ����
�G�•�ú�•�N �P�H�W�D�O�� �N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U�Õ�� �L�o�L�Q�� �H�W�N�L�O�L��
�R�O�P�D�P�D�O�D�U�Õ�� �J�L�E�L�� �G�H�]�D�Y�D�Q�W�D�M�O�D�U�Õ�� �Y�D�U�G�Õ�U����
�$�U�D�ú�W�Õ�U�P�D�F�Õ�O�D�U�� �D�U�Õ�W�P�D�� �\�|�Q�W�H�P�O�H�U�L�Q�G�H�� �S�D�K�D�O�Õ��
sistemler yerine alternatif, ucuz ve etkili 
�\�|�Q�W�H�P�O�H�U���D�U�D�\�Õ�ú�Õ�Q�D���J�L�U�P�L�ú�O�H�U�G�L�U����Adsorpsiyon bu 
�P�H�W�R�W�O�D�U�O�D���N�D�U�ú�Õ�O�D�ú�W�Õ�U�Õ�O�G�Õ�÷�Õ���]�D�P�D�Q�����D�÷�Õ�U���P�H�Wallerin 
�D�W�Õ�N�� �V�X�O�D�U�G�D�Q�� �X�]�D�N�O�D�ú�W�Õ�U�Õ�O�P�D�V�Õ�Q�G�D�� �G�D�K�D�� �H�W�N�L�O�L�� �Y�H��
�H�N�R�Q�R�P�L�N�� �R�O�G�X�÷�X�� �J�|�U�•�O�P�H�N�W�H�G�L�U�� �>��-10]. �$�\�U�Õ�F�D��
�D�G�V�R�U�S�V�L�\�R�Q�G�D�� �N�X�O�O�D�Q�Õ�O�D�Q�� �D�G�V�R�U�E�D�Q�Õ�Q�� �G�H�� �X�F�X�]�� �Y�H��
�\�•�N�V�H�N�� �D�G�V�R�U�S�O�D�P�D�� �N�D�S�D�V�L�W�H�V�L�Q�H�� �V�D�K�L�S�� �R�O�P�D�V�Õ��
gerekmektedir [11]. �%�X���V�H�E�H�S�O�H���V�R�Q���\�Õ�O�O�D�U�G�D���G�•�ú�•�N��
maliyetli ads�R�U�E�D�Q�O�D�U�Õ�Q�� �D�U�D�ú�W�Õ�U�Õ�O�P�D�V�Õ�� �\�|�Q�•�Q�G�H��
�o�D�O�Õ�ú�P�D�O�D�U���D�U�W�P�Õ�ú�W�Õ�U���� 
 
�*�•�Q�•�P�•�]�G�H�� �o�H�Y�U�H�� �N�L�U�O�L�O�L�÷�L�Q�L�Q�� �J�L�G�H�U�H�N�� �D�U�W�P�D�V�Õ��
�V�H�E�H�E�L�\�O�H�����K�H�U�K�D�Q�J�L���E�L�U���ú�H�N�L�O�G�H���N�X�O�O�D�Q�Õ�P���G�Õ�ú�Õ���N�D�O�D�Q��
�E�D�]�Õ�� �D�W�Õ�N�O�D�U���� �o�H�ú�L�W�O�L�� �L�ú�O�H�P�O�H�U�G�H�Q�� �J�H�o�L�U�L�O�H�U�H�N��
�\�H�Q�L�G�H�Q�� �G�H�÷�H�U�O�H�Q�G�L�U�L�O�P�H�N�� �•�]�H�U�H��yeni ham 
�P�D�G�G�H�\�H�� �G�|�Q�•�ú�W�•�U�•�O�P�H�O�H�U�L�� �|�Q�H�P�� �N�D�]�D�Q�P�Õ�ú�W�Õ�U����
�.�L�U�O�H�W�L�F�L�O�H�U�L�Q�� �E�L�U�� �N�Õ�V�P�Õ���� �\�D�N�Õ�O�D�U�D�N�� �Y�H�\�D�� �G�H�S�R��
�H�G�L�O�H�U�H�N�� �X�]�D�N�O�D�ú�W�Õ�U�Õ�O�P�D�N�W�D�G�Õ�U���� �$�Q�F�D�N�� �E�X��
�P�H�W�R�W�O�D�U�Õ�Q���H�N�R�O�R�M�L�N���V�L�V�W�H�P���•�]�H�U�L�Q�G�H���F�L�G�G�L���H�W�N�L�O�H�U�L��
�E�X�O�X�Q�P�D�N�W�D�G�Õ�U���� �6�R�Q�� �\�Õ�O�O�D�U�G�D�� �E�X�� �W�L�S�� �D�W�Õ�N�O�D�U��
�D�G�V�R�U�S�V�L�\�R�Q�� �L�ú�O�H�P�O�H�U�L�Q�G�H�� �D�G�V�R�U�E�D�Q�� �R�O�D�U�D�N��
�N�X�O�O�D�Q�Õ�O�D�U�D�N�� �J�H�U�L�� �N�D�]�D�Q�Õ�O�P�D�N�W�D���� �%�L�W�N�L�O�H�U�L�Q��
�L�ú�O�H�Q�P�H�\�H�Q�� �N�Õ�V�Õ�P�O�D�U�Õ�� �Y�H�\�D�� �E�L�W�N�L�V�H�O�� �•�U�•�Q�O�H�U�L�Q��
�L�ú�O�H�Q�P�H�V�L�� �V�Õ�U�D�V�Õ�Q�G�D�� �R�U�W�D�\�D�� �o�Õ�N�D�Q�� �D�W�Õ�N�O�D�U���� �G�R�÷�D�G�D��
�E�R�O���P�L�N�W�D�U�G�D���E�X�O�X�Q�P�D�N�W�D�G�Õ�U�����$�G�V�R�U�E�D�Q���•�U�H�W�L�P�L�Q�L�Q��
�G�•�ú�•�N�� �P�D�O�L�\�H�W�O�L�� �R�O�X�ú�X�� �|�Q�H�P�O�L�� �E�L�U�� �D�Y�D�Q�W�D�M�G�Õ�U���� �%�X��
�Q�H�G�H�Q�O�H�U�G�H�Q�� �G�R�O�D�\�Õ�� �D�G�V�R�U�E�D�Q�� �R�O�Drak bitkisel 
�D�W�Õ�N�O�D�U�Õ�Q�� �N�X�O�O�D�Q�Õ�O�P�D�V�Õ�� �J�L�W�W�L�N�o�H�� �|�Q�H�P�� �N�D�]�D�Q�P�D�N�W�D��
�Y�H�� �O�L�W�H�U�D�W�•�U�G�H�� �E�X�� �D�O�D�Q�G�D�� �\�D�S�Õ�O�D�Q�� �o�D�O�Õ�ú�P�D�O�D�U��
�D�U�W�P�D�N�W�D�G�Õ�U���� �$�÷�Õ�U�� �P�H�W�D�O�� �J�L�G�H�U�L�P�L�Q�G�H�� �S�R�U�W�D�N�D�O��
�N�D�E�X�÷�X���� �N�D�N�W�•�V�� �\�D�S�U�D�÷�Õ���� �\�H�U�� �I�Õ�V�W�Õ�÷�Õ�� �N�D�E�X�÷�X���� �D�U�S�D��
�V�D�P�D�Q�Õ���� �K�L�Q�G�L�V�W�D�Q�� �F�H�Y�L�]�L�� �N�D�E�X�÷�X���� �� �P�Õ�V�Õ�U�� �N�R�o�D�Q�Õ������
�o�D�P�O�D�U�Õ�Q �\�D�S�U�D�N�O�D�U�Õ���� �� �D�\�o�L�F�H�N�� �V�D�S�Õ�� �Y�E���� �J�L�E�L��
�P�D�O�]�H�P�H�O�H�U�� �D�G�V�R�U�E�D�Q�� �R�O�D�U�D�N�� �N�X�O�O�D�Q�Õ�O�D�E�L�O�L�U�� �>��������-
14].   
 
Adsorpsiyon prosesinde adsorban olarak 
�E�L�\�R�E�R�]�X�Q�X�U�� �S�R�O�L�P�H�U�L�N�� �S�D�U�W�L�N�•�O�� �N�X�O�O�D�Q�Õ�P�Õ�� �\�H�Q�L��
�\�D�N�O�D�ú�Õ�P�O�D�U�G�D�Q�G�Õ�U���� �%�L�\�R�E�R�]�X�Q�X�U�� �S�R�O�L�P�H�U�� �R�O�D�U�D�N��
�N�L�W�R�V�D�Q���� �E�L�O�L�P�V�H�O�� �o�D�O�Õ�ú�P�D�O�D�U�G�D�� �E�•�\�•�N�� �L�O�J�L��
�o�H�N�P�H�N�W�H�G�L�U���� �.�L�W�R�V�D�Q�� �N�L�P�\�D�V�D�O�� �\�D�S�Õ�V�Õ�� �V�H�O�•�O�R�]�D��
�E�H�Q�]�H�\�H�Q�� �G�R�÷�D�G�D�� �V�H�O�•�O�R�]�G�D�Q�� �V�R�Q�U�D�� �H�Q�� �o�R�N��
bulunan, N-asetil-D-glukopiranoz olup kitinin 
�G�H�D�V�H�W�L�O�O�H�Q�P�L�ú�� �•�U�•�Q�•�G�•�U�� �>�����@�����ù�H�N�L�O�� ����. Kitosan, 
�E�R�O�� �E�X�O�X�Q�P�D�V�Õ���� ���E�L�\�R�E�R�]�X�Q�X�U�O�X�÷�X, toksik 

�R�O�P�D�P�D�V�Õ�����G�R�÷�D�O���R�O�D�U�D�N���H�O�Ge edilebilmesi, alerjik 
�R�O�P�D�P�D�V�Õ���� �N�L�P�\�D�V�D�O�� �Y�H�� �I�L�]�L�N�V�H�O�� �|�]�H�O�O�L�N�O�H�U�L��
�E�D�N�Õ�P�Õ�Q�G�D�Q�� �•�V�W�•�Q�� �|�]�H�O�O�L�N�O�H�U�H�� �V�D�K�L�S�� �R�O�P�D�V�Õ�Q�G�D�Q��
�G�R�O�D�\�Õ���W�Õ�S���� �]�L�U�D�D�W���� �N�D�÷�Õ�W�� �Y�H�� �W�H�N�V�W�L�O�� �E�D�ú�W�D�� �R�O�P�D�N��
�•�]�H�U�H���G�D�K�D���E�L�U���o�R�N���o�H�ú�L�W�O�L���H�Q�G�•�V�W�U�L�\�H�O���V�H�N�W�|�U�G�H ve 
akademik �D�U�D�ú�W�Õ�U�P�D�O�D�U�G�D �\�D�\�J�Õ�Q�� �R�O�D�U�D�N��
�N�X�O�O�D�Q�Õ�O�P�D�N�W�D�G�Õ�U������ 
 

 

�ù�H�N�L�O���������.�L�W�L�Q���Y�H���N�L�W�R�V�D�Q�Õ�Q���N�L�P�\�D�V�D�O���\�D�S�Õ�V�Õ���>�����@ 
 
�'�R�÷�D�O���P�D�O�]�H�P�H�O�H�U�L�Q���D�÷�Õ�U���P�H�W�D�O�O�H�U�L���J�L�G�H�U�L�P�L���X�]�X�Q��
�V�•�U�H�G�L�U�� �E�L�O�L�Q�P�H�N�W�H�� �Y�H�� �G�•�ú�•�N�� �P�D�O�L�\�H�W�L�Q�G�H�Q�� �G�R�O�D�\�Õ��
�D�G�V�R�U�E�D�Q���R�O�D�U�D�N���N�X�O�O�D�Q�Õ�P�Õ���|�Q�H�P�L�Q�L���N�R�U�X�P�D�N�W�D�G�Õ�U����
�6�R�Q���\�Õ�O�O�D�U�G�D���\�D�S�Õ�O�D�Q���o�D�O�Õ�ú�P�D�O�D�U�G�D���E�L�W�N�L�V�H�O���D�W�Õ�N�O�D�U����
�D�÷�Õ�U�� �P�H�W�D�O�� �D�G�V�R�U�S�O�D�P�D�� �N�D�S�D�V�L�W�H�O�H�U�L�Q�L�� �D�U�W�W�Õ�U�P�D�N��
�L�o�L�Q���I�D�U�N�O�Õ���P�R�G�L�I�L�N�D�W�|�U�O�H�U�O�H���P�R�G�L�I�L�\�H���H�G�L�O�P�H�N�W�H�G�L�U����
�'�L�÷�H�U���W�D�U�D�I�W�D�Q���D�G�V�R�U�S�V�L�\�R�Q���N�D�S�D�V�L�W�H�V�L�Q�L���D�U�W�W�Õ�U�P�D�N��
�L�o�L�Q�� �E�L�\�R�E�R�]�X�Q�X�U�� �S�R�O�L�P�H�U�� �R�O�D�U�D�N�� �N�X�O�O�D�Q�G�Õ�÷�Õ�P�Õ�]��
kitosan her tekrarlayan birimlerinde reaktif 
�J�U�X�S�O�D�U�D�� �V�D�K�L�S�� �R�O�P�D�V�Õ�Q�G�D�Q�� �G�R�O�D�\�Õ�� �N�R�O�D�\�F�D��
�P�R�G�L�I�L�N�D�V�\�R�Q�D���X�÷�U�D�\�D�E�L�O�P�H�N�W�H�G�L�U�������%�X���o�D�O�Õ�ú�P�D�G�D��
�E�L�W�N�L�V�H�O�� �D�W�Õ�N�� �R�O�D�Q�� �P�X�]�� �N�D�E�X�÷�X���� �J�O�X�W�D�U�D�O�G�H�K�L�W��
�o�D�S�U�D�]�� �E�D�÷�O�D�\�Õ�F�Õ�O�Õ�÷�Õ�Q�G�D�� �N�L�W�R�V�D�Q�� �L�O�H��
�N�R�P�S�R�]�L�W�O�H�ú�W�L�U�L�O�H�U�H�N�� �E�R�Q�F�X�N�� �K�D�]�Õ�U�O�D�Q�Õ�O�P�D�V�Õ�� �Y�H��
�K�D�]�Õ�U�O�D�Q�Õ�O�D�Q�� �E�X�� �\�H�Q�L�� �D�Gsorban ile sulu 
�o�|�]�H�O�W�L�O�H�U�G�H�Q�� �&�U���9�,���� �L�\�R�Q�O�D�U�Õ�Q�Õ�Q�� �J�L�G�H�U�L�O�P�H�V�L��
�D�U�D�ú�W�Õ�U�Õ�O�P�Õ�ú�W�Õ�U�� 
 
2. MATERYAL VE METOT  
 
2.1. Materyal  

�%�X�� �o�D�O�Õ�ú�P�D�G�D���� �6�L�J�P�D�� �$�O�G�U�L�F�K�� �I�L�U�P�D�V�Õ�Q�G�D�Q�� �W�H�P�L�Q��
edilen kitosan adsorban �P�D�G�G�H�� �K�D�]�Õ�U�O�D�Q�P�D�V�Õ�Q�G�D��
�N�X�O�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U���� �0�X�]�� �N�D�E�X�N�O�D�U�Õ�� �L�V�H�� �7�•�U�N�L�\�H����
�.�R�Q�\�D�¶�G�D�N�L���\�H�U�H�O���P�D�U�N�H�W�W�H�Q���V�D�W�Õ�Q���D�O�Õ�Q�D�Q���P�X�]�O�D�U�Õ�Q��
�N�D�E�X�N�O�D�U�Õ�� �N�X�O�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U���� �d�D�O�Õ�ú�P�D�G�D�� �N�X�O�O�D�Q�Õ�O�D�Q��
�N�L�P�\�D�V�D�O�� �P�D�G�G�H�O�H�U�� �D�Q�D�O�L�W�L�N�� �V�D�I�O�Õ�N�W�D�� �R�O�X�S���� �0�H�U�F�N��
�I�L�U�P�D�V�Õ�Q�G�D�Q�� �V�D�W�Õ�Q�� �D�O�Õ�Q�P�Õ�ú�W�Õ�U���� �'�H�Q�H�\�O�H�U�G�H�� �1�D�2�+�� 
HCl, H2SO4, H3PO4, K2Cr2O7, 1,5-
�G�L�I�H�Q�L�O�N�D�U�E�D�]�L�W�����R�N�V�D�O�L�N���D�V�L�W���Y�H���D�V�H�W�R�Q���N�L�P�\�D�V�D�O�O�D�U�Õ��
�N�X�O�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U�����&�U���9�,�����V�W�R�N���o�|�]�H�O�W�L�V�L���.���&�U���2���¶�G�D�Q��
�K�D�]�Õ�U�O�D�Q�P�Õ�ú�W�Õ�U���� 
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2.2. Metot 

�.�L�W�R�V�D�Q�� �N�D�S�O�Õ�� �P�X�]�� �N�D�E�X�÷�X�� �E�R�Q�F�X�N�O�D�U�Õ�Q�Õ�Q��
�K�D�]�Õ�U�O�D�Q�P�D�V�Õ�Q�G�D�� �N�X�O�O�D�Q�Õ�O�P�D�N�� �•�]�H�U�H�� �P�D�U�N�H�W�W�H�Q��
�V�D�W�Õ�Q�� �D�O�Õ�Q�D�Q���P�X�]�O�D�U�Õ�Q�� �P�H�\�Y�H�� �N�Õ�V�P�Õ�� �D�\�U�Õ�O�G�Õ�N�W�D�Q��
�V�R�Q�U�D�� �N�D�E�X�N�O�D�U�Õ�� ������ �R�&�� �H�W�•�Y�G�H�� ������ �V�D�D�W��
�N�X�U�X�W�X�O�P�X�ú�W�X�U���� �.�X�U�X�W�X�O�D�Q�� �N�D�E�X�N�O�D�U�� �|�÷�•�W�•�F�•�G�H��
�|�÷�•�W�•�O�G�•�N�W�H�Q�� �V�R�Q�U�D�� �H�O�H�N�� �D�Q�D�O�L�]�L�� �\�D�S�Õ�O�D�U�D�N�� ��������
�P�H�V�K�� �E�R�\�X�W�O�D�Q�G�Õ�U�Õ�O�P�Õ�ú�W�Õ�U���� �g�÷�•�W�•�O�H�Q�� �P�X�]�� �N�D�E�X�÷�X��
�|�Q�F�H�� �������� �0�� �+�&�O�� �L�O�H�� �G�D�K�D�� �V�R�Q�U�D�� �V�D�I�� �V�X�� �L�O�H��
�\�Õ�N�D�Q�P�Õ�ú�W�Õ�U���� �+�D�]�Õ�U�O�D�Q�Õ�O�D�Q�� �P�X�]�� �N�D�E�X�N�O�D�U�Õ�� ���� ���¶�O�L�N��
�D�V�H�W�L�N�� �D�V�L�W�W�H�� ������ �V�D�D�W�� �������� �U�S�P�¶�G�H�� �o�D�O�N�D�O�D�Q�P�Õ�ú�W�Õ�U����
�$�V�L�W�O�H�� �P�X�D�P�H�O�H�� �H�G�L�O�P�L�ú�� �P�X�]�� �N�D�E�X�÷�X�� �P�D�Y�L�� �E�D�Q�W��
�V�•�]�J�H�o���N�D�÷�Õ�G�Õ�Q�G�D���V�•�]�•�O�P�•�ú�����V�D�I���V�X���L�O�H���E�L�U�N�D�o���N�H�]��
�\�Õ�N�D�Q�P�Õ�ú�� �Y�H�� �H�W�•�Y�G�H�� ������ �R�&�¶�G�H�� �N�X�U�X�W�X�O�P�X�ú�W�X�U����
�'�L�÷�H�U���W�D�U�D�I�W�D�Q���N�L�W�R�V�D�Q���������¶�O�L�N���Dsetik asitte 5 saat 
�P�D�Q�\�H�W�L�N�� �N�D�U�Õ�ú�W�Õ�U�Õ�F�Õ�� �L�O�H�� �N�D�U�Õ�ú�W�Õ�U�Õ�O�P�Õ�ú�W�Õ�U����
�+�D�]�Õ�U�O�D�Q�Õ�O�D�Q�� �N�L�W�R�V�D�Q�� �M�H�O�L�Q�H���� �J�� �N�L�W�R�V�D�Q���J�� �P�X�]��
�N�D�E�X�÷�X�� �������� �R�U�D�Q�Õ�Q�G�D�� �R�O�D�F�D�N�� �ú�H�N�L�O�G�H�� �D�V�L�W�O�H��
�P�X�D�P�H�O�H���H�G�L�O�P�L�ú���W�R�]���K�D�O�L�Q�G�H�N�L���P�X�]���N�D�E�X�÷�X���\�D�Y�D�ú��
�\�D�Y�D�ú�� �H�N�O�H�Q�P�L�ú�� �Y�H�� ���� �V�D�D�W�� �E�R�\�X�Q�F�D�� �P�D�Q�\�H�W�L�N��
�N�D�U�Õ�ú�W�Õ�U�Õ�F�Õ�G�D�� �N�D�U�Õ�ú�W�Õ�U�Õ�O�P�Õ�ú�W�Õ�U���� �� �(�O�G�H�� �H�G�L�O�H�Q�� �N�D�U�Õ�ú�Õ�P��
0,5 M NaOH banyosuna peristaltik pompa ile 5 
�F�P���\�•�N�V�H�N�O�L�N�W�H�Q���G�D�P�O�D�O�D�U���K�D�O�L�Q�G�H���G�D�P�O�D�W�Õ�O�P�Õ�ú���Y�H��
bir gece NaOH banyosunda bekletilerek 
�E�R�Q�F�X�N�O�D�U�� �R�O�X�ú�W�X�U�X�O�P�X�ú�W�X�U���� �2�O�X�ú�W�X�U�X�O�D�Q��
�E�R�Q�F�X�N�O�D�U�� �V�D�I�� �V�X�� �L�O�H�� �S�+�� �Q�|�W�U�� �R�O�D�Q�D�� �N�D�G�D�U��
�\�Õ�N�D�Q�P�Õ�ú�W�Õ�U���� �.�L�W�R�V�D�Q�� �L�O�H�� �N�R�Y�D�O�H�Q�W�� �E�D�÷�� �R�O�X�ú�W�X�U�X�S��
�G�D�K�D�� �V�D�÷�O�D�P�� �E�L�U�� �\�D�S�Õ�� �R�O�X�ú�W�X�U�P�D�N�� �D�\�Q�Õ�� �]�D�P�D�Q�G�D��
�\�D�S�Õ�G�D�� �I�R�Q�N�V�L�\�R�Q�H�O�� �J�U�X�S�� �V�D�\�Õ�V�Õ�Q�Õ�� �D�U�W�W�Õ�U�P�D�N�� �L�o�L�Q��
�J�O�X�W�H�U�D�O�G�H�K�L�W�� �L�O�H�� �E�R�Q�F�X�N�O�D�U�� �P�X�D�P�H�O�H�� �H�G�L�O�P�L�ú�W�L�U��
���ù�H�N�L�O�������������%�R�Q�F�X�N�O�D�U���•�]�H�U�L�Q�H�������P�O���J�O�X�W�H�U�D�O�G�H�K�L�W���Y�H��
�������� �P�O�� �P�H�W�D�Q�R�O�� �H�N�O�H�Q�P�L�ú�����o�H�N�H�U�� �R�F�D�N�W�D�� ����-70 
�R�&�¶�G�H�� ������ �G�N�� �P�X�D�P�H�O�H�� �H�G�L�O�P�L�ú�W�L�U���� �+�D�]�Õ�U�O�D�Q�D�Q��
�N�R�P�S�R�]�L�W���E�R�Q�F�X�N�O�D�U���H�W�•�Y�G�H���������R�&�¶�G�H���V�D�E�L�W���W�D�U�W�Õ�P�D��
�J�H�O�L�Q�F�H�\�H���N�D�G�D�U���N�X�U�X�W�X�O�P�X�ú�W�X�U�� 

 

�ù�H�N�L�O�� ������ �.�L�W�R�V�D�Q�� �Y�H�� �J�O�X�W�D�U�D�O�G�H�K�L�G�L�Q�� �o�D�S�U�D�]��
�E�D�÷�O�D�Q�P�D�V�Õ 
�.�R�Q�V�D�Q�W�U�D�V�\�R�Q�� �G�H�÷�L�ú�L�P�L�Q�L�Q�� �&�U���9�,���� �D�G�V�R�U�S�V�L�\�R�Q�D��
etkisini ara�ú�W�Õ�U�P�D�� �L�o�L�Q���� ���������� �S�S�P�¶�O�L�N�� �V�W�R�N��
�.���&�U���2�����o�|�]�H�O�W�L�V�L�Q�G�H�Q���I�D�U�N�O�Õ���N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U�G�D��
�o�|�]�H�O�W�L�� �V�H�U�L�V�L�� �K�D�]�Õ�U�O�D�Q�P�Õ�ú�W�Õ�U���� �d�|�]�H�O�W�L�O�H�U�H�� �������¶�H�U��
�J�U�D�P�� �.�0�.�� �E�R�Q�F�X�N�O�D�U�Õ�� �H�N�O�H�Q�L�O�L�S���� �o�D�O�N�D�O�D�\�Õ�F�Õ�G�D��
�R�G�D���V�Õ�F�D�N�O�Õ�÷�Õ�Q�G�D�����������V�D�D�W���E�R�\�X�Q�F�D���o�D�O�N�D�O�D�Q�P�Õ�ú�W�Õ�U����
Dengeye gelen Cr(VI)-�.�0�.�� �N�D�U�Õ�ú�Õ�P�Õ�� �V�•�]�•�O�H�U�H�N��
�D�G�V�R�U�E�D�Q���Y�H���o�|�]�H�O�W�L���D�\�U�Õ�O�P�Õ�ú�W�Õ�U����

�d�|�]�H�O�W�L�� �I�D�]�Õ�Q�G�D�� �G�H�Q�J�H�G�H�N�L�� �&�U���9�,���� �L�\�R�Q��
konsantrasyonu UV-Visible spektrofotometre 
(Shimadzu UV-������������ �L�O�H�� �W�D�\�L�Q�� �H�G�L�O�P�L�ú�W�L�U���� �������� �J�U��
1,5-difenil karbazit 100 mL asetonda 
�o�|�]�•�O�P�•�ú�W�•�U���������P�/���&�U���9�,�����o�|�]�H�O�W�L�V�L�����P�/�����������1�¶�O�L�N��
�+���6�2���� �L�O�D�Y�H�� �H�G�L�O�P�L�ú�� �•�]�H�U�L�Q�H�� ���� �P�/�� ������-difenil 
�N�D�U�E�D�]�L�W�� �o�|�]�H�O�W�L�V�L�� �H�N�O�H�Q�G�L�N�W�H�Q�� �V�R�Q�U�D�� �V�D�I�� �V�X�� �L�O�H�� ������
�P�O�¶�\�H���V�H�\�U�H�O�W�L�O�H�U�H�N�����������Q�P���G�D�O�J�D���E�R�\�X�Q�G�D���R�N�X�P�D��
�L�ú�O�H�P�L���\�D�S�Õ�O�P�Õ�ú�W�Õ�U���>�����@�����$�G�V�R�U�E�D�Q���I�D�]�Õ�Q�G�D���W�X�W�X�O�D�Q��
�&�U���9�,���� �N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U�Õ�� �(�ú�L�W�O�L�N�� ������ �L�O�H��
�K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U�� 
 

                                (1) 

 
�%�X�U�D�G�D���� �&�R�� �E�D�ú�O�D�Q�J�Õ�o�� �P�H�W�D�O�� �N�R�Q�V�D�Q�W�U�D�V�\�R�Q�X�Q�X����
�&�H�� �G�H�Q�J�H�� �D�Q�Õ�Q�G�D�N�L�� �P�H�W�D�O�� �N�R�Q�V�D�Q�W�U�D�V�\�R�Q�X�Q�X���� �9��
�o�|�]�H�O�W�L�Q�L�Q�� �K�D�F�P�L�Q�L���� �:�� �L�V�H�� �D�G�V�R�U�E�D�Q�Õ�Q�� �N�•�W�O�H�V�L�Q�L��
�J�|�V�W�H�U�P�H�N�W�H�G�L�U���� �0�H�W�D�O�� �D�G�V�R�U�S�V�L�\�R�Q�� �P�L�N�W�D�U�O�D�U�Õ��
Freundlich, Langmuir, Scathard ve D-R 
�L�]�R�W�H�U�P�O�H�U�L�Q�G�H�Q�����(�ú�L�W�O�L�N���������������������������I�D�\�G�D�O�D�Q�Õ�O�D�U�D�N��
�K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U���� 
 

                     (2) 

                                  (3) 

 
          lnqe = lnqm - �� �02                          (4) 
 
          qe / Ce = Qs Ks �± qe Ks                  (5) 
 
D-�5���L�]�R�W�H�U�P�L�Q�G�H�N�L���T�H�����G�H�Q�J�H���D�Q�Õ�Q�G�D���D�G�V�R�U�S�O�D�Q�D�Q��
�P�D�G�G�H���P�L�N�W�D�U�Õ�Q�Õ�����T�P�����D�G�V�R�U�S�V�L�\�R�Q���N�D�S�D�V�L�W�H�V�L�Q�L����������
�R�U�W�D�O�D�P�D���V�H�U�E�H�V�W���H�Q�H�U�M�L�V�L���L�O�H���L�O�J�L�O�L���V�D�E�L�W�L�����0�������3�R�O�D�Q�\�L 
potansiyelini; R, ideal gaz sabiti (8,314 J/mol K), 
�7���� �V�Õ�F�D�N�O�Õ�÷�Õ�� �J�|�V�W�H�U�P�H�N�W�H�G�L�U���� �6�F�D�W�F�K�D�U�G�� �H�÷�U�L��
�D�Q�D�O�L�]�L�Q�G�H�N�L�����T�H�������D�G�V�R�U�E�D�Q�Õ�Q���E�L�U�L�P���D�÷�Õ�U�O�Õ�÷�Õ���E�D�ú�Õ�Q�D��
�D�G�V�R�U�S�O�D�Q�Q�D�� �P�H�W�D�O���L�\�R�Q�X�� �P�L�N�W�D�U�Õ�Q�Õ�����&�H�����D�G�V�R�U�E�D�Q��
�L�O�H���G�H�Q�J�H�G�H���E�X�O�X�Q�D�Q���o�|�]�H�O�W�L�Q�L�Q���N�R�Q�V�D�Q�W�U�D�V�\�R�Q�X�Q�X����
Qs; adsorb�D�Q�Õ�Q�� �P�D�N�V�L�P�X�P�� �D�G�V�R�U�S�V�L�\�R�Q��
�N�D�S�D�V�L�W�H�V�L�Q�L���� �.�V���� �E�D�÷�O�D�Q�P�D�� �V�D�E�L�W�L�Q�L�� �L�I�D�G�H��
etmektedir. Freundlich izotermindeki n sabit bir 
�G�H�÷�H�U�L���� �N�� �D�G�V�R�U�S�V�L�\�R�Q�� �N�D�S�D�V�L�W�H�V�L�Q�L���� �/�D�Q�J�P�X�L�U��
izotermindeki As adsorpsiyon kapasitesini, Kb ise 
adsorpsiyon enerjisiyle ilgili bir sabiti 
�J�|stermektedir.  
 
�ø�]�R�W�H�U�P���V�D�E�L�W�O�H�U�L�����J�U�D�I�L�N�O�H�U�L�Q���G�R�÷�U�X���G�H�Q�N�O�H�P�O�H�U�L���Y�H��
�H�÷�L�P�O�H�U�L�Q�G�H�Q�� �K�H�V�D�S�O�D�Q�D�U�D�N���� �G�H�Q�J�H�G�H���� �.�0�.��
�E�R�Q�F�X�N�O�D�U�Õ�Q�� �&�U���9�,���� �D�G�V�R�U�S�V�L�\�R�Q�� �N�D�S�D�V�L�W�H�V�L��
�V�R�Q�X�o�O�D�U�� �Y�H�� �W�D�U�W�Õ�ú�P�D�� �E�|�O�•�P�•�Q�G�H�� �Y�H�U�L�O�P�L�ú�W�L�U����
Langmuir izotermindeki As adsorpsiyon 
kapasitesi, Kb sabiti adsorpsiyon enerjisiyle ilgili 
bir sabittir. 
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3. �$�5�$�ù�7�,�5�0�$���%�8�/�*�8�/�$�5�,�������������� 
 
3.1. KMK Karakterizasyon    
 
�0�X�]�� �N�D�E�X�÷�X���� �.�0�.�� �Y�H�� �.�0�.�� �E�R�Q�F�X�N�O�D�U�Õ�Q�Õ�Q��
�&�U���9�,�����\�•�N�O�•���K�D�O�L�Q�L�Q���)�7-IR (Bruker VERTEX 70) 
�V�S�H�N�W�U�X�P�X�� �ù�H�N�L�O�� �����¶�G�H�� �Y�H�U�L�O�P�L�ú�W�L�U���� �'�L�÷�H�U�� �W�D�U�D�I�W�D�Q��
�P�X�]���N�D�E�X�÷�X�Q�X�Q���)�7�,�5���V�S�H�N�W�U�X�P�X�Q�G�D���������������F�P-1 
�R�O�D�Q�� �J�H�Q�L�ú�� �E�D�Q�W�� �\�•�]�H�\�G�H�N�L�� �2-�+�� �J�U�X�S�O�D�U�Õ�Q�Õ�Q��
�J�H�U�L�O�P�H�� �W�L�W�U�H�ú�L�P�O�H�U�L�Q�H�� �D�L�W���E�D�Q�W���� ���������� �F�P-���¶�G�H�� �L�V�H��
alifatik C-�+�� �J�H�U�L�O�L�P�� �E�D�Q�G�O�D�U�Õ�� �D�O�L�I�D�W�L�N�� �\�D�S�Õ�O�D�U�Õ�Q��
�Y�D�U�O�Õ�÷�Õ�Q�G�D�Q�� �N�D�\�Q�D�N�O�D�Q�P�D�N�W�D�G�Õ�U���� ���������� �F�P-1 
�D�U�D�V�Õ�Q�G�D�� �&�2�2�+�� �J�H�U�L�O�P�H�� �W�L�W�U�H�ú�L�P�O�H�U�L�Q�L�Q�� �N�X�Y�Y�H�W�O�L��
pikleri ve 1357 cm-���¶�� �F�L�Y�D�U�Õ�Q�G�D�� ��-CH2, �±CH3 
�H�÷�L�O�P�H���Y�H���G�H�I�R�U�P�D�V�\�R�Q���W�L�W�U�H�ú�L�P�O�H�U�L�Q�H���L�ú�D�U�H�W���H�G�H�U����
1029 cm-�����F�L�Y�D�U�Õ�Q�G�D���E�X�O�X�Q�D�Q���R�O�G�X�N�o�D���ú�L�G�G�H�W�O�L���&-
�2�� �W�L�W�U�H�ú�L�P�� �S�L�N�L�� �L�V�H�� �O�L�J�Q�L�Q�L�Q�� �Y�D�U�O�Õ�÷�Õ�Q�Õ��
desteklemektedir [18]. Aromatik C-H ve C-C 

�E�D�÷�O�D�U�Õ�� �R�U�W�D�� �Y�H�� �]�D�\�Õ�I�� �R�O�D�U�D�N�� ������-500 cm-1 
�D�U�D�V�Õ�Q�G�D�N�L�� �E�|�O�J�H�G�H�� �J�|�U�•�O�P�H�N�W�H�G�L�U���� �.�0�.��
�E�R�Q�F�X�N�O�D�U�Õ�� �)�7�,�5�� �V�S�H�N�W�U�X�P�X�Q�G�D�� �L�V�H���� ���������� �F�P-���¶��
�G�H�N�L�� �S�L�N�� �D�P�L�Q�� �I�R�Q�N�V�L�\�R�Q�H�O�� �J�U�X�S�O�D�U�Õ�Q�G�D�N�L���±N�±H2 
�J�H�U�L�O�L�P���W�L�W�U�H�ú�L�P�L�Q�L�����N�L�W�R�V�D�Q���\�D�S�Õ�V�Õ�Q�G�D�Q��gelen alkol 
�J�U�X�S�O�D�U�Õ�Q�Õ�Q�� �&�2�+�� �W�L�W�U�H�V�L�P�O�H�U�L�Q�L�� ���������� �F�P-1 deki 
band ve 1654 cm-1 deki bantlar amid grubundaki 
�±N�±�+���� �J�H�U�L�O�L�P�� �W�L�W�U�H�ú�L�P�L�Q�G�H�Q�� �N�D�\�Q�D�N�O�D�Q�P�D�N�W�D�G�Õ�U��
[19,20]. 1095 cm-1'de glutaraldehit formuna 
�N�D�U�ú�Õ�O�Õ�N�� �J�H�O�H�Q�� �H�W�H�U�� �J�U�X�E�X�Q�X�Q�� �N�D�Q�Õ�W�Õ�Q�Õ��
�J�|�V�W�H�U�P�H�N�W�H�G�L�U���>�����������@�� �.�0�.���E�R�Q�F�X�N�O�D�U�Õ���&�U�����,�9����
�L�O�H�� �\�•�N�O�H�Q�P�H�V�L�\�O�H����-�2�+�� �E�D�Q�G�Õ�� ���������� �F�P-���¶�G�H�Q��
3280 cm-���¶�H�� �N�D�\�P�Õ�ú�W�Õ�U����-�&�+�� �J�H�U�L�O�P�H�� �E�D�Q�G�Õ�� �G�D��
2859 cm-1 'dan 2823 cm-���¶�H�� �N�D�\�P�Õ�ú�W�Õ�U���� �)�7-IR 
�V�S�H�N�W�U�X�P�O�D�U�Õ�Q�G�D�N�L�� �G�H�÷�L�ú�L�N�O�L�N�O�H�U���� �D�G�V�R�U�E�D�Q��
maddede bulunan fonksiyonel grup ile Cr (VI) 
�
�Q�Õ�Q���D�G�V�R�U�S�O�D�Q�G�Õ�÷�Õ�Q�Õ���G�R�÷�U�X�O�D�P�D�N�W�D�G�Õ�U��

 
                                                                  
 

�ù�H�N�L�O������ �0�X�]���N�D�E�X�÷�X�����.�0�.���Y�H���.�0�.-Cr (VI) FTIR spektrumu 
 
 
 
3.2. �d�|�]�H�O�W�L���S�+�¶�Õ�Q�Õ�Q Etkisi  
 
�.�0�.�� �E�R�Q�F�X�N�O�D�U�Õ�� �L�O�H�� �V�X�O�X�� �o�|�]�H�O�W�L�O�H�U�G�H�Q�� �&�U���9�,����
�X�]�D�N�O�D�ú�W�Õ�U�Õ�O�P�D�V�Õ�Q�G�D�� �o�|�]�H�O�W�L�� �S�+�¶�Õ�Q�Õ�Q�� �H�W�N�L�V�L��
�L�Q�F�H�O�H�P�H�N���L�o�L�Q�����������0�¶�O�L�N���+�&�O���Y�H�����������0�¶�O�L�N���1�D�2�+��
�o�|�]�H�O�W�L�O�H�U�L���L�O�H���S�+���G�H�÷�H�U�O�H�U�L����������������������������������������������������
�������¶�\�D�� �D�\�D�U�O�D�Q�P�Õ�ú�W�Õ�U���� �$�G�V�R�U�E�D�Q�O�D�U�Õ�Q�� �&�U���9�,����
�L�\�R�Q�O�D�U�Õ�Q�Õ�� �D�G�V�R�U�S�O�D�P�D�� �S�H�U�I�R�U�P�D�Q�V�Õ�Q�D�� �R�U�W�D�P�� �S�+�¶��
�Õ�Q�Õ�Q�� �H�W�N�L�V�L�� �ù�H�N�L�O�� ���¶�W�H�� �J�|�U�•�O�P�H�N�W�H�G�L�U���� �.�0�.�� �L�O�H��
�&�U���9�,���� �D�G�V�R�U�S�O�D�P�D�� �P�L�N�W�D�U�Õ�� �o�|�]�H�O�W�L�Q�L�Q�� �S�+�¶�V�Õ�Q�G�D�Q��
�H�W�N�L�O�H�Q�G�L�÷�L���J�|�U�•�O�P�•�ú�W�•�U�� 
  

�ù�H�N�L�O�� ������ �.�0�.�� �E�R�Q�F�X�N�O�D�U�Õ�\�O�D�� �&�U���9�,����
�D�G�V�R�U�S�V�L�\�R�Q�X�Q�D�� �S�+�¶�Õ�Q�� �H�W�N�L�V�L�� ���$�G�V�R�U�S�V�L�\�R�Q��
�ú�D�U�W�O�D�U�Õ���� �&�U���9�,���� �N�R�Q�V�D�Q�W�U�D�V�\�Rnu, 100 ppm;  
�D�G�V�R�U�E�D�Q�� �G�R�]�X���� ���J���/���� �W�H�P�D�V�� �V�•�U�H�V�L���� ���� �V�D�D�W����
�V�Õ�F�D�N�O�Õ�N�������� �“ 1 �ƒ�&�� 
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�ù�H�N�L�O�G�H�� �G�H�� �J�|�U�•�O�G�•�÷�•�� �J�L�E�L�� �S�+�� �������� �F�L�Y�D�U�Õ�Q�G�D��
�P�D�N�V�L�P�L�P�� �&�U���9�,���� �D�G�V�R�U�S�V�L�\�R�Q�X�� �J�H�U�o�H�N�O�H�ú�P�L�ú�W�L�U����
�S�+�� ���� ���� �G�H�÷�H�U�L�Q�G�H�� �G�D�K�L�� �&�U���9�,���� �W�X�W�X�Q�P�D�V�Õ�� �\�•�N�V�H�N��
olup pH > 3 d�H���P�H�W�D�O���W�X�W�X�Q�P�D�V�Õ�����������¶�G�D�Q������������
�F�L�Y�D�U�Õ�Q�D�� �K�Õ�]�O�D�� �G�•�ú�P�•�ú�W�•�U���� �+�D�]�Õ�U�O�D�Q�Õ�O�D�Q�� �.�0�.��
�N�R�P�S�R�]�L�W�L�Q�L�Q�� �\�D�S�Õ�V�Õ�Q�G�D�� �E�X�O�X�Q�D�Q�� �D�P�L�Q�R�� �Y�H��
�K�L�G�U�R�N�V�L�O�� �J�U�X�S�O�D�U�Õ���� �P�H�W�D�O�� �L�\�R�Q�O�D�U�Õ�Q�Õ�Q��
adsorpsiyonunda etkilidir [23]. Cr(VI) 
�D�G�V�R�U�S�V�L�\�R�Q�X�Q�G�D�� �\�•�]�H�\�� �D�G�V�R�U�S�V�L�\�R�Q�X���� �L�\�R�Q��
�G�H�÷�L�ú�W�L�U�P�H���� �N�L�P�\�D�V�D�O�� �D�Gsorpsiyon ve kompleks 
�R�O�X�ú�X�P���J�L�E�L���P�H�N�D�Q�L�]�P�D�O�D�U���G�D���R�O�P�D�N�W�D�G�Õ�U�����&�U���9�,����
�D�V�L�G�L�N�� �R�U�W�D�P�G�D�� �&�U���,�,�,���¶�H�� �G�|�Q�•�ú�H�U�H�N�� �D�G�V�R�U�E�D�Q�G�D��
�E�X�O�X�Q�D�Q�� �I�R�Q�N�V�L�\�R�Q�H�O�� �J�U�X�S�O�D�U�Õ�Q�G�D�N�L�� �S�U�R�W�R�Q�O�D�U�Õ��

�V�|�N�H�U�H�N�� �D�G�V�R�U�E�D�Q�� �\�•�]�H�\�L�Q�H�� �N�D�W�Õ�O�P�D�N�W�D�G�Õ�U���� �'�L�÷�H�U��
�W�D�U�D�I�W�D�Q�� �&�U���9�,���� �L�\�R�Q�O�D�U�Õ�� �R�U�W�D�P�� �S�+�¶�V�Õ�� �������¶�•�Q��
�D�O�W�Õ�Qdaki durumlarda, HCrO4- kompleksi 
�ú�H�N�O�L�Q�G�H�� �E�D�V�N�Õ�Q�� �L�N�H�Q���� �S�+� �������¶�G�D�� �L�V�H���� �&�U�2����- 
�I�R�U�P�X�� �G�D�K�D�� �E�D�V�N�Õ�Q�G�Õ�U�� �>�����@���� �'�•�ú�•�N�� �S�+��
�G�H�÷�H�U�O�H�U�L�Q�G�H���� �D�G�V�R�U�E�D�Q�� �\�D�S�Õ�V�Õ�Q�G�D�� �R�U�W�D�P�G�D�N�L��
�K�L�G�U�R�M�H�Q���L�\�R�Q�O�D�U�Õ�Q�Õ�Q���\�R�÷�X�Q�O�X�÷�X�Q�G�D�Q���G�R�O�D�\�Õ���S�R�]�L�W�L�I��
�\�•�N�O�•�� �P�H�U�N�H�]�O�H�U�� �D�U�W�P�Õ�ú�W�Õ�U���� �&�U�� ���9�,���� �J�L�G�H�U�L�P�L�� �E�X��
merkezlere anyonik formda bulunan Cr (VI) 
�L�\�R�Q�O�D�U�Õ�Q�Õ�Q�� �H�O�H�N�W�U�R�V�W�D�W�L�N�� �R�O�D�U�D�N�� �E�D�÷�O�D�Q�P�D�O�D�U�Õ�� �L�O�H��
�D�o�Õ�N�O�D�Q�D�E�L�O�L�U�� 
 

 
3.3. �$�G�V�R�U�S�V�L�\�R�Q���ø�]�R�W�H�U�P�L 
 
 

 
�ù�H�N�L�O�� ������ �� �.�0�.�� �� �D�G�V�R�U�S�V�L�\�R�Q�� �L�]�R�W�H�U�P�L�� ���$�G�V�R�U�S�V�L�\�R�Q�� �ú�D�U�W�O�D�U�Õ���� ���D�G�V�R�U�E�D�Q�� �G�R�]�X���� ���J���/���� �S�+�� ������ �W�H�P�D�V�� �V�•�U�H�V�L���� ���� �V�D�D�W����
�V�Õ�F�D�N�O�Õ�N�������� �“ 1 �ƒ�&���� 
 
�.�0�.�� �L�O�H�� �&�U���9�,���� �D�G�V�R�U�S�V�L�\�R�Q�X�Q�D�� �G�H�U�L�ú�L�P�L�Q��
�H�W�N�L�V�L�Q�L���E�H�O�L�U�O�H�P�H�N���L�o�L�Q������������������������������������������������������������
�������� �S�S�P�� �G�H�÷�H�U�O�H�U�L�� �V�H�o�L�O�P�L�ú�W�L�U���� �.���&�U���2���¶�G�H�Q��
�K�D�]�Õ�U�O�D�Q�Õ�O�D�Q�� �I�D�U�N�O�Õ���N�R�Q�V�D�Q�W�U�D�\�R�Q�O�D�U�G�D�N�L�� �o�|�]�H�O�W�L�O�H�U��
���� �J���/�� �G�R�]�G�D�� �.�0�.�� �E�R�Q�F�X�N�O�D�U�Õ�� �L�O�H�� �P�X�D�P�H�O�H��
�H�G�L�O�H�U�H�N���� �D�G�V�R�U�S�V�L�\�R�Q�� �o�D�O�Õ�ú�P�D�O�D�U�Õ��
�J�H�U�o�H�N�O�H�ú�W�L�U�L�O�P�L�ú�� �Y�H�� �o�|�]�H�O�W�L�G�H�� �N�D�O�D�Q�� �&�U���9�,����
�P�L�N�W�D�U�O�D�U�Õ�� �8�9-Vis. spektrofotometresi ile tayin 

�H�G�L�O�P�L�ú�W�L�U�����.�0�.���E�R�Q�F�X�N�O�D�U�Õ���L�O�H���&�U���9�,�����L�\�R�Q�O�D�U�Õ�Q�Õ�Q��
adsorpsiyo�Q�X���� �ù�H�N�L�O�� �����¶�G�H�� �.�0�.�� �•�]�H�U�L�Q�G�H�N�L��
�D�G�V�R�U�S�V�L�\�R�Q�� �L�]�R�W�H�U�P�O�H�U�L�Q�L�� �J�|�V�W�H�U�P�H�N�W�H�G�L�U����
�$�G�V�R�U�S�V�L�\�R�Q�� �L�]�R�W�H�U�P�O�H�U�L�� �J�U�D�P�� �.�0�.�� �P�L�N�W�D�U�Õ�Q�Õ�Q��
�D�G�V�R�U�S�O�D�\�D�E�L�O�G�L�÷�L�� �&�U���9�,���� �P�L�N�W�D�U�Õ�Q�Õ�Q�� �o�|�]�H�O�W�L��
�R�U�W�D�P�Õ�Q�G�D�� �N�D�O�D�Q�� �&�U���9�,���� �P�L�N�W�D�U�Õ�Q�D�� �N�D�U�ú�Õ�� �J�U�D�I�L�N��
�o�L�]�L�O�H�U�H�N���H�O�G�H���H�G�L�O�P�L�ú�W�L�U�����ù�H�N�L�O���������� 
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        �ù�H�N�L�O���������$�G�V�R�U�S�V�L�\�R�Q���L�]�R�W�H�U�P���J�U�D�I�L�N�O�H�U�L���D�����/�D�Q�J�P�X�L�U���E�����)�U�H�X�Q�G�O�L�F�K���F�����'-R ve d) Scatchard modeli 
 

�7�D�E�O�R�� ������ �.�0�.�� �E�R�Q�F�X�N�O�D�U�Õ�Q�Õ�Q�� �&�U���9�,���� �L�\�R�Q�O�D�U�Õ��
adsorpsiyonunda izoterm parametreleri 

Langmuir model 

Qm b R2 

102 0.0823 0.952 

 Freundlich model 

RL K f n R2 

0.108 10.33 1.837 0.937 

D-R model 

Xm K E R2 

0.0037 0.0039 11.32 0.875 

Scatchard model 

Qs Ks R2 

126.07 0.052 0.924 

 
�&�U���9�,�����L�\�R�Q�O�D�U�Õ�Q�Õ�Q���.�0�.���L�O�H��adsorpsiyonu sonucu 
hesaplanan izoterm parametreleri Tablo 1. de 
�Y�H�U�L�O�P�L�ú�W�L�U�����ù�H�N�L�O�����¶�\�D���J�|�U�H���/�D�Q�J�P�X�L�U���D�G�V�R�U�S�V�L�\�R�Q��
�L�]�R�W�H�U�P�L�� �L�o�L�Q�� �.�0�.�� �D�G�V�R�U�S�V�L�\�R�Q�� �V�D�E�L�W�L�� ������������ �Y�H��
maksimum Cr (VI) adsorplama kapasitesi ise 102 
�P�J���J�� �R�O�D�U�D�N�� �E�X�O�X�Q�P�X�ú�W�X�U���� �� �.�X�O�O�D�Q�Õ�O�D�Q�� �E�L�U�� �G�L�÷�H�U��
izoterm ise Freundlich izotermidir. Freundlich 
�L�]�R�W�H�U�P�L�� �L�o�L�Q���� �.�I�� �Y�H�� �Q�� �S�D�U�D�P�H�W�U�H�O�H�U�L��
�K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U���� �$�G�V�R�U�S�V�L�\�R�Q�� �N�D�S�D�V�L�W�H�V�L�� �.�I�� �L�O�H��
�N�X�O�O�D�Q�Õ�O�Õ�U�N�H�Q�����Q���L�V�H���V�D�E�L�W���E�L�U���G�H�÷�H�U�G�L�U�����%�X���L�]�R�W�H�U�P��
�K�H�W�H�U�R�M�H�Q�� �\�•�]�H�\�O�H�U�L�Q�� �D�G�V�R�U�S�V�L�\�R�Q�X�Q�X��
�D�o�Õ�N�O�D�P�D�N�W�D�G�Õ�U���� �)�U�H�X�Q�G�O�L�F�K�� �L�]�R�W�H�U�P�L�Q�G�H�Q 
�K�H�V�D�S�O�D�Q�D�Q���Q���G�H�÷�H�U�L�Q�L�Q�������L�O�H���������D�U�D�V�Õ�Q�G�D���E�L�U���G�H�÷�H�U��

�R�O�P�D�V�Õ�� �L�\�L�� �E�L�U�� �D�G�V�R�U�S�V�L�\�R�Q�X�Q�� �R�O�G�X�÷�X�Q�X��
�J�|�V�W�H�U�P�H�N�W�H�G�L�U���� �%�X�� �o�D�O�Õ�ú�P�D�� �L�o�L�Q�� �Q�� �G�H�÷�H�U�L�� ����������
�R�O�D�U�D�N�� �E�X�O�X�Q�P�X�ú�W�X�U���� �'-R izoterminden 
hesaplanan adsorpsiyon enerjisi 11,32 kJ mol-1 
�R�O�D�U�D�N�� �E�X�O�X�Q�P�X�ú�� �Y�H�� �D�G�V�R�U�S�V�L�\�R�Q�X�Q��
ger�o�H�N�O�H�ú�P�H�V�L�Q�G�H���N�L�P�\�D�V�D�O���U�H�D�N�V�L�\�R�Q�O�D�U�Õ�Q���E�D�V�N�Õ�Q��
�R�O�G�X�÷�X�� �V�|�\�O�H�Q�H�E�L�O�L�U���� �'�L�÷�H�U�� �W�D�U�D�I�W�D�Q�� �V�F�D�W�F�K�D�U�G��
�D�Q�D�O�L�]�L���L�O�H���E�X�O�X�Q�D�Q���G�H�÷�H�U�O�H�U���/�D�Q�J�P�X�L�U���L�]�R�W�H�U�P�L�Q�L��
�G�H�V�W�H�N�O�H�P�H�N�W�H�G�L�U���� �6�R�Q�X�o�O�D�U�G�D�Q�� �S�U�R�V�H�V�� �L�o�L�Q��
Langmuir adsorpsiyon izoterminin daha uygun 
�R�O�G�X�÷�X�� �J�|�U�•�O�P�H�N�W�H�G�L�U���� �� �/�L�W�H�U�D�W�•�U�G�H�� �G�D�K�D�� �|�Q�F�H��
�I�D�U�N�O�Õ�� �D�G�V�R�U�E�D�Q�O�D�U�O�D�� �&�U�� ���9�,���� �J�L�G�H�U�L�P�L�� �L�O�H�� �L�O�J�L�O�L��
�\�D�S�Õ�O�D�Q�� �E�D�]�Õ�� �o�D�O�Õ�ú�P�D�O�D�U�G�D�Q�� �H�O�G�H�� �H�G�L�O�H�Q��
�D�G�V�R�U�S�V�L�\�R�Q�� �N�D�S�D�V�L�W�H�O�H�U�L�� �7�D�E�O�R�� ���¶�G�H�� �Y�H�U�L�O�P�L�ú�W�L�U����
�<�D�S�Õ�O�D�Q�� �o�D�O�Õ�ú�P�D�O�D�U�D�� �E�D�N�Õ�O�D�U�D�N���� �&�U�� ���9�,���� �J�L�G�H�U�L�P�L��
�L�o�L�Q�� �.�0�.�¶�Q�Õ�Q�� �\�•�N�V�H�N�� �D�G�V�R�U�S�V�L�\�R�Q�� �N�D�S�D�V�L�W�H�V�L�Q�H��
�V�D�K�L�S���R�O�G�X�÷�X���V�|�\�O�H�Q�H�E�L�O�L�U�� 
 
Tablo 2. 

Adsorban ge (mg/g) Kaynak 
�.�D�N�W�•�V 7,08 [12] 
Badem 
�N�D�E�X�÷�X 

10,62 [12] 

Kitosan 35,6 [26] 
Aktif Karbon 46,9 [26] 
Nano demir 
oksit-kitosan 
�E�R�Q�F�X�N�O�D�U�Õ 

69,8 [27] 

Silika jel-
�P�X�]���N�D�E�X�÷�X 

111,11 [28] 

KMK  102 �%�X���o�D�O�Õ�ú�P�D 
 

45 
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3.4. Adsorban �0�L�N�W�D�U�Õ�Q�Õ�Q���(�W�N�L 
 
�%�D�ú�O�D�Q�J�Õ�o�� �D�G�V�R�U�E�D�Q�� �P�L�N�W�D�U�Õ�Q�Õ�Q��
belirlenebilmesinde 0,9; 1,2; 1,5; 2,0; 2,25; 2,50 
�J���/�� �G�R�]�X�Q�G�D�� �.�0�.�� �E�R�Q�F�X�N�O�D�U�Õ�� �L�o�L�Q�� �������� �S�S�P��
�&�U���9�,�����L�\�R�Q�O�D�U�Õ���D�G�V�R�U�S�V�L�\�R�Q�X���L�Q�F�H�O�H�Q�P�L�ú�W�L�U�����ù�H�N�L�O��
�����¶�G�H���D�G�V�R�U�E�D�Q���P�L�N�W�D�U�Õ�Q�D���N�D�U�ú�Õ���&�U���9�,�����L�\�R�Q�O�D�U�Õ�Q�Õ�Q��
�D�G�V�R�U�S�V�L�\�R�Q�X�� �J�|�U�•�O�P�H�N�W�H�G�L�U���� ���.�0�.���� �P�L�N�W�D�U�Õ��
�D�U�W�W�Õ�N�o�D�� �X�]�D�N�O�D�ú�W�Õ�U�Õ�O�D�Q�� �&�U�� ���9�,���� �P�L�N�W�D�U�Õ�� �D�U�W�P�Õ�ú����
�E�H�O�L�U�O�L�� �E�L�U�� �G�H�÷�H�U�G�H�Q�� �V�R�Q�U�D�� �E�L�U�� �S�O�D�W�R�� �G�H�÷�H�U�L�Q�H��
�X�O�D�ú�Õ�O�P�Õ�ú�W�Õ�U���� 
 

 
�ù�H�N�L�O�� ������ �.�0�.�� �E�R�Q�F�X�N�O�D�U�Õ�\�O�D�� �&�U���9�,����
�D�G�V�R�U�S�V�L�\�R�Q�X�Q�G�D�� �D�G�V�R�U�E�D�Q�� �P�L�N�W�D�U�Õ�Q�Õ�Q�� �H�W�N�L�V�L��
���$�G�V�R�U�S�V�L�\�R�Q�� �ú�D�U�W�O�D�U�Õ���� �&�U���9�,���� �N�R�Q�V�D�Q�W�U�D�V�\�R�Qu, 
�������� �S�S�P���� �� �S�+�� ������ �W�H�P�D�V�� �V�•�U�H�V�L���� ���� �V�D�D�W���� �V�Õ�F�D�N�O�Õ�N����
25 �“ 1 �ƒ�&�� 
 
�ù�H�N�L�O�� �����¶�G�D�� �J�|�U�•�O�G�•�÷�•�� �J�L�E�L�� �&�U���9�,���� �L�\�R�Q�O�D�U�Õ�Q�Õ�Q��
KMK ile adsorpsiyonu 60 dakika sonunda 0,9 g/L 
�L�o�L�Q������ ������ �R�U�D�Q�Õ�Q�G�D�� �D�G�V�R�U�S�V�L�\�R�Q�� �J�H�U�o�H�N�O�H�ú�L�U�N�H�Q��
�D�G�V�R�U�E�D�Q�� �P�L�N�W�D�U�Õ�� ���� �J���/�¶�\�H�� �o�Õ�N�D�U�Õ�O�G�Õ�÷�Õ�Q�G�D��
adsorpsiyon o�U�D�Q�Õ�� �G�D�� ���� �����¶�D�� �\�•�N�V�H�O�P�L�ú�� �Y�H�� �E�X��
�G�H�÷�H�U�G�H�Q�� �V�R�Q�U�D�� �I�D�]�O�D�� �E�L�U�� �G�H�÷�L�ú�L�N�O�L�N��
�J�|�]�O�H�P�O�H�Q�P�H�G�L�÷�L�Q�G�H�Q�� �G�R�O�D�\�Õ��optimum adsorban 
�G�R�]�X�� ���� �J���/�� �R�O�D�U�D�N�� �E�H�O�L�U�O�H�Q�P�L�ú�W�L�U���� �&�U���9�,����
�D�G�V�R�U�S�V�L�\�R�Q�X�Q�G�D�N�L�� �E�X�� �D�U�W�Õ�ú�� �D�G�V�R�U�S�V�L�\�R�Q��
�S�U�R�V�H�V�L�Q�L�Q�� �E�L�U�� �\�•�]�H�\�� �R�O�D�\�Õ�� �R�O�G�X�÷�X�� �L�o�L�Q�� �Y�H�U�L�P�L�Q��
�\�•�]�H�\�� �D�O�D�Q�Õ�\�O�D�� �G�R�÷�U�X�� �R�U�D�Q�W�Õ�O�Õ�� �R�O�P�D�V�Õ�� �L�O�H��
�D�o�Õ�N�O�D�Q�D�E�L�O�L�U���� �&�U���9�,���� �J�L�G�H�U�L�P�L�Q�G�H�N�L�� �D�U�W�Õ�ú����
�D�G�V�R�U�E�D�Q�� �P�L�N�W�D�U�Õ�Q�Õ�Q�� �D�U�W�W�Õ�U�Õ�O�P�D�V�Õ�� �L�O�H�� �G�D�K�D�� �I�D�]�O�D��
�\�•�]�H�\�� �D�O�D�Q�Õ�� �R�O�X�ú�D�F�D�÷�Õ�Q�G�D�Q�� �D�G�V�R�U�S�O�D�Q�D�Q�� �&�U���9�,����
�P�L�N�W�D�U�Õ�Q�Õ�Q���D�U�W�Õ�ú�Õ�Q�D���G�D�\�D�Q�G�Õ�U�Õ�O�D�E�L�O�L�U���>�����@��  
 
3.5. �7�H�P�D�V���6�•�U�H�V�L�Q�L�Q���(�W�N�L�V�L 

 
�7�H�P�D�V�� �V�•�U�H�V�L�Q�L�Q�� �&�U���9�,�����D�G�V�R�U�S�V�L�\�R�Q�� �H�W�N�L�Q�O�L�÷�L��
�•�]�H�U�L�Q�H���R�O�D�Q���H�W�N�L�V�L���L�o�L�Q������������������������������������������������������������
�Y�H�� �������� �G�N���� �W�H�P�D�V�� �V�•�U�H�O�H�U�L�� �E�R�\�X�Q�F�D�� �D�G�V�R�U�S�V�L�\�R�Q��
�U�H�D�N�V�L�\�R�Q�O�D�U�Õ�� �L�Q�F�H�O�H�Q�P�L�ú�W�L�U���� �&�U���9�,���� �L�\�R�Q�O�D�U�Õ�Q�Õ�Q��
�W�H�P�D�V�� �V�•�U�H�V�L�Q�H�� �N�D�U�ú�Õ�� �\�•�]�G�H�� �D�G�V�R�U�S�V�L�\�R�Q�� �J�U�D�I�L�÷�L��
�ù�H�N�L�O�����¶�G�H���J�|�U�•�O�P�H�N�W�H�G�L�U�� 

 
�ù�H�N�L�O ������ �.�0�.�� �E�R�Q�F�X�N�O�D�U�Õ�\�O�D�� �&�U���9�,����
�D�G�V�R�U�S�V�L�\�R�Q�X�Q�G�D�� �W�H�P�D�V�� �V�•�U�H�V�L�Q�L�Q�� �H�W�N�L�V�L��
���$�G�V�R�U�S�V�L�\�R�Q�� �ú�D�U�W�O�D�U�Õ���� �&�U���9�,���� �N�R�Q�V�D�Q�W�U�D�V�\�R�Q�X����
�������� �S�S�P���� �� �S�+�� ������ �D�G�V�R�U�E�D�Q�� �G�R�]�X���� ���J���/���� �V�Õ�F�D�N�O�Õ�N����
25 �“ 1 �ƒ�&���� 
 
�ù�H�N�L�O�� ���¶�G�H�� �J�|�U�•�O�G�•�÷�•�� �J�L�E�L�� �&�U���9�,���� �L�\�R�Q�O�D�U�Õ�Q�Õ�Q��
�.�0�.���E�R�Q�F�X�N�O�D�U�Õ���L�O�H���D�G�V�R�U�S�V�L�\�R�Q�X���L�O�N����-30 dakika 
�D�U�D�V�Õ�Q�G�D���K�Õ�]�O�D���D�U�W�P�Õ�ú��������-�������G�D�N�L�N�D���D�U�D�V�Õ�Q�G�D���D�U�W�Õ�ú��
�\�D�Y�D�ú�O�D�P�Õ�ú�� �Y�H�� ������ �G�D�N�L�N�D�G�D�� �G�H�Q�J�H�\�H�� �X�O�D�ú�Õ�O�P�Õ�ú�W�Õ�U����
�$�G�V�R�U�S�V�L�\�R�Q�X�Q�� �E�D�ú�W�D�� �K�Õ�]�O�Õ�� �R�O�P�D�V�Õ���� �&�U���9�,����
�L�\�R�Q�O�D�U�Õ�Q�Õ�Q�� �W�X�W�X�O�P�D�V�Õ�� �L�o�L�Q�� �� �.�0�.�� �\�•�]�H�\�L�Q�G�H�N�L��
�D�G�V�R�U�S�V�L�\�R�Q�� �P�H�U�N�H�]�O�H�U�L�Q�L�Q�� �L�O�N�� �D�ú�D�P�D�G�D�� �V�H�U�E�H�V�W��
�R�O�P�D�V�Õ�� �V�H�E�H�E�L�\�O�H�� �&�U���9�,���� �L�\�R�Q�O�D�U�Õ�Q�Õ�Q�� �E�X��
�P�H�U�N�H�]�O�H�U�O�H�� �N�R�O�D�\�F�D�� �H�W�N�L�O�H�ú�H�E�L�O�P�H�V�L�Q�G�H�Q��
�N�D�\�Q�D�N�O�D�Q�P�D�N�W�D�G�Õ�U���� �$�G�V�R�U�S�V�L�\�R�Q�X�Q���G�D�K�D���V�•�U�H�Q�L�Q��
�X�]�D�P�D�V�Õ�� �L�O�H�� �G�D�K�D�� �\�D�Y�D�ú�� �J�H�U�o�H�N�O�H�ú�P�H�V�L�� �L�V�H��
�\�•�]�H�\�G�H�N�L�� �P�H�U�N�H�]�O�H�U�L�Q�� �L�ú�J�D�O�� �H�G�L�O�G�L�N�o�H�� �&�U���9�,����
�L�\�R�Q�O�D�U�Õ�Q�Õ�Q�� �L�o�� �\�•�]�H�\�H�� �G�D�K�D�� �\�D�Y�D�ú�� �G�L�I�•�]�\�R�Q�X��
sebebiyle olabili�U���� �%�H�O�L�U�O�L�� �E�L�U�� �W�H�P�D�V�� �V�•�U�H�V�L�Q�G�H�Q��
sonra maksimum Cr(VI) adsorplama kapasitesine 
�X�O�D�ú�Õ�O�G�Õ�÷�Õ���L�o�L�Q���W�H�P�D�V���V�•�U�H�V�L�Q�L�Q���D�U�W�P�D�V�Õ�\�O�D���Y�H�U�L�P�G�H��
�K�H�U�K�D�Q�J�L�� �E�L�U�� �G�H�÷�L�ú�L�N�O�L�÷�L�Q�� �R�O�P�D�P�D�V�Õ�� �G�H�Q�J�H�Q�L�Q��
�N�X�U�X�O�G�X�÷�X�Q�X�� �J�|�V�W�H�U�L�U���� �d�D�O�Õ�ú�P�D�G�D�� ������ �G�D�N�L�N�D�G�D�Q��
�V�R�Q�U�D�� �W�H�P�D�V�� �V�•�U�H�V�L�Q�L�Q�� �D�U�W�W�Õ�U�Õ�O�P�D�V�Õ�� �L�O�H 
�D�G�V�R�U�S�V�L�\�R�Q�G�D�� �I�D�]�O�D�� �E�L�U�� �G�H�÷�L�ú�L�N�O�L�N��
�J�|�]�O�H�P�O�H�Q�P�H�P�L�ú�W�L�U���� �%�X�Q�G�D�Q�� �G�R�O�D�\�Õ�� �.�0�.��
�E�R�Q�F�X�N�O�D�U�Õ�� �D�G�V�R�U�E�D�Q�� �R�O�D�U�D�N�� �N�X�O�O�D�Q�Õ�O�G�Õ�÷�Õ�Q�G�D��
�&�U���9�,���� �L�\�R�Q�O�D�U�Õ�Q�Õ�Q�� �D�G�V�R�U�S�V�L�\�R�Q�X�Q�G�D�� �R�S�W�L�P�X�P��
�W�H�P�D�V�� �V�•�U�H�V�L�� ������ �G�N���� �R�O�D�U�D�N�� �E�H�O�L�U�O�H�Q�P�L�ú�W�L�U���� �%�X��
�G�X�U�X�P���W�H�P�D�V���V�•�U�H�V�L�Q�L�Q���D�G�V�R�U�S�V�L�\�R�Q���S�U�R�V�H�V�L�Q�L���E�H�O�O�L��
b�L�U���G�H�÷�H�U�H���N�D�G�D�U���H�W�N�L�O�H�G�L�÷�L�Q�L���J�|�V�W�H�U�P�H�N�W�H�G�L�U���>�����@���� 
 
4. �6�2�1�8�d�/�$�5 
 
�%�X�� �o�D�O�Õ�ú�P�D�G�D���� �.�0�.�� �N�R�P�S�R�]�L�W�L�� �K�D�]�Õ�U�O�D�Q�P�Õ�ú�� �Y�H��
�&�U���9�,���¶�Q�Õ�Q�� �D�G�V�R�U�S�V�L�\�R�Q�X�Q�G�D�� �D�G�V�R�U�E�D�Q�� �R�O�D�U�D�N��
�N�X�O�O�D�Q�Õ�P�Õ�� �L�Q�F�H�O�H�Q�P�L�ú�W�L�U���� �.�0�.�¶�Q�Õ�Q�� �D�G�V�R�U�E�D�Q��
�R�O�D�U�D�N�� �N�X�O�O�D�Q�Õ�P�Õ�Q�G�D�� �H�W�N�L�Q�O�L�÷�L�Q�L�� �E�H�O�L�U�O�H�P�H�N�� �Y�H��
�&�U���9�����L�\�R�Q�O�D�U�Õ���D�G�V�R�U�S�V�L�\�R�Q���P�H�N�D�Q�L�]�P�D�O�D�U�Õ�Q�Õ�� 
 
 
 
 
 

46 



 
�ù���3�$�5�/�$�<�,�&�,/APJES 6-1 (2018) 40-48 

 

 
  

�D�\�G�Õ�Q�O�D�W�P�D�N���L�o�L�Q���/�D�Q�J�P�X�L�U�����)�U�H�X�Q�G�O�L�F�K�������6�W�D�F�K�D�U�G��
ve D-�5�� �L�]�R�W�H�U�P�O�H�U�L�� �o�L�]�L�O�P�L�ú�� �Y�H�� �S�D�U�D�P�H�W�U�H�O�H�U��
�G�H�÷�H�U�O�H�Q�G�L�U�L�O�P�L�ú�W�L�U���� �ø�]�R�W�H�U�P�� �P�R�G�H�O�O�H�U�L�Q�L�Q��
�D�G�V�R�U�S�V�L�\�R�Q�� �V�D�E�L�W�O�H�U�L�� �7�D�E�O�R�� �����¶�G�H�� �Y�H�U�L�O�P�L�ú�W�L�U����
�.�0�.���•�]�H�U�L�Q�G�H���&�U���9�,���¶���Q�Õ�Q���D�G�V�R�U�S�L�V�\�R�Q izotermi 
�/�D�Q�J�P�X�L�U�� �P�R�G�H�O�L�Q�H�� �G�D�K�D�� �X�\�G�X�÷�X�� �J�|�U�•�O�P�•�ú�W�•�U����
�/�D�Q�J�P�X�L�U���L�]�R�W�H�U�P���P�R�G�H�O�L���J�H�Q�H�O�O�L�N�O�H���E�H�O�L�U�O�L���V�D�\�Õ�G�D��
�E�H�Q�]�H�U���\�H�U�O�H�U���L�o�H�U�H�Q���\�•�]�H�\�O�H�U���•�]�H�U�L�Q�G�H���W�H�N���W�D�E�D�N�D��
�D�G�V�R�U�S�V�L�\�R�Q�X�� �L�o�L�Q�� �J�H�o�H�U�O�L�G�L�U���� �0�D�N�V�L�P�X�P�� �&�U���9�,����
adsorpsiyon kapasitesi 102 mg/g olarak 
�E�X�O�X�Q�P�X�ú�W�X�U�����$�G�V�R�U�S�V�L�\�R�Q���L�]�R�W�H�U�P�O�H�U�L�Q�L�Q���\�D�Q�Õ�Q�G�D��
reaksiyon parametrelerinin optimizasyonu da 
�\�D�S�Õ�O�P�Õ�ú�W�Õ�U���� �2�S�W�L�P�L�]�D�V�\�R�Q�� �D�P�D�F�Õ�\�O�D�� �E�D�ú�O�D�Q�J�Õ�o��
�&�U���9�,���� �N�R�Q�V�D�Q�W�U�D�V�\�R�Q�X���� �W�H�P�D�V�� �V�•�U�H�V�L���� �D�G�V�R�U�E�D�Q��
�P�L�N�W�D�U�Õ�� �Y�H�� �S�+�� �G�H�÷�H�U�O�H�U�L�� �G�H�÷�L�ú�W�L�U�L�O�H�U�H�N�� �H�Q�� �H�W�N�L�Q��
�ú�D�U�W�O�D�U�Õ�Q�� �E�X�O�X�Q�P�D�V�Õ�� �D�P�D�o�O�D�Q�P�Õ�ú�W�Õ�U���� �=�D�P�D�Q��
�o�D�O�Õ�ú�P�D�O�D�U�Õ�� �L�Q�F�H�O�H�Q�G�L�÷�L�Q�G�H�� ������ �G�D�N�L�N�D�� �V�R�Q�U�D��
�D�G�V�R�U�S�O�D�Q�D�F�D�N�� �&�U���9�,���� �P�L�N�W�D�U�Õ�Q�Õ�Q�� �\�D�N�O�D�ú�Õ�N�� �\�D�U�Õ�V�Õ��
ilk 5-������ �G�D�N�L�N�D�G�D�� �D�G�V�R�U�S�O�D�Q�G�Õ�÷�Õ�� �J�|�U�•�O�P�•�ú�W�•�U���� ������
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Abstract 
 
In this �V�W�X�G�\�����R�I���.-MnO2/Graphene/CNT nanocomposites were produced and characterized as electrode for Li-O2 
batteries. Graphene was produced with Hummer method and carbon nano tubes were added to graphene as spacers 
�E�H�W�Z�H�H�Q�� �O�D�\�H�U�V���� �.��MnO2 nanorods were synthesized �D�Q�G�� �.-MnO2/Graphene/CNT nanocomposites were 
�I�D�E�U�L�F�D�W�H�G���E�\�� �Y�D�F�X�X�P�� �I�L�O�W�U�D�W�L�R�Q���W�H�F�K�Q�L�T�X�H�� �D�V�� �D�� �S�D�S�H�U���H�O�H�F�W�U�R�G�H���� �.��MnO2 nanorods were added to composite at 
three different rates and electrodes were characterized by FESEM and XRD. The electrochemical characterization 
was carried out in ECC-air test cells.   
 
Keywords: �*�U�D�S�K�H�Q�H�����.��MnO2 nanorods, composite, energy storage 
 
 
1. �*�ø�5�ø�ù 
 
�0�R�G�H�U�Q���G�•�Q�\�D�Q�Õ�Q���E�•�\�•�\�H�Q���N�•�U�H�V�H�O���H�Q�H�U�M�L���L�K�W�L�\�D�F�Õ�� 
�S�H�W�U�R�O���� �N�|�P�•�U�� �Y�H�� �G�R�÷�D�O�J�D�]�� �J�L�E�L �I�R�V�L�O�� �\�D�N�Õ�W�O�D�U�Õ�Q��
�D�N�V�L�Q�H�� �G�D�K�D�� �o�H�Y�U�H�\�O�H�� �G�R�V�W�� �Y�H�� �G�D�K�D�� �\�H�Q�L�O�H�Q�H�E�L�O�L�U��
�E�•�\�•�N���|�O�o�H�N�O�L���H�Q�H�U�M�L���N�D�\�Q�D�N�O�D�U�Õ�Q�D���\�|�Q�H�O�P�H�\�L���V�H�Y�N��

etmektedir. CO2 �H�P�L�V�\�R�Q�X�Q�G�D���N�L���D�U�W�Õ�ú���Y�H���S�H�W�U�R�O�•�Q��
�V�Õ�Q�Õ�U�O�Õ���R�O�P�D�V�Õ���G�D���W�H�P�L�]���H�Q�H�U�M�L���N�D�\�Q�D�N�O�D�U�Õ���E�X�O�P�D�\�Õ��
gerektirmek�W�H�G�L�U���� �%�X�� �N�D�S�V�D�P�G�D�� �S�L�O�O�H�U���� �V�•�S�H�U��
�N�D�S�D�V�L�W�|�U�O�H�U���Y�H���\�D�N�Õ�W���K�•�F�U�H�O�H�U�L���G�D�K�L�O���H�Q�H�U�M�L���•�U�H�W�L�P�L����
�G�|�Q�•�ú�•�P�•�� �Y�H�� �G�H�S�R�O�D�Q�P�D�V�Õ�� �L�o�L�Q�� �N�X�O�O�D�Q�Õ�O�D�Q��
�H�O�H�N�W�U�R�N�L�P�\�D�V�D�O�� �V�L�V�W�H�P�O�H�U�� �|�Q�H�P�O�L�� �E�L�U�� �U�R�O��
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�R�\�Q�D�P�D�N�W�D�G�Õ�U���� �7�D�ú�Õ�Q�D�E�L�O�L�U�� �H�O�H�N�W�U�R�Q�L�N�� �G�H�Y�U�H�O�H�U��
���E�L�O�J�L�V�D�\�D�U���� �D�N�Õ�O�O�Õ�� �W�H�O�H�I�R�Q�� �Y�E������ �Y�H�� �R�W�R�P�R�Wiv 
���H�O�H�N�W�U�L�N�O�L���Y�H�\�D���K�L�E�U�L�W���D�U�D�o�O�D�U�����X�\�J�X�O�D�P�D�O�D�U�Õ���G�D�K�L�O��
�J�H�O�H�F�H�÷�L�Q���H�Q�H�U�M�L���G�H�S�R�O�D�P�D���V�L�V�W�H�P�O�H�U�L�Q�G�H���|�]�H�O�O�L�N�O�H��
�ú�D�U�M���R�O�D�E�L�O�H�Q���O�L�W�\�X�P���S�L�O�O�H�U�L�Q���N�L�O�L�W���E�L�U���U�R�O���•�V�W�O�H�Q�H�F�H�÷�L��
bilinmektedir [1]�����/�L�W�\�X�P���S�L�O�O�H�U���\�•�N�V�H�N���H�Q�H�U�M�L���Y�H��
�J�•�o�� �\�R�÷�X�Q�O�X�÷�X�Q�X�Q�� �H�ú�V�L�]�� �N�R�P�E�L�Q�D�V�\�R�Q�X�Q�D��
�V�D�K�L�S�W�L�U���� �%�X�� �|�]�H�O�O�L�N�� �O�L�W�\�X�P�� �S�L�O�O�H�U�L�� �W�D�ú�Õ�Q�D�E�L�O�L�U��
elektronik devreler, elektrikli aletler ve elektrikli 
veya �K�L�E�U�L�W���D�U�D�o�O�D�U���L�o�L�Q���W�H�U�F�L�K���H�G�L�O�H�Q���E�L�U���W�H�N�Q�R�O�R�M�L��
�\�D�S�D�U�����(�O�H�N�W�U�L�N�O�L���D�U�D�o�O�D�U���S�H�W�U�R�O�O�H���o�D�O�Õ�ú�D�Q���D�U�D�o�O�D�U�Õ�Q��
�\�H�U�L�Q�L�� �D�O�G�Õ�÷�Õ�Q�G�D�� �/�L-iyon piller CO2 emisyonunu 
�|�Q�H�P�O�L�� �G�H�U�H�F�H�G�H�� �D�]�D�O�W�D�F�D�N�W�Õ�U���� �/�L�W�\�X�P�� �S�L�O�O�H�U�L�Q��
�\�•�N�V�H�N���H�Q�H�U�M�L���Y�H�U�L�P�O�L�O�L�÷�L���E�X���S�L�O�O�H�U�L�Q���U�•�]�J�D�U�����J�•�Q�H�ú����
jeoterma�O�� �Y�H�� �G�L�÷�H�U�� �\�H�Q�L�O�H�Q�H�E�L�O�L�U�� �H�Q�H�U�M�L��
�N�D�\�Q�D�N�O�D�U�Õ�Q�G�D�Q�� �H�O�G�H�� �H�G�L�O�H�Q�� �H�Q�H�U�M�L�Q�L�Q�� �N�D�O�L�W�H�V�L�Q�L��
�D�U�W�Õ�U�P�D�G�D�� �N�X�O�O�D�Q�Õ�O�D�Q�� �H�O�H�N�W�U�L�N�� �Q�D�N�L�O��
�X�\�J�X�O�D�P�D�O�D�U�Õ�Q�G�D���G�D���N�X�O�O�D�Q�Õ�O�P�D�V�Õ�Q�Õ���V�D�÷�O�D�P�D�N�W�D�G�Õ�U����
�%�X�� �\�•�]�G�H�Q�� �O�L�W�\�X�P�� �S�L�O�O�H�U�� �K�H�P�� �H�Q�G�•�V�W�U�L�� �K�H�P��
�D�N�D�G�H�P�L�N���o�D�O�Õ�ú�P�D�O�D�U���L�o�L�Q���L�O�J�L���o�H�N�L�F�L�G�L�U��[2].  
 
�3�L�O�O�H�U���L�o�L�Q�G�H���H�Q���\�•�N�V�H�N���W�H�R�U�L�N���H�Q�H�U�M�L���\�R�÷�X�Q�O�X�÷�X�Q�D��
sahip (11.248 Wh kg��1) Li ��O2 pilleri olarak 
bilinen Li���K�D�Y�D�� �S�L�O�O�H�U�L�� �$�E�U�D�K�D�P�� �W�D�U�D�I�Õ�Q�G�D�Q�� �L�O�N��
�R�O�D�U�D�N�������������\�Õ�O�Õ�Q�G�D���V�X�Q�X�O�P�X�ú�W�X�U��[3]. Li-hava pili 
�J�H�Q�H�O�O�L�N�O�H���E�L�U���P�H�W�D�O�L�N���/�L���D�Q�R�W�����E�L�U���D�S�U�R�W�L�N���o�|�]�•�F�•��
�L�o�L�Q�G�H�� �o�|�]�•�Q�P�•�ú�� �E�L�U�� �O�L�W�\�X�P�� �W�X�]�X�Q�G�D�Q�� �R�O�X�ú�D�Q�� �E�L�U��
�H�O�H�N�W�U�R�O�L�W���� �E�L�U�� �N�D�W�Õ�� �V�H�S�H�U�D�W�|�U�� �Y�H��bir poroz oksijen 
�J�H�o�L�U�H�Q�� �N�D�W�R�W�W�D�Q�� �R�O�X�ú�P�D�N�W�D�G�Õ�U��[4]���� �'�H�ú�D�U�M��
�H�V�Q�D�V�Õ�Q�G�D�� �N�D�W�R�W�W�D�� �L�Q�G�L�U�J�H�Q�H�Q�� �R�N�V�L�M�H�Q�� ���G�Õ�ú�D�U�Õ�G�D�N�L��
havadan gelen) ile Li��metal anottan gelen Li+ 
iyonu Li2O2 �R�O�X�ú�W�X�U�P�D�N�� �L�o�L�Q�� �E�L�U�O�H�ú�L�U�� ���R�N�V�L�M�H�Q��
�U�H�G�•�N�V�L�\�R�Q���U�H�D�N�V�L�\�R�Q�X-ORR); 
 
2Li++O2�9�����H���:�/�L2O2                     (1) 
 
�ù�D�U�M�� �H�V�Q�D�V�Õ�Q�G�D����Li 2O2, Li+ ve O2�
�\�H�� �J�H�U�L�� �G�|�Q�H�U��
���R�N�V�L�M�H�Q���H�Y�R�O�•�V�\�R�Q���U�H�D�N�V�L�\�R�Q�X-OER) [5]. 
 
Li 2O2�:���/�L++O2�9�����H��                   (2) 
 
Bir hekzagonal latiste sp2 �E�D�÷�O�D�U�Õ�� �L�O�H�� �E�D�÷�O�D�Q�P�Õ�ú��
�N�D�U�E�R�Q�� �D�W�R�P�O�D�U�Õ�Q�Õ�Q�� �W�H�N�� �E�L�U�� �W�D�E�D�N�D�V�Õ�� �R�O�D�Q�� �J�U�D�I�H�Q 
�\�•�N�V�H�N�� �H�O�H�N�W�U�R�Q�L�N�� �L�O�H�W�N�H�Q�O�L�N���� �J�H�Q�L�ú�� �W�H�R�U�L�N�� �\�•�]�H�\��
�D�O�D�Q�Õ�� ������������ �P2g��1������ �P�•�N�H�P�P�H�O�� �\�D�S�Õ�V�D�O�� �H�V�Q�H�N�O�L�N��
�Y�H�� �\�•�N�V�H�N�� �\�•�]�H�\���K�D�F�L�P�� �R�U�D�Q�Õ�Q�G�D�Q�� �G�R�O�D�\�Õ�� �H�Q�H�U�M�L��
�G�H�S�R�O�D�P�D�� �D�O�D�Q�Õ�Q�G�D�� �N�X�O�O�D�Q�Õ�P�� �L�o�L�Q�� �K�D�U�L�N�D�� �E�L�U��
potansiyele sahiptir [6]�±[8]���� �*�U�D�I�H�Q�L�Q�� �\�•�]�H�\�L��
kimyasal �U�H�D�N�V�L�\�R�Q�O�D�U�� �L�o�L�Q�� �D�N�W�L�I�� �E�|�O�J�H�� �R�O�D�U�D�N��
�J�|�U�H�Y���\�D�S�D�E�L�O�H�Q���o�R�N���V�D�\�Õ�G�D���K�D�W�D�O�Õ���E�|�O�J�H���Y�H���N�H�Q�D�U��
�L�o�H�U�L�U���� �%�X�� �N�D�U�D�N�W�H�U�L�V�W�L�N�� �|�]�H�O�O�L�N�O�H�U�� �J�U�D�I�H�Q�L�� �H�Q�H�U�M�L��
�G�H�S�R�O�D�P�D���V�L�V�W�H�P�O�H�U�L���L�o�L�Q���o�R�N���X�\�J�X�Q���E�L�U���P�D�O�]�H�P�H��
yapar [9]���� �%�X�� �D�Y�D�Q�W�D�M�O�D�U�Õ�Q�Õ�Q�� �\�D�Q�Õ�Q�G�D�� �J�U�D�I�H�Q��
�W�D�E�D�N�D�O�D�U�Õ�� �L�Q�G�L�U�J�H�Q�G�L�N�O�H�U�L�� �H�V�Q�D�G�D�� �J�•�o�O�•�� �Y�D�Q�� �G�H�U��
�:�D�D�O�V���H�W�N�L�O�H�ú�L�P�L���Y�H���D�U�W�D�Q���K�L�G�U�R�I�R�E�L�N�O�L�N�W�H�Q���G�R�O�D�\�Õ��
�J�H�U�L�� �G�|�Q�•�ú�•�P�V�•�]�� �R�O�D�U�D�N�� �D�J�U�H�J�H�� �R�O�P�D�� �H�÷�L�O�L�P�L��
�J�|�V�W�H�U�L�U�O�H�U���� �%�X �\�•�]�G�H�Q�� �J�U�D�I�H�Q�L�Q�� �H�O�G�H�� �H�G�L�O�H�E�L�O�H�Q��
�\�•�]�H�\�� �D�O�D�Q�Õ���� �L�O�H�W�N�H�Q�O�L�N�� �Y�H�� �V�S�H�V�L�I�L�N�� �N�D�S�D�V�L�W�H��
�G�H�÷�H�U�O�H�U�L�� �E�H�N�O�H�Q�H�Q�L�Q�� �o�R�N�� �D�O�W�Õ�Q�G�D�� �N�D�O�Õ�U���� �*�U�D�I�H�Q��

�W�D�E�D�N�D�O�D�U�Õ�Q�Õ�Q�� �N�L�P�\�D�V�D�O�� �U�H�G�•�N�V�L�\�R�Q�X�� �H�V�Q�D�V�Õ�Q�G�D��
�D�J�O�H�P�H�U�D�V�\�R�Q�X�Q�X���P�L�Q�L�P�L�]�H���H�W�P�H�N���L�o�L�Q���N�X�O�O�D�Q�Õ�O�D�Q��
�V�W�U�D�W�H�M�L�O�H�U�G�H�Q�� �E�L�U�L�� �W�D�E�D�N�D�O�D�U�Õ�Q�� �D�U�D�V�Õ�Q�D �E�L�U�� �E�R�ú�O�X�N��
�\�D�S�Õ�F�Õ�� �P�D�O�]�H�P�H�� ���N�D�U�E�R�Q�� �Q�D�Q�R�� �W�•�S���� �I�X�O�O�H�U�H�Q����
�N�D�U�E�R�Q�� �N�D�U�D�V�Õ�� �Y�E������ �L�O�D�Y�H�� �H�W�P�H�N�W�L�U���� �%�X�� �V�D�G�H�F�H��
�W�D�E�D�N�D�O�D�U�� �D�U�D�V�Õ�� �P�H�V�D�I�H�\�L�� �D�U�W�W�Õ�U�P�D�\�D�� �G�H�÷�L�O�� �D�N�W�L�I��
�P�D�O�]�H�P�H�Q�L�Q�� �L�O�H�W�N�H�Q�O�L�÷�L�Q�L�� �Y�H�� �\�•�]�H�\�� �D�O�D�Q�Õ�Q�Õ��
�D�U�W�W�Õ�U�P�D�\�D���G�D���N�D�W�N�Õ���V�D�÷�O�D�U[10]. 
Katalist olarak grafen-metal oksit heterojen 
�P�D�O�]�H�P�H�O�H�U�� �2�(�5���2�5�5�� �U�H�D�N�V�L�\�R�Q�O�D�U�Õ�Q�Õ�Q��
�N�L�Q�H�W�L�N�O�H�U�L�Q�L���J�H�O�L�ú�W�L�U�P�H�G�H���\�H�Q�L���E�L�U���\�R�O���V�D�÷�O�Dr [11], 
[12]���� �.��MnO2 �R�N�V�L�M�H�Q�� �U�H�G�•�N�V�L�\�R�Q�� �U�H�D�N�V�L�\�R�Q�O�D�U�Õ��
���2�5�5�����L�o�L�Q���X�P�X�W���Y�D�D�W���H�W�P�H�N�W�H�G�L�U�����'�•�ú�•�N���P�D�O�L�\�H�W�O�L��
�E�L�U�� �D�O�W�H�U�Q�D�W�L�I�� �L�o�L�Q�� �o�D�O�Õ�ú�P�D�O�D�U�G�D�� �P�D�Q�J�D�Q�� �R�N�V�L�W��
�H�O�H�P�H�Q�W�H�O���E�R�O�O�X�÷�X�����D�O�N�D�O�L�Q���L�o�L�Q�G�H���\�•�N�V�H�N���D�N�W�L�Y�L�W�H�V�L��
�Y�H�� �]�H�K�L�U�O�L�� �R�O�P�D�P�D�V�Õ�Q�G�D�Q�� �|�W�•�U�•�� �G�L�N�N�D�W��
�o�H�N�P�H�N�W�H�G�L�U���� �*�U�D�I�H�Q�� �Y�H�� �.��MnO2 �o�H�N�L�F�L��
�|�]�H�O�O�L�N�O�H�U�L�Q�G�H�Q�� �|�W�•�U�•�� �/�L��O2 pillerde katalist 
�R�O�D�U�D�N�� �N�X�O�O�D�Q�Õ�O�Õ�U��[13]���� �0�H�Y�F�X�W�� �o�D�O�Õ�ú�P�D�G�D���� �J�U�D�I�H�Q��
�+�X�P�P�H�U���P�H�W�R�G�X���L�O�H���•�U�H�W�L�O�P�L�ú�W�L�U�����h�U�H�W�L�O�H�Q���J�U�D�I�H�Q�L�Q��
�W�D�E�D�N�D�O�D�U�Õ�� �D�U�D�V�Õ�� �D�J�O�R�P�H�U�D�V�\�R�Q�X�Q�X�� �|�Q�O�H�P�H�N�� �L�o�L�Q��
�•�U�H�W�L�P�� �H�V�Q�D�V�Õ�Q�G�D�� �X�\�J�X�Q�� �D�Q�\�R�Q�L�N�� �Y�H�� �N�D�W�\�R�Q�L�N��
�\�•�]�H�\���D�N�W�L�I���P�D�G�G�H�O�H�U �N�X�O�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U�����*�U�D�I�H�Q�H���G�D�K�D��
sonra  tabakal�D�U�Õ�Q�� �D�U�D�V�Õ�Q�D�� �E�L�U�� �E�R�ú�O�X�N�� �\�D�S�Õ�F�Õ��
�P�D�O�]�H�P�H�� �R�O�D�Q�� �N�D�U�E�R�Q�� �Q�D�Q�R�� �W�•�S�� ���.�1�7���� �L�O�D�Y�H��
�H�G�L�O�H�U�H�N���W�D�E�D�N�D�O�D�U���D�U�D�V�Õ���P�H�V�D�I�H�����D�N�W�L�I���P�D�O�]�H�P�H�Q�L�Q��
�L�O�H�W�N�H�Q�O�L�÷�L�� �Y�H�� �\�•�]�H�\�� �D�O�D�Q�Õ�� �D�U�W�W�Õ�U�Õ�O�P�Õ�ú�W�Õ�U���� �h�U�H�W�L�O�H�Q��
�.��MnO2 �Q�D�Q�R�� �o�X�E�X�N�O�D�U�Õ�� �L�O�H�� �J�U�D�I�H�Q�� �N�R�P�S�R�]�L�W��
haline getirilerek heterojen elektrotlar Li ��O2 
�S�L�O�O�H�U�L�� �L�o�L�Q�� �Y�D�N�X�P�� �I�L�O�W�U�D�V�\�R�Q�� �\�|�Q�W�H�P�L�� �L�O�H��
�•�U�H�W�L�O�P�L�ú�W�L�U���Y�H���N�D�U�D�N�W�H�U�L�]�H���H�G�L�O�P�L�ú�W�L�U���� 
 
2. �'�(�1�(�<�6�(�/���d�$�/�,�ù�0�$�/�$�5 
 
Li ��O2 �S�L�O�O�H�U�L�� �L�o�L�Q�� �H�O�H�N�W�U�R�W�O�D�U�Õ�Q�� �•�U�H�W�L�P�L�� ���� �D�G�Õ�P�G�D��
�\�D�S�Õ�O�P�Õ�ú�W�Õ�U���� �L���� �*�U�D�I�H�Q�L�Q�� �V�H�Q�W�H�]�O�H�Q�P�H�V�L���� �L�L����
�.��MnO2 �Q�D�Q�R�� �o�X�E�X�N�O�D�U�Õ�Q��sentezlenmesi, iii) 
�(�O�H�N�W�U�R�W�O�D�U�Õ�Q�� �K�D�]�Õ�U�O�D�Q�P�D�V�Õ���� �3�X�O�F�X�N�� �J�U�D�I�L�W�W�H�Q��
g�U�D�I�H�Q�� �V�H�Q�W�H�]�O�H�Q�P�H�V�L�� �L�o�L�Q�� �+�X�P�P�H�U�� �P�H�W�R�G�X��
�N�X�O�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U���� �*�U�D�I�L�W���S�X�O�F�X�N�O�D�U�Õ��H2SO4 ve HNO3 
�o�|�]�H�O�W�L�V�L�Q�G�H�������V�D�D�W���N�D�U�Õ�ú�W�Õ�U�Õ�O�G�Õ�N�W�D�Q���V�R�Q�U�D���V�D�I���V�X���L�O�H��
�\�Õ�N�D�Q�Õ�S�� �N�X�U�X�W�X�O�P�X�ú�� �Y�H�� �G�D�K�D�� �V�R�Q�U�D�� �������ƒ�&�¶�G�H�� ��������
sn �D�U�D�V�Õ�� �Õ�V�Õ�O�� �L�ú�O�H�P�H�� �P�D�U�X�]�� �E�Õ�U�D�N�Õ�O�P�Õ�ú�W�Õ�U���� �%�X�� �|�Q��
�L�ú�O�H�P�O�L���J�U�D�I�L�W���1�D�1�23 ile birlikte H2SO4 ile birlikte 
�\�D�N�O�D�ú�Õ�N���L�N�L���V�D�D�W���N�D�U�Õ�ú�W�Õ�U�Õ�O�P�Õ�ú�W�Õ�U�����.�D�U�Õ�ú�Õ�P���V�Õ�F�D�N�O�Õ�÷�Õ��
-20�ƒ�&�� �\�H�� �N�D�G�D�U�� �G�•�ú�•�U�•�O�H�U�H�N�� �.�0�Q�24 ilavesi 
�\�D�S�Õ�O�P�Õ�ú�W�Õ�U���� �$�U�G�Õ�Q�G�D�Q�� �V�Õ�F�D�N�O�Õ�N�� ������o�&�¶�\�H�� �J�H�W�L�U�L�O�L�S��
�N�D�U�Õ�ú�W�Õ�U�P�D�\�D���G�H�Y�D�P�� �H�G�L�O�P�L�ú�W�L�U���� �2�G�D�� �V�Õ�F�D�N�O�Õ�÷�Õ�Q�D��
inildikten sonra  saf su ve  H2O2 �L�O�D�Y�H���H�G�L�O�P�L�ú�W�L�U����
Burada H2O2�µ�Q�L�Q�� �L�O�D�Y�H�� �H�G�L�O�P�H�V�L�Q�L�Q�� �Q�H�G�H�Q�L��
�o�|�]�H�O�W�L�G�H�� �o�|�]�•�Q�P�H�P�L�ú�� �R�O�D�U�D�N�� �E�X�O�X�Q�D�Q�� �N�D�O�Õ�Q�W�Õ��
�S�H�U�P�D�Q�J�D�Q�D�W�� �\�D�S�Õ�V�Õ�Q�Õ�� �P�D�Q�J�D�Q�� �L�\�R�Q�O�D�U�Õ�Q�D��
�L�Q�G�L�U�J�H�P�H�N�W�L�U���� �(�O�G�H�� �H�G�L�O�H�Q�� �o�|�]�H�O�W�L�� �V�•�]�•�O�G�•�N�W�H�Q 
�V�R�Q�U�D���J�U�D�P���E�D�ú�Õ�Q�D�����������P�O�����������¶�O�X�N���+�&�O���o�|�]�H�O�W�L�V�L��
�L�O�H�� �\�Õ�N�D�Q�P�Õ�ú�W�Õ�U���� �$�U�G�Õ�Q�G�D�Q�� �S�+�� ����6,5 olana kadar 
�V�D�I�� �V�X�� �L�O�H�� �\�Õ�N�D�Q�Õ�S�� �V�D�Q�W�U�L�I�•�M�O�H�� �V�•�]�•�O�P�•�ú�W�•�U���� �(�O�G�H��
�H�G�L�O�H�Q�� �•�U�•�Q�� �J�U�D�I�H�Q�� �R�N�V�L�W�� ���*�2���� �R�O�D�U�D�N��
�D�G�O�D�Q�G�Õ�U�Õ�O�P�D�N�W�D�G�Õ�U�� 
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�.��MnO2 �Q�D�Q�R�� �o�X�E�X�N�O�D�U�Õ�Q�� �•�U�H�W�L�P�� �S�U�R�V�H�G�•�U�•�Q�G�H����
3,16 g KMnO4 ve 5,07 g MnSO4 80 ml saf su 
�L�o�L�Q�G�H�� �N�D�U�Õ�ú�W�Õ�U�Õ�O�D�U�D�N�� �o�|�]�•�O�P�•�ú�W�•�U���� �%�X�� �o�|�]�H�O�W�L��
�7�H�I�O�R�Q�� �R�W�R�N�O�D�Y�D�� �D�O�Õ�Q�D�U�D�N�� �������ƒ�&�
�G�H�� ������ �G�N��
�P�L�N�U�R�G�D�O�J�D�� �V�H�Q�W�H�]�� �I�Õ�U�Õ�Q�Õ�Q�G�D�� �W�X�W�X�O�P�X�ú�W�X�U����
�$�U�G�Õ�Q�G�D�Q�� �R�W�R�N�O�D�Y�� �R�G�D�� �V�Õ�F�D�N�O�Õ�÷�Õ�Q�D�� �N�H�Q�G�L�� �N�H�Q�G�L�Q�H��
�V�R�÷�X�W�X�O�P�X�ú�W�X�U���� �d�|�N�H�O�W�L�� �V�•�]�•�O�P�•�ú�� �Y�H�� �N�D�O�Õ�Q�W�Õ��
kalm�D�\�D�Q�D�� �Y�H�� �S�+�
�Õ�� �Q�|�W�U�� �R�O�D�Q�D�� �N�D�G�D�U�� �V�D�I�� �V�X�� �L�O�H��
�G�H�I�D�O�D�U�F�D���\�Õ�N�D�Q�P�Õ�ú�W�Õ�U�����d�|�N�H�O�H�Q���0�Q�22'ler vakumlu 
�H�W�•�Y�G�H�������ƒ�&�
�G�H���N�X�U�X�W�X�O�P�X�ú�W�X�U���� 
 
�.�R�P�S�R�]�L�W�� �H�O�H�N�W�U�R�W�� �•�U�H�W�L�P�� �S�U�R�V�H�V�L�Q�G�H���� �.��MnO2, 
�.�1�7�� �Y�H�� �J�U�D�I�H�Q�� �R�N�V�L�W�� �V�D�I�� �V�X�� �L�o�L�Q�H�� �N�R�Q�X�O�P�X�ú�� �Y�H��
�X�O�W�U�D�V�R�Q�L�N�� �S�U�R�V�H�V�|�U�G�H�� ���V�R�Q�L�N�D�W�|�U���� �\�•�]�H�\�� �D�N�W�Lf 
�P�D�G�G�H���L�O�D�Y�H�V�L���G�H���\�D�S�Õ�O�D�U�D�N���K�R�P�R�M�H�Q�O�L�N���V�D�÷�O�D�Q�D�Q�D��
�N�D�G�D�U�� ���� �V�D�D�W�� �V�•�U�H�� �L�O�H�� �N�D�U�Õ�ú�W�Õ�U�Õ�O�P�Õ�ú�W�Õ�U���� �6�X�G�D��
�S�D�U�W�L�N�•�O�O�H�U�L�Q�� �K�R�P�R�M�H�Q�� �G�D�÷�Õ�O�P�D�V�Õ�� �V�D�÷�O�D�Q�G�Õ�N�W�D�Q��
�V�R�Q�U�D�� �o�|�]�H�O�W�L�� �Y�D�N�X�P�� �I�L�O�W�U�D�V�\�R�Q�� �V�L�V�W�H�P�L�Q�G�H�� ����������
���P�� �S�R�U�� �E�R�\�X�W�O�X�� �3�9�'�)�� �P�H�P�E�U�D�Q�� �•�]�H�U�L�Q�G�H��
�V�•�]�•�O�P�•�ú�W�•�U���� �9�D�N�X�P�� �I�L�O�W�U�D�V�\�R�Q�G�D�Q sonra serbest 
(free��standing) ve esnek elektrot membran 
�•�]�H�U�L�Q�G�H�Q�� �V�R�\�X�O�P�X�ú�� �Y�H�� �Y�D�N�X�P�O�X�� �H�W�•�Y�G�H�� �����ƒ�&�
�G�H��
�N�X�U�X�W�X�O�P�X�ú�W�X�U���� 
 
�.�R�P�S�R�]�L�W�O�H�U�L�Q�� �E�L�O�H�ú�L�P�O�H�U�L�Q�L�� �Y�H�� �\�D�S�Õ�O�D�U�Õ�Q�Õ��
�E�H�O�L�U�O�H�P�H�N�� �L�o�L�Q�� �&�X���.�.�� �U�D�G�\�D�V�\�R�Q�X�� �L�O�H�� �;���Õ�ú�Õ�Q�Õ��
(Rigaku D/MAX2000) difraktometresi 
�N�X�O�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U�� �<�•�]�H�\���P�R�U�I�R�O�R�M�L�V�L�Q�L���L�Q�F�H�O�H�P�H�N���L�o�L�Q��
�W�D�U�D�P�D�O�Õ�� �H�O�H�N�W�U�R�Q�� �P�L�N�U�R�V�N�R�E�X�� �N�X�O�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U��
(SEM, JEOL 6335F). Elektrokimyasal 
�N�D�U�D�N�W�H�U�L�]�D�V�\�R�Q�� �L�o�L�Q�� �(�&�&-�K�D�Y�D�� �W�H�V�W�� �K�•�F�U�H�O�H�U�L��
�D�U�J�R�Q�� �L�O�H�� �G�R�O�G�X�U�X�O�P�X�ú�� �H�O�G�L�Y�H�Q�O�L�� �N�X�W�X�G�D��
�K�D�]�Õ�U�O�D�Q�P�Õ�ú�W�Õ�U�����h�U�H�W�L�O�H�Q���N�R�P�S�R�]�L�W�O�H�U���N�D�W�R�W�����O�L�W�\�X�P��
metal �I�R�O�\�R�� �D�Q�R�W���� ���0�
�O�Õ�N�� �/�L�3�)6 �1�0�3�� �o�|�]�H�O�W�L�V�L��
�H�O�H�N�W�U�R�O�L�W�� �Y�H�� �F�D�P�� �I�L�E�H�U�O�H�U�� �V�H�S�H�U�D�W�|�U�� �R�O�D�U�D�N��
�N�X�O�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U���� �(�&�&-�K�D�Y�D�� �W�H�V�W�� �K�•�F�U�H�O�H�U�L�Q�L�Q���ú�D�U�M�Å
�G�H�ú�D�U�M�� �L�ú�O�H�P�L�� ���Å�������� �9�� �D�U�D�O�Õ�÷�Õ�Q�G�D�� �V�D�E�L�W�� �D�N�Õ�P��
�\�R�÷�X�Q�O�X�÷�X�Q�G�D���0�7�,���%�6�7���Å�0�$���%�D�W�W�H�U�\���$�Q�D�O�\�]�H�U��
�F�L�K�D�]�Õ���L�O�H���\�D�S�Õ�O�P�Õ�ú�W�Õ�U�����'�|�Q�•�ú�•�P�O�•���Y�R�O�W�Dmetri (CV) 
ve elektrokimyasal empedans spektroskopisi 
���(�,�6�����o�D�O�Õ�ú�P�D�O�D�U�Õ���*�D�P�U�\���,�Q�V�W�U�X�P�H�Q�W���9�H�U�V�L�R�Q������������
�F�L�K�D�]�Õ�� �L�O�H�� �\�D�S�Õ�O�P�Õ�ú�W�Õ�U���� �d�H�Y�U�L�P�V�H�O�� �Y�R�O�W�D�P�H�W�U�L��
�H�÷�U�L�O�H�U�L�� ���������������� �9�� �D�U�D�O�Õ�÷�Õ�Q�G�D�� �������� �P�9�V�Å1 tarama 
�K�Õ�]�Õ�Q�G�D�� �H�O�G�H�� �H�G�L�O�P�L�ú�W�L�U���� �(�P�S�H�G�D�Q�V�� �V�S�H�N�W�U�X�P�O�D�U�Õ��
������ �P�9�� �ú�L�G�G�H�W�L�Q�G�H�� ���J�H�Q�O�L�÷�L�Q�G�H���� �E�L�U�� �V�L�Q�•�V��
�G�D�O�J�D�V�Õ�Q�Õ�Q���X�\�J�X�O�D�Q�P�D�V�Õ���L�O�H�����������Å���������N�+�]���I�U�H�N�D�Q�V��
�D�U�D�O�Õ�÷�Õ�Q�G�D���D�O�Õ�Q�P�Õ�ú�W�Õ�U���� 
 
3. �6�2�1�8�d�/�$�5���9�(���7�$�5�7�,�ù�0�$ 
 
�ù�H�N�L�O�������V�H�Q�W�H�]�O�H�Q�H�Q���J�U�D�I�H�Q���R�N�V�L�W���Y�H���.��MnO2'e ait 
XRD analizlerini ve alan emisyonlu �W�D�U�D�P�D�O�Õ��
�H�O�H�N�W�U�R�Q�� �P�L�N�U�R�V�N�R�E�X�� ���)�(�6�(�0���� �J�|�U�•�Q�W�•�O�H�U�L�Q�L��
�Y�H�U�P�H�N�W�H�G�L�U���� �ù�H�N�L�O�� ���D�� �•�U�H�W�L�O�H�Q�� �J�U�D�I�H�Q�� �R�N�V�L�W�H�� �D�L�W��
�;�5�'�� �S�D�W�H�U�Q�L�Q�L�� �J�|�V�W�H�U�P�H�N�W�H�G�L�U�� ���������� �G�H�U�H�F�H�G�H�N�L��

pik 00-026-���������� �-�&�3�'�6�� �N�D�U�W�� �Q�X�P�D�U�D�V�Õ�� �L�O�H��
�E�H�O�L�U�W�L�O�H�Q���N�D�U�E�R�Q���S�L�N�L�Q�H���Y�H���������������G�•�]�O�H�P�L�Q�H���D�L�W�W�L�U����
26,4 derecede bulu�Q�D�Q���S�L�N�L�Q���ú�L�G�G�H�W�L�Q�L�Q���o�R�N���G�•�ú�•�N��
�R�O�P�D�V�Õ���N�D�O�Õ�Q�W�Õ���J�U�D�I�L�W���N�D�O�P�D�G�Õ�÷�Õ�Q�Õ���L�ú�D�U�H�W���H�W�P�H�N�W�H�G�L�U��
[14] �����ù�H�N�L�O�����E�
�G�H���V�X�Q�X�O�D�Q���J�U�D�I�H�Q���R�N�V�L�W�W�H�Q���D�O�Õ�Q�P�Õ�ú��
�)�(�6�(�0�� �I�R�W�R�÷�U�D�I�Õ�� �J�U�D�I�L�W�L�Q�� �E�D�]�D�O�� �G�•�]�O�H�P�O�H�U�L�Q�L�Q��
�E�L�U�E�L�U�O�H�U�L�Q�G�H�Q�� �E�D�ú�D�U�Õ�O�Õ�� �E�L�U�� �ú�H�N�L�O�G�H�� �D�\�U�Õ�O�D�U�D�N�� �H�O�G�H��
�H�G�L�O�H�Q�� �L�Q�F�H�� �J�U�D�I�H�Q�� �R�N�V�L�W�� �W�D�E�D�N�D�V�Õ�Q�Õ��
�J�|�V�W�H�U�P�H�N�W�H�G�L�U���� �ù�H�N�L�O�� ���F�� �V�H�Q�W�H�]�O�H�Q�H�Q�� �.��MnO2'e 
ait XRD paternidir ve 01-081-1947 JCPDS kart 
�Q�X�P�D�U�D�O�Õ���0�D�Q�J�D�Q���R�N�V�L�W-�D�O�I�D���I�D�]�Õ���L�O�H���X�\�X�ú�P�D�N�W�D�G�Õ�U��
[15]���� �+�H�U�K�D�Q�J�L�� �E�L�U�� �H�P�S�L�U�•�W�H�\�H�� �U�D�V�W�O�D�Q�P�D�\�D�Q��
�S�D�W�H�U�Q�� �•�U�•�Q�•�Q�� �\�•�N�V�H�N�� �V�D�I�O�Õ�N�W�D�� �R�O�G�X�÷�X�Q�X��
�J�|�V�W�H�U�P�H�N�W�H�G�L�U���� �ù�H�N�L�O�� ���G�� �•�Q�L�I�R�U�P�� �E�L�U�� �ú�H�N�L�O�G�H��
�•�U�H�W�L�O�P�L�ú�� ������������ �Q�P�� �o�D�S�O�Õ�� �Y�H�� �\�D�N�O�D�ú�Õ�N�� �����P��
�X�]�X�Q�O�X�÷�X�Q�G�D�N�L�� �.��MnO2 �Q�D�Q�R�o�X�E�X�N�O�D�U�Õ�Q�D�� �D�L�W��
F�(�6�(�0���J�|�U�•�Q�W�•�V�•�G�•�U�� 
 
�h�U�H�W�L�O�H�Q�� �J�U�D�I�H�Q�� �R�N�V�L�W�� ���*�2���� �Y�H�� �.��MnO2, KNT 
ilavesi ile birlikte kompozit haline getirilerek 
�H�O�H�N�W�U�R�W�� �•�U�H�W�L�P�O�H�U�L�� �J�H�U�o�H�N�O�H�ú�P�L�ú�W�L�U���� �$�÷�Õ�U�O�Õ�N�o�D��
�J�U�D�I�H�Q���R�N�V�L�W�����*�2�����Y�H���.�1�7���P�L�N�W�D�U�Õ���V�D�E�L�W���W�X�W�X�O�D�U�D�N��
�.��MnO2 �P�L�N�W�D�U�Õ�Q�D�� �J�|�U�H�� �•�o�� �I�D�U�N�O�Õ�� �R�U�D�Q�G�D��
komp�R�]�L�W�O�H�U�� �•�U�H�W�L�O�P�L�ú�W�L�U���� �ø�o�H�U�L�N�O�H�U�L��
�.��MnO2:GO:KNT 1:1:1, 2:1:1 ve 3:1:1 olacak 
�ú�H�N�L�O�G�H���Q�X�P�X�Q�H�O�H�U���V�Õ�U�D�V�Õ�\�O�D������MnO2, 2��MnO2 ve 
3��MnO2 �ú�H�N�O�L�Q�G�H�� �N�R�G�O�D�Q�P�Õ�ú�W�Õ�U���� �ù�H�N�L�O�� ���� �•�U�H�W�L�O�H�Q��
kompozit elektrotlara ait XRD paternlerini 
vermektedir. ���������ƒ�� �G�H�N�L�� �S�L�N�� �N�D�U�E�R�Q���Q�D�Q�R�W�•�S�O�H�U�L�Q��
�S�L�N�L�Q�L���J�|�V�W�H�U�P�H�N�W�H�G�L�U��[16]. b ve d deki ana pikler 
�������������ƒ���� �����������ƒ���� �����������ƒ�� �Y�H�� �����������ƒ deki pikler) 
�W�H�W�U�D�J�R�Q�D�O���I�D�]�G�D�N�L���.��MnO2 �I�D�]�Õ�Q�Õ���J�|�V�W�H�U�P�H�N�W�H�G�L�U����
�.�R�P�S�R�]�L�W�O�H�U�L�Q���•�U�H�W�L�P�L���H�V�Q�D�V�Õ�Q�G�D���N�L�P�\�D�V�D�O���R�O�D�U�D�N��
���K�L�G�U�D�]�L�Q�� �K�L�G�U�D�W�� �L�O�H���� �J�U�D�I�H�Q�H�� �L�Q�G�L�U�J�H�Q�P�L�ú�� �J�U�D�I�H�Q��
�R�N�V�L�W�� �S�L�N�L�� �J�|�U�•�O�P�H�P�H�N�W�H�G�L�U���� �7�D�P�D�P�H�Q�� �J�U�D�I�H�Q�H��
�L�Q�G�L�U�J�H�Q�P�H���L�ú�O�H�P�L���J�H�U�o�H�N�O�H�ú�W�L�÷�L�Q�G�H�Q���J�U�D�I�H�Q���R�N�V�L�W��
pik�L���J�|�U�•�O�P�H�P�H�N�W�H�G�L�U��[17].  

 
�ù�H�N�L�O���������.�R�P�S�R�]�L�W���H�O�H�N�W�U�R�W�O�D�U�Õ�Q���;�5�'���S�D�W�H�U�Q�O�H�U�L�Q�L 
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(a) (b) 

 
 

(c) (d) 
�ù�H�N�L�O�� ������ �D���� �*�U�D�I�H�Q�� �R�N�V�L�W�L�Q �;�5�'�� �S�D�W�H�U�Q�L�� �E���� �*�U�D�I�H�Q�� �R�N�V�L�W�L�Q�� �)�(�6�(�0�� �I�R�W�R�÷�U�D�I�Õ�� �F���� �.��MnO2 �Q�D�Q�R�� �o�X�E�X�N�O�D�U�Õ�Q�� �;�5�'��
�S�D�W�H�U�Q�L���G�����.��MnO2 �Q�D�Q�R���o�X�E�X�N�O�D�U�Õ�Q���)�(�6�(�0���I�R�W�R�÷�U�D�I�Õ 
 
 
�ù�H�N�L�O�����D���•�U�H�W�L�O�H�Q���H�O�H�N�W�U�R�W�O�D�U�D���D�L�W���N�H�V�L�W���J�|�U�•�Q�W�•�V�•�Q�•��
�V�X�Q�P�D�N�W�D�G�Õ�U�������������P �N�D�O�Õ�Q�O�Õ�÷�Õ�Q�G�D���•�U�H�W�L�O�H�Q���H�O�H�N�W�U�R�W��
�K�H�U�K�D�Q�J�L�� �E�L�U�� �P�H�W�D�O�� �D�O�W�O�Õ�N�� �•�]�H�U�L�Q�H�� �N�D�S�O�D�P�D��
�J�H�U�H�N�W�L�U�H�Q�� �J�H�O�H�Q�H�N�V�H�O�� �H�O�H�N�W�U�R�W�O�D�U�Õ�Q�D�� �D�N�V�L�Q�H��
�•�U�H�W�L�O�G�L�÷�L�� �K�D�O�L�\�O�H�� �G�L�U�H�N�W�� �R�O�D�U�D�N�� �N�X�O�O�D�Q�Õ�P�D�� �L�P�N�D�Q��
�V�D�÷�O�D�P�D�N�W�D�G�Õ�U���� �ù�H�N�L�O�� ���E���� ���F�� �Y�H�� ���G�� �V�Õ�U�D�V�Õ�\�O�D��
1��MnO2, 2��MnO2 ve 3��MnO2 numunelerine ait 
FES�(�0���J�|�U�•�Q�W�•�O�H�U�L�G�L�U�����$�J�O�R�P�H�U�H���R�O�P�D�\�D���H�÷�L�O�L�P�O�L��
�J�U�D�I�H�Q�� �W�D�E�D�N�D�O�D�U�Õ�� �D�U�D�V�Õ�Q�D��MnO2 ve KNT ilave 
�H�G�L�O�P�H�V�L�� �L�O�H�� �D�J�O�R�P�H�U�D�V�\�R�Q�� �H�Q�J�H�O�O�H�Q�P�L�ú����
�W�D�E�D�N�D�O�D�U�Õ�Q�� �D�U�D�V�Õ�� �P�H�V�D�I�H�� �D�U�W�W�Õ�U�Õ�O�P�Õ�ú�W�Õ�U�����.��MnO2 

�Q�D�Q�R�� �o�X�E�X�N�O�D�U�Õ�Q�Õ�Q�� �K�R�P�R�M�H�Q�� �R�O�D�U�D�N�� �G�D�÷�Õ�O�P�Õ�ú��
�R�O�G�X�÷�X���J�|�U�•�Q�W�•�O�H�U�G�H�Q���D�Q�O�D�ú�Õ�O�P�D�N�W�D�G�Õ�U���� 
�h�U�H�W�L�O�H�Q�� �H�O�H�N�W�U�R�W�O�D�U�Õ�Q�� �H�O�H�N�W�U�R�N�L�P�\�D�V�D�O�� �W�H�V�W�O�H�U�L��
ECC-�K�D�Y�D�� �K�•�F�U�H�V�L���L�o�L�Q�G�H�� �\�D�S�Õ�O�P�Õ�ú�W�Õ�U�����ù�H�N�L�O�������K�H�U��
�E�L�U���H�O�H�N�W�U�R�W�W�D�Q���•�U�H�W�L�O�P�L�ú���/�L��O2 pillerinin ilk 5 

�o�H�Y�U�L�P���L�o�L�Q���G�|�Q�•�ú�•�P�O�•���Y�R�O�W�D�P�H�W�U�L�����&�9�����H�÷�U�L�O�H�U�L�Q�L��
vermektedir. �d�H�Y�U�L�P�V�H�O�� �Y�R�O�W�D�P�H�W�U�L�� �H�÷�U�L�O�H�U�L��
1,5���������� �9�� �D�U�D�O�Õ�÷�Õnda 0,2 mVs�Å1 �W�D�U�D�P�D�� �K�Õ�]�Õ�Q�G�D��
�H�O�G�H�� �H�G�L�O�P�L�ú�W�L�U���� �.�D�W�R�G�L�N�� �W�D�U�D�P�D�G�D�� �H�O�G�H�� �H�G�L�O�H�Q��
pikler Li��O2 �K�•�F�U�H�O�H�U�L�Q�G�H�N�L�� �2�5�5��
�U�H�D�N�V�L�\�R�Q�O�D�U�Õ�Q�G�D�Q�� �E�H�N�O�H�Q�G�L�÷�L�� �J�L�E�L�G�L�U���� �2�5�5��
�U�H�D�N�V�L�\�R�Q�O�D�U�Õ�Q�G�D�N�L�� �D�Q�D�� �U�H�D�N�V�L�\�R�Q�� �������� �Q�R�O�X��
�U�H�D�N�V�L�\�R�Q���ú�H�N�O�L�Q�G�H�G�L�U�����.�D�W�R�G�L�N���W�D�U�D�P�D�O�D�U�G�D�����������9��
�G�H�÷�H�U�L�Q�G�H�N�L�� �U�H�G�•�N�V�L�\�R�Q�� �S�L�N�L�� �V�•�S�H�U�� �R�N�V�L�W�L�Q��
�R�O�X�ú�X�P�X�Q�D�� �L�ú�D�U�H�W�� �H�W�P�H�N�W�H�G�L�U��[1]. Bir elektron 
transfer reaksiyonu LiO2 ol�X�ú�X�P�X�Q�G�D�� �E�D�V�N�Õ�Q��
�U�H�D�N�V�L�\�R�Q�G�X�U���� �.�D�U�D�U�V�Õ�]�� �/�L�22 de Li2O2'ye 
dekompose olur. Bu Li2O2 �G�H�ú�D�U�M�� �U�H�D�N�V�L�\�R�Q�X�Q�X�Q��
�E�L�U���•�U�•�Q�•���R�O�D�U�D�N���/�L+ ve O2�
�\�H���G�|�Q�•�ú�•�U�����5�H�D�N�V�L�\�R�Q��
(2)). Bu reaksiyonun piki anodik taramadaki 
3,0�����������D�U�D�O�Õ�÷�Õ�Q�G�D�N�L���S�L�N�O�H�U�G�L�U���� 
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(a) (b) 

  
(c) (d) 

�ù�H�N�L�O�� ������ �D���� �(�O�H�N�W�U�R�W�X�Q�� �N�H�V�L�W�� �J�|�U�•�Q�W�•�V�•�� �E���� ����MnO2 �H�O�H�N�W�U�R�W�X�Q�X�Q�� �)�(�6�(�0�� �J�|�U�•�Q�W�•�V�•�� �F���� ����MnO2 elektrotunun 
�)�(�6�(�0���J�|�U�•�Q�W�•�V�•���G��������MnO2 �H�O�H�N�W�U�R�W�X�Q�X�Q���)�(�6�(�0���J�|�U�•�Q�W�•�V�• 
 
 

  
(a) (b) 

 
(c) 

�ù�H�N�L�O���������D����1��MnO2, b) 2��MnO2 ve c) 3��MnO2 �N�R�G�O�X���H�O�H�N�W�U�R�W�O�D�U�D���D�L�W���&�9���H�÷�U�L�O�H�U�L 
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�ù�H�N�L�O�� ����1��MnO2, 2��MnO2 ve 3��MnO2 kodlu 
�H�O�H�N�W�U�R�W�O�D�U�D�� �D�L�W�� �V�S�H�V�L�I�L�N�� �G�H�ú�D�U�M�� �N�D�S�D�V�L�W�H�V�L�� �Y�H��
�o�H�Y�U�L�P���V�D�\�Õ�V�Õ���J�U�D�I�L�÷�L�Q�L���J�|�V�W�H�U�P�H�N�W�H�G�L�U�����������o�H�Y�U�L�P��
sonunda grafen, 1��MnO2, 2��MnO2 ve 3��MnO2 
�N�R�G�O�X���H�O�H�N�W�U�R�W�O�D�U���L�o�L�Q���V�Õ�U�D�V�Õ�\�O�D�����������P�$�K���J-1, 471 
mAh g-1, 484 mAh g-1'lik kapasiteler elde 

�H�G�L�O�P�L�ú�W�L�U�����.�D�S�D�V�L�W�H���N�D�\�E�Õ���o�H�Y�U�L�P���H�V�Q�D�V�Õ�Q�G�D�N�L���J�H�U�L��
�G�|�Q�•�ú�•�P�V�•�]�� �•�U�•�Q�O�H�U�L�Q�� �R�O�X�ú�P�D�V�Õ�Q�G�D�Q��
�N�D�\�Q�D�N�O�D�Q�P�D�N�W�D�G�Õ�U���� �/�L��O2 �S�L�O�O�H�U�L�Q�G�H�� �o�H�Y�U�L�P��
�|�P�U�•�� �|�Q�H�P�O�L�� �|�O�o�•�G�H�� �H�O�H�N�W�U�R�O�L�W�L�Q��
�G�H�N�R�P�S�R�]�L�V�\�R�Q�X�Q�D���E�D�÷�O�Õ�G�Õ�U��[18].  

 

 

 

�ù�H�N�L�O���������(�O�H�N�W�U�R�W�O�D�U�Õ�Q���V�S�H�V�L�I�L�N���N�D�S�D�V�L�W�H���H�÷�U�L�O�H�U�L 
 

  
(a) (b) 

 
(c) 

�ù�H�N�L�O���������D��������MnO2, b) 2��MnO2 ve c) 3��MnO2 �N�R�G�O�X���H�O�H�N�W�U�R�W�O�D�U�D���D�L�W���o�H�Y�U�L�P���|�Q�F�H�V�L���Y�H�������o�H�Y�U�L�P���V�R�Q�U�D�V�Õ���1�\�T�X�L�V�W��
�H�÷�U�L�O�H�U�L 
�ù�H�N�L�O������1��MnO2, 2��MnO2 ve 3��MnO2 �N�R�G�O�X���H�O�H�N�W�U�R�W�O�D�U�D���D�L�W���o�H�Y�U�L�P���|�Q�F�H�V�L���Y�H���������o�H�Y�U�L�P���V�R�Q�U�D�V�Õ���H�O�H�N�W�U�R�N�L�P�\�D�V�D�O��
�L�P�S�H�G�D�Q�V���V�S�H�N�W�U�R�V�N�R�S�L�V�L���D�Q�D�O�L�]�L���L�O�H���H�O�G�H���H�G�L�O�P�L�ú���1�\�T�X�L�V�W���H�÷�U�L�O�H�U�L�Q�L���J�|�V�W�H�U�P�H�N�W�H�G�L�U�����d�H�Y�U�L�P���V�R�Q�U�D�V�Õ���D�O�Õ�Q�D�Q���H�÷�U�L�O�H�U�G�H��
�L�N�L���W�D�Q�H���\�D�U�Õ-�o�H�P�E�H�U���J�|�U�•�O�P�H�N�W�H�G�L�U�����<�•�N�V�H�N���I�U�H�N�D�Q�V�W�D�N�L���L�O�N�L���H�O�H�N�W�U�R�O�L�W���L�O�H���H�O�H�N�W�U�R�W���D�U�D�V�Õ�Q�G�D�N�L���G�L�U�H�Q�F�L���J�|�V�W�H�U�P�H�N�W�H�G�L�U����
�ø�N�L�Q�F�L���\�D�U�Õ-�o�H�P�E�H�U���L�V�H���ú�D�U�M���W�U�D�Q�V�I�H�U���G�L�U�H�Q�F�L���L�O�H���L�O�J�L�O�L�G�L�U��[19].  
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�Q�X�P�D�U�D�O�Õ���S�U�R�M�H�� �N�D�S�V�D�P�Õ�Q�G�D�� �G�H�V�W�H�N�� �V�D�÷�O�D�\�D�Q��
�%�L�O�H�F�L�N�� �ù�H�\�K�� �(�G�H�E�D�O�L�� �h�Q�L�Y�H�U�V�L�W�H�V�L�� �5�H�N�W�|�U�O�•�÷�•��
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Abstract 
 
Rapid population growth, deterioration of natural resources and adverse impact of industrialization have caused 
global climate change and global warming problems. Forests are important terrestrial ecosystems for reducing 
carbon dioxide in the atmosphere. Forests increase their biomass by producing organic matter through 
photosynthesis, also produce oxygen. In this study,  biomass quantities, carbon contents and the amount of oxygen 
were determined for various tree species by using biomass models. Red pine (Pinus brutia Ten.), Scots pine (Pinus 
silvestris L.), black pine (Pinus nigra Arn.�������&�H�G�D�U�����&�H�G�U�X�V���O�L�E�D�Q�L�� �/�������D�Q�G���I�L�U�����$�E�L�H�V���E�R�U�Q�P�•�O�O�H�U�L�D�Q�D���0�D�W�I�I�������D�U�H��
important species of Turkey forests and the production quantities of these species were calculated assuming that 
they made a 1 cm diameter increase in the middle of 15-20-25 cm in different sizes.  Average values for the 
biomass expected to occur when the 20 cm diameter of this specieses  reaches 21 cm are calculated as as 18. 18 
ton / ha, 47.26 ton / ha, 29.58 ton / ha, 19.55 ton / ha and 22.60 ton / ha, respectively in the middle site index. 
 
Keywords: Biomass, carbon stock, oxygen produce, biomass equation. 
 
 
1. �*�ø�5�ø�ù 
 
�+�Õ�]�O�Õ�� �Q�•�I�X�V�� �D�U�W�Õ�ú�Õ�� �Y�H�� �V�D�Q�D�\�L�O�H�ú�P�H�\�H�� �E�D�÷�O�Õ�� �R�O�D�U�D�N��
�K�Õ�]�O�D�� �D�U�W�D�Q�� �N�D�U�E�R�Q�G�L�R�N�V�L�W�� �H�P�L�V�\�R�Q�X ekolojik 
�G�H�Q�J�H�Q�L�Q�� �E�R�]�X�O�P�D�V�Õ�Q�D�� �Q�H�G�H�Q�� �R�O�D�U�D�N�� �F�D�Q�O�Õ�O�D�U�Õ�Q��
�\�D�ú�D�P�Õ�Q�Õ�� �W�H�K�G�L�W�� �H�G�H�F�H�N�� �E�R�\�X�W�O�D�U�D�� �X�O�D�ú�P�Õ�ú�W�Õ�U����
�%�L�O�L�Q�o�V�L�]�� �G�R�÷�D�O�� �N�D�\�Q�D�N�� �N�X�O�O�D�Q�Õ�P�Õ���� �N�D�\�Q�D�N�O�D�U�Õ�Q��
�W�D�K�U�L�S�� �H�G�L�O�P�H�V�L�� �Y�H�� �D�U�D�]�L�� �N�X�O�O�D�Q�Õ�P�� �G�H�÷�L�ú�L�N�O�L�÷�L�Q�G�H��
�\�D�ú�D�Q�D�Q�� �V�Õ�N�Õ�Q�W�Õ�O�D�U�G�D�� �E�X�� �R�O�X�P�V�X�]�O�X�÷�D�� �N�D�W�N�Õ��
�V�D�÷�O�D�P�D�N�W�D�G�Õ�U���� �%�L�U�O�H�ú�P�L�ú�� �0�L�O�O�H�W�O�H�U�� �ø�N�O�L�P��

�'�H�÷�L�ú�L�N�O�L�÷�L�� �d�H�U�o�H�Y�H�� �6�|�]�O�H�ú�P�H�V�L�¶�Q�G�H�� ���%�0�ø�'�d�6����
�N�•�U�H�V�H�O�� �L�N�O�L�P�� �G�H�÷�L�ú�L�P�L�Q�L�Q�� �W�D�Q�Õ�P�Õ��
�³�.�D�U�ú�Õ�O�D�ú�W�Õ�U�Õ�O�D�E�L�O�L�U�� �E�L�U�� �]�D�P�D�Q�� �G�L�O�L�P�L�Q�G�H�� �J�|�]�O�H�Q�H�Q��
�G�R�÷�D�O���L�N�O�L�P���G�H�÷�L�ú�N�H�Q�O�L�N�O�H�U�L���L�O�H���N�•�U�H�V�H�O���D�W�P�R�V�I�H�U�L�Q��
�G�R�÷�D�O�� �\�D�S�Õ�V�Õ�Q�Õ�� �G�R�÷�U�X�G�D�Q�� �\�D�� �G�D�� �G�R�O�D�\�O�Õ�� �E�L�o�L�P�G�H��
bozan insa�Q���H�W�N�L�Q�O�L�N�O�H�U�L���V�R�Q�X�F�X�Q�G�D���L�N�O�L�P�G�H���R�O�X�ú�D�Q��
�G�H�÷�L�ú�L�N�O�L�N�O�H�U�L�Q���E�•�W�•�Q�•�´���E�L�o�L�P�L�Q�G�H���\�D�S�Õ�O�P�Õ�ú�W�Õ�U���>���@����
�7�D�Q�Õ�P�G�D�Q�� �D�Q�O�D�ú�Õ�O�D�F�D�÷�Õ�� �•�]�H�U�H���� �N�•�U�H�V�H�O�� �L�N�O�L�P��
�G�H�÷�L�ú�L�P�L�Q�L�Q�� �V�H�E�H�S�O�H�U�L�Q�G�H�Q�� �E�L�U�� �W�D�Q�H�V�L�� �G�H�� �L�Q�V�D�Q��
�I�D�D�O�L�\�H�W�O�H�U�L�Q�L�Q�� �D�W�P�R�V�I�H�U�� �•�]�H�U�L�Q�G�H�� �R�O�X�ú�W�X�U�G�X�÷�X��
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�R�O�X�P�V�X�]���H�W�N�L�O�H�U�G�L�U�����ø�Q�V�D�Q���H�W�N�L�V�L�Q�G�H�Q���N�D�\�Q�D�N�O�D�Q�D�Q��
�Y�H�� �³�<�D�S�D�\�� �ø�N�O�L�P�� �'�H�÷�L�ú�L�P�L�´�� �R�O�D�U�D�N�� �W�D��
�Q�L�W�H�O�H�Q�G�L�U�L�O�H�Q���E�X���V�•�U�H�F�L�Q���W�•�P���F�D�Q�O�Õ���Y�H���F�D�Q�V�Õ�]���o�H�Y�U�H��
�L�o�L�Q�� �J�H�U�L�� �G�|�Q�•�ú�•�P�•�� �J�•�o�� �S�R�W�D�Q�V�L�\�H�O�� �W�H�K�O�L�N�H�O�H�U�O�H��
�G�R�O�X�� �R�O�G�X�÷�X�Q�D�� �L�Q�D�Q�Õ�O�P�D�N�W�D�G�Õ�U�� �>���@���� ���������¶�O�•��
�\�Õ�O�O�D�U�G�D�� �E�D�ú�O�D�\�D�Q�� �V�D�Q�D�\�L�� �G�H�Y�U�Lminden sonra 
�D�W�P�R�V�I�H�U�G�H�N�L�� �V�H�U�D�� �J�D�]�O�D�U�Õ�Q�Õ�Q�� �P�L�N�W�D�U�Õ�Q�G�D�� �|�Q�H�P�O�L��
�D�U�W�Õ�ú�O�D�U���E�H�O�L�U�O�H�Q�P�L�ú�W�L�U�����$�W�P�R�V�I�H�U�G�H�N�L���&�2�����P�L�N�W�D�U�Õ��
���������� �\�Õ�O�Õ�Q�G�D�Q�� �|�Q�F�H�� �������S�S�P�� �V�H�Y�L�\�H�V�L�Q�G�H�\�N�H�Q����
�����������\�Õ�O���L�W�L�E�D�U�L�\�O�H�����������S�S�P���V�H�Y�L�\�H�V�L�Q�H���X�O�D�ú�D�U�D�N������
�������R�U�D�Q�Õ�Q�G�D���D�U�W�Õ�ú���J�|�V�W�H�U�P�L�ú�W�L�U���>���@���� 
 
�.�•�U�H�V�H�O���L�N�O�L�P���G�H�÷�L�ú�L�N�O�L�÷�L���•�]�H�U�L�Q�G�H���H�Q���|�Q�H�P�O�L���S�D�\�D��
sahip olan karbondioksitin (CO2) etkisi Nordhaus 
�>���@�¶�D���J�|�U�H�����������������5�H�W�Q�R�Z�D�W�L���>���@���Y�H���6�K�D�Q�G���>���@�¶�\�D��
�J�|�U�H��������- �������D�U�D�V�Õ�Q�G�D���R�O�D�U�D�N���L�I�D�G�H���H�G�L�O�P�H�N�W�H�G�L�U����
�&�2���¶�L�Q���H�P�L�V�\�R�Q���N�D�\�Q�D�÷�Õ���G�D���I�R�V�L�O���\�D�N�Õ�W���N�X�O�O�D�Q�Õ�P�Õ��
�Y�H�� �R�U�P�D�Q�V�Õ�]�O�D�ú�P�D�\�D�� �J�L�G�H�Q�� �D�U�D�]�L�� �N�X�O�O�D�Q�Õ�P��
�G�H�÷�L�ú�L�N�O�L�÷�L�G�L�U�� �>���@���� �)�R�V�L�O�� �\�D�N�Õ�W�� �N�X�O�O�D�Q�Õ�P�Õ�Q�Õ�Q�� �K�Õ�]�O�D��
�D�U�W�P�D�V�Õ�\�O�D���R�U�W�D�\�D���o�Õ�N�D�Q���E�X���W�D�E�O�R�����•�O�N�H�O�H�U�L���N�•�U�H�V�H�O��
�Õ�V�Õ�Q�P�D�\�Õ�� �|�Q�O�H�P�H�\�H�� �N�D�U�ú�Õ�� �E�L�U�W�D�N�Õ�P�� �o�|�]�•�P��
�D�U�D�\�Õ�ú�O�D�U�Õ�Q�D���L�W�P�L�ú�W�L�U�����%�X���R�O�X�P�V�X�]�O�X�N�O�D�U�Õ�Q���D�ú�Õ�O�P�D�V�Õ��
�D�P�D�F�Õ�\�O�D�� �o�H�ú�L�W�O�L�� �D�Q�O�D�ú�P�D�O�D�U�� �Y�H�� �V�|�]�O�H�ú�P�H�O�H�U��
�J�H�U�o�H�N�O�H�ú�W�L�U�L�O�P�L�ú�W�L�U���� �6�W�R�F�K�R�O�P�¶�G�H�� ���������� �\�Õ�O�Õ�Q�G�D��
�%�L�U�O�H�ú�P�L�ú�� �0�L�O�O�H�W�O�H�U�� �N�R�Q�I�H�U�D�Q�V�Õ�Q�G�D���� �J�H�O�H�F�H�N��
�N�X�ú�D�N�O�D�U�� �L�o�L�Q�� �\�D�ú�D�P�Õ�Q�� �o�R�N�� �]�R�U�� �R�O�D�F�D�÷�Õ���� �E�X�Q�X�Q��
�D�ú�Õ�O�P�D�V�Õ�Q�Õ�Q�� �D�Q�F�D�N�� �X�O�X�V�O�D�U�D�U�D�V�Õ�� �J�D�\�U�H�W�O�H�� �P�•�P�N�•�Q��
�R�O�D�F�D�÷�Õ�� �E�H�O�L�U�W�L�O�P�L�ú�W�L�U���� ���������� �\�Õ�O�Õ�Q�G�D�� �\�D�\�Õ�Q�O�D�Q�D�Q��
�%�U�X�Q�G�W�O�D�Q�G�� �5�D�S�R�U�X���� ���������� �\�Õ�O�Õ�Q�G�D�� �5�L�R�� �G�D�� �\�D�S�Õ�O�D�Q��
�³�%�0���d�H�Y�U�H���Y�H���.�D�O�N�Õ�Q�P�D���.�R�Q�I�H�U�D�Q�V�Õ�´���¶�Q�G�D���ø�N�O�L�P��
�'�H�÷�L�ú�L�N�O�L�÷�L�� �d�H�U�o�H�Y�H�� �6�|�]�O�H�ú�P�H�V�L�� ���ø�'�d�6���� �L�P�]�D�\�D��
�D�o�Õ�O�P�Õ�ú�W�Õ�U�� �Y�H�� ������ �0�D�\�Õ�V�� ���������� �W�D�U�L�K�L�Q�G�H�� �7�•�U�N�L�\�H��
�W�D�U�D�I�Õ�Q�G�D�Q���G�D���L�P�]�D�O�D�Q�P�Õ�ú�W�Õ�U�����$�U�D�O�Õ�N�������������W�D�U�L�K�L�Q�G�H��
�.�\�R�W�R���3�U�R�W�R�N�R�O�•���L�P�]�D�\�D���D�o�Õ�O�P�Õ�ú�W�Õ�U���Y�H���7�•�U�N�L�\�H���E�X��
protokol�•�������ù�X�E�D�W�������������W�D�U�L�K�L�Q�G�H���L�P�]�D�O�D�P�Õ�ú�W�Õ�U���� 
 
�5�L�R�� �E�H�O�J�H�O�H�U�L�Q�G�H�Q�� �R�O�D�Q���� �³�2�U�P�D�Q�F�Õ�O�Õ�N�� �ø�O�N�H�O�H�U�L��
���������´�� �E�D�ú�O�Õ�N�O�Õ�� �G�R�N�•�P�D�Q�Õ�Q�� �����E�� �P�D�G�G�H�V�L�Q�G�H�� �³��
�2�U�P�D�Q�� �N�D�\�Q�D�N�O�D�U�Õ�� �Y�H�� �D�O�D�Q�O�D�U�Õ���� �ú�L�P�G�L�N�L�� �Y�H��
gelecekteki nesillerin sosyal, ekonomik, ekolojik, 
�N�•�O�W�•�U�H�O�� �Y�H�� �U�X�K�V�D�O�� �W�D�O�H�S�� �Y�H�� �L�K�W�L�\�D�o�O�D�U�Õ�Q�Õ��
�N�D�U�ú�Õ�O�D�\�D�E�L�O�P�H�N�� �L�o�L�Q�� �V�•�U�G�•�U�•�O�H�E�L�O�L�U�� �E�L�o�L�P�G�H��
�L�ú�O�H�W�L�O�P�H�O�L�G�L�U���´���ø�I�D�G�H�V�L���\�H�U���D�O�P�D�N�W�D�G�Õ�U���>���@�����2�U�P�D�Q��
�H�N�R�V�L�V�W�H�P�O�H�U�L�� �N�•�U�H�V�H�O���N�D�U�E�R�Q���G�|�Q�J�•�V�•�� �L�o�H�U�L�V�L�Q�G�H����
�D�W�P�R�V�I�H�U�L�N�� �&�2���¶�L�� �W�X�W�X�S�� �Y�H�M�H�W�D�V�\�R�Q�� �Y�H�� �W�R�S�U�D�N��
�L�o�H�U�L�V�L�Q�G�H�� �G�H�S�R�O�D�P�D�O�D�U�Õ�� �V�D�\�H�V�L�Q�G�H�� �E�D�V�N�Õ�Q�� �E�L�U�� �U�R�O��
oynarlar [9,10,11,12]. Karasal ekosistemlerde 
�W�R�S�U�D�N�� �•�]�H�U�L�Q�G�H�N�L�� �V�W�R�N�O�D�Q�D�Q�� �N�D�U�E�R�Q�X�Q�� �������� �G�H�Q��
�I�D�]�O�D�V�Õ�� �R�U�P�D�Q�� �H�N�R�V�L�V�W�H�P�O�H�U�L�Q�G�H�� �E�X�O�X�Q�P�D�V�Õ�� �>�����@����
�R�U�P�D�Q�� �H�N�R�V�L�V�W�H�P�O�H�U�L�Q�L�� �G�D�K�D�� �G�D�� �G�H�÷�H�U�O�L�� �K�D�O�H��
�J�H�W�L�U�P�H�N�W�H�G�L�U���� �7�•�U�N�L�\�H�� ���������� �W�D�U�L�K�L�� �L�W�L�E�D�U�L�\�O�H��
�\�X�N�D�U�Õ�G�D���L�I�D�G�H���H�G�L�O�H�Q���\�H�Q�L���J�H�O�L�ú�P�H�O�H�U�H���H�Q�Wegre bir 
�ú�H�N�L�O�G�H�� �G�•�]�H�Q�O�H�Q�H�Q�� �³�(�N�R�V�L�V�W�H�P�� �7�D�E�D�Q�O�Õ��
�)�R�Q�N�V�L�\�R�Q�H�O���3�O�D�Q�O�D�P�D�� ���(�7�)�2�3���´�� �L�O�H���R�U�P�D�Q�O�D�U�Õ�Q�Õ��
�S�O�D�Q�O�D�P�D�\�D�� �E�D�ú�O�D�P�Õ�ú�W�Õ�U���� �(�7�)�2�3�� �L�O�H�� �R�U�P�D�Q��
�H�Q�Y�D�Q�W�H�U�L�� �\�D�S�Õ�O�Õ�U�N�H�Q�� �R�U�P�D�Q�O�D�U�Õ�Q�� �N�D�U�E�R�Q�� �W�X�W�P�D��
�P�L�N�W�D�U�O�D�U�Õ�����R�N�V�L�M�H�Q���•�U�H�W�P�H���P�L�N�W�D�U�O�D�U�Õ���Y�H���W�R�]���W�X�W�P�D��
�P�L�N�W�D�U�O�D�U�Õ�Q�Õ�Q�� �E�H�O�L�U�O�H�Q�P�H�V�L���J�H�U�H�N�P�H�N�W�H�G�L�U���� �ø�'�d�6��
�L�P�]�D�V�Õ�� �R�O�D�Q�� �W�•�P�� �W�D�U�D�I�O�D�U�Õ���� �V�H�U�D�� �H�W�N�L�V�L�� �\�D�S�D�Q�� �J�D�]��

�H�P�L�V�\�R�Q�O�D�U�Õ���� �D�U�D�]�L�� �N�X�O�D�Q�Õ�P�� �G�H�÷�L�ú�L�P�L�� �Y�H��
�R�U�P�D�Q�F�Õ�O�Õ�N���L�o�L�Q���N�Õ�\�D�V�O�D�Q�D�E�L�O�L�U���P�H�W�R�G�O�D�U���N�X�O�O�D�Q�D�U�D�N��
�X�O�X�V�D�O�� �H�Q�Y�D�Q�W�H�U�O�H�U�� �K�D�]�Õ�U�O�D�P�D�N���� �\�D�\�Õ�Q�O�D�P�D�N�� �Y�H��
�S�H�U�L�\�R�G�L�N�� �R�O�D�U�D�N�� �J�•�Q�F�H�O�O�H�P�H�N�� �N�R�Q�X�O�D�U�Õ�Q�G�D��
�W�D�D�K�K�•�W�� �D�O�W�Õ�Q�D�� �V�R�N�D�U�� �>�����������@���� �7�•�U�N�L�\�H�� �.�\�R�W�R��
�3�U�R�W�R�N�R�O�•�¶�Q�•�� ���������¶�G�D�� �L�P�]�D�O�D�P�Õ�ú�� �Y�H��
�P�•�]�D�N�H�U�H�O�H�U�L�Q�� �G�H�Y�D�P�� �H�W�W�L�÷�L�� �G�|�Q�H�P�G�H�� �W�D�U�D�I�� �•�O�N�H��
�R�O�P�D�P�D�V�Õ�Q�G�D�Q�� �G�R�O�D�\�Õ�� ������ �7�D�D�K�K�•�W�� �G�|�Q�H�P�L�Q�G�H��
(2008-2012) herhangi bir emisyon 
�V�Õ�Q�Õ�U�O�D�Q�G�Õ�U�Õ�O�P�D�V�Õ���Y�H���D�]�D�O�W�Õ�P���\�•�N�•�P�O�•�O�•�÷�•�Q�H���G�D�K�L�O��
�H�G�L�O�P�H�P�L�ú�W�L�U���� �%�L�U�O�H�ú�P�L�ú�� �0�L�O�O�H�W�O�H�U�� �ø�N�O�L�P��
�'�H�÷�L�ú�L�N�O�L�÷�L�� �.�R�Q�I�H�U�D�Q�V�Õ�� ������ �.�D�V�Õ�P-���� �$�U�D�O�Õ�N�� ����������
�W�D�U�L�K�O�H�U�L�� �D�U�D�V�Õ�Q�G�D�� �.�D�W�D�U�¶�Õ�Q�� �%�D�ú�N�H�Q�W�L�� �'�R�K�D�¶�G�D��
�J�H�U�o�H�N�O�H�ú�W�L�U�L�O�P�L�ú�� �Y�H�� �N�R�Q�I�H�U�D�Q�V�� �V�R�Q�X�F�X�Q�G�D�� �.�\�R�W�R��
�3�U�R�W�R�N�R�O�•�¶�Q�•�Q�� ��������-���������� �\�Õ�O�O�D�U�Õ�Q�Õ�� �N�D�S�V�D�\�D�Q�� ������
�7�D�D�K�K�•�W�� �G�|�Q�H�P�L�� �N�D�E�X�O�� �H�G�L�O�P�L�ú�W�L�U���� �7�•�U�N�L�\�H�� ������
�'�|�Q�H�P���L�o�L�Q���G�H���K�H�U�K�D�Q�J�L���E�L�U���V�D�\�Õ�V�D�O�O�D�ú�W�Õ�U�Õ�O�P�Õ�ú���V�H�U�D��
�J�D�]�Õ�� �H�P�L�V�\�R�Q�� �D�]�D�O�W�Õ�P�� �K�H�G�H�I�L�� �E�X�O�X�Q�P�D�P�D�V�Õ�Q�D��
�U�D�÷�P�H�Q�� �>�����������@�� �.�\�R�W�R�� �S�U�R�W�R�N�R�O�•�� �N�D�U�D�U�O�D�U�Õ��
�J�H�U�H�÷�L�Q�F�H�� ���������� �\�Õ�O�Õ�Q�G�D�Q�� �L�W�L�E�D�U�H�Q�� �8�O�X�V�D�O��
�E�L�O�G�L�U�L�P�O�H�U�� �Y�H�� �6�H�U�D�� �*�D�]�Õ�� �(�Q�Y�D�Q�W�H�U�O�H�U�L��
�K�D�]�Õ�U�O�D�Q�P�D�\�D���E�D�ú�O�D�Q�P�Õ�ú�W�Õ�U�����7�•�U�N�L�\�H���R�U�P�D�Q�O�D�U�Õ�Q�Õ�Q��
�\�Õ�O�O�Õ�N�� �N�D�U�E�R�Q�� �G�H�÷�L�ú�L�P�O�H�U�L�Q�L�Q�� �E�H�O�L�U�O�H�Q�P�H�V�L��
�o�D�O�Õ�ú�P�D�O�D�U�Õ�� �J�H�U�o�H�N�O�H�ú�W�L�U�L�O�P�H�N�W�H�G�L�U���� �2�U�P�D�Q��
�D�O�D�Q�O�D�U�Õ�Q�G�D�N�L�� �W�X�W�X�O�D�Q�� �N�D�U�E�R�Q�� �P�L�N�W�D�U�Õ�Q�Õ�Q��
�E�H�O�L�U�O�H�Q�P�H�V�L�����+�•�N�•�P�H�W�O�H�U���$�U�D�V�Õ���ø�N�O�L�P���'�H�÷�L�ú�L�N�O�L�÷�L��
�3�D�Q�H�O�L�Q�G�H�� ���,�3�&�&���� �J�H�O�L�ú�W�L�U�L�O�H�Q�� �$�U�D�]�L�� �.�X�O�O�D�Q�Õ�P�Õ����
�$�U�D�]�L�� �.�X�O�O�D�Q�Õ�P�� �'�H�÷�L�ú�L�N�O�L�÷�L�� �Y�H�� �2�U�P�D�Q�F�Õ�O�Õ�N 
�8�\�J�X�O�D�P�D�O�D�U�Õ���N�Õ�O�D�Y�X�]�X�Q�G�D���E�H�O�L�U�W�L�O�H�Q�������D�Q�D���E�D�ú�O�Õ�N��
�D�O�W�Õ�Q�G�D���\�D�S�Õ�O�P�D�N�W�D�G�Õ�U�����W�R�S�U�D�N���•�V�W�•�����W�R�S�U�D�N���D�O�W�Õ�����|�O�•��
�R�G�X�Q���� �|�O�•�� �|�U�W�•�� �Y�H�� �R�U�J�D�Q�L�N�� �W�R�S�U�D�N�� �L�W�L�E�D�U�L�\�O�H��
�K�H�V�D�S�O�D�Q�P�D�N�W�D�G�Õ�U�� �>�����@���� �$�V�D�Q�� �W�D�U�D�I�Õ�Q�G�D�Q�� �\�D�S�Õ�O�D�Q��
�o�D�O�Õ�ú�P�D�G�D���� ���������� �\�Õ�O�Õ�Q�G�D�Q�� ���������� �\�Õ�O�Õ�Q�D�� �N�D�G�D�U��
�7�•�U�N�L�\�H���R�U�P�D�Q�O�D�U�Õ�Q�Õ�Q���\�Õ�O�O�Õ�N���Q�H�W���N�D�U�E�R�Q���E�L�U�L�N�L�P�L��������
milyon 23 bin ton dan 15 milyon 645 bin tona 
�G�•�]�H�Q�O�L�� �E�L�U�� �D�U�W�Õ�ú�� �J�|�V�W�H�U�P�L�ú�W�L�U���� ���������� �\�Õ�O�Õ�Q�G�D�� �•�O�N�H��
�R�U�P�D�Q�O�D�U�Õ�Q�Õ�Q�� ������ �P�L�O�\�R�Q�� �������� �E�L�Q�� �W�R�Q���\�Õ�O�� �R�O�P�D�V�Õ��
�|�Q�J�|�U�•�O�P�H�N�W�H�G�L�U�� �>�����@���� �<�D�S�Õ�O�D�Q�� �K�H�V�D�S�O�D�P�D�O�D�U�G�D��
�N�X�O�O�D�Q�Õ�O�D�Q�� �N�D�W�V�D�\�Õ�O�D�U�Õ�Q�� �E�H�O�L�U�O�H�Q�P�H�V�L�Q�Ge iklim 
�W�L�S�O�H�U�L�Q�G�H�Q�� �\�D�U�D�U�O�D�Q�Õ�O�P�D�N�W�D�G�Õ�U�� �D�Q�F�D�N�� �L�N�O�L�P��
�W�L�S�O�H�U�L�Q�L�Q�� �\�•�N�V�H�O�W�L�� �E�D�V�D�P�D�N�O�D�U�Õ�Q�D�� �J�|�U�H�� �G�H�÷�L�ú�L�P�L��
�G�L�N�N�D�W�H�� �D�O�Õ�Q�P�D�P�Õ�ú�� �Y�H�� �|�]�J�•�O�� �\�R�÷�X�Q�O�X�N�� �G�H�÷�H�U�O�H�U�L��
�K�D�F�Õ�P�� �\�R�÷�X�Q�O�X�N�� �G�H�÷�H�U�O�H�U�L�� �\�H�U�L�Q�H�� �N�X�O�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U����
�%�X�Q�O�D�U�� �E�H�U�D�E�H�U�L�Q�G�H�� �K�D�W�D�O�Õ�� �V�R�Q�X�o�O�D�U�Õ�� �J�H�W�L�U�P�L�ú�W�L�U��
[19].  
 
�h�O�N�H�� �R�U�P�D�Q�O�D�U�Õ�Q�Õ�Q�� �N�D�U�E�R�Q�� �V�W�R�N�� �G�H�÷�H�U�O�H�U�L�Q�L�Q��
�K�H�V�D�S�O�D�Q�P�D�V�Õ�� �I�D�U�N�O�Õ�� �E�D�N�Õ�ú�� �D�o�Õ�O�D�U�Õ�\�O�D�� �E�L�U�o�R�N��
�o�D�O�Õ�ú�P�D�\�D�� �N�R�Q�X�� �R�O�P�X�ú�W�X�U���� �%�X�� �o�D�O�Õ�ú�P�D�O�D�U�G�D��
�D�÷�Õ�U�O�Õ�N�O�Õ�� �R�O�D�U�D�N�� �R�U�P�D�Q�� �H�Q�Y�D�Q�W�H�U�O�H�U�L�Q�G�H�Q�� �H�O�G�H��
�H�G�L�O�H�Q���Y�H���V�R�Q�U�D�G�D�Q���E�L�R�N�•�W�O�H���J�H�Q�L�ú�O�H�W�P�H���I�D�N�W�|�U�O�H�U�L��
�L�O�H�� �o�D�U�S�Õ�O�D�U�D�N�� �E�L�R�N�•�W�O�H�� �N�D�U�E�R�Q�X�Q�D�� �G�|�Q�•�ú�W�•�U�•�O�H�Q��
�W�L�F�D�U�L�� �R�G�X�Q�� �K�D�F�P�L�Q�G�H�Q�� �\�D�U�D�U�O�D�Q�Õ�O�P�D�N�W�D�G�Õ�U��
�>�����������������������������@�������'�X�U�N�D�\�D���Y�G�����>�����������@���W�D�U�D�I�Õ�Q�G�D�Q��
�N�X�O�O�D�Q�Õ�O�D�Q�� �G�L�÷�H�U�� �P�H�W�R�W�� �L�V�H�� �\�H�W�H�U�O�L�� �Y�H�U�L�� �R�O�P�D�V�Õ��
�G�X�U�X�P�X�Q�G�D�� �E�L�R�N�•�W�O�H�� �P�R�G�H�O�O�H�U�L�� �N�X�O�O�D�Q�Õ�O�D�U�D�N��
�>�����������������@�� �\�D�S�Õ�O�D�F�D�N�� �K�H�V�D�S�O�D�P�D�O�D�U�D��
�G�D�\�D�Q�P�D�N�W�D�G�Õ�U������ 
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�%�X�� �o�D�O�Õ�ú�P�D�G�D�� �7�•�U�N�L�\�H�¶�Q�L�Q�� �H�Q�� �|�Q�H�P�O�L�� ���� �L�÷�Q�H��
�\�D�S�U�D�N�O�Õ�� �D�÷�D�o�� �W�•�U�•�� �L�o�L�Q�� �E�L�R�N�•�W�O�H�� �P�R�G�H�O�O�H�U�L��
�N�X�O�O�D�Q�Õ�O�D�U�D�N�� ���F�P�O�L�N�� �o�D�S�� �D�U�W�Õ�P�Õ�� �L�O�H�� �Q�H�� �N�D�G�D�U��
�E�L�R�N�•�W�O�H�� �•�U�H�W�L�P�L�� �J�H�U�o�H�N�O�H�ú�W�L�U�G�L�÷�L�� �E�H�O�L�U�O�H�Q�P�L�ú�W�L�U����

�%�L�R�N�•�W�O�H�� �•�U�H�W�L�P�L�� �\�D�S�D�U�N�H�Q�� �W�•�U�O�H�U�L�Q�� �Q�H�� �N�D�G�D�U��
�N�D�U�E�R�Q�� �V�W�R�N�O�D�G�Õ�÷�Õ�� �Y�H�� �D�W�P�R�V�I�H�U�H�� �V�D�O�G�Õ�÷�Õ�� �R�N�V�L�M�H�Q��
mi�N�W�D�U�O�D�U�Õ���G�D���D�\�U�Õ�F�D���K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U�� 
 

2. MATERYAL VE METHOD  
 
�d�D�O�Õ�ú�P�D�� �L�o�L�Q�� �7�•�U�N�L�\�H�¶�G�H�� �\�D�\�Õ�O�Õ�ú�� �D�O�D�Q�O�D�U�Õ��
�E�D�N�Õ�P�Õ�Q�G�D�Q���|�Q�H�P�O�L�������L�÷�Q�H���\�D�S�U�D�N�O�Õ���W�•�U���V�H�o�L�O�P�L�ú�W�L�U����
�%�X���W�•�U�O�H�U�������������������������K�D���L�O�H���H�Q���I�D�]�O�D��toplam alana 
�V�D�K�L�S���R�O�D�Q���.�Õ�]�Õ�O�o�D�P�����3�L�Q�X�V���E�U�X�W�L�D���7�H�Q����������������������������
ha alan ile �.�D�U�D�o�D�P (Pinus nigra Arn.), 1 518 929 
ha alana sahip �6�D�U�Õ�o�D�P (Pinus silvestris L.), 584 
�������� �K�D�� �D�O�D�Q���L�O�H���*�|�N�Q�D�U�����$�E�L�H�V�� �V�V�S�������� �Y�H�� �������� ��������
�K�D���L�O�H���6�H�G�L�U�����&�H�G�U�X�V���O�L�E�D�Q�L���/�����¶�G�L�U���>�����@�� 
 
I�3�&�&�� �>�����@���´�$�U�D�]�L�� �.�X�O�O�D�Q�Õ�P�Õ���� �$�U�D�]�L�� �.�X�O�D�Q�Õ�P��
�'�H�÷�L�ú�L�N�O�L�÷�L�� �Y�H�� �2�U�P�D�Q�F�Õ�O�Õ�N�� �L�o�L�Q�� �8�\�J�X�O�D�P�D�O�D�U��
�5�H�K�E�H�U�L�´�� �L�V�L�P�O�L�� �E�H�O�J�H���� �W�D�U�D�I�V�Õ�]���� �ú�H�I�I�D�I�� �Y�H�� �X�\�J�X�Q��
�\�|�Q�W�H�P�O�H�U�� �N�X�O�O�D�Q�Õ�O�D�U�D�N�� �\�D�S�Õ�O�D�Q�� �N�D�U�E�R�Q�� �V�W�R�N��
�G�H�÷�L�ú�L�P�L�� �K�H�V�D�S�O�D�P�D�O�D�U�Õ�� �L�V�W�H�P�H�N�W�H�G�L�U���� �2�U�P�D�Q��
�H�Q�Y�D�Q�W�H�U�L�Q�H���G�D�\�D�O�Õ���E�L�U�� �N�D�U�E�R�Q���K�H�V�D�E�Õ���\�D�S�Õ�O�D�F�D�N�V�D��
�\�D�� �E�L�R�N�•�W�O�H�� �J�H�Q�L�ú�O�H�W�P�H�� �I�D�N�W�|�U�O�H�U�L�� �� ���%�(�)����

�N�X�O�O�D�Q�Õ�O�D�U�D�N�� �G�L�N�L�O�L�� �J�|�Y�G�H�� �K�D�F�P�L�Q�G�H�Q�� �W�R�S�U�D�N�� �•�V�W�•��
�Y�H���D�O�W�Õ���N�D�U�E�R�Q���G�H�÷�H�U�O�H�U�L���K�H�V�D�S�O�D�Q�P�D�V�Õ���\�D���G�D���\�H�W�H�U�O�L��
�Y�H�U�L�� �R�O�P�D�V�Õ�� �G�X�U�X�P�X�Q�G�D�� �E�L�R�N�•�W�O�H�� �P�R�G�H�O�O�H�U�L��
�N�X�O�O�D�Q�Õ�O�P�D�V�Õ�� �|�Q�H�U�L�O�P�H�N�W�H�G�L�U�� �>�������� �����������@����
�d�D�O�Õ�ú�P�D�G�D�� �E�X�� ���� �W�•�U�•�Q���V�H�o�L�O�P�H�V�L�Q�G�H�� �N�D�S�O�D�G�Õ�N�O�D�U�Õ��
�D�O�D�Q���\�D�Q�Õ�Q�G�D���G�D�K�D���|�Q�F�H���E�X���W�•�U�O�H�U���L�o�L�Q���E�H�O�L�U�O�H�Q�P�L�ú��
�R�O�D�Q���E�L�R�N�•�W�O�H���P�R�G�H�O�O�H�U�L�Q�L�Q���E�X�O�X�Q�P�D�V�Õ���o�D�O�Õ�ú�P�D�Q�Õ�Q��
�V�Õ�Q�Õ�U�O�D�Q�G�Õ�U�Õ�F�Õ���X�Q�V�X�U�X���R�O�P�X�ú�W�X�U�� 
 
�$�÷�D�o�� �W�•�U�O�H�U�L�� �L�o�L�Q�� �W�•�P�� �D�÷�D�o�� �W�R�S�U�D�N�� �•�V�W�•�� �E�L�R�N�•�W�O�H��
�P�L�N�W�D�U�O�D�U�Õ���� �W�•�U�O�H�U�H�� �D�L�W�� �W�R�S�U�D�N�� �•�V�W�•�� �E�L�R�N�•�W�O�H��
modell�H�U�L�� �N�X�O�O�D�Q�Õ�O�D�U�D�N�� �E�H�O�L�U�O�H�Q�P�L�ú�W�L�U���� �$�÷�D�o��
�W�•�U�O�H�U�L�Q�H�� �J�|�U�H�� �N�X�O�O�D�Q�Õ�O�D�Q�� �P�R�G�H�O�O�H�U�� �7�D�E�O�R�� ���¶�G�H��
�Y�H�U�L�O�P�L�ú�W�L�U���� �d�D�O�Õ�ú�P�D�� �N�D�S�V�D�P�Õ�Q�G�D�� �o�H�ú�L�W�O�L�� �o�D�S�O�D�U�G�D��
(15-20-�������F�P���������F�P���o�D�S���D�U�W�Õ�P�Õ�Q�Õ�Q���J�H�U�o�H�N�O�H�ú�P�H�V�L��
�G�X�U�X�P�X�Q�G�D�� �Q�H�� �N�D�G�D�U�� �E�L�R�N�•�W�O�H�� �•�U�H�W�L�P�L��
�J�H�U�o�H�N�O�H�ú�W�L�U�L�O�G�L�÷�L���P�R�G�H�O�O�H�U���L�O�H���K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U���� 

 
 

 

�7�D�E�O�R���������$�÷�D�o���W�•�U�O�H�U�L���L�o�L�Q���N�X�O�O�D�Q�Õ�O�D�Q���E�L�R�N�•�W�O�H���P�R�G�H�O�O�H�U�L�� 
�$�÷�D�o���7�•�U�• �7�R�S�U�D�N���h�V�W�•���%�L�R�N�•�W�O�H���P�R�G�H�O�L  

�.�Õ�]�Õ�O�o�D�P �7�h�%�$� ��-16.7957+(0.4921 .�@�5�á�7�4
�6  ) [32] 

�6�D�U�Õ�o�D�P �7�h�%�$� ��-16.4154+(0.4909 .���@�5�á�7�4
�6 ) [32] 

�.�D�U�D�o�D�P �7�h�%�$� -2.969+(0.4060 .���@�5�á�7�4
�6 ) [32] 

Sedir �7�h�%�$� ������������������������-8.08322.�@�5�á�7�4) + (0.644812 �@�5�á�7�4
�6 ) [33] 

�*�|�N�Q�D�U �7�h�%�$� � �����������������������������������@�5�á�7�4
�6 ) [34] 

 
���� �F�P�� �o�D�S�� �D�U�W�Õ�P�Õ�� �L�O�H�� �J�H�U�o�H�N�O�H�ú�W�L�U�L�O�H�Q�� �E�L�R�N�•�W�O�H��
�•�U�H�W�L�P�L�� �L�O�H��atmosferden ne kadar karbonun 
�o�H�N�L�O�H�U�H�N�� �E�L�W�N�L�� �E�•�Q�\�H�V�L�Q�G�H�� �G�H�S�R�O�D�Q�G�Õ�÷�Õ�� �E�L�R�N�•�W�O�H��
�G�H�÷�H�U�O�H�U�L�Q�L�Q�� �������� �N�D�W�V�D�\�Õ�V�Õ�� �L�O�H�� �o�D�U�S�Õ�O�D�U�D�N��
�E�H�O�L�U�O�H�Q�P�L�ú�W�L�U���� �&�D�Q�O�Õ�O�D�U�Õ�Q�� �\�D�S�Õ�� �W�D�ú�Õ�� �R�O�D�Q�� �N�D�U�E�R�Q��
�F�D�Q�O�Õ�� �R�U�J�D�Q�L�N�� �P�D�G�G�H�Q�L�Q�� �������¶�V�L�Q�L��
�R�O�X�ú�W�X�U�P�D�N�W�D�G�Õ�U���� �$�\�U�Õ�F�D�� �D�W�P�R�V�I�H�U�H�� �I�R�W�R�V�H�Q�W�H�]��
sonucu ne �N�D�G�D�U�� �R�N�V�L�M�H�Q�� �V�D�O�Õ�Q�Õ�P�Õ�Q�Õ�Q��
�J�H�U�o�H�N�O�H�ú�W�L�U�L�O�G�L�÷�L�Q�L���E�H�O�L�U�O�H�P�H�N���D�P�D�F�Õ�\�O�D���������F�P���o�D�S��
�D�U�W�Õ�P�Õ�� �L�O�H�� �R�O�X�ú�D�Q�� �W�R�S�U�D�N�� �•�V�W�•�� �E�L�R�N�•�W�O�H�� �G�H�÷�H�U�L�� ��������
�V�D�E�L�W���o�D�U�S�D�Q�Õ���L�O�H���o�D�U�S�Õ�O�P�Õ�ú�W�Õ�U���>�����@�� 
 
3. BULGULAR  
 
�.�Õ�]�Õ�O�o�D�P�����6�D�U�Õ�o�D�P ve �.�D�U�D�o�D�P �L�o�L�Q���'�X�U�N�D�\�D�� �Y�G����
�>�����@�� �W�D�U�D�I�Õ�Q�G�D�Q���� �V�H�G�L�U�� �L�o�L�Q�� �'�X�U�N�D�\�D vd. [33] ve 
�J�|�N�Q�D�U�� �L�o�L�Q�� �'�X�U�N�D�\�D�� �Y�G���� �>�����@����T�D�U�D�I�Õ�Q�G�D�Q��
�J�H�O�L�ú�W�L�U�L�O�H�Q�� �W�R�S�U�D�N�� �•�V�W�•�� �E�L�R�N�•�W�O�H�� �P�R�G�H�O�O�H�U�L��
�N�X�O�O�D�Q�Õ�O�D�U�D�N������-20 ve 25 cm ve 16-21-�������F�P���L�o�L�Q��
�o�D�S�� �L�o�L�Q�� �W�R�S�U�D�N�� �•�V�W�•�� �E�L�R�N�•�W�O�H�� �G�H�÷�H�U�O�H�U�L��

�K�H�V�D�S�O�D�Q�P�Õ�ú�� �Y�H�� �D�U�G�Õ�Q�G�D�Q�� �D�U�D�G�D�N�L�� �I�D�U�N�� �G�H�÷�H�U�O�H�U�L��
�E�H�O�L�U�O�H�Q�P�L�ú�W�L�U���� ���7�D�E�O�R��2). Bu hesaplamalar 
�V�R�Q�X�F�X�Q�G�D�� ���� �F�P�� �o�D�S�� �D�U�W�Õ�P�Õ�� �L�O�H�� �K�H�U�� �E�L�U�� �W�•�U�� �L�o�L�Q��
�W�R�S�U�D�N���•�V�W�•���E�L�R�N�•�W�O�H���G�H�÷�H�U�O�H�U�L���E�H�O�L�U�O�H�Q�P�L�ú�W�L�U�����7�H�N��
�D�÷�D�F�Õ�Q�������F�P���o�D�S���D�U�W�Õ�P�Õ���\�D�S�W�Õ�÷�Õ�Q�G�D���W�R�S�U�D�N���•�V�W�•�Q�G�H��
�E�L�U�L�N�H�Q�� �P�L�N�W�D�U�O�D�U�Õ�� �E�L�U�E�L�U�L�Q�H�� �\�D�N�Õ�Q�� �G�H�÷�H�U�O�H�U��
�Y�H�U�P�H�N�W�H�G�L�U���� �7�D�E�O�R�� ���� �L�Q�F�H�O�H�Q�G�L�÷�L�Q�G�H���� ���� �W�•�U��
�L�o�H�U�L�V�L�Q�G�H�Q�� �K�H�U�� �•�o�� �o�D�S�W�D�� �H�Q�� �\�•�N�V�H�N�� �E�L�R�N�•�W�O�H��
�•�U�H�W�L�P�L�� �������������� �N�J���� ������������ �N�J���� ������������ �N�J���� �Y�H�� �E�X�Q�D��
�E�D�÷�O�Õ�� �R�O�D�U�D�N�� �W�D�� �E�D�÷�O�D�Q�D�Q�� �N�D�U�E�R�Q�� ������������ �N�J���� ������������
�N�J�����������������N�J�����Y�H���R�N�V�L�M�H�Q���•�U�H�W�L�P�L���D�o�Õ�V�Õ�Q�G�D�Q����������������
�N�J���� ������������ �N�J���� ������������ �N�J���� �•�V�W�•�Q�O�•�÷�•�Q�� �*�|�N�Q�D�U��
�W�•�U�•�Q�G�H�� �R�O�G�X�÷�X�� �J�|�U�•�O�P�•�ú�W�•�U�� ������ �F�P�� �L�o�L�Q�� �6�H�G�L�U��
������������ �N�J�� �E�L�R�N�•�W�O�H�� �•�U�H�W�L�P�L���� ���������� �N�J�� �N�D�U�E�R�Q��
�E�D�÷�O�D�P�D�V�Õ�� �Y�H�� ������������ �N�J�� �R�N�V�L�M�H�Q�� �E�D�÷�O�D�P�D�V�Õ�� �L�O�H�� �H�Q��
�N�•�o�•�N�� �G�H�÷�H�U�O�H�U�L�� �Y�H�U�P�L�ú�W�L�U���� �'�L�÷�H�U�� �L�N�L�� �o�D�S�� �L�o�L�Q�� �L�V�H��
�.�D�U�D�o�D�P �W�•�U�•���W�R�S�U�D�N���•�V�W�•���E�L�R�N�•�W�O�H���•�U�H�W�L�P�L����������������
�N�J�����������������N�J�������N�D�U�E�R�Q���E�D�÷�O�D�P�D�V�Õ���������������N�J����������������
�N�J���� �Y�H�� �R�N�V�L�M�H�Q�� �•�U�H�W�L�P�L�� �������������� �N�J���� ������������ �N�J���� �L�O�H��
�W�•�U�O�H�U���D�U�D�V�Õ�Q�G�D���H�Q���G�•�ú�•�N���•�U�H�W�L�P�L���J�|�V�W�H�U�P�L�ú�W�L�U���� 
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Tablo2. �$�÷�D�o���W�•�U�O�H�U�L�Q�H���J�|�U�H�����F�P���o�D�S���D�U�W�Õ�P�Õ���L�o�L�Q���W�H�N���D�÷�D�o�W�D���W�R�S�U�D�N���•�V�W�•���E�L�R�N�•�W�O�H���D�÷�Õ�U�O�Õ�÷�Õ�����7�h�%�$�������E�D�÷�O�D�Q�D�Q���N�D�U�E�R�Q��
�Y�H���•�U�H�W�L�O�H�Q���R�N�V�L�M�H�Q���P�L�N�W�D�U�O�D�U�Õ 
 �����F�P���L�o�L�Q �������F�P���L�o�L�Q �������F�P���L�o�L�Q 

�$�÷�D�o��
�W�•�U�• 

�%�L�R�N�•�W�O�H��
(kg) 

Karbon 
(kg) 

Oksijen 
(kg) 

�%�L�R�N�•�W�O�H��
(kg) 

Karbon 
(kg) 

Oksijen 
(kg) 

�%�L�R�N�•�W�O�H��
(kg) 

Karbon 
(kg) 

Oksijen 
(kg) 

�.�Õ�]�Õ�O�o�D�P 15.26 7.63 18.31 20.18 10.09 24.21 25.10 12.55 30.12 
�6�D�U�Õ�o�D�P 15.22 7.61 18.26 20.13 10.06 24.15 25.04 12.52 30.04 
�.�D�U�D�o�D�P 12.59 6.29 15.10 16.65 8.32 19.98 20.71 10.35 24.85 
Sedir 11.91 5.95 14.29 18.35 9.18 22.02 24.80 12.40 29.76 
�*�|�N�Q�D�U 16.31 8.15 19.57 21.57 10.78 25.88 26.83 13.41 32.19 

 
�7�H�N���D�÷�D�o���L�o�L�Q���E�X���K�H�V�D�S�O�D�P�D�O�D�U���\�D�S�Õ�O�G�Õ�N�W�D�Q���V�R�Q�U�D����
�K�H�N�W�D�U�G�D�N�L�� �J�H�U�o�H�N�O�H�ú�P�H�V�L�� �E�H�N�O�H�Q�H�Q�� �G�H�÷�H�U�O�H�U�H��
�X�O�D�ú�Õ�O�P�Õ�ú�W�Õ�U���� �%�X�� �D�P�D�o�� �L�o�L�Q�� �N�Õ�]�Õ�O�o�D�P�� �Y�H���6�D�U�Õ�o�D�P 
�L�o�L�Q���$�O�H�P�G�D�÷��[36,37], �.�D�U�D�o�D�P �L�o�L�Q���.�D�O�Õ�S�V�Õ�]���>�����@����
�V�H�G�L�U���L�o�L�Q���(�Y�F�L�P�H�Q���>�����@���Y�H���J�|�N�Q�D�U���L�o�L�Q���6�D�U�D�o�R�÷�O�X��
�>�����@�� �W�D�U�D�I�Õ�Q�G�D�Q�� �\�D�S�Õ�O�D�Q�� �K�D�V�Õ�O�D�W�� �o�D�O�Õ�ú�P�D�O�D�U�Õ�Q�G�D�Q��
�\�D�U�D�U�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U�����.�D�U�D�o�D�P �Y�H�� �V�H�G�L�U�� �W�•�U�•�� �L�o�L�Q��
�N�X�O�O�D�Q�Õ�O�D�Q�� �K�D�V�Õ�O�D�W�� �W�D�E�O�R�V�X�� ���� �E�R�Q�L�W�H�W�� ���Y�H�U�L�P�� �J�•�F�•��
�V�Õ�Q�Õ�I�Õ������ �N�Õ�]�Õ�O�o�D�P�� �Y�H�� �V�H�G�L�U�� �L�o�L�Q�� �N�X�O�O�D�Q�Õ�O�D�Q�� �K�D�V�Õ�O�D�W��

�W�D�E�O�R�O�D�U�Õ�������E�R�Q�L�W�H�W���L�o�L�Q���G�•�]�H�Q�O�H�Q�P�L�ú���R�O�G�X�N�O�D�U�Õ�Q�G�D�Q��
�R�U�W�D�N�� �S�D�\�G�D�G�D�� �G�H�÷�H�U�O�H�Q�G�L�U�P�H�O�H�U�� �\�D�S�P�D�N��
�P�D�N�V�D�G�Õ�\�O�D�� �D�÷�D�o�� �W�•�U�O�H�U�L�Q�L�Q�� �L�\�L-�R�U�W�D�� �Y�H�� �N�|�W�•��
�E�R�Q�L�W�H�W�O�H�U�L���H�V�D�V���D�O�Õ�Q�P�Õ�ú�W�Õ�U�����ø�O�J�L�O�L���W�•�U�O�H�U�L�Q������-20-25 
�F�P�� �R�U�W�D�� �o�D�S�� �L�o�L�Q�� �P�H�ú�F�H�U�H�G�H�N�L�� �D�÷�D�o�� �V�D�\�Õ�O�D�U�Õ��
kul�O�D�Q�Õ�O�D�U�D�N�� �K�H�N�W�D�U�G�D�� �N�L�� �•�U�H�W�L�O�H�Q�� �E�L�R�N�•�W�O�H��
�P�L�N�W�D�U�O�D�U�Õ���� �E�D�÷�O�D�Q�D�Q�� �N�D�U�E�R�Q�� �Y�H�� �V�D�O�Õ�Q�D�Q�� �R�N�V�L�M�H�Q��
�P�L�N�W�D�U�O�D�U�Õ���7�D�E�O�R�����¶�G�H���Y�H�U�L�O�P�L�ú�W�L�U�� 

 
�7�D�E�O�R�������$�÷�D�o���W�•�U�O�H�U�L�Q�H���J�|�U�H�����F�P���o�D�S���D�U�W�Õ�P�Õ���L�o�L�Q���K�H�N�W�D�U�G�D���W�R�S�U�D�N���•�V�W�•���E�L�R�N�•�W�O�H���D�÷�Õ�U�O�Õ�÷�Õ�����7�h�%�$�������E�D�÷�O�D�Q�D�Q��karbon 
�Y�H���•�U�H�W�L�O�H�Q���R�N�V�L�M�H�Q���P�L�N�W�D�U�O�D�U�Õ 

�ø�<�ø���%�2�1�ø�7�(�7 
 �����F�P���L�o�L�Q 

(ton/ha) 
�������F�P���L�o�L�Q 
(ton/ha) 

�������F�P���L�o�L�Q 
(ton/ha) 

�$�÷�D�o���W�•�U�• �%�L�R�N�•�W�O�H Karbon  Oksijen �%�L�R�N�•�W�O�H Karbon  Oksijen �%�L�R�N�•�W�O�H Karbon Oksijen 
�.�Õ�]�Õ�O�o�D�P 22.12 11.06 26.54 18.72 9.36 22.47 15.51 7.76 18.61 
�6�D�U�Õ�o�D�P 41.83 20.92 50.20 30.71 15.36 36.86 21.28 10.64 25.54 
�.�D�U�D�o�D�P 36.18 18.09 43.42 32.31 16.15 38.77 25.14 12.57 30.16 
Sedir 19.38 9.69 23.26 18.74 9.37 22.49 18.53 9.26 22.23 
�*�|�N�Q�D�U 24.36 12.18 29.23 41.79 20.90 50.15 55.66 27.83 66.80 
 ORTA �%�2�1�ø�7�(�7  
 �����F�P���L�o�L�Q 

(ton/ha) 
�������F�P���L�o�L�Q 
(ton/ha) 

�������F�P���L�o�L�Q 
(ton/ha) 

�$�÷�D�o���W�•�U�• �%�L�R�N�•�W�O�H Karbon  Oksijen �%�L�R�N�•�W�O�H Karbon  Oksijen �%�L�R�N�•�W�O�H Karbon Oksijen 
�.�Õ�]�Õ�O�o�D�P 21.86 10.93 26.23 18.18 9.09 21.81 14.86 7.43 17.83 
�6�D�U�Õ�o�D�P 56.09 28.05 67.31 47.26 23.63 56.71 35.55 17.78 42.66 
�.�D�U�D�o�D�P 35.81 17.90 42.97 29.58 14.79 35.50 24.04 12.02 28.85 
Sedir 19.67 9.83 23.60 19.95 9.98 23.94 19.97 9.98 23.96 
�*�|�N�Q�D�U 12.56 6.28 15.07 22.60 11.30 27.12 30.69 15.34 36.83 
 �.�g�7�h���%�2�1�ø�7�(�7  
 �����F�P���L�o�L�Q 

(ton/ha) 
�������F�P���L�o�L�Q 
(ton/ha) 

�������F�P���L�o�L�Q 
(ton/ha) 

�$�÷�D�o���W�•�U�• �%�L�R�N�•�W�O�H Karbon  Oksijen �%�L�R�N�•�W�O�H Karbon  Oksijen �%�L�R�N�•�W�O�H Karbon Oksijen 
�.�Õ�]�Õ�O�o�D�P 20.70 10.35 24.84 16.67 8.33 20.00 13.55 6.78 16.26 
�6�D�U�Õ�o�D�P 55.15 27.57 66.18 44.24 22.12 53.09 31.02 15.51 37.22 
�.�D�U�D�o�D�P 30.71 15.35 36.85 22.85 11.43 27.43 16.38 8.19 19.65 
Sedir 21.56 10.78 25.87 21.20 10.60 25.44 19.10 9.55 22.92 
�*�|�N�Q�D�U 6.49 3.24 7.79 12.36 6.18 14.83 17.17 8.58 20.60 

�$�÷�D�o�� �W�•�U�O�H�U�L�Q�L�Q�� �I�D�U�N�O�Õ�� �E�R�Q�L�W�H�W�O�H�U�H�� �J�|�U�H�� �K�H�N�W�D�U�G�D��
�E�L�\�R�N�•�W�O�H �•�U�H�W�L�P�L���� �N�D�U�E�R�Q�� �E�D�÷�O�D�P�D�� �Y�H�� �R�N�V�L�M�H�Q��
�•�U�H�W�L�P�L���L�Q�F�H�O�H�Q�G�L�÷�L�Q�G�H���ú�X���V�R�Q�X�o�O�D�U�D���X�O�D�ú�Õ�O�P�Õ�ú�W�Õ�U���� 
 
�ø�\�L���E�R�Q�L�W�H�W���L�o�L�Q���D�÷�D�o���W�•�U�O�H�U�L�Q�L�Q���E�D�÷�O�D�G�Õ�N�O�D�U�Õ���N�D�U�E�R�Q��

�P�L�N�W�D�U�Õ�Q�D�� �J�|�U�H�� ������ �F�P�� �o�D�S�� �L�o�L�Q�� ������������ �W�R�Q�� ���K�D��
�N�D�U�E�R�Q���E�D�÷�O�D�P�D�V�Õ���L�O�H���6�D�U�Õ�o�D�P�����������F�P���Y�H���������F�P���o�D�S��
�L�o�L�Q�� �J�|�N�Q�D�U 20,90 ton/ha ve 27,83 ton/ha ile ilk 
�V�Õ�U�D�G�D���E�X�O�X�Q�P�D�N�W�D�G�Õ�U�����.�D�U�D�o�D�P �W�•�U�•���L�\�L���E�R�Q�L�W�H�W�W�H��
�K�H�U�������o�D�S���G�H�÷�H�U�L���L�o�L�Q���������������W�R�Q���K�D�����������������W�R�Q���K�D����
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������������ �W�R�Q���K�D�� �G�H�÷�H�U�O�H�U�L�� �L�O�H�� �L�N�L�Q�F�L�� �V�Õ�U�D�G�D�� �N�D�U�E�R�Q��
�E�D�÷�O�D�P�D�N�W�D�G�Õ�U���� 
 
�2�U�W�D�� �E�R�Q�L�W�H�W�� �L�o�L�Q���6�D�U�Õ�o�D�P �W�•�U�•�Q�•�Q�� �K�H�U�� �•�o�� �o�D�S��
�G�H�÷�H�U�L�Q�G�H �G�H���V�Õ�U�D�V�Õ�\�O�D���������������W�R�Q���K�D�����������������W�R�Q���K�D��
�Y�H�� ������������ �W�R�Q���K�D�� �N�D�U�E�R�Q�� �E�D�÷�O�D�P�D�V�Õ�\�O�D�� �L�O�N�� �V�Õ�U�D�G�D��
�E�X�O�X�Q�P�D�N�W�D�G�Õ�U���� �7�D�E�O�R�� ���¶�G�H�� �J�|�U�•�O�H�F�H�÷�L�� �•�]�H�U�H��
�6�D�U�Õ�o�D�P �W�•�U�•�Q�•���������F�P���Y�H���������F�P���G�H���.�D�U�D�o�D�P, 25 
�F�P�� �G�H�� �L�V�H�� �J�|�N�Q�D�U�� �W�D�N�L�S�� �H�W�P�H�N�W�H�G�L�U���� �%�X�� �V�R�Q�X�o��
Durkaya [41] �W�D�U�D�I�Õ�Q�G�D�Q�� �\�D�S�Õ�O�D�Q�� �o�D�O�Õ�ú�P�D�\�O�D��
�E�H�Q�]�H�U�O�L�N���J�|�V�W�H�U�P�H�N�W�H�G�L�U���� 
 
�.�|�W�•�� �E�R�Q�L�W�H�W�� �L�o�L�Q�� �G�X�U�X�P�� �L�Q�F�H�O�H�Q�G�L�÷�L�Q�G�H�� �R�U�W�D��
�E�R�Q�L�W�H�W�W�H�N�L�� �G�X�U�X�P�D�� �E�H�Q�]�H�U�� �E�L�U�� �G�X�U�X�P�� �V�|�]��
konusudur. �6�D�U�Õ�o�D�P �W�•�U�•���K�H�U���•�o���o�D�S���G�H�÷�H�U�L�Q�G�H���G�H��
�L�O�N�� �V�Õ�U�D�\�Õ�� �D�O�P�D�N�W�D�G�Õ�U���� �%�X�� �W�•�U�•�Q�� �N�D�U�E�R�Q�� �E�D�÷�O�D�P�D��
�P�L�N�W�D�U�O�D�U�Õ���K�H�N�W�D�U�G�D���V�Õ�U�D�V�Õ�\�O�D�����������������W�R�Q���Ka; 22,12 
�W�R�Q���K�D�����������������W�R�Q���K�D�¶�G�Õ�U�����.�|�W�•���E�R�Q�L�W�H�W�W�H���������Y�H��������
�F�P���o�D�S���L�o�L�Q���.�D�U�D�o�D�P 15,35 ton/ha ve 11,43 ton/ha 
�L�O�H�� �N�D�U�E�R�Q�� �E�D�÷�O�D�P�D�G�D�� �L�N�L�Q�F�L�� �V�Õ�U�D�G�D�� �J�H�O�P�H�N�W�H�G�L�U����
�������F�P���o�D�S���L�o�L�Q���L�V�H���V�H�G�L�U���W�•�U�•�������������W�R�Q���K�D���L�O�H���L�N�L�Q�F�L��
�V�Õ�U�D�G�D�G�Õ�U����Tablo 2 ve Tablo 3 birlikte 
�G�H�÷�H�U�O�H�Q�G�L�U�L�O�G�L�÷�L�Q�G�H�� �W�H�N�� �D�÷�D�o�� �•�U�H�W�L�P�O�H�U�L�Q�L�Q��

�E�L�U�E�L�U�L�Q�H�� �\�D�N�Õ�Q�� �G�H�÷�H�U�O�H�U�G�H�� �R�O�P�D�V�Õ�Q�D�� �N�D�U�ú�Õ�O�Õ�N��
�K�H�N�W�D�U�G�D�� �D�÷�D�o�� �V�D�\�Õ�O�D�U�Õ�Q�Õ�Q�� �I�D�U�N�O�Õ�O�Õ�÷�Õ�Q�G�D�Q�� �G�R�O�D�\�Õ��
�D�÷�D�o�� �W�•�U�O�H�U�L�Q�L�Q�� �W�R�S�U�D�N�� �•�V�W�•�� �E�L�R�N�•�W�O�H�� �•�U�H�W�L�P�O�H�U�L��
�E�L�U�E�L�U�L�Q�G�H�Q���|�Q�H�P�O�L���I�D�U�N�O�Õ�O�Õ�N�O�D�U���J�|�V�W�H�U�P�H�N�W�H�G�L�U���� 
 
�$�÷�D�o�� �W�•�U�O�H�U�L�Q�L�Q���� ����-20-������ �F�P�� �R�U�W�D�� �o�D�S�� �G�H�÷�H�U�O�H�U�L��
�L�o�L�Q�� �K�H�U�� �•�o�� �E�R�Q�L�W�H�W�W�H�� �K�H�V�D�S�O�D�Q�D�Q�� �R�N�V�L�M�H�Q�� �•�U�H�W�L�P�L��
�G�H�÷�H�U�O�H�U�L�Q�L�Q�� �R�U�W�D�O�D�P�D�V�Õ�� �D�O�Õ�Q�D�U�D�N�� �7�D�E�O�R�� ����
�G�•�]�H�Q�O�H�Q�P�L�ú�W�L�U�����$�÷�D�o���W�•�U�O�H�U�L�Q�L�Q���������Y�H���������F�P���R�U�W�D��
�o�D�S�O�D�U�Õ�Q�D���J�|�U�H���\�D�S�Õ�O�D�Q���N�Õ�\�D�V�O�D�P�D�G�D���6�D�U�Õ�o�D�P �W�•�U�•��
�L�O�N���V�Õ�U�D�G�D���\�H�U���D�O�P�Õ�ú�W�Õ�U�����6�D�U�Õ�o�D�P 15 cm orta �o�D�S�G�D��
���F�P�� �o�D�S�� �D�U�W�Õ�P�Õ�� �\�D�S�D�U�N�H�Q�� ������������ �W�R�Q���K�D�� �R�N�V�L�M�H�Q��
�•�U�H�W�L�P�L�� �J�H�U�o�H�N�O�H�ú�W�L�U�P�H�N�W�H�G�L�U���� �%�X�� �R�U�W�D�� �o�D�S�� �L�o�L�Q��
�.�D�U�D�o�D�P ������������ �W�R�Q���K�D�� �R�N�V�L�M�H�Q�� �•�U�H�W�L�P�L�� �L�O�H�� �L�N�L�Q�F�L��
�V�Õ�U�D�G�D�G�Õ�U�����������F�P���R�U�W�D���o�D�S���L�o�L�Q���6�D�U�Õ�o�D�P �W�•�U�•�Q�•�Q���H�Q��
�\�D�N�Õ�Q�� �W�D�N�L�S�o�L�V�L�� ������������ �W�R�Q���K�D�� �R�N�V�L�M�H�Q�� �•�U�H�W�L�P�L�\�O�H��
yine �.�D�U�D�o�D�P�G�Õ�U���� ������ �F�P�� �R�U�W�D�� �o�D�S�� �L�o�L�Q�� �J�|�N�Q�D�U��
�P�H�ú�F�H�U�H�O�H�U�L�� ���F�P�� �o�D�S�� �D�U�W�Õ�P�Õ�� �V�R�Q�X�F�X�Q�G�D�� �•�o��
�E�R�Q�L�W�H�W�W�H�Q�� �K�H�V�D�S�O�D�Q�D�Q�� �G�H�÷�H�U�O�H�U�L�Q�� �R�U�W�D�O�D�P�D�V�Õ�Q�D��
�J�|�U�H�� ������������ �W�R�Q���K�D�� �R�N�V�L�M�H�Q�� �•�U�H�W�L�P�L�� �L�O�H�� �L�O�N�� �V�Õ�U�D�\�D��
�\�•�N�V�H�O�P�L�ú�W�L�U���� �*�|�N�Q�D�U�Õ�Q�� �H�Q�� �\�D�N�Õ�Q�� �W�D�N�L�S�o�L�V�L�� �L�V�H��
�K�H�N�W�D�U�G�D�� ������������ �W�R�Q�� �R�N�V�L�M�H�Q�� �•�Uetimiyle �6�D�U�Õ�oam 
�W�•�U�•���R�O�P�X�ú�W�X�U�� 

 
�7�D�E�O�R���������$�÷�D�o���W�•�U�O�H�U�L�Q�L�Q���L�\�L-�R�U�W�D���Y�H���N�|�W�•���E�R�Q�L�W�H�W�O�H�U�L�Q���R�U�W�D�O�D�P�D�O�D�U�Õ�Q�D���J�|�U�H���I�D�U�N�O�Õ���R�U�W�D���o�D�S�O�D�U�G�D���K�H�N�W�D�U�G�D���•�U�H�W�W�L�N�O�H�U�L��
�E�L�R�N�•�W�O�H�����E�D�÷�O�D�G�Õ�N�O�D�U�Õ���N�D�U�E�R�Q���Y�H���V�D�O�G�Õ�N�O�D�U�Õ���R�N�V�L�M�H�Q���P�L�N�W�D�U�O�D�U�Õ 

 �������F�P���R�U�W�D���o�D�S 20cm orta �o�D�S �������F�P���R�U�W�D���o�D�S 

 �%�L�R�N�•�W�O�H Karbon Oksijen �%�L�R�N�•�W�O�H Karbon Oksijen �%�L�R�N�•�W�O�H Karbon Oksijen 

 (ton/ha) 

�.�Õ�]�Õ�O�o�D�P 21.56 10.78 25.87 17.86 8.93 21.43 14.64 7.32 17.57 

�6�D�U�Õ�o�D�P 51.03 25.51 61.23 40.74 20.37 48.88 29.28 14.64 35.14 

�.�D�U�D�o�D�P 34.23 17.12 41.08 28.25 14.12 33.90 21.85 10.93 26.22 

Sedir 20.20 10.10 24.25 19.96 9.98 23.96 19.20 9.60 23.04 

�*�|�N�Q�D�U 14.47 7.23 17.36 25.58 12.79 30.70 34.51 17.25 41.41 

 
�7�•�U�N�L�\�H�� �ø�V�W�D�W�L�V�W�L�N�� �.�X�U�X�P�X�� �Y�H�U�L�O�H�U�L�Q�H�� �J�|�U�H�� ����������
�\�Õ�O�Õ�� �L�o�L�Q�� �•�O�N�H�P�L�]�G�H�� �N�D�U�E�R�Q�G�L�R�N�V�L�W�� �H�P�L�V�\�R�Q�X�� �N�L�ú�L��
�E�D�ú�Õ�Q�D�� ���������� �W�R�Q���N�L�ú�L�� �R�O�D�U�D�N�� �K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U��[42]. 
�%�X���o�D�O�Õ�ú�P�D�G�D���o�H�ú�L�W�O�L���E�R�Q�L�W�H�W�O�H�U�G�H�������F�P���o�D�S���D�U�W�Õ�P�Õ��
�\�D�S�W�Õ�÷�Õ���G�X�U�X�P�G�D���D�÷�D�o���W�•�U�O�H�U�L�Q�L�Q���E�H�O�L�U�O�H�Q�H�Q���N�D�U�E�R�Q��
�W�X�W�P�D�� �G�H�÷�H�U�O�H�U�L�� �•�O�N�H�G�H�N�L�� �W�•�P�� �D�O�D�Q�D�� �J�H�Q�L�ú�O�H�W�L�O�G�L�÷�L��
�G�X�U�X�P�G�D���N�D�U�E�R�Q���E�D�÷�O�D�P�D���P�L�N�W�D�U�O�D�U�Õ������-20-25 cm 
�o�D�S�� �E�X�O�X�Q�D�Q�� �G�H�÷�H�U�O�H�U�L�Q�� �R�U�W�D�O�D�P�D�V�Õ�� �D�O�Õ�Q�D�U�D�N�� �Q�H��
�N�D�G�D�U�� �N�D�U�E�R�Q�� �E�D�÷�O�D�Q�G�Õ�÷�Õ�� �Y�H�� �N�D�o�� �N�L�ú�L�Q�L�Q��
�N�D�U�E�R�Q�G�L�R�N�V�L�W�L�Q�L�� �D�W�P�R�V�I�H�U�G�H�Q�� �o�H�N�W�L�÷�L��
�E�H�O�L�U�O�H�Q�P�L�ú�W�L�U���� 
 
�ø�\�L�� �E�R�Q�L�W�H�W�W�H �R�U�W�D�O�D�P�D�� �R�O�D�U�D�N�� �N�Õ�]�Õ�O�o�D�P�� ������ ��������
376,89 ton; �6�D�U�Õ�o�D�P 23 753 055,12 ton; �.�D�U�D�o�D�P 

66 243 209,08 ton; sedir 4 554 545,663 ton; 
�J�|�N�Q�D�U�� �L�V�H�� ������ �������� �������������� �W�R�Q�� �N�D�U�E�R�Q��
�G�H�S�R�O�D�P�D�N�W�D�G�Õ�U�� �%�X�� �P�L�N�W�D�U�O�D�U�� �L�O�H�� �N�Õ�]�Õ�O�o�D�P�� ���� ��������
���������N�L�ú�L�Q�L�Q�����6�D�U�Õ�o�D�P ���������������������N�L�ú�L�Q�L�Q�����.�D�U�D�o�D�P 
������ �������� �������� �N�L�ú�L�Q�L�Q���� �V�H�G�L�U�� �������� �������� �N�L�ú�L�Q�L�Q�� �Y�H��
�J�|�N�Q�D�U�� �L�V�H�� ���� �������� �������� �N�L�ú�L�Q�L�Q�� �N�D�U�E�R�Q�G�L�R�N�V�L�W��
�V�D�O�Õ�Q�Õ�P�Õ�Q�Õ�� �D�W�P�R�V�I�H�U�G�H�Q�� �o�H�N�P�H�N�W�H�G�L�U���� �7�R�S�O�D�P�G�D��
�V�|�]�� �N�R�Q�X�V�X�� ���� �W�•�U�•�Q�� �����F�P�¶�O�L�N �o�D�S�� �D�U�W�Õ�P�Õ�� �\�D�S�W�Õ�÷�Õ��
�G�X�U�X�P�G�D�� �R�U�W�D�O�D�P�D�� �R�O�D�U�D�N�� ������ �������� �������� �N�L�ú�L�Q�L�Q��
�N�D�U�E�R�Q�G�L�R�N�V�L�W�� �V�D�O�Õ�Q�Õ�P�Õ�Q�Õ�� �D�W�P�R�V�I�H�U�G�H�Q�� �o�H�N�H�U�H�N��
�E�•�Q�\�H�V�L�Q�G�H���E�D�U�Õ�Q�G�Õ�U�P�D�N�W�D�G�Õ�U���� 
 
�2�U�W�D���E�R�Q�L�W�H�W�W�H���L�V�H���R�U�W�D�O�D�P�D���R�O�D�U�D�N���N�Õ�]�Õ�O�o�D�P����������������
388,74 ton; �6�D�U�Õ�o�D�P 35 163 742,68 ton; �.�D�U�D�o�D�P 

60 
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63 268 267,98 ton; sedir 4 790 566,614 ton; 
�J�|�N�Q�D�U�� �L�V�H�� ���� �������� ���������������� �W�R�Q�� �N�D�U�E�R�Q��
�G�H�S�R�O�D�P�D�N�W�D�G�Õ�U�� �%�X�� �P�L�N�W�D�U�O�D�U�� �L�O�H�� �N�Õ�]�Õ�O�o�D�P�� ���� ��������
�������� �N�L�ú�L�Q�L�Q���6�D�U�Õ�o�D�P ���� �������� �������� �N�L�ú�L�Q�L�Q���.�D�U�D�o�D�P 
�����������������������N�L�ú�L�Q�L�Q���V�H�G�L�U�������������������N�L�ú�L�Q�L�Q���Y�H���J�|�N�Q�D�U��
�L�V�H�� ���� �������� �������� �N�L�ú�L�Q�L�Q�� �N�D�U�E�R�Q�G�L�R�N�V�L�W�� �V�D�O�Õ�Q�Õ�P�Õ�Q�Õ��
�D�W�P�R�V�I�H�U�G�H�Q�� �o�H�N�P�H�N�W�H�G�L�U�� �7�R�S�O�D�P�G�D�� �V�|�]�� �N�R�Q�X�V�X��
���� �W�•�U�•�Q�� �����F�P�¶�O�L�N �o�D�S�� �D�U�W�Õ�P�Õ�� �\�D�S�W�Õ�÷�Õ�� �G�X�U�X�P�G�D��
ortalama o�O�D�U�D�N�������������������������N�L�ú�L�Q�L�Q���N�D�U�E�R�Q�G�L�R�N�V�L�W��
�V�D�O�Õ�Q�Õ�P�Õ�Q�Õ �D�W�P�R�V�I�H�U�G�H�Q�� �o�H�N�H�U�H�N�� �E�•�Q�\�H�V�L�Q�G�H��
�E�D�U�Õ�Q�G�Õ�U�P�D�N�W�D�G�Õ�U�� 
 
�.�|�W�•���E�R�Q�L�W�H�W���L�o�L�Q���W�R�S�O�D�P�G�D���•�o���I�D�U�N�O�Õ���o�D�S�W�D�����F�P���o�D�S��
�D�U�W�Õ�P�Õ�� �\�D�S�P�D�V�Õ�� �G�X�U�X�P�X�Q�G�D�� �R�U�W�D�O�D�P�D�� �R�O�D�U�D�N�� ������
�������� �������� �N�L�ú�L�Q�L�Q�� �N�D�U�E�R�Q�G�L�R�N�V�L�W�� �V�D�O�Õ�Q�Õ�P�Õ�Q�Õ��
�D�W�P�R�V�I�H�U�G�H�Q�� �o�H�N�H�U�H�N���E�•�Q�\�H�V�L�Q�G�H��
�E�D�U�Õ�Q�G�Õ�U�P�D�N�W�D�G�Õ�U���� �$�÷�D�o�� �W�•�U�O�H�U�L�Q�H�� �J�|�U�H�� �H�Q�� �I�D�]�O�D��
�.�D�U�D�o�D�P �������� �������� �������������� �W�R�Q���� �W�•�U�•�Q�•�Q�� �N�D�U�E�R�Q��
�E�D�÷�O�D�G�Õ�÷�Õ�� �R�Q�X�� �N�Õ�]�Õ�O�o�D�P (47 611 148,79 ton), 
�6�D�U�Õ�o�D�P (33 013 434,72 ton) ,sedir (4 973 316,15 
�W�R�Q�����Y�H���J�|�N�Q�D�U �������������������������W�R�Q�����W�•�U�•�Q�•�Q���L�]�O�H�G�L�÷�L��
�E�H�O�L�U�O�H�Q�P�L�ú�W�L�U 
 
4. �7�$�5�7�,�ù�0�$���± �6�2�1�8�d�� 

�ø�Q�V�D�Q���I�D�D�O�L�\�H�W�O�H�U�L���V�R�Q�X�F�X���D�W�P�R�V�I�H�U�G�H���D�U�W�Õ�ú���J�|�V�W�H�U�H�Q��
�&�2�����Y�H���G�L�÷�H�U���V�H�U�D���J�D�]�O�D�U�Õ�Q�Õ�Q���V�H�E�H�S���R�O�G�X�÷�X���L�N�O�L�P��
�G�H�÷�L�ú�L�N�O�L�÷�L�� �G�•�Q�\�D�� �L�o�L�Q�� �H�Q�� �|�Q�H�P�O�L�� �W�H�K�G�L�W�O�H�U�G�H�Q��
�E�L�U�L�G�L�U���� �8�O�X�V�O�D�U�D�U�D�V�Õ�� �D�Q�O�D�ú�P�D�O�D�U�� �J�H�U�H�÷�L�Q�F�H�� �G�D�K�D��
�\�D�ú�D�Q�Õ�O�D�E�L�O�L�U�� �E�L�U�� �G�•�Q�\�D�� �L�o�L�Q���� �$�W�P�R�V�I�H�U�¶�G�H�N�L�� �V�H�U�D��
�J�D�]�O�D�U�Õ�Q�G�D�N�L���D�U�W�Õ�ú�Õ�Q�Õ�Q���|�Q�•�Q�H���J�H�o�L�O�P�H�V�L���J�H�U�H�N�O�L�G�L�U����
�%�X�� �N�R�Q�X�G�D�� �\�D�S�Õ�O�P�D�V�Õ�� �J�H�U�H�N�H�Q�� �E�L�U�� �G�L�]�L�� �\�D�V�D�O��
�X�\�J�X�O�D�P�D�O�D�U���P�H�Y�F�X�W�W�X�U�����6�H�U�D���J�D�]�O�D�U�Õ�Q�G�D�Q���H�Q���I�D�]�O�D��
etkiye sahip olan karbondioksitin atmosferden 
�o�H�N�L�O�H�U�H�N�� �G�H�S�R�O�D�Q�G�Õ�÷�Õ�� �\�H�U�O�H�U�� �R�N�\�D�Q�X�V�O�D�U�� �Y�H�� �\�H�ú�L�O��
�E�L�W�N�L�O�H�U�G�L�U�����ø�N�O�L�P���G�H�÷�L�ú�L�N�O�L�÷�L���L�O�H���P�•�F�D�G�H�O�H�G�H���\�H�ú�L�O��
�E�L�W�N�L�O�H�U���L�o�H�U�L�V�L�Q�G�H���G�H���R�U�P�D�Q���H�N�R�V�L�V�W�H�P�O�H�U�L���N�D�U�E�R�Q�X��
�E�•�Q�\�H�V�L�Q�G�H���X�]�X�Q���V�•�U�H���G�H�S�R�O�D�\�D�E�L�O�P�H�V�L���|�]�H�O�O�L�÷�L���L�O�H��
�|�Q���S�O�D�Q�D���o�Õ�N�P�D�N�W�D�G�Õ�U�� 
�7�•�U�N�L�\�H�� �L�o�L�Q�� �|�Q�H�P�O�L�� ���� �L�÷�Q�H�� �\�D�S�U�D�N�O�Õ�� �W�•�U�•�Q�� ����-20 
�Y�H���������F�P���o�D�S�O�D�U�Õ�Q�G�D�����F�P���o�D�S���D�U�W�Õ�P�Õ���L�O�H���Q�H���N�D�G�D�U��
�•�U�H�W�L�P�� �\�D�S�W�Õ�N�O�D�U�Õ�� �E�X�� �o�D�O�Õ�ú�P�D�Q�Õ�Q�� �N�R�Q�X�V�X�Q�X��
�R�O�X�ú�W�X�U�P�D�N�W�D�G�Õ�U�����d�D�O�Õ�ú�P�D�G�D���L�Q�F�H�O�H�Q�H�Q���D�÷�D�o���W�•�U�O�H�U�L��
������ �������� �������� �K�D�� �R�U�P�D�Q�O�Õ�N�� �D�O�D�Q�� �V�D�K�L�S�� �R�O�D�Q��
�7�•�U�N�L�\�H�¶�G�H���\�D�\�Õ�O�Õ�ú���D�O�D�Q�Õ���L�W�L�E�D�U�L�\�O�H���������������¶���O�X�N���E�L�U��
orana sahiptir. �ù�H�N�L�O�� ���¶�G�H�� �N�Õ�]�Õ�O�o�D�P�����6�D�U�Õ�o�D�P, 
�.�D�U�D�o�D�P���� �V�H�G�L�U�� �Y�H�� �J�|�N�Q�D�U�� �L�o�L�Q�� �•�O�N�H��
�R�U�P�D�Q�O�D�U�Õ�Q�G�D�N�L���R�U�D�Q�V�D�O���G�D�÷�Õ�O�Õ�P�Õ���Y�H�U�L�O�P�L�ú�W�L�U�� 

 
�ù�H�N�L�O�� ������ �7�•�U�N�L�\�H�� �R�U�P�D�Q�O�D�U�Õ�� �L�o�H�U�L�V�L�Q�G�H�� �N�Õ�]�Õ�O�o�D�P����
�6�D�U�Õ�o�D�P, �.�D�U�D�o�D�P���� �V�H�G�L�U�� �Y�H�� �J�|�N�Q�D�U�� �W�•�U�O�H�U�L�Q��
�D�O�D�Q�O�D�U�Õ�Q�Õ�Q���R�U�D�Q�V�D�O���G�D�÷�Õ�O�Õ�P�O�D�U�Õ�� 
 
�ù�H�N�L�O�� ���¶�G�H�� �J�|�U�•�O�G�•�÷�•�� �•�]�H�U�H���6�D�U�Õ�o�D�P �W�•�U�•�� �D�O�D�Q�V�D�O��
�R�O�D�U�D�N�� ������ �V�Õ�U�D�G�D�� �R�O�P�D�V�Õ�Q�D�� �U�D�÷�P�H�Q�� �E�X�� �o�D�O�Õ�ú�P�D�G�D��
�\�D�S�Õ�O�D�Q�� �K�H�V�D�S�O�D�U�� �V�R�Q�X�F�X�Q�G�D�� �K�H�N�W�D�U�G�D�� �•�U�H�W�W�L�÷�L��
�E�L�\�R�N�•�W�O�H���� �N�D�U�E�R�Q�� �E�D�÷�O�D�P�D�� �Y�H�� �R�N�V�L�M�H�Q�� �•�U�H�W�L�P�L��
�R�O�D�U�D�N���K�H�U���•�o���o�D�S���L�o�L�Q�G�H���R�U�W�D���Y�H���N�|�W�•���E�R�Q�L�W�H�W�W�H��������
�V�Õ�U�D���L�\�L���E�R�Q�L�W�H�W�W�H���L�V�H���������F�P���o�D�S���L�o�L�Q���L�O�N���V�Õ�U�D�G�D�G�Õ�U����
Bunun sebebi olarak �6�D�U�Õ�o�D�P �W�•�U�•�Q�•�Q���R�U�W�D���Y�H���N�|�W�•��
�E�R�Q�L�W�H�W�W�H�� �G�L�÷�H�U�� �W�•�U�O�H�U�H�� �J�|�U�H�� �K�H�N�W�D�U�G�D�� �G�D�K�D�� �I�D�]�O�D��
�D�÷�D�o�� �L�K�W�L�Y�D�� �H�W�P�H�V�L�G�L�U���� �ø�\�L�� �E�R�Q�L�W�H�W�� �L�Q�F�H�O�H�Q�G�L�÷�L�Q�G�H��
�6�D�U�Õ�o�D�P�Õ�Q�� ������ �Y�H�� ������ �F�P�� �o�D�S�O�D�U�� �L�o�L�Q���.�D�U�D�o�D�P 
�W�•�U�•�Q�G�H�Q�� �G�D�K�D�� �D�]�� �V�D�\�Õ�G�D birey alanda 
�E�X�O�X�Q�P�D�N�W�D�G�Õ�U�� 
 
�7�•�U�N�L�\�H�¶�G�H�� ���� �L�E�U�H�O�L�� �W�•�U�� �L�o�L�Q�� �E�L�R�N�•�W�O�H�� �P�R�G�H�O�O�H�U�L��
�N�X�O�O�D�Q�Õ�O�D�U�D�N�� �� �F�P�¶�O�L�N �o�D�S�� �D�U�W�Õ�P�Õ�� �L�O�H�� �W�H�N�� �D�÷�D�o��
�E�D�]�Õ�Q�G�D�� �Q�H�� �N�D�G�D�U�� �W�R�S�U�D�N�� �•�V�W�•�� �E�L�R�N�•�W�O�H�� �•�U�H�W�L�P�L��
�J�H�U�o�H�N�O�H�ú�W�L�U�G�L�÷�L�� �E�H�O�L�U�O�H�Q�P�L�ú�W�L�U���� �h�U�H�W�L�O�H�Q��
�E�L�R�N�•�W�O�H�Q�L�Q���\�•�]�G�H�������¶�V�L�Q�L�Q���N�D�U�E�R�Q���R�O�G�X�÷�X���H�V�D�V�Õ�Q�D��
�G�D�\�D�Q�D�U�D�N�� ���� �F�P�¶�O�L�N�� �o�D�S�� �D�U�W�Õ�P�Õ�� �L�O�H�� �D�W�P�R�V�I�H�U�G�H�Q��
�o�H�N�L�O�H�U�H�N�� �D�÷�D�F�Õ�Q�� �E�•�Q�\�H�V�L�Q�G�H�� �E�D�÷�O�D�Q�D�Q�� �N�D�U�E�R�Q��
mikt�D�U�O�D�U�Õ�� �E�H�O�L�U�O�H�Q�P�L�ú�W�L�U���� �$�\�U�Õ�F�D�� �E�X�� �V�•�U�H�o��

�L�o�H�U�L�V�L�Q�G�H�� �I�R�W�R�V�H�Q�W�H�]�O�H�� �D�W�P�R�V�I�H�U�H�� �V�D�O�Õ�Q�D�Q�� �R�N�V�L�M�H�Q��
�P�L�N�W�D�U�O�D�U�Õ�� �E�H�O�L�U�O�H�Q�P�L�ú�W�L�U���� �d�D�O�Õ�ú�P�D�G�D�� �W�H�N�� �D�÷�D�o��
�•�]�H�U�L�Q�G�H�Q�� �H�O�G�H�� �H�G�L�O�H�Q�� �V�R�Q�X�o�O�D�U�Õ�Q�� �K�H�N�W�D�U��
�G�H�÷�H�U�O�H�U�L�Q�H�� �G�|�Q�•�ú�•�P�O�H�U�L�� �K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U���� �%�X�Q�X�Q��
�L�o�L�Q���D�÷�D�o���W�•�U�O�H�U�L�Q�H���D�L�W���K�D�V�Õ�O�D�W���W�D�E�O�R�O�D�U�Õ���N�X�O�O�D�Q�Õ�O�D�U�D�N��
�L�\�L�� �R�U�W�D�� �Y�H�� �N�|�W�•�� �E�R�Q�L�W�H�W�O�H�U�G�H�� ����-20-25 cm orta 
�o�D�S�O�D�U�Õ�� �L�o�L�Q�� �K�H�N�W�D�U�G�D�N�L�� �D�÷�D�o�� �V�D�\�Õ�O�D�U�Õ�Q�G�D�Q��
�\�D�U�D�U�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U���� �+�H�N�W�D�U�G�D�� �D�÷�D�o�� �W�•�U�O�H�U�L�Q�L�Q�� ���� �F�P��
�o�D�S�� �D�U�W�Õ�P�Õ�� �\�D�S�W�Õ�N�O�D�U�Õ�Q�G�D�� �•�U�H�W�W�L�N�O�H�U�L�� �E�L�R�N�•�W�O�H����
�E�D�÷�O�D�G�Õ�N�O�D�U�Õ�� �N�D�U�E�R�Q�� �Y�H�� �D�W�P�R�V�I�H�U�H�� �V�D�O�G�Õ�N�O�D�U�Õ��
oksijen �P�L�N�W�D�U�O�D�U�Õ�� �K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U���� �ø�\�L�� �E�R�Q�L�W�H�W�� ������
�F�P���o�D�S���L�o�L�Q�����R�U�W�D���Y�H���N�|�W�•���E�R�Q�L�W�H�W�O�H�U�G�H���K�H�U���•�o���o�D�S��
�L�o�L�Q�������F�P���o�D�S���D�U�W�Õ�P�Õ�Q�G�D���K�H�N�W�D�U�G�D���•�U�H�W�L�O�H�Q���E�L�R�N�•�W�O�H��
�E�D�÷�O�D�Q�D�Q���N�D�U�E�R�Q�� �Y�H�� �V�D�O�Õ�Q�D�Q���R�N�V�L�M�H�Q���L�o�L�Q���6�D�U�Õ�o�D�P 
�G�L�÷�H�U�� �W�•�U�O�H�U�G�H�Q�� �G�D�K�D�� �\�•�N�V�H�N�� �G�H�÷�H�U�� �Y�H�U�P�L�ú�W�L�U��
���7�D�E�O�R�����������ø�\�L���E�R�Q�L�W�Htte 20-�������F�P���o�D�S���L�o�L�Q���J�|�N�Q�D�U��
�W�•�U�•���•�U�H�W�W�L�÷�L���E�L�R�N�•�W�O�H���P�L�N�W�D�U�Õ�����E�D�÷�O�D�G�Õ�÷�Õ���N�D�U�E�R�Q���Y�H��
�V�D�O�G�Õ�÷�Õ�� �R�N�V�L�M�H�Q�� �P�L�N�W�D�U�Õ�� �L�O�H�� �L�O�N�� �V�Õ�U�D�\�Õ�� �D�O�P�D�N�W�D�G�Õ�U��
(Tablo 3).  
 
�d�D�O�Õ�ú�P�D�\�D�� �N�R�Q�X�� �H�G�L�O�H�Q�� �W�•�U�O�H�U�L�Q�� �L�\�L�� �E�R�Q�L�W�H�W�W�H�� ����
�F�P�¶�O�L�N �o�D�S���D�U�W�Õ�P�Õ���\�D�S�W�Õ�÷�Õ���G�X�U�X�P�G�D��������-20-25 cm 
�o�D�S�O�D�U�Õ�Q�� �R�U�W�D�O�D�P�D�V�Õ���� ������ �������� �������� �N�L�ú�L�Q�L�Q��
�N�D�U�E�R�Q�G�L�R�N�V�L�W�� �V�D�O�Õ�Q�Õ�P�Õ�Q�Õ�� �D�W�P�R�V�I�H�U�G�H�Q�� �o�H�N�H�U�H�N��
�E�•�Q�\�H�V�L�Q�G�H�� �E�D�U�Õ�Q�G�Õ�U�P�D�N�W�D�G�Õ�U���� �2�U�W�D�� �E�R�Q�L�W�H�W�W�H�� �E�X��
�V�D�\�Õ�������������������������R�O�X�U�N�H�Q���D�÷�D�o�O�D�U�Õ�Q���N�|�W�•���E�R�Q�L�W�H�W�W�H��
�E�X�O�X�Q�G�X�N�O�D�U�Õ�� �Y�D�U�V�D�\�Õ�O�G�Õ�÷�Õ�Q�G�D�� ������ �������� �������� �N�L�ú�L�Q�L�Q��
�V�D�O�P�Õ�ú�� �R�O�G�X�÷�X�� �N�D�U�E�R�Q�G�L�R�N�V�L�W�L�� �E�•�Q�\�H�O�H�U�L�Q�G�H��
hap�V�H�W�P�H�N�W�H�G�L�U�O�H�U���� �<�D�S�Õ�O�D�Q�� �E�X�� �K�H�V�D�S�O�D�P�D�O�D�U�G�D��
�W�R�S�U�D�N�� �D�O�W�Õ�Q�G�D���� �|�O�•-�G�L�U�L�� �|�U�W�•�G�H�� �Y�H�� �R�U�P�D�Q��
�W�R�S�U�D�÷�Õ�Q�G�D�� �G�H�S�R�O�D�Q�D�Q�� �N�D�U�E�R�Q�� �G�H�÷�H�U�O�H�Q�G�L�U�P�H�\�H��
�D�O�Õ�Q�P�D�P�Õ�ú�� �\�D�O�Q�Õ�]�F�D�� �W�R�S�U�D�N�� �•�V�W�•�� �P�H�ú�F�H�U�H�G�H�N�L��
�E�D�÷�O�D�Q�D�Q�� �N�D�U�E�R�Q�� �G�H�÷�H�U�O�H�Q�G�L�U�L�O�P�L�ú�W�L�U���� �7�•�U�N�L�\�H��
�R�U�P�D�Q�� �Y�D�U�O�Õ�÷�Õ�� �D�O�D�Q�� �Y�H�� �V�H�U�Y�H�W�� �R�O�D�U�D�N�� �D�U�W�Õ�ú 
�H�÷�L�O�L�P�L�Q�G�H�G�L�U���� �%�X�Q�X�Q�� �V�R�Q�X�F�X�Q�G�D�� �R�U�P�D�Q�O�D�U�G�D��
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�E�D�÷�O�D�Q�D�Q�� �N�D�U�E�R�Q�� �P�L�N�W�D�U�Õ�Q�Õ�Q�� �D�U�W�Õ�ú�Õ�Q�Õ�� �J�H�W�L�U�H�F�H�N�W�L�U����
�2�U�P�D�Q�O�D�U�Õ�P�Õ�]�Õ�Q��entansif �ú�H�N�L�O�G�H�� �L�ú�O�H�W�L�O�H�U�H�N����
�V�D�÷�O�Õ�N�O�Õ�� �� �ú�H�N�L�O�G�H�� �G�H�Y�D�P�O�Õ�O�Õ�÷�Õ�Q�Õ�Q�� �V�D�÷�O�D�Q�P�D�V�Õ�� �Y�H��
�D�U�W�Õ�P���J�•�o�O�H�U�L�Q�L�Q���L�\�L�O�H�ú�W�L�U�L�O�P�H�V�L�\�O�H���K�H�P���L�\�L���N�D�O�L�W�H�G�H��
�R�G�X�Q�� �•�U�•�Q�•�� �H�O�G�H�� �H�Gilebilecek hem de daha fazla 
�N�D�U�E�R�Q�X�� �E�•�Q�\�H�O�H�U�L�Q�G�H�� �W�X�W�D�E�L�O�P�H�O�H�U�L�Q�H�� �N�D�W�N�Õ�G�D��
�E�X�O�X�Q�X�O�D�F�D�N�W�Õ�U�����0�H�Y�F�X�W���R�U�P�D�Q���D�O�D�Q�O�D�U�Õ�Q�Õ�Q���V�D�÷�O�Õ�N�O�Õ��
�ú�H�N�L�O�G�H�� �\�|�Q�H�W�L�O�P�H�V�L�Q�L�Q�� �\�D�Q�Õ�Q�G�D����
�D�÷�D�o�O�D�Q�G�Õ�U�P�D�O�D�U�O�D�� �R�U�P�D�Q�� �D�O�D�Q�O�D�U�Õ�Q�Õ�Q�� �D�U�W�W�Õ�U�Õ�O�P�D�V�Õ����
�E�R�]�X�N�� �D�O�D�Q�O�D�U�Õ�Q�� �U�H�K�D�E�L�O�L�W�H�� �H�G�L�O�P�H�V�L���� �E�L�R�N�•�W�O�H�Q�L�Q��
f�R�V�L�O�� �\�D�N�Õ�W�O�D�U�Õ�� �\�H�U�L�Q�H�� �L�N�D�P�H�� �H�G�L�O�P�H�V�L���� �N�Õ�U�V�D�O��
�N�D�O�N�Õ�Q�P�D�\�D�� �G�D�K�D�� �I�D�]�O�D�� �G�H�V�W�H�N�� �Y�H�U�H�U�H�N�� �R�U�P�D�Q�O�D�U��
�•�]�H�U�L�Q�G�H�N�L�� �R�O�X�P�V�X�]�� �E�D�V�N�Õ�O�D�U�Õ�Q�� �D�]�D�O�W�Õ�O�P�D�V�Õ�� �L�N�O�L�P��
�G�H�÷�L�ú�L�N�O�L�÷�L�� �Y�H�� �N�•�U�H�V�H�O�� �Õ�V�Õ�Q�P�D�\�O�D�� �P�•�F�D�G�H�O�H�G�H��
elzemdir.  
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Abstract 
 
The effect of pollutant loads coming from and coming out of lakes and dams arises over a long period of time. The 
main criteria that determine contamination in aquatic environments are physicochemical and biological factors. 
Biodiversity, nutrient chain, water quality and the cleanliness of water from the biological side are all important 
factors in living an aquatic life. In recent years, the studies on the physico-chemical properties of dam lakes have 
increased. 
 
In this study; a sample was taken every 5 m from 12 different points of the 4th September Dam where the drinking 
water of Sivas city is met. These samples were analyzed for temperature, EC (electrical conductivity), dissolved 
oxygen, pH, turbidity, manganese, iron, NO3 (nitrate) and organic matter. With these analyzes, water quality 
related to the level at the dam was determined. The obtained analysis results were evaluated by Kriging 
interpolation method which is one of the analysis methods of GIS and spatial distribution maps of water quality at 
different depths of the dam were created. According to the results obtained without working; It was determined 
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that manganese value increased with increasing depth and Fe value did not show any significant change. It has 
been determined that the amount of organic matter does not change much after a certain depth while it is too much 
on the surface, and it does not change in pH value depending on the depth. The measured NO3 values ranged from 
0.1 to 0.3 mg / L, but no significant change in dissolved oxygen values was observed. The turbidity has increased 
considerably towards the bottom of the lake. It was determined that the EC values did not show a significant 
change and the EC values at the edge of the lakes were higher than the middle part of the lake. 
 
Keywords: Drinking water dam, level-quality relation, GIS, organic matter, EC 
 

1. �*�ø�5�ø�ù 
 
�ø�o�L�O�H�E�L�O�L�U�� �V�X�� �N�D�\�Q�D�N�O�D�U�Õ�Q�Õ�Q�� �V�R�U�X�P�V�X�]�F�D��
�N�L�U�O�H�W�L�O�P�H�V�L���� �J�H�U�L�� �G�|�Q�•�ú�•�P�•�� �R�O�D�Q�D�N�V�Õ�]�� �V�R�U�X�Q�O�D�U�Õ�Q��
�\�D�ú�D�Q�P�D�V�Õ�Q�D�� �]�H�P�L�Q�� �K�D�]�Õ�U�O�D�P�D�N�W�D�G�Õ�U���� �7�D�K�P�L�Q�O�H�U����
�D�U�W�D�Q�� �V�X�� �L�K�W�L�\�D�F�Õ�� �L�O�H�� �J�L�G�H�U�H�N�� �D�]�D�O�D�Q�� �W�H�P�L�]�� �V�X��
�N�D�\�Q�D�÷�Õ�� �H�÷�U�L�O�H�U�L�Q�L�Q�� ���������� �\�Õ�O�Õ�Q�G�D�� �N�H�V�L�ú�H�F�H�÷�L�Q�L��
�J�|�V�W�H�U�P�H�N�W�H�G�L�U�� �>���@���� �%�X�� �\�•�]�G�H�Q��alternatif su 
�N�D�\�Q�D�N�O�D�U�Õ�Q�Õ�Q���E�H�O�L�U�O�H�Q�P�H�V�L���Y�H���N�R�U�X�Q�P�D�V�Õ���R�O�G�X�N�o�D��
�|�Q�H�P�O�L�G�L�U���� 
 
�<�•�]�H�\�� �V�X�\�X�� �N�D�\�Q�D�N�O�D�U�Õ�Q�� �N�X�O�O�D�Q�Õ�P�Õ�Q�Õ�� �E�H�O�L�U�O�H�U�N�H�Q��
�V�X�� �N�D�\�Q�D�÷�Õ�Q�Õ�Q�� �I�L�]�L�N�V�H�O���� �N�L�P�\�D�V�D�O�� �Y�H�� �E�L�\�R�O�R�M�L�N��
�|�]�H�O�O�L�N�O�H�U�L�Q�L�� �E�L�O�P�H�N�� �o�R�N�� �|�Q�H�P�O�L�G�L�U���� �%�X�� �D�P�D�o�O�D��
�•�O�N�H�P�L�]�G�H���E�L�U�o�R�N���o�D�O�Õ�ú�P�D���\�D�S�Õ�O�P�D�N�W�D�G�Õ�U��[2-3]. 
�1�H�K�L�U�� �E�D�U�D�M�Õ�� �W�D�ú�N�Õ�Q�� �N�R�Q�W�U�R�O�•���� �V�X�O�D�P�D���� �L�o�P�H�� �V�X�\�X��
�W�H�P�L�Q�L�� �Y�H�� �K�L�G�U�R�H�O�H�N�W�U�L�N�� �•�U�H�W�L�P�L�� �G�H�� �G�D�K�L�O�� �R�O�P�D�N��
�•�]�H�U�H�� �|�Q�H�P�O�L�� �W�R�S�O�X�P�V�D�O�� �Y�H�� �H�N�R�Q�R�P�L�N�� �I�D�\�G�D�O�D�U��
�V�D�÷�O�D�U�� �>��-���@���� �$�Q�F�D�N�� �G�R�÷�D�O�� �Q�H�K�L�U�� �H�N�R�V�L�V�W�H�P�O�H�U�L��
�•�]�H�U�L�Q�G�H���F�L�G�G�L���H�W�N�L�O�H�U���\�D�U�D�W�Õ�U���>���@�����1�H�K�L�U�O�H�U�L�Q���E�D�U�D�M��
�J�|�O�� �D�O�D�Q�Õ�Q�D �G�|�Q�•�ú�P�H�V�L�� �I�L�]�L�N�V�H�O�� �G�H�÷�L�ú�L�N�O�L�N�O�H�U�H����
�W�H�U�P�D�O�� �W�D�E�D�N�D�O�D�ú�P�D�\�D�� �Y�H�� �N�•�O�W�•�U�H�O�� �|�W�U�R�I�L�N�D�V�\�R�Q�D��
�Q�H�G�H�Q�� �R�O�D�E�L�O�H�F�H�÷�L�� �J�L�E�L�� �K�L�G�U�R�O�R�M�L�N�� �Y�H�� �H�N�R�O�R�M�L�N��
�G�H�÷�L�ú�L�N�O�L�N�O�H�U�H���G�H���Q�H�G�H�Q���R�O�D�E�L�O�L�U���>���@���� 
 
�*�|�O�O�H�U�� �R�O�G�X�N�o�D�� �E�•�\�•�N�� �D�U�D�]�L�� �S�D�U�o�D�O�D�U�Õ�Q�Õ�Q�� �G�U�H�Q�D�M��
�V�X�O�D�U�Õ�Q�Õ���D�O�G�Õ�N�O�D�U�Õ�Q�G�D�Q���J�|�O���Y�H���J�|�O�•���o�H�Y�U�Hleyen kara 
�D�U�D�V�Õ�Q�G�D�� �V�•�U�H�N�O�L�� �E�L�U�� �D�O�Õ�ú�Y�H�U�L�ú�� �Y�D�U�G�Õ�U���� �<�•�]�H�\�� �Y�H��
�\�•�]�H�\���D�O�W�Õ���D�N�Õ�ú�O�D�U�Õ���J�|�O�H�� �J�L�U�H�U���Y�H���o�Õ�N�D�U�����%�X���D�N�Õ�ú�O�D�U��
�G�D�� �o�H�ú�L�W�O�L�� �I�L�]�L�N�V�H�O���� �N�L�P�\�D�V�D�O�� �Y�H�� �E�L�\�R�O�R�M�L�N��
�E�L�O�H�ú�H�Q�O�H�U�L�����R�U�J�D�Q�L�N���P�D�G�G�H�O�H�U�L�����W�R�U�W�X���Y�H���G�L�÷�H�U���S�H�N��
�o�R�N�� �P�D�G�G�H�\�L�� �E�H�U�D�E�H�U�L�Q�G�H�� �V�•�U�•�N�O�H�U�� �>���@���� �*�|�O�� �Y�H��
barajl�D�U�D���J�H�O�H�Q���Y�H���E�X�U�D�G�D�Q���o�Õ�N�D�Q���N�L�U�O�H�W�L�F�L���\�•�N�O�H�U�L�Q��
�R�O�X�ú�W�X�U�D�F�D�÷�Õ�� �H�W�N�L���� �X�]�X�Q�� �E�L�U�� �]�D�P�D�Q�� �G�L�O�L�P�L�� �L�o�L�Q�G�H��
�R�U�W�D�\�D���o�Õ�N�P�D�N�W�D�G�Õ�U�� 
 
�<�•�]�H�\�� �V�X�O�D�U�Õ�Q�G�D�� �J�|�]�O�H�Q�H�Q�� �N�L�U�O�L�O�L�N�� �Q�R�N�W�D�V�D�O�� �Y�H��
�\�D�\�Õ�O�Õ�� �R�O�P�D�N�� �•�]�H�U�H�� �L�N�L�\�H�� �D�\�U�Õ�O�P�D�N�W�D�G�Õ�U���� �1�R�N�W�D�V�D�O��
�N�D�\�Q�D�N�O�Õ���N�L�U�O�L�O�L�N���D�W�Õ�N�V�X�\�X�Q���W�H�N���E�L�U���Q�R�N�W�D�G�D�Q���G�H�ú�D�U�M��
�H�G�L�O�P�H�V�L�� �L�O�H�� �R�O�X�ú�X�U�� �>���@���� �<�D�\�Õ�O�Õ�� �N�L�U�O�L�O�L�N�� �L�V�H��
�P�H�W�H�R�U�R�O�R�M�L�N�� �R�O�D�\�O�D�U�D�� �Y�H�� �D�U�D�]�L�Q�L�Q�� �\�D�S�Õ�V�Õ�Q�D�� �E�D�÷�O�Õ��
�R�O�D�U�D�N���I�D�U�N�O�Õ���]�D�P�D�Q���G�L�O�L�P�O�H�U�L�Q�G�H���J�H�Q�L�ú���D�O�D�Q�O�D�U�G�D�Q��
�J�H�o�H�U�H�N�� �D�O�Õ�F�Õ�� �R�U�W�D�P�D�� �X�O�D�ú�D�Q�� �N�L�U�O�H�W�L�F�L�O�H�U�L�Q��
�R�O�X�ú�W�X�U�G�X�÷�X�� �N�L�U�O�L�O�L�N�� �W�•�U�•�G�•�U�� �>�����@���� �<�D�\�Õ�O�Õ�� �N�L�U�O�L�O�L�÷�L��
�R�O�X�ú�W�X�U�D�Q�� �V�X�O�D�U�Õ�Q�� �\�D�S�Õ�V�Õ�� �L�N�O�L�P�H���� �\�•�]�H�\�� �ú�H�N�O�L�Q�H����
�K�L�G�U�R�O�R�M�L�\�H���� �D�U�D�]�L�� �N�X�O�O�D�Q�Õ�P�Õ�Q�D�� �Y�H�� �W�R�S�U�D�÷�Õ�Q��
�\�D�S�Õ�V�Õ�Q�D���E�D�÷�O�Õ���R�O�G�X�÷�X�Q�G�D�Q���\�D�\�Õ�O�Õ���N�L�U�O�L�O�L�÷�L�Q���W�H�V�S�L�W�L��
�Y�H���N�R�Q�W�U�R�O�•���o�R�N���G�D�K�D���]�R�U�G�X�U���>�����@�� 
 

Su kalitesinde meydana gelen mevsimsel ve 
�P�H�N�k�Q�V�D�O�� �G�H�÷�L�ú�L�N�O�L�N�O�H�U�� �R�U�W�D�\�D�� �N�R�\�X�O�D�E�L�O�P�H�V�L�Q�H��
r�D�÷�P�H�Q���G�H�÷�L�ú�L�P�H���Q�H�G�H�Q���R�O�D�Q���H�W�P�H�Q�O�H�U���W�D�P���R�O�D�U�D�N��
�E�H�O�L�U�O�H�Q�H�P�H�P�H�N�W�H�G�L�U�����6�X���R�U�W�D�P�O�D�U�Õ�Q�G�D���N�L�U�O�H�Q�P�H�\�L��
�E�H�O�L�U�O�H�\�H�Q�� �E�H�O�O�L�� �E�D�ú�O�Õ�� �N�U�L�W�H�U�O�H�U�� �I�L�]�L�N�R�N�L�P�\�D�V�D�O�� �Y�H��
�E�L�\�R�O�R�M�L�N���I�D�N�W�|�U�O�H�U�G�L�U�����%�L�U���V�X�G�D���\�D�ú�D�\�D�Q���F�D�Q�O�Õ�O�D�U�Õ�Q��
�E�L�\�R�O�R�M�L�N�� �o�H�ú�L�W�O�L�O�L�N���� �E�H�V�L�Q�� �]�L�Q�F�L�U�L���� �V�X�� �N�D�O�L�W�H�V�L�� �Y�H��
suyun b�L�\�R�O�R�M�L�N�� �\�|�Q�G�H�Q�� �W�H�P�L�]�O�H�Q�P�H�V�L�� �J�L�E�L��
�I�D�N�W�|�U�O�H�U�� �D�o�Õ�V�Õ�Q�G�D�Q�� �E�•�\�•�N�� �E�L�U�� �|�Q�H�P�L�� �Y�D�U�G�Õ�U���� �6�R�Q��
�\�Õ�O�O�D�U�G�D�� �E�D�U�D�M�� �J�|�O�O�H�U�L�Q�L�Q�� �I�L�]�L�N�R-kimyasal 
�|�]�H�O�O�L�N�O�H�U�L�Q�L�Q�� �L�Q�F�H�O�H�Q�G�L�÷�L�� �o�D�O�Õ�ú�P�D�O�D�U�� �D�U�W�Õ�ú��
�J�|�V�W�H�U�P�L�ú�W�L�U�� �>����-�����@���� �%�X�� �D�P�D�o�O�D�� �E�D�]�� �D�O�Õ�Q�D�Q��
�|�Q�F�H�O�L�N�O�L�� �I�L�]�L�N�V�H�O�� �S�D�U�D�P�H�W�U�H�O�H�U���� �D�V�N�Õ�G�D�N�L�� �N�D�W�Õ��
�P�D�G�G�H�O�H�U���� �\�•�]�•�F�•�� �P�D�G�G�H�O�H�U���� �N�R�O�O�R�L�G�D�O�� �P�D�G�G�H�O�H�U����
�E�X�O�D�Q�Õ�N�O�Õ�N���� �U�H�Q�N���� �W�D�W���� �V�Õ�F�D�N�O�Õ�N�� �Y�H�� �H�O�H�N�W�U�L�N�V�H�O��
�L�O�H�W�N�H�Q�O�L�N���R�O�D�U�D�N���V�Õ�U�D�O�D�Q�D�E�L�O�L�U���>�����@�� 
 
�%�L�O�J�L�V�D�\�D�U�� �G�H�V�W�H�N�O�L�� �Y�H�U�L�� �D�Q�D�O�L�]�L�� �Y�H�� �J�|�U�V�H�O�O�H�ú�W�L�U�P�H��
�D�U�D�o�O�D�U�Õ���� �V�X�� �N�D�\�Q�D�N�O�D�U�Õ�Q�Õ�Q�� �N�R�U�X�Q�P�D�V�Õ����
�J�H�O�L�ú�W�L�U�L�O�P�H�V�L�� �Y�H�� �\�|�Q�H�W�L�P�L�� �o�D�O�Õ�ú�P�D�O�D�U�Õ�Q�G�D�� �|�Q�H�P�O�L��
�U�R�O�� �R�\�Q�D�P�D�N�W�D�G�Õ�U���� �g�]�H�O�O�L�N�O�H�� �&�R�÷�U�D�I�L�� �%�L�O�J�L��
�6�L�V�W�H�P�O�H�U�L�� ���&�%�6���� �V�R�Q�� �\�Õ�O�O�D�U�G�D�� �R�O�G�X�N�o�D�� �\�D�\�J�Õ�Q��
�R�O�D�U�D�N���N�X�O�O�D�Q�Õ�O�P�D�N�W�D�G�Õ�U�����%�X���D�P�D�o�O�D���V�X���N�D�O�L�W�H�V�L���Y�H��
�N�L�U�O�L�O�L�÷�L�� �L�]�O�H�P�H�� �o�D�O�Õ�ú�P�D�O�D�U�Õ�Q�G�D�� �&�%�6�� �\�D�U�G�Õ�P�Õ�\�O�D��
�D�Q�D�O�L�]���H�G�L�O�P�L�ú���P�H�N�k�Q�V�D�O���G�D�÷�Õ�O�Õ�P���K�D�U�L�W�D�O�D�U�Õ���R�U�W�D�\�D��
koyul�P�D�\�D���E�D�ú�O�D�Q�P�Õ�ú�W�Õ�U���>�����@�� 
 
�%�X�� �o�D�O�Õ�ú�P�D�G�D���� �6�L�Y�D�V�� �N�H�Q�W�L�Q�L�Q�� �L�o�P�H�� �V�X�\�X��
�L�K�W�L�\�D�F�Õ�Q�Õ�Q�� �N�D�U�ú�Õ�O�D�Q�G�Õ�÷�Õ�� ���� �(�\�O�•�O�� �%�D�U�D�M�Õ�¶�Q�Õ�Q�� �I�D�U�N�O�Õ��
�Q�R�N�W�D�O�D�U�Õ�Q�G�D�Q�� �Y�H�� �I�D�U�N�O�Õ�� �G�H�U�L�Q�O�L�N�O�H�U�G�H�� �Q�X�P�X�Q�H�O�H�U��
�D�O�Õ�Q�D�U�D�N���� �E�D�U�D�M�G�D�� �V�H�Y�L�\�H�\�H�� �E�D�÷�O�Õ�� �V�X�� �N�D�O�L�W�H�V�L�Q�L�Q��
�E�H�O�L�U�O�H�Q�P�H�V�L�� �D�P�D�o�O�D�Q�P�Õ�ú�W�Õ�U���� �$�\�U�Õ�F�D�� �H�O�G�H�� �H�G�L�O�Hn 
�D�Q�D�O�L�]�� �V�R�Q�X�o�O�D�U�Õ���� �&�%�6�¶�Q�L�Q�� �D�Q�D�O�L�]�� �\�|�Q�W�H�P�O�H�U�L�Q�G�H�Q��
�R�O�D�Q�� �.�U�L�J�L�Q�J�� �H�Q�W�H�U�S�R�O�D�V�\�R�Q�� �\�|�Q�W�H�P�L�� �L�O�H��
�G�H�÷�H�U�O�H�Q�G�L�U�L�O�P�L�ú�� �Y�H�� �E�D�U�D�M�Õ�Q�� �I�D�U�N�O�Õ��
�G�H�U�L�Q�O�L�N�O�H�U�L�Q�G�H�N�L�� �V�X�� �N�D�O�L�W�H�V�L�Q�H�� �D�L�W�� �P�H�N�k�Q�V�D�O��
�G�D�÷�Õ�O�Õ�P���K�D�U�L�W�D�O�D�U�Õ���R�O�X�ú�W�X�U�X�O�P�X�ú�W�X�U�� 
 
2. �<�g�1�7�(�0 
 
�%�X�� �o�D�O�Õ�ú�P�D�� �6�L�Y�D�V�� �N�H�Q�W�L�� �L�o�P�H�� �V�X�\�X�� �L�K�W�L�\�D�F�Õ�Q�Õ�Q��
�N�D�U�ú�Õ�O�D�G�Õ�÷�Õ�� ���� �(�\�O�•�O�� �%�D�U�D�M�Õ�¶�Q�G�D�� �\�•�U�•�W�•�O�P�•�ú�W�•�U����
�6�L�Y�D�V�� ���� �(�\�O�•�O�� �%�D�U�D�M�Õ���� �6�L�Y�D�V�� �N�H�Q�W�L�Q�L�Q�� �L�o�P�H�� �V�X�\�X��
�L�K�W�L�\�D�F�Õ�Q�Õ�� �N�D�U�ú�Õ�O�D�P�D�N�� �•�]�H�U�H�� �6�L�Y�D�V�¶�Õ�Q�� ������ �N�P��
�N�X�]�H�\�G�R�÷�X�V�X�Q�G�D���� �<�X�N�D�U�Õ�� �.�Õ�]�Õ�O�Õ�U�P�D�N�� �+�D�Y�]�D�V�Õ�Q�G�D��
�0�Õ�V�P�Õ�O�� �,�U�P�D�÷�Õ�� �•�]�H�U�L�Q�G�H�� �\�H�U�� �D�O�D�Q�� �E�L�U�� �L�o�P�H�� �V�X�\�X��
�E�D�U�D�M�Õ�G�Õ�U�����%�D�U�D�M���������������N�P�� �G�U�H�Q�D�M���D�O�D�Q�Õ�Q�D���V�D�K�L�S�W�L�U����
�%�D�U�D�M�Õ�� �E�H�V�O�H�\�H�Q�� �0�Õ�V�P�Õ�O�� �,�U�P�D�N�W�D�Q�� �E�D�ú�N�D�� �\�D�Q��
dereler de mevcuttur. Bu derelerden gelen sular, 
�E�D�U�D�M���J�|�O���D�O�D�Q�Õ�Q�Õ���E�H�V�O�H�P�H�N�W�H�G�L�U���������(�\�O�•�O���%�D�U�D�M�Õ�¶�Q�Õ�Q��
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�N�R�U�X�P�D�� �D�O�D�Q�O�D�U�Õ�� �Y�H�� �E�H�V�O�H�Q�L�P�� �K�D�Y�]�D�V�Õ�� �ù�H�N�L�O�� ���¶�� �G�H��
�Y�H�U�L�O�P�L�ú�W�L�U���>�����@�����6�L�Y�D�V���N�H�Q�W�L�Q�L�Q���L�o�P�H���Ye kullanma 
�V�X�\�X���L�K�W�L�\�D�F�Õ�Q�Õ�Q���\�D�N�O�D�ú�Õ�N�����������¶�O�X�N���N�Õ�V�P�Õ��������-550 

�O�W���V�Q�¶�O�L�N�� �G�H�E�L�\�O�H�� �7�D�Y�U�D�� �K�D�Y�]�D�V�Õ�Q�G�D�� �E�X�O�X�Q�D�Q��
�N�X�\�X�O�D�U�G�D�Q���� ���� �����¶�O�L�N�� �N�Õ�V�P�Õ�� �G�D�� ���� �(�\�O�•�O��
�%�D�U�D�M�Õ�¶�Q�G�D�Q�� �N�D�U�ú�Õ�O�D�Q�P�D�N�W�D�� �R�O�X�S���� �J�•�Q�O�•�N�� �L�K�W�L�\�D�o��
�P�H�Y�V�L�P�� �ú�D�U�W�O�D�U�Õ�Q�D�� �J�|�U�H�� �������±���������� �O�W���V�Q�� �D�U�D�V�Õ�Q�G�D��
�G�H�÷�L�ú�P�H�N�W�H�G�L�U�� 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

�ù�H�N�L�O�������������(�\�O�•�O���%�D�U�D�M�Õ���Y�H���E�H�V�O�H�Q�L�P���D�O�D�Q�Õ 
 
�%�X�� �o�D�O�Õ�ú�P�D�� �N�D�S�V�D�P�Õ�Q�G�D�� ���� �(�\�O�•�O�� �%�D�U�D�M�Õ�� �J�|�O��
�D�O�D�Q�Õ�Q�G�D���W�•�P���E�D�U�D�M�Õ���W�H�P�V�L�O���H�G�H�F�H�N���ú�H�N�L�O�G�H���������I�D�U�N�O�Õ��
�Q�R�N�W�D�G�D�� �\�•�]�H�\�G�H�Q�� �Y�H�� �K�H�U�� ���� �P�� �G�H�U�L�Q�O�L�N�W�H�� �E�L�U��

�Q�X�P�X�Q�H�� �D�O�Õ�Q�D�U�D�N�� �D�Q�D�O�L�]�O�H�U�� �J�H�U�o�H�N�O�H�ú�W�L�U�L�O�P�L�ú�W�L�U����
�%�D�U�D�M�� �J�|�O�D�O�D�Q�Õ�� �•�]�H�U�L�Q�G�H�� �Q�X�P�X�Q�H�� �D�O�Õ�Q�D�Q�� �Q�R�N�W�D�O�D�U��
�ù�H�N�L�O�����¶�G�H���J�|�U�•�O�P�H�N�W�H�G�L�U��  

 

 

�ù�H�N�L�O�������������(�\�O�•�O���E�D�U�D�M�Õ���•�]�H�U�L�Q�G�H���Q�X�P�X�Q�H���D�O�Õ�Q�D�Q���\�H�U�O�H�U�L�Q���Q�R�N�W�D�V�D�O���J�|�V�W�H�U�L�P�L 

 

�%�X�� �Q�X�P�X�Q�H�O�H�U�G�H�� �V�Õ�F�D�N�O�Õ�N���� �E�X�O�D�Q�Õ�N�O�Õ�N���� �d���2����
organik madde, pH, EC, Mn, Fe ve NO3 analizleri 
�\�D�S�Õ�O�P�Õ�ú�W�Õ�U���� �)�L�]�L�N�V�H�O�� �Y�H�� �N�L�P�\�D�V�D�O�� �D�Q�D�O�L�]�O�H�U�� �V�X��
�D�Q�D�O�L�]�O�H�U�L�Q�G�H�� �J�H�o�H�U�O�L�� �P�H�W�R�W�� �R�O�D�Q�� �³�6�W�D�Q�G�D�U�W��
�0�H�W�R�W�O�D�U�´�D�� �>�����@�� �J�|�U�H�� �\�D�S�Õ�O�P�Õ�ú�W�Õ�U���� �� �6�Õ�F�D�N�O�Õ�N����
�E�X�O�D�Q�Õ�N�O�Õ�N�����d���2���Y�H���R�U�J�D�Q�L�N���P�D�G�G�H���D�Q�D�O�L�]���V�R�Q�X�o�O�D�U�Õ��
�&�%�6�¶�Q�L�Q���D�Q�D�O�L�]���\�|�Q�W�H�P�O�H�U�L�Q�G�H�Q���R�O�D�Q���.�U�L�J�Lng 

�H�Q�W�H�U�S�R�O�D�V�\�R�Q�� �\�|�Q�W�H�P�L�� �L�O�H�� �G�H�÷�H�U�O�H�Q�G�L�U�L�O�P�L�ú�� �Y�H��
�E�D�U�D�M�Õ�Q�� �I�D�U�N�O�Õ�� �G�H�U�L�Q�O�L�N�O�H�U�L�Q�G�H�N�L�� �V�X�� �N�D�O�L�W�H�V�L�Q�H�� �D�L�W��
�P�H�N�k�Q�V�D�O�� �G�D�÷�Õ�O�Õ�P�� �K�D�U�L�W�D�O�D�U�Õ�� �R�O�X�ú�W�X�U�X�O�P�X�ú�W�X�U����
�6�Õ�F�D�N�O�Õ�N�����S�+���Y�H���(�&���|�O�o�•�P�O�H�U�L���o�R�N�O�X���|�O�o�•�P���D�S�D�U�D�W�Õ��
�N�X�O�O�D�Q�Õ�O�D�U�D�N�� �\�H�U�L�Q�G�H�� �\�D�S�Õ�O�P�Õ�ú�W�Õ�U���� �%�X�� �L�N�L��
�S�D�U�D�P�H�W�U�H�Q�L�Q�� �G�Õ�ú�Õ�Q�G�D�N�L�� �G�L�÷�H�U�� �S�D�U�D�P�H�W�U�H�O�H�U�L�Q��
�D�Q�D�O�L�]�O�H�U�L���L�V�H���O�D�E�R�U�D�W�X�D�U���R�U�W�D�P�Õ�Q�G�D���\�D�S�Õ�O�P�Õ�ú�W�Õ�U. 
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2.1. �.�U�L�J�L�Q�J���(�Q�W�H�U�S�R�O�D�V�\�R�Q���<�|�Q�W�H�P�L 
 
�.�U�L�J�L�Q�J�����o�R�N���J�•�o�O�•���Y�H���K�D�V�V�D�V���R�O�D�U�D�N���L�Q�W�H�U�S�R�O�D�V�\�R�Q��
�V�D�÷�O�D�\�D�Q�� �E�L�U�� �\�|�Q�W�H�P�G�L�U���� �%�L�O�L�Q�P�H�\�H�Q�� �E�L�U�� �G�H�÷�H�U�L��
�K�H�V�D�S�O�D�U�N�H�Q�� �W�•�P�� �|�U�Q�H�N�O�H�P�O�H�U�L�Q�� �G�H�÷�H�U�O�H�U�L�Q�L��
�N�X�O�O�D�Q�Õ�U�����.�U�L�J�L�Q�J���\�|�Q�W�H�P�L���o�R�N���D�ú�D�P�D�O�Õ���E�L�U���V�•�U�H�o�W�L�U����
�|�Q�F�H�O�L�N�O�H�� �|�U�Q�H�N�O�H�P�� �Q�R�N�W�D�O�D�U�Õ�Q�Õ�Q�� �N�H�ú�I�L�� �L�V�W�H�Q�L�U����
�D�U�G�Õ�Q�G�D�Q�� �E�X�� �|�U�Q�H�N�O�H�P�� �Q�R�N�W�D�O�D�U�Õ�Q�D�� �X�\�J�X�Q�� �R�O�D�U�D�N��
�W�D�K�P�L�Q�L���E�L�U���\�•�]�H�\�� �P�R�G�H�O�L���E�H�O�L�U�O�H�Q�L�U���Y�H���E�X�� �\�•�]�H�\i 
�G�H�÷�H�U�O�H�Q�G�L�U�P�H�N�� �J�H�U�H�N�L�U�� �>�����@�����.�U�L�J�L�Q�J�� �L�ú�O�H�P�L�� �L�N�L��
�D�ú�D�P�D�O�Õ���R�O�D�U�D�N���J�H�U�o�H�N�O�H�ú�L�U�����ø�O�N���D�ú�D�P�D�G�D�����Y�H�U�L�O�H�U�L�Q��
�P�H�N�k�Q�V�D�O���\�D�S�Õ�V�Õ���K�H�V�D�S�O�D�Q�Õ�U���Y�H���L�N�L�Q�F�L���D�ú�D�P�D�G�D���L�V�H��
�W�D�K�P�L�Q�� �H�G�L�O�H�Q�� �E�L�U�� �\�•�]�H�\�� �R�O�X�ú�W�X�U�X�O�X�U���� �.�U�L�J�L�Q�J��
�\�|�Q�W�H�P�L���� �E�H�O�O�L�� �E�L�U�� �N�R�Q�X�P�� �L�o�L�Q�� �E�L�O�L�Q�P�H�\�H�Q�� �E�L�U��
�G�H�÷�H�U�L���W�D�K�P�L�Q���H�W�P�H�N���L�o�L�Q���P�H�N�k�Q�V�D�O���Y�H�U�L���L�O�L�ú�N�L�V�L���Y�H��
�W�D�K�P�L�Q�� �H�G�L�O�H�Q�� �N�R�Q�X�P�� �H�W�U�D�I�Õ�Q�G�D�N�L�� �E�L�O�L�Q�H�Q��
n�R�N�W�D�O�D�U�Õ�Q�� �G�H�÷�H�U�O�H�U�L�Q�L�� �N�X�O�O�D�Q�Õ�U�� �>�����@�� Kriging 
�\�|�Q�W�H�P�L���� �|�O�o�•�O�P�H�P�L�ú�� �E�L�U�� �N�R�Q�X�P�� �L�o�L�Q�� �E�L�U�� �W�D�K�P�L�Q��
�R�O�X�ú�W�X�U�P�D�N�� �L�o�L�Q�� �o�H�Y�U�H�V�L�Q�G�H�N�L�� �|�O�o�•�O�H�Q�� �G�H�÷�H�U�O�H�U�L��
�D�÷�Õ�U�O�Õ�N�O�D�Q�G�Õ�U�G�Õ�÷�Õ���L�o�L�Q���Y�H�U�L�O�H�U�L�Q���D�÷�Õ�U�O�Õ�N�O�Õ���E�L�U���W�R�S�O�D�P�Õ��
�R�O�D�U�D�N���H�ú�L�W�O�L�N�����¶�G�H���L�I�D�G�H���H�G�L�O�P�H�N�W�H�G�L�U���>�����@���� 

 
        (1) 

 
Bu�U�D�G�D���� �=���6�L���� � �� �L�� �O�R�N�D�V�\�R�Q�X�Q�G�D�N�L�� �|�O�o�•�O�H�Q���G�H�÷�H�U����
���L�� � �� �L�� �O�R�N�D�V�\�R�Q�X�Q�G�D�N�L�� �|�O�o�•�O�H�Q�� �E�L�U�� �G�H�÷�H�U�� �L�o�L�Q��
�E�L�O�L�Q�P�H�\�H�Q���E�L�U���D�÷�Õ�U�O�Õ�N�����6����� ���W�D�K�P�L�Q���H�G�L�O�H�Q��

�O�R�N�D�V�\�R�Q�����1��� ���|�O�o�•�O�H�Q���G�H�÷�H�U�O�H�U�L�Q���V�D�\�Õ�V�Õ�G�Õ�U�� 
 
�d�D�O�Õ�ú�P�D���N�D�S�V�D�P�Õ�Q�G�D�����H�O�G�H���H�G�L�O�H�Q���V�X���N�D�O�L�W�H�V�L���D�Q�D�O�L�]��
�V�R�Q�X�o�O�D�U�Õ�Q�Õ�Q�� �&�%�6�� �R�U�W�D�P�Õ�Q�G�D�� �D�Q�D�O�L�]�� �H�G�L�O�H�E�L�O�P�H�V�L��
�Y�H�� �G�H�÷�H�U�O�H�Q�G�L�U�L�O�H�E�L�O�P�H�V�L�� �L�o�L�Q�� �$�U�F�*�,�6�� ����������
�\�D�]�Õ�O�Õ�P�Õ�� �N�X�O�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U���� �d�D�O�Õ�ú�P�D�Q�Õ�Q�� �D�P�D�F�Õ�Q�D��
�X�\�J�X�Q���R�O�D�U�D�N���o�D�O�Õ�ú�P�D���N�D�S�V�D�P�Õ�Q�G�D���N�X�O�O�D�Q�Õ�O�D�Q���W�•�P��
�Y�H�U�L�O�H�U�� �D�\�Q�Õ�� �N�R�R�U�G�L�Q�D�W�� �V�Lstemine (UTM/ED50) 
�G�|�Q�•�ú�W�•�U�•�O�P�•�ú�W�•�U�����1�X�P�X�Q�H�O�H�U�G�H���\�H�U�L�Q�G�H���|�O�o�•�P�•�� 
�\�D�S�Õ�O�D�Q���S�+���Y�H���(�&���S�D�U�D�P�H�W�U�H�O�H�U�L���L�o�L�Q���H�O�H�N�W�U�R�P�H�W�U�L�N��
(potansiyometrik) HACH HQ30 D marka cihaz 
�N�X�O�O�D�Q�Õ�O�Õ�U�N�H�Q���� �O�D�E�R�U�D�W�X�D�U�G�D�� �D�Q�D�O�L�]�L�� �\�D�S�Õ�O�D�Q��
�E�X�O�D�Q�Õ�N�O�Õ�N�� �S�D�U�D�P�H�W�U�H�V�L�� �L�o�L�Q�� �W�•�U�E�L�G�L�P�H�W�U�L�N�� �+�$�&�+��
2100 Q marka cihaz; Fe, Mn ve NO3- 
�S�D�U�D�P�H�W�U�H�O�H�U�L�� �L�o�L�Q�� �L�V�H�� �V�S�H�N�W�U�R�I�R�W�R�P�H�W�U�L�N�� �+�$�&�+��
�'�5�������������P�D�U�N�D���F�L�K�D�]���N�X�O�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U�� 
 
3. �%�8�/�*�8�/�$�5���9�(���7�$�5�7�,�ù�0�$ 
 
�%�D�U�D�M�� �J�|�O�� �D�O�D�Q�Õ�Q�Õ�Q�� ������ �I�D�U�N�O�Õ�� �Q�R�N�W�D�V�Õ�Q�G�D�Q�� �D�O�Õ�Q�D�Q��
�Q�X�P�X�Q�H�O�H�U�G�H���V�Õ�F�D�N�O�Õ�N�����R�U�J�D�Q�L�N���P�D�G�G�H�����E�X�O�D�Q�Õ�N�O�Õ�N����
�d���2���� �S�+���� �(�&���� �Q�L�W�U�D�W���� �G�H�P�L�U��ve mangan analizleri 
�\�D�S�Õ�O�P�Õ�ú�� �R�O�X�S�� �V�R�Q�X�o�O�D�U�� �7�D�E�O�R�� ���¶�G�H�� �Y�H�U�L�O�P�L�ú�W�L�U����
�$�\�U�Õ�F�D�� �I�D�U�N�O�Õ�� �G�H�U�L�Q�O�L�N�O�H�U�G�H�N�L�� �V�Õ�F�D�N�O�Õ�N�� ���ù�H�N�L�O�� ��������
�E�X�O�D�Q�Õ�N�O�Õ�N�� ���ù�H�N�L�O�� �������� �d���2�� ���ù�H�N�L�O�� ������ �Y�H�� �R�U�J�D�Q�L�N��
�P�D�G�G�H�� ���ù�H�N�L�O�� ������ �D�o�Õ�V�Õ�Q�G�D�Q�� �V�X�� �N�D�O�L�W�H�V�L�Q�H�� �D�L�W��
�P�H�N�k�Q�V�D�O���G�D�÷�Õ�O�Õ�P���K�D�U�L�W�D�O�D�U�Õ���R�O�X�ú�W�X�U�X�O�P�X�ú�W�X�U�� 
 

�7�D�E�O�R���������1�X�P�X�Q�H���D�O�Õ�Q�D�Q���Q�R�N�W�D�O�D�U�G�D���G�H�U�L�Q�O�L�÷�H���E�D�÷�O�Õ���V�X���N�D�O�L�W�H�V�L���G�H�÷�H�U�O�H�U�L 

Parametre/ 
Derinlik (m)  

1 2 3  4 5 6 7 8 9 10 11 12 

�6�Õ�F�D�N�O�Õ�N�����&0)             
�<�•�]�H�\ 17.5 19.2 16.7 17.2 19.6 17.4 18 19 18.1 18.6 20.1 20.3 

5 16.1 18.3 16.4 17.3 18.1 17.1 17.6 17.3 16.8 17.7 17.3 17.3 
10 15.9 17.8 16.3 15.8 - 16.5 16.5 16.8 17.3 17.6 - - 
15 15.3 - 15.1 15.5 - 15.2 15.7 - 16.7 15.5 - - 
20 15.7 - 15.3 15.1 - 15 14.3 - 15.7 14.1 - - 
25 14 - 14.7 14.9 - 13.8 13.9 - - 12.6 - - 
30 - - 13.6 - - 12 11.3 - - 11.4 - - 
35 - - 10.6 - - 10.4 10.8 - - - - - 
40 - - 10.1 - - 10.2 - - - - - - 

�%�X�O�D�Q�Õ�N�O�Õ�N�����1�7�8�� 
�<�•�]�H�\ 1.57 1.83 1.45 1.83 1.26 2.02 1.51 1.83 4.7 1.66 4.7 5.8 

5 3.8 1.82 1.4 1.8 1.93 1.79 1.35 1.82 3.89 2.13 4.1 4.7 
10 2.45 2.13 2.23 2.1 - 1.65 1.35 2.12 1.43 1.3 - - 
15 2.3 - 3.04 1.13 - 1.35 1.06 - 2.42 1.01 - - 
20 1.42 - 1.46 1.38 - 1.4 1.37 - 1.37 1.43 - - 
25 1.54 - 1.71 1.75 - 1.48 1.59 - - 1.42 - - 
30 - - 1.48 - - 1.67 1.8 - - 3.17 - - 
35 - - 1.58 - - 2.12 3.08 - - - - - 
40 - - 12.9 - - 15.8 - - - - - - 

 
�d���2�����P�J���/�� 

�<�•�]�H�\ 7.45 8.4 7.78 9.4 5.5 7.84 4.92 9.4 7.45 7.93 9.4 9.1 
5 5.38 6.73 7.63 7.73 5.43 7.54 5.17 6.73 5.38 8.04 7.73 7.2 
10 5.95 7.1 7.41 7.1 - 8.27 5.11 7.1 4.95 8.19 - - 
15 6.62 - 7.28 7.82 - 8.32 6.09 - 5.62 8.67 - - 
20 7.03 - 7.74 8.08 - 7.68 6.31 - 6.03 8.74 - - 
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25 7.65 - 7.96 8.4 - 7.99 6.4 - - 8.65 - - 
30 - - 8.35 - - 8.62 8.02 - - 8.52 - - 
35 - - 8.84 - - 8.26 7.75 - - - - - 
40 - - 8.39 - - 8.45 - - - - - - 

Organik madde (mg/L) 
�<�•�]�H�\ 0.8 1.2 0.9 0.6 0.8 0.7 0.8 1 0.8 0.7 1.5 1.3 

5 0.5 0.9 0.6 0.8 0.9 0.8 0.9 0.8 0.6 0.8 1.2 1.2 
10 0.4 1 0.6 0.7 - 0.8 0.8 1 0.6 0.7 - - 
15 0.6 - 0.6 0.4 - 0.8 0.9 - 0.6 0.5 - - 
20 0.6 - 0.4 0.7 - 0.8 0.8 - 0.8 0.4 - - 
25 0.6 - 0.8 0.6 - 0.7 0.8 - - 0.6 - - 
30 - - 0.7 - - 0.6 0.7 - - 1.1 - - 
35 - - 0.6 - - 0.9 1.1 - - - - - 
40 - - 1 - - 1 - - - - - - 

  pH 
�<�•�]�H�\ 7.74 7.71 7.5 7.67 7.79 7.97 7.78 7.6 7.79 7.84 7.74 7.69 

5 7.68 7.77 7.52 7.82 7.65 7.95 7.85 7.92 7.9 7.82 7.97 7.93 
10 7.63 7.59 7.47 7.9 - 7.83 7.76 7.99 7.71 7.76 - - 
15 7.73 - 7.73 7.73 - 7.72 7.72 - 7.7 7.65 - - 
20 7.57 - 7.64 7.68 - 7.65 7.63 - 7.58 7.58 - - 
25 7.59 - 7.52 7.6 - 7.64 7.5 - - 7.83 - - 
30 - - 7.54 - - 7.67 7.79 - - 7.53 - - 
35 - - 7.5 - - 7.68 7.64 - - - - - 
40 - - 7.53 - - 7.72 - - - - - - 

�(�&�����—�V���F�P�� 
�<�•�]�H�\ 171 175 182 181 185 190 178 175 183 192 188 178 

5 173 177 190 186 184 199 162 176 178 197 182 186 
10 178 183 189 185 - 201 195 181 176 200 - - 
15 176 - 194 176 - 222 185 - 179 196 - - 
20 179 - 191 171 - 227 182 - 180 194 - - 
25 181 - 192 182 - 236 190 - - 198 - - 
30 - - 196 - - 218 192 - - 201 - - 
35 - - 208 - - 210 203 - - - - - 
40 - - 201 - - 213 - - - - - - 

Mangan (mg/L) 
�<�•�]�H�\ 0.04 0.02 0.02 0.02 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02 

5 0.03 0.02 0.03 0.03 0.02 0.03 0.04 0.02 0.03 0.02 0.03 0.03 
10 0.04 0.03 0.02 0.03 - 0.02 0.03 0.02 0.04 0.03 - - 
15 0.04 - 0.03 0.02 - 0.03 0.01 - 0.04 0.03 - - 
20 0.04 - 0.03 0.04 - 0.02 0.02 - 0.03 0.03 - - 
25 0.05 - 0.05 0.04 - 0.02 0.02 - - 0.05 - - 
30 - - 0.05 - - 0.05 0.06 - - 0.08 - - 
35 - - 0.09 - - 0.10 0.06 - - - - - 
40 - - 0.12 - - 0.15 - - - - - - 

Fe (mg/L)  
�<�•�]�H�\ 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0 0.02 0.01 0.01 0.01 

5 0.01 0.01 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
10 0.02 0.03 0.03 0.01 - 0.03 0.01 0.01 0.01 0.01 - - 
15 0.01 - 0.02 0.02 - 0.01 0.02 - 0.02 0.02 - - 
20 0.03 - 0.01 0.03 - 0.02 0.02 -  0.01 - - 
25 0.02 - 0.01 0.01 - 0.02 0.02 - - 0.02 - - 
30 - - 0.02 - - 0.01 0.01 - - 0.02 - - 
35 - - 0.02 - - 0.05 0.01 - - - - - 
40 - - 0.04 - - - - - - - - - 

Nitrat (mg/L)  
�<�•�]�H�\ 0.2 0.4 0.3 0.2 0.2 0.2 0.2 0.3 0.2 0.3 0.3 0.4 

5 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.2 
10 0.2 0.2 0.2 0.2 - 0.2 0.2 0.1 0.2 0.2 - - 
15 0.1 - 0.1 0.1 - 0.1 0.2 - 0.1 0.2 - - 
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20 0.1 - 0.2 0.2 - 0.2 0.2 - 0.2 0.2 - - 
25 0.2 - 0.2 0.2 - 0.1 0.2 - - 0.2 - - 
30 - - 0.1 - - 0.2 0.1 - - 0.2 - - 
35 - - 0.2 - - 0.2 0.1 - - - - - 
40 - - 0.1 - - - - - - - - - 

 

�7�D�E�O�R�� ���� �G�H�� �J�|�U�•�O�G�•�÷�•�� �J�L�E�L�� �E�D�U�D�M�Õ�Q�� �I�D�U�N�O�Õ��
�Q�R�N�W�D�V�Õ�Q�G�D�� �Y�H�� �I�D�U�N�O�Õ�� �G�H�U�L�Q�O�L�N�O�H�U�L�Q�G�H�� �)�H���� �0�Q�� �Y�H��
�1�2�����G�H�÷�H�U�O�H�U�L���o�R�N���G�•�ú�•�N���R�O�X�S���|�Q�H�P�O�L���E�L�U���G�H�÷�L�ú�L�P��
�J�|�V�W�H�U�P�H�P�H�N�W�H�G�L�U���� �1�2������ �o�H�Y�U�H�G�H�� �G�R�÷�D�O�� �R�O�D�U�D�N��
�E�X�O�X�Q�X�U�� �Y�H�� �|�Q�H�P�O�L�� �E�L�U�� �E�L�W�N�L�� �E�H�V�L�Q�L�G�L�U���� �7�D�U�Õ�P�V�D�O��
�I�D�D�O�L�\�H�W�O�H�U�G�H�Q���� �N�D�W�Õ�� �D�W�Õ�N�� �V�Õ�]�Õ�Q�W�Õ�� �V�X�O�D�U�Õ�Q�G�D�Q����
�H�Q�G�•�V�W�U�L�\�H�O�� �G�H�ú�D�U�M�O�D�U�G�D�Q�� �Y�H�� �D�W�Õ�N�V�X�� �G�H�ú�D�U�M�Õ�� �L�O�H��
�V�H�S�W�L�N�� �W�D�Q�N�O�D�U�� �G�D�� �G�k�K�L�O�� �R�O�P�D�N�� �•�]�H�U�H�� �L�Q�V�D�Q�� �Y�H��
�K�D�\�Y�D�Q�� �G�Õ�ú�N�Õ�O�D�U�Õ�Q�G�D�N�L�� �D�]�R�W�O�X�� �D�W�Õ�N�O�D�U�Õ�Q��
�R�N�V�L�G�D�V�\�R�Q�X�� �V�R�Q�X�F�X�� �\�H�U�•�V�W�•�� �Y�H�� �\�H�U�� �D�O�W�Õ�� �V�X�O�D�U�Õ�Q�D��
�X�O�D�ú�D�E�L�O�L�U���>�����@���� 
 
�1�L�W�U�D�W���� �Y�•�F�X�W�� �L�o�L�Q�G�H�� �Q�L�W�U�L�W�� �I�R�U�P�X�Q�D�� �G�|�Q�Hr ve 
�V�D�÷�O�Õ�÷�D�� �R�O�X�P�V�X�]�� �H�W�N�L�V�L�� �R�O�D�E�L�O�H�F�H�N�� �L�N�L�� �N�L�P�\�D�V�D�O��
�U�H�D�N�V�L�\�R�Q�D�� �X�÷�U�D�\�D�E�L�O�L�U���� �g�]�H�O�O�L�N�O�H�� �D�O�W�Õ�� �D�\�O�Õ�N�� �Y�H��
�G�D�K�D�� �N�•�o�•�N�� �E�H�E�H�N�O�H�U�G�H�� �P�D�Y�L�� �E�H�E�H�N�� �V�H�Q�G�U�R�P�X�Q�D��
(methemoglobinemia) ve nitrosamit/nitrosamin 
�I�R�U�P�O�D�U�Õ�Q�D�� �G�|�Q�•�ú�H�U�H�N�� �P�X�K�W�H�P�H�O�� �N�D�Q�V�H�U�R�M�H�Q�L�N��
etkiye sebep olabilir [22].  
 
�'�R�÷�D�O���W�D�W�O�Õ���V�X���N�D�\�Q�D�N�O�D�U�Õ�Q�G�D�N�L���)�H���N�R�Q�V�D�Q�W�U�D�V�\�R�Q�X��
0,5-������ �P�J���/�� �D�U�D�V�Õ�Q�G�D�� �G�H�÷�L�ú�H�Q�� �G�H�÷�H�U�O�H�U�G�H��
�E�X�O�X�Q�D�E�L�O�L�U���>�����@�����ø�o�P�H���V�X�\�X���N�D�\�Q�D�N�O�D�U�Õ�Q�G�D�����G�H�P�L�U��
���,�,���� �W�X�]�O�D�U�Õ�� �N�D�U�D�U�V�Õ�]�� �\�D�S�Õ�G�D�� �R�O�X�S���� �o�|�]�•�Q�P�H�\�H�Q��
�G�H�P�L�U�� ���,�,�,���� �K�L�G�U�R�N�V�L�W�� �I�R�U�P�X�Q�D�� �J�H�o�H�U�H�N���� �S�D�V�� �U�H�Q�J�L��
�V�L�O�W�� �ú�H�N�O�L�Q�G�H�� �o�|�N�H�U���� �'�H�P�L�U���� �|�]�H�O�O�L�N�O�H�� �G�H�P�L�U�� ���,�,����
�R�N�V�L�W�� �G�X�U�X�P�X�Q�G�D�\�N�H�Q���� �L�Q�V�D�Q�� �Y�•�F�X�G�X�� �L�o�L�Q�� �J�H�U�H�N�O�L��
elementlerden biridir.  
 
�'�H�P�L�U���� ���� �P�J���/�� �Y�H�� �•�]�H�U�L�Q�H�� �o�Õ�N�P�D�G�Õ�÷�Õ�� �W�D�N�G�L�U�G�H��
�L�Q�V�D�Q���V�D�÷�O�Õ�÷�Õ�Q�D���R�O�X�P�V�X�]���H�W�N�L�V�L���E�X�O�X�Q�P�D�P�D�N�W�D�G�Õ�U����
�$�Q�F�D�N�� �W�D�W�� �H�ú�L�N�� �G�H�÷�H�U�L�Q�L�Q�� �E�X�� �G�H�÷�H�U�L�Q�� �o�R�N�� �D�O�W�Õ�Q�G�D��
�N�D�O�P�D�V�Õ�� �V�H�E�H�E�L�\�O�H�� �L�Q�V�D�Q�� �V�D�÷�O�Õ�÷�Õ�� �D�o�Õ�V�Õ�Q�G�D�Q�� �O�L�P�L�W��
�G�H�÷�H�U���|�Q�H�U�L�O�P�H�P�L�ú�W�L�U�� �0�D�Q�J�D�Q�����\�H�U�N�•�U�H���\�D�S�Õ�V�Õ�Q�G�D��
�H�Q�� �o�R�N�� �E�X�O�X�Q�D�Q�� �P�H�W�D�O�O�H�U�G�H�Q�� �E�L�U�L�G�L�U���� �J�H�Q�H�O�O�L�N�O�H��
�G�H�P�L�U�O�H�� �E�L�U�O�L�N�W�H�� �J�|�U�•�O�•�U���� �$�Q�F�D�N�� �V�X�G�D�N�L��
�N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U�Õ���G�H�P�L�U�H���R�U�D�Q�O�D���G�D�K�D���G�•�ú�•�N�W�•�U���� 
 
Ham suda genellikle 0,001-�������� �P�J���/�� �D�U�D�O�Õ�÷�Õ�Q�G�D��
�E�X�O�X�Q�P�D�N�O�D�� �E�L�U�O�L�N�W�H���� ���� �P�J���/�¶�\�L�� �D�ú�D�Q��
�N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U�G�D���� �P�D�Q�J�D�Q�O�Õ�� �P�L�Q�H�U�D�O�O�H�U�L�Q��
�R�N�V�L�M�H�Q�V�L�]���R�U�W�D�P�G�D���V�X�\�O�D���W�H�P�D�V�Õ���\�D���G�D���E�D�N�W�H�U�L�O�H�U�L�Q��
�D�N�W�L�Y�L�W�H�V�L�� �V�|�]�� �N�R�Q�X�V�X�G�X�U���>�����@���� �������� �P�J���/�� �G�H�÷�H�U�L�Q�L��
�D�ú�D�Q�� �N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U�G�D�� �L�V�W�H�Q�P�H�\en tat ile 
�E�R�U�X�O�D�U�G�D�� �Y�H�� �o�D�P�D�ú�Õ�U�O�D�U�G�D�� �O�H�N�H�O�H�U�H�� �Q�H�G�H�Q�� �R�O�X�U����
���������� �P�J���/�� �J�L�E�L�� �G�•�ú�•�N�� �N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U�G�D�� �V�X��
�E�R�U�X�O�D�U�Õ�Q�G�D�� �W�D�E�D�N�D�� �R�O�X�ú�W�X�U�D�E�L�O�L�U���� �E�X�� �G�D�� �]�D�P�D�Q�O�D��
�V�L�\�D�K�� �o�|�N�H�O�W�L�� �K�D�O�L�Q�G�H�� �E�L�U�L�N�P�H�� �\�D�S�D�E�L�O�L�U���� �3�H�N�� �o�R�N��
�•�O�N�H���� �U�H�Q�N�� �G�H�÷�L�ú�L�P�L�\�O�H�� �E�L�U�O�L�N�W�H�� �J�H�O�H�Q�� �V�R�U�X�Q�O�D�U��
sebebiyle, �P�D�Q�J�D�Q���L�o�L�Q�������������P�J���/���V�W�D�Q�G�D�U�W���G�H�÷�H�U��

�E�H�O�L�U�O�H�P�L�ú�W�L�U�� �>�����@���� �%�X�� �o�D�O�Õ�ú�P�D�� �E�H�O�L�U�O�H�Q�H�Q�� �0�Q��
�G�H�÷�H�U�L�� ��������-0.1 mg/L ar�D�V�Õ�Q�G�D�� �G�H�÷�L�ú�P�H�N�W�H�G�L�U��
(Tablo 1). �(�O�H�N�W�U�L�N�V�H�O�� �L�O�H�W�N�H�Q�O�L�N�� ���N�R�Q�G�•�N�W�L�Y�L�W�H������
�V�X�\�X�Q�� �H�O�H�N�W�U�L�N�� �D�N�Õ�P�Õ�Q�Õ�� �L�O�H�W�H�E�L�O�P�H�� �|�]�H�O�O�L�÷�L�Q�L�Q��
�V�D�\�Õ�V�D�O�� �R�O�D�U�D�N�� �L�I�D�G�H�V�L�G�L�U���� �6�X�� �D�Q�D�O�L�]�� �V�R�Q�X�o�O�D�U�Õ��
�Y�H�U�L�O�L�U�N�H�Q�� �P�L�N�U�R�V�L�H�P�H�Q�V���F�P�� ���—�6���F�P���� �F�L�Q�V�L�Q�G�H�Q��
������ �ƒ�&�� �V�Õ�F�D�N�O�Õ�N�W�D�N�L�� �G�H�÷�H�U�L�� �K�H�V�D�S�O�D�Q�D�U�D�N�� �E�H�O�L�U�W�L�O�L�U����
�6�X�O�D�U�Õ�Q�� �H�O�H�N�W�U�L�N�V�H�O�� �L�O�H�W�N�H�Q�O�L�÷�L���� �L�\�R�Q�O�D�U�Õ�Q�� �V�X�G�D��
�Y�D�U�O�Õ�÷�Õ�Q�D���� �W�R�S�O�D�P�� �G�H�U�L�ú�L�P�L�Q�H���� �K�D�U�H�N�H�W�O�L�O�L�N�O�H�U�L�Q�H��
���P�R�E�L�O�L�W�H�������G�H�÷�H�U�O�L�N�O�H�U�L�Q�H�����J�|�U�H�O�L���G�H�÷�L�ú�L�P�O�H�U�L�Q�H���Ye 
�V�Õ�F�D�N�O�Õ�÷�D�� �E�D�÷�O�Õ�G�Õ�U���� �6�Õ�F�D�N�O�Õ�N�� �D�U�W�Õ�ú�Õ�� �L�O�H�� �V�X�O�D�U�Õ�Q��
elektriksel iletkenlikleri de artar [25]. Sudaki 
�L�\�R�Q�O�D�U�Õ�Q���G�H�U�L�ú�L�P�L���D�U�W�W�Õ�N�o�D���H�O�H�N�W�U�L�N�V�H�O���L�O�H�W�N�H�Q�O�L�N���G�H��
�D�U�W�D�U���� �G�R�O�D�\�Õ�V�Õ�\�O�D�� �H�O�H�N�W�U�L�N�V�H�O�� �L�O�H�W�N�H�Q�O�L�N�� �|�O�o�•�P�O�H�U�L��
�V�X�G�D�N�L�� �W�R�S�O�D�P�� �L�\�R�Q�� �G�H�U�L�ú�L�P�L�� �K�D�N�N�Õ�Q�G�D�� �L�\�L�� �E�L�U��
�J�|�V�W�H�U�J�H�� �R�O�X�ú�W�X�U�X�U�� �>�����@���� �'�R�÷�D�O�� �K�D�O�G�H�N�L�� �\�•�]�H�\��
�V�X�O�D�U�Õ�Q�Õ�Q�� �H�O�H�N�W�U�L�N�V�H�O�� �L�O�H�W�N�H�Q�O�L�÷�L�� ������- ���������� �—�6���F�P��
�D�U�D�V�Õ�Q�G�D�� �G�H�÷�L�ú�L�U�� �>�����@���� �ø�O�H�W�N�H�Q�O�L�÷�L�Q�� �L�Q�V�D�Q�� �V�D�÷�O�Õ�÷�Õ��
�•�]�H�U�L�Q�G�H���� �L�o�P�H�� �V�X�\�X�� �W�•�N�H�W�L�P�L�� �\�R�O�X�\�O�D�� �E�D�÷�O�D�Q�W�Õ�O�Õ��
�E�L�U�� �H�W�N�L�V�L�Q�L�Q�� �R�O�G�X�÷�X�Q�D�� �G�D�L�U�� �E�L�U�� �Y�H�U�L��
�E�X�O�X�Q�P�D�P�D�N�W�D�G�Õ�U���>�����@���� 
 
�%�X�� �o�D�O�Õ�ú�P�D�� �G�D�� �(�&�� �G�H�÷�H�U�L�Q�G�H�� �G�H�� �|�Q�H�P�O�L�� �E�L�U��
�G�H�÷�L�ú�L�P�� �R�O�P�D�G�Õ�÷�Õ�� �J�|�U�•�O�P�H�N�W�H�G�L�U���� �'�H�U�L�Q�O�H�U�H��
�L�Q�L�O�G�L�N�o�H�� �(�&�� �G�H�÷�H�U�L�Q�G�H�� �E�L�U�� �P�L�N�W�D�U�� �D�U�W�Õ�ú��
�J�|�]�O�H�Q�P�L�ú�W�L�U�� ���7�D�E�O�R��������pH sudaki hidrojen iyonu 
�N�R�Q�V�D�Q�W�U�D�V�\�R�Q�X���|�O�o�•�V�•�G�•�U���Y�H���V�X�G�D�N�L���D�V�L�W���Y�H���E�D�]�O�D�U��
�D�U�D�V�Õ�Q�G�D�N�L���G�H�Q�J�H�\�L���J�|�V�W�H�U�L�U�����6�X�O�D�U�Õ�Q���S�+�¶�L���Kidrojen 
�L�\�R�Q�X�� �•�U�H�W�H�Q�� �Y�H�\�D�� �R�O�X�ú�W�X�U�D�Q�� �E�L�U�E�L�U�O�H�U�L�� �L�O�H�� �L�O�L�ú�N�L�O�L��
�N�L�P�\�D�V�D�O�� �U�H�D�N�V�L�\�R�Q�O�D�U�� �W�D�U�D�I�Õ�Q�G�D�Q�� �N�R�Q�W�U�R�O�� �H�G�L�O�L�U����
�'�R�÷�D�O�� �\�H�U�D�O�W�Õ�� �V�X�O�D�U�Õ�Q�Õ�Q�� �S�+�¶�� �Õ�� ���������± �������� �D�U�D�V�Õ�Q�G�D��
�G�H�÷�L�ú�L�U�����I�D�N�D�W���W�H�U�P�D�O���V�X�O�D�U�G�D���G�•�ú�•�N���S�+���G�H�÷�H�U�O�H�U�L���G�H��
�J�|�U�•�O�H�E�L�O�L�U���� 
 
�.�L�U�O�H�Q�P�H�P�L�ú�� �V�X�O�D�U�Õ�Q�� �S�+�¶�Õ�� �������±8.���� �D�U�D�V�Õ�Q�G�D�G�Õ�U��
�>�����@�����<�H�U�•�V�W�•���6�X���.�D�O�L�W�H�V�L���<�|�Q�H�W�P�H�O�L�÷�L���(�N-5 Tablo 
���¶�G�H�� �>�����@�� �� �Y�H�U�L�O�H�Q�� �³�.�Õ�W�D�L�o�L�� �<�H�U�•�V�W�•�� �6�X��
�.�D�\�Q�D�N�O�D�U�Õ�Q�Õ�Q���*�H�Q�H�O���N�L�P�\�D�V�D�O���Y�H���I�L�]�L�N�R�N�L�P�\�D�V�D�O��
�S�D�U�D�P�H�W�U�H�O�H�U�� �D�o�Õ�V�Õ�Q�G�D�Q�� �6�Õ�Q�Õ�I�O�D�U�Õ�Q�D�� �*�|�U�H�� �.�D�O�L�W�H��
�.�U�L�W�H�U�O�H�U�L�Q�G�H�� �\�H�U�•�V�W�•�� �V�X�� �N�•�W�O�H�O�H�U�L�Q�L�Q�� �W�•�P��
�V�Õ�Q�Õ�I�O�D�U�Õ�Q�G�D�� �\�•�]�H�\ suyu �S�+�� �G�H�÷�H�U�L�Q�L�Q�� �����± 9 
�D�U�D�V�Õ�Q�G�D�� �E�L�U�� �G�H�÷�H�U�H�� �V�D�K�L�S�� �R�O�P�D�V�Õ��
�J�H�U�H�N�W�L�÷�L�E�H�O�L�U�W�L�O�P�L�ú�W�L�U���� �%�X�� �o�D�O�Õ�ú�P�D�G�D���� �E�D�U�D�M�� �J�|�O��
�D�O�D�Q�Õ�Q�G�D�N�L�� �W�•�P�� �Q�R�N�W�D�O�D�U�G�D�� �S�+�� ������-���� �D�U�D�V�Õ�Q�G�D��
�|�O�o�•�O�P�•�ú�W�•�U���>�����@�����.�D�O�Õ�S�o�Õ���Y�H���D�U�N�������������������� 
 
�)�D�U�N�O�Õ�� �Q�R�N�W�D�O�D�U�G�D�� �|�O�o�•�O�H�Q�� �V�Õ�F�D�N�O�Õ�N�O�D�� �L�O�J�L�O�L��
�P�H�N�k�Q�V�D�O�� �G�D�÷�Õ�O�Õ�P���K�D�U�L�W�D�V�Õ�� �ù�H�N�L�O�� ���¶�G�H��
�J�|�U�•�O�P�H�N�W�H�G�L�U�� 
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�6�Õ�F�D�N�O�Õ�N�� �R�U�J�D�Q�L�]�P�D�O�D�U�Õ�Q�� �V�X�O�D�U�G�D�N�L�� �G�D�÷�Õ�O�Õ�P�Õ�Q�Õ��
�H�W�N�L�O�H�P�H�N�W�H�G�L�U���� �d�•�Q�N�•�� �V�Õ�F�D�N�O�Õ�N�� �V�X�F�X�O��
�R�U�J�D�Q�L�]�P�D�O�D�U�Õ�Q�� �W�•�P�� �\�D�ú�D�P�V�D�O�� �D�N�W�L�Y�L�W�H�O�H�U�L�Q�L��
�H�W�N�L�O�H�\�H�U�H�N�� �I�L�]�\�R�O�R�M�L�O�H�U�L�Q�L�Q�� �G�H�÷�L�ú�P�H�V�L�Q�H�� �V�H�E�H�S��
olur.  
 
�6�X�� �R�U�W�D�P�Õ�Q�G�D�N�L�� �I�L�]�L�N�V�H�O���� �E�L�\�R�O�R�M�L�N�� �Y�H�� �N�L�P�\�D�V�D�O��
�V�•�U�H�o�O�H�U�� �V�Õ�F�D�N�O�Õ�÷�Õ�Q�� �H�W�N�L�V�L�� �D�O�W�Õ�Q�G�D�G�Õ�U���� �<�•�N�V�H�N��
�V�Õ�F�D�N�O�Õ�N���E�L�U�o�R�N���N�L�P�\�D�V�D�O���E�L�O�H�ú�L�÷�L�Q���o�|�]�•�Q�•�U�O�•�÷�•�Q�•��
�D�U�W�W�Õ�U�D�U�D�N�� �N�L�U�O�H�W�L�F�L�O�H�U�L�Q�� �V�X�G�D�N�L�� �F�D�Q�O�Õ�� �\�D�ú�D�P�Õ��
�•�]�H�U�L�Q�G�H�N�L�� �H�W�N�L�O�H�U�L�Q�L�� �o�R�÷�D�O�W�Õ�U���� �6�X�O�D�U�Õ�Q��
�P�L�N�U�R�E�L�\�R�O�R�M�L�N�� �N�D�U�D�N�W�H�U�L�V�W�L�N�O�H�U�L���� �V�Õ�F�D�N�O�Õ�÷�Õ�Q��
�P�L�N�U�R�R�U�J�D�Q�L�]�P�D�O�D�U�Õ�Q���E�•�\�•�P�H���Y�H���\�D�ú�D�P�D���V�•�U�H�O�H�U�L��
�•�]�H�U�L�Q�G�H�N�L�� �N�R�Q�W�U�R�O�•�� �Q�H�G�H�Q�L�� �L�O�H�� �V�Õ�F�D�N�O�Õ�÷�D��
�E�D�÷�Õ�P�O�Õ�G�Õ�U���� �6�Õ�F�D�N�O�Õ�N�� �D�U�W�Õ�ú�Õ�� �L�O�H�� �V�X�O�D�U�D�� �X�\�J�X�O�D�Q�D�Q��
�G�H�]�H�Q�I�H�N�V�L�\�R�Q�X�Q�� �H�W�N�H�Q�O�L�÷�L�� �D�U�W�D�U�� �>�����@���� �%�X��
�o�D�O�Õ�ú�P�D�G�D���� �E�D�U�D�M�� �\�•�]�H�\�L�Q�G�H�� �V�Õ�F�D�N�O�Õ�N�� ����-20 C0 
�D�U�D�V�Õ�Q�G�D�� �G�H�÷�L�ú�P�L�ú�W�L�U���� �'�H�U�L�Q�O�H�U�H�� �L�Q�L�O�G�L�N�o�H��
�V�Õ�F�D�N�O�Õ�N�W�D���D�]�D�O�P�D���J�|�]�O�H�Q�P�L�ú���R�O�X�S���E�D�U�D�M���G�L�S�O�H�U�L�Q�G�H��
s�Õ�F�D�N�O�Õ�N������-�������&���¶�\�H���G�•�ú�P�•�ú�W�•�U�����%�X���G�X�U�X�P���G�L�÷�H�U��
�o�D�O�Õ�ú�P�D�O�D�U�� �L�O�H�� �E�H�Q�]�H�U�O�L�N�� �J�|�V�W�H�U�P�H�N�W�H�G�L�U�� �>�����@����
�d�D�O�Õ�ú�P�D�� �\�D�]�� �D�\�Õ�Q�G�D�� �J�H�U�o�H�N�O�H�ú�W�L�÷�L�� �L�o�L�Q�� �\�•�]�H�\��
�V�X�\�X�Q�X�Q���V�Õ�F�D�N�O�Õ�÷�Õ�Q�Õ�Q���\�•�N�V�H�N���R�O�P�D�V�Õ���E�H�N�O�H�Q�H�Q���E�L�U��
�G�X�U�X�P�G�X�U���� �$�\�U�Õ�F�D�� �V�Õ�F�D�N�O�Õ�N�� �E�D�U�D�M�Õ�Q�� �N�H�Q�D�U�O�D�U�Õ�Q�G�D��
�R�U�W�D�� �N�Õ�V�P�D�� �R�U�D�Q�O�D�� �G�D�K�D�� �\�•�N�V�H�N�� �G�H�÷�H�U�G�H��
�|�O�o�•�O�P�•�ú�W�•�U���� 
 
�)�D�U�N�O�Õ���G�H�U�L�Q�O�L�N�O�H�U�G�H�N�L���E�X�O�D�Q�Õ�N�O�Õ�N�����d���2�� �Y�H���R�U�J�D�Q�L�N��
�P�D�G�G�H�� �S�D�U�D�P�H�W�U�H�O�H�U�L�Q�H�� �D�L�W�� �P�H�N�k�Q�V�D�O�� �G�D�÷�Õ�O�Õ�P��
�K�D�U�L�W�D�O�D�U�Õ�� �V�Õ�U�D�V�Õ�\�O�D�� �ù�H�N�L�O�� ������ �ù�H�N�L�O�� ���� �Y�H�� �ù�H�N�L�O�� ���¶�G�D��
�Y�H�U�L�O�P�L�ú�W�L�U�� 
 
�ø�o�P�H�� �V�X�\�X�Q�X�Q�� �d�2�� �N�R�Q�V�D�Q�W�U�D�V�\�R�Q�X�� �J�H�Q�H�O�O�L�N�O�H��
yeterlidir ancak derin depo�O�D�U�G�D�Q�� �o�H�N�L�O�P�H�V�L����
�ú�H�E�H�N�H�G�H�� �N�D�\�G�D�� �G�H�÷�H�U�� �R�U�D�Q�G�D�� �P�L�N�U�R�R�U�J�D�Q�L�]�P�D��
�J�H�O�L�ú�L�P�L�Q�L�Q�� �R�O�P�D�V�Õ�� �\�D�� �G�D�� �X�]�X�Q�� �V�•�U�H�O�L�� �\�•�N�V�H�N�� �V�X��
�V�Õ�F�D�N�O�Õ�÷�Õ�Q�Õ�Q�� �V�|�]�� �N�R�Q�X�V�X�� �R�O�P�D�V�Õ�� �K�D�O�L�Q�G�H���� �L�o�P�H��
�V�X�\�X�Q�G�D�N�L�� �R�N�V�L�M�H�Q�� �N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U�Õ��
�G�•�ú�H�E�L�O�P�H�N�W�H�G�L�U�� 
 
�'�•�ú�•�N�� �R�N�V�L�M�H�Q�� �N�R�Q�V�D�Q�W�U�D�V�\�R�Q�O�D�U�Õ�Q�� �G�D�� �Y�H�\�D��
anoksik �N�R�ú�X�O�O�D�U�G�D���� �L�V�W�H�Q�P�H�\�H�Q�� �D�Q�D�H�U�R�E�L�N��
�P�L�N�U�R�R�U�J�D�Q�L�]�P�D���J�H�O�L�ú�L�P�L���V�H�E�H�E�L�\�O�H�����V�X�\�X�Q���H�V�W�H�W�L�N��
�N�D�O�L�W�H�V�L�Q�L�Q���R�O�X�P�V�X�]���H�W�N�L�O�H�Q�P�H�V�L�Q�L�Q���\�D�Q�Õ���V�Õ�U�D���E�R�U�X��
�Y�H�� �W�H�V�L�V�D�W�O�D�U�G�D�N�L�� �N�R�U�R�]�\�R�Q�� �G�D�� �D�U�W�Õ�ú��
�J�|�V�W�H�U�P�H�N�W�H�G�L�U���� �%�X�� �P�L�N�U�R�R�U�J�D�Q�L�]�P�D�O�D�U�G�D�Q����
mangan indirgeyen bakteriler siyah mangan 
tortu�O�D�U�Õ�� �•�U�H�W�H�U�H�N�� �E�R�U�X�O�D�U�G�D�� �E�L�U�L�N�P�H�� �Y�H��
�o�D�P�D�ú�Õ�U�O�D�U�G�D�� �O�H�N�H�O�H�Q�P�H�\�H�� �V�H�E�H�S�� �R�O�D�E�L�O�P�H�N�W�H�G�L�U��
[33].  
 
�%�X�� �o�D�O�Õ�ú�P�D�� �G�D�� �E�D�U�D�M�� �J�|�O�� �D�O�D�Q�Õ�Q�G�D�� �G�H�U�L�Q�O�L�÷�H�� �E�D�÷�O�Õ��
�R�O�D�U�D�N�� �d���2�� �D�o�Õ�V�Õ�Q�G�D�Q�� �|�Q�H�P�O�L�� �E�L�U�� �G�H�÷�L�ú�L�P��
�J�|�]�O�H�Q�P�H�P�L�ú�W�L�U���� �'�H�U�L�Q�O�H�U�H�� �L�Q�L�O�G�L�N�o�H�� �d���2��
�G�H�÷�H�U�L�Q�G�H�� �E�L�U�� �P�L�N�W�D�U�� �D�U�W�Õ�ú�� �J�|�]�O�H�Q�P�L�ú�W�L�U���� �$�\�U�Õ�F�D��
�E�D�U�D�M�Õ���E�H�V�O�H�\�H�Q���G�H�U�H�O�H�U�L�Q���E�D�U�D�M�D���J�L�U�L�ú���N�Õ�V�Õ�P�O�D�U�Õ�Q�G�D��
�d���2�� �G�H�÷�H�U�L�� �E�D�U�D�M�Õ�Q�� �R�U�W�D�� �N�Õ�V�Õ�P�O�D�U�Õ�Q�D�� �J�|�U�H�� �G�D�K�D��
�\�•�N�V�H�N�W�L�U�� ���ù�H�N�L�O�� ������ �%�X�� �G�X�U�X�P�� �R�N�V�L�M�H�Q�F�H�� �]�H�Q�J�L�Q��
�G�H�U�H�O�H�U�L�Q�� �E�D�U�D�M�D�� �W�D�ú�Õ�G�Õ�÷�Õ�� �d���2�¶�G�H�Q��

�N�D�\�Q�D�N�O�D�Q�P�D�N�W�D�G�Õ�U���� �.�L�U�O�H�Q�P�H�P�L�ú�� �G�R�÷�D�O�� �V�X�O�D�U�G�D��
�o�|�]�•�Q�P�•�ú�� �R�N�V�L�M�H�Q�� �N�R�Q�V�D�Qtrasyonu genellikle 10 
�P�J���/�� �F�L�Y�D�U�Õ�Q�G�D�G�Õ�U���� �2�N�V�L�M�H�Q�� �N�R�Q�V�D�Q�W�U�D�V�\�R�Q�X�� ����
�P�J���/�¶�Q�L�Q�� �D�O�W�Õ�Q�D�� �G�•�ú�W�•�÷�•�Q�G�H�� �E�L�\�R�O�R�M�L�N��
�W�R�S�O�X�O�X�N�O�D�U�Õ�Q�� �\�D�ú�D�P�� �I�R�Q�N�V�L�\�R�Q�O�D�U�Õ�� �R�O�X�P�V�X�]��
�H�W�N�L�O�H�Q�P�H�N�W�H�G�L�U���������%�D�U�D�M���J�|�O���D�O�D�Q�Õ�Q�G�D���d���2���P�L�N�W�D�U�Õ��
ortalama 7-���� �P�J���/�� �D�U�D�V�Õ�Q�G�D�� �|�O�o�•�O�P�•�ú�W�•�U�� �Y�H�� �E�X��
�G�H�÷�H�U���E�H�Q�]�H�U���o�D�O�Õ�ú�P�D�O�D�U���L�O�H���X�\�X�P�O�X�G�X�U���>�����@���� 
 
�ø�o�P�H�� �V�X�\�X�Q�X�Q�� �N�O�R�U�� �L�O�H�� �G�H�]�H�Q�I�H�N�V�L�\�R�Q�X��
trihalometan (THM) ve haloasetik asit (HAA) 
�J�L�E�L�� �G�H�]�H�Q�I�H�N�V�L�\�R�Q�� �\�D�Q�� �•�U�•�Q�O�H�U�L�Q�L�Q�� ���'�<�h����
�R�O�X�ú�X�P�X�Q�D�� �Q�H�G�H�Q�� �R�O�P�D�N�W�D�G�Õ�U�� �>�����@���� �'�R�O�D�\�Õ�V�Õ�\�O�D����
�V�X�G�D�N�L�� �G�R�÷�D�O�� �R�U�J�D�Q�L�N�� �P�D�G�G�H�O�H�U���� �7�+�0�� �Y�H�� �+�$�$��
�R�O�X�ú�X�P�X�� �L�o�L�Q�� �R�O�D�V�Õ�� �E�L�U�� �|�Q�F�•�� �E�L�O�H�ú�L�N�� �J�|�U�H�Y�L��
�•�V�W�O�H�Q�P�H�N�W�H�G�L�U���� �.�O�R�U�O�D�Q�P�Õ�ú�� �L�o�P�H�� �V�X�\�X�� �L�o�L�Q�G�H��
�R�O�X�ú�D�Q���G�R�÷�D�O���R�U�J�D�Q�L�N���P�D�G�G�H�O�H�U���D�U�D�V�Õ�Q�G�D���7�+�0���Y�H��
�+�$�$�¶�O�H�U�� ���������¶�O�H�U�G�H�Q�� �E�H�U�L�� �H�Q�� �I�D�]�O�D�� �o�D�O�Õ�ú�Õ�O�D�Q�� �Y�H��
�N�D�Q�V�H�U�R�M�H�Q�� �\�D�S�D�E�L�O�P�H�� �|�]�H�O�O�L�÷�L�� �D�o�Õ�V�Õ�Q�G�D�Q�� �H�Q��
�ú�•�S�K�H�O�L�� �J�|�U�•�O�H�Q�� �'�<�h�� �W�•�U�O�H�U�L�G�L�U�� �>�����@���� �d�D�O�Õ�ú�P�D��
�N�D�S�V�D�P�Õ�Q�G�D�� �\�D�S�Õ�O�D�Q�� �D�Q�D�O�L�]�O�H�U�G�H�� �R�U�J�D�Q�L�N�� �P�D�G�G�H��
�P�L�N�W�D�U�Õ��������-�����P�J���/���D�U�D�V�Õ�Q�G�D���E�H�O�L�U�O�H�Q�P�L�ú�W�L�U�����$�\�U�Õ�F�D��
�E�D�U�D�M�Õ�Q �N�Õ�\�Õ�� �E�|�O�J�H�O�H�U�L�Q�G�H�� �Y�H�� �G�D�K�D�� �G�H�U�L�Q��
�N�Õ�V�Õ�P�O�D�U�Õ�Q�G�D�� �R�U�J�D�Q�L�N�� �P�D�G�G�H�� �P�L�N�W�D�U�Õ�� �E�L�U�� �P�L�N�W�D�U��
�G�D�K�D���\�•�N�V�H�N���E�X�O�X�Q�P�X�ú�W�X�U�����ù�H�N�L�O�������� 
�%�X�O�D�Q�Õ�N�O�Õ�N�� �G�H�÷�H�U�O�H�U�L�Q�G�H�� �L�V�H�� �E�•�\�•�N�� �I�D�U�N�O�Õ�O�Õ�N�O�D�U��
�E�X�O�X�Q�P�D�P�Õ�ú�W�Õ�U���� �6�D�G�H�F�H�� �E�D�U�D�M�Õ�Q�� �G�L�S�� �N�Õ�V�Õ�P�O�D�U�Õ�Q�G�D�Q��
�D�O�Õ�Q�D�Q���Q�X�P�X�Q�H�O�H�U�L�Q���E�X�O�D�Q�Õ�N�O�Õ�N���P�L�N�W�D�U�Õ���E�H�N�O�H�Q�G�L�÷i 
�ú�H�N�L�O�G�H���\�•�N�V�H�N���o�Õ�N�P�Õ�ú�W�Õ�U�����%�D�U�D�M���V�X���D�O�P�D���\�D�S�Õ�V�Õ���G�L�S��
�N�Õ�V�Õ�P�Õ�Q���\�D�N�O�D�ú�Õ�N���������P���\�X�N�D�U�Õ�V�Õ�Q�G�D�G�Õ�U�����'�R�O�D�\�Õ�V�Õ�\�O�D��
�D�U�W�Õ�P�D���W�H�V�L�V�L�Q�H���D�O�Õ�Q�D�Q���V�X�G�D���E�X���G�X�U�X�P���R�O�X�P�V�X�]�O�X�N��
�R�O�X�ú�W�X�U�P�D�P�D�N�W�D�G�Õ�U���� �'�L�S�W�H�� �R�O�X�ú�D�Q�� �o�|�N�H�O�P�H�� �Y�H��
�K�D�U�H�N�H�W�O�L�O�L�N���E�X�O�D�Q�Õ�N�O�Õ�N���G�H�÷�H�O�H�U�L�Q�L���D�U�W�Õ�U�P�D�N�W�D�G�Õ�U���� 
 
4. �6�2�1�8�d 
 
�%�X�� �o�D�O�Õ�ú�P�D�G�D���� �6�L�Y�D�V�� �N�H�Q�W�L�Q�L�Q�� �L�o�P�H�� �V�X�\�X��
�L�K�W�L�\�D�F�Õ�Q�Õ�Q�� �N�D�U�ú�Õ�O�D�Q�G�Õ�÷�Õ�� ���� �(�\�O�•�O�� �%�D�U�D�M�Õ�¶�Q�Õ�Q�� ������
�I�D�U�N�O�Õ�� �Q�R�N�W�D�V�Õ�Q�G�D�� �K�H�U�� ���� �P�¶�G�H�� �E�L�U�� �Q�X�P�X�Q�H��
�D�O�Õ�Q�P�Õ�ú�W�Õ�U���� �%�X�� �Q�X�P�X�Q�H�O�H�U�G�H�� �V�Õ�F�D�N�O�Õ�N���� �(�&���� �d���2����
�S�+���� �E�X�O�D�Q�Õ�N�O�Õ�N���� �0�Q���� �)�H���� �1�2���� �Y�H�� �R�U�J�D�Q�L�N�� �P�D�G�G�H��
�D�Q�D�O�L�]�O�H�U�L�� �\�D�S�Õ�O�P�Õ�ú�W�Õ�U���� �%�X�� �D�Q�D�O�L�]�O�H�U�� �L�Oe birlikte 
�E�D�U�D�M�G�D�� �V�H�Y�L�\�H�\�H�� �E�D�÷�O�Õ�� �V�X�� �N�D�O�L�W�H�V�L�� �E�H�O�L�U�O�H�Q�P�L�ú�W�L�U����
�(�O�G�H�� �H�G�L�O�H�Q�� �D�Q�D�O�L�]�� �V�R�Q�X�o�O�D�U�Õ���� �&�%�6�¶�Q�L�Q�� �D�Q�D�O�L�]��
�\�|�Q�W�H�P�O�H�U�L�Q�G�H�Q�� �R�O�D�Q�� �.�U�L�J�L�Q�J�� �H�Q�W�H�U�S�R�O�D�V�\�R�Q��
�\�|�Q�W�H�P�L�� �L�O�H�� �G�H�÷�H�U�O�H�Q�G�L�U�L�O�P�L�ú�� �Y�H�� �E�D�U�D�M�Õ�Q�� �I�D�U�N�O�Õ��
�G�H�U�L�Q�O�L�N�O�H�U�L�Q�G�H�N�L�� �V�X�� �N�D�O�L�W�H�V�L�Q�H�� �D�L�W�� �P�H�N�k�Q�V�D�O��
�G�D�÷�Õ�O�Õ�P�� �K�D�U�L�W�D�O�D�U�Õ�� �R�O�X�ú�W�X�U�X�O�P�X�ú�W�X�U���� �d�D�O�Õ�ú�P�D�G�D����
�E�D�U�D�M�� �J�|�O�� �D�O�D�Q�Õ�Q�G�D�� �\�•�]�H�\�G�H�Q�� �G�H�U�L�Q�O�H�U�H�� �L�Q�L�O�G�L�N�o�H��
�P�D�Q�J�D�Q���G�H�÷�H�U�L�Q�L�Q���D�U�W�W�Õ�÷�Õ�����)�H���G�H�÷�H�U�L�Q�G�H���L�V�H���|�Q�H�P�O�L��
�E�L�U�� �G�H�÷�L�ú�L�N�O�L�÷�L�Q�� �J�|�U�•�O�P�H�G�L�� �E�H�O�L�U�O�H�Q�P�L�ú�W�L�U���� �*�|�O��
�V�X�\�X�Q�G�D���R�U�J�D�Q�L�N���P�D�G�G�H���P�L�N�W�D�U�Õ���\�•�]�H�\�G�H���o�R�N���I�D�]�O�D��
iken belli bir derinlikten sonr�D�� �o�R�N�� �I�D�]�O�D��
�G�H�÷�L�ú�P�H�P�H�N�W�H�G�L�U�����S�+���G�H�÷�H�U�L�Q�L�Q���G�H���G�H�U�L�Q�O�L�÷�H���E�D�÷�O�Õ��
�R�O�D�U�D�N�� �G�H�÷�L�ú�L�P�� �J�|�V�W�H�U�P�H�G�L�÷�L�� �E�H�O�L�U�O�H�Q�P�L�ú�W�L�U����
�6�X�G�D�N�L�� �1�2���� �G�H�÷�H�U�O�H�U�L�� ������-�������� �P�J���/�� �D�U�D�V�Õ�Q�G�D��
�G�H�÷�L�ú�L�U�N�H�Q���o�|�]�•�Q�P�•�ú���R�N�V�L�M�H�Q���G�H�÷�H�U�O�H�U�L�Q�G�H���|�Q�H�P�O�L��
�E�L�U�� �G�H�÷�L�ú�L�N�O�L�N�� �J�|�]�O�H�Q�P�H�P�L�ú�W�L�U���� �$�P�F�D�� �E�X�O�D�Q�Õ�N�O�Õ�N��
�G�H�÷�H�U�L���J�|�O�•�Q���W�D�E�D�Q�Õ�Q�D���G�R�÷�U�X���R�O�G�X�N�o�D���D�U�W�P�Õ�ú�W�Õ�U�����(�&��
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performans sergileyememesinden �G�R�O�D�\�Õ�� �D�O�W�H�U�Q�D�W�L�I�� �D�U�D�\�Õ�ú�O�D�U�Õ�� �G�H�Y�D�P�� �H�W�P�H�N�W�H�G�L�U���� �� �%�X�� �Q�H�G�H�Q�O�H�� �D�O�D�ú�Õ�P�� �P�D�W�U�L�V�O�L��
�N�R�P�S�R�]�L�W���D�Q�R�W�O�D�U�Õ�Q���N�X�O�O�D�Q�Õ�P�Õ�Q�D���\�|�Q�H�O�L�N���o�D�O�Õ�ú�P�D�O�D�U���\�D�S�Õ�O�P�D�N�W�D�G�Õ�U�����%�X���o�D�O�Õ�ú�P�D�G�D���G�D���6�Q-Cu matrisli KNT takviyeli 
�N�R�P�S�R�]�L�W���D�Q�R�W�O�D�U���S�X�O�V�H���H�O�H�N�W�U�R���E�L�U�L�N�W�L�U�P�H���L�O�H���•�U�H�W�L�O�P�L�ú���R�O�X�S�����D�N�Õ�P���\�R�÷�X�Q�O�X�÷�X�Q�X�Q���H�W�N�L�V�L���L�Q�F�H�O�H�Q�P�L�ú�W�L�U�����6�Q-Cu/KNT 
�N�R�P�S�R�]�L�W�O�H�U�L���S�L�U�R�I�R�V�I�D�W���E�D�Q�\�R�V�X�Q�G�D���E�D�N�Õ�U���D�O�W�O�Õ�N���•�]�H�U�L�Q�H���S�X�O�V�H���H�O�H�N�W�U�R�N�R�P�S�R�]�L�W���N�D�S�O�D�P�D���W�H�N�Q�L�÷�L���L�O�H���K�D�]�Õ�U�O�D�Q�P�Õ�ú�W�Õ�U����
�h�U�H�W�L�O�H�Q���N�R�P�S�R�]�L�W���P�D�O�]�H�P�H�O�H�U���&�5�����������E�X�W�R�Q���S�L�O�L�Q�G�H���D�Q�R�W���R�O�D�U�D�N���N�X�O�O�D�Q�Õ�O�D�U�D�N���H�O�H�N�W�U�R�N�L�P�\�D�V�D�O���R�O�D�U�D�N���W�Hst edildi. 
�$�Q�R�W�� �P�D�O�]�H�P�H�O�H�U�L�Q�L�Q�� �I�L�]�L�N�V�H�O�� �Y�H�� �H�O�H�N�W�U�R�N�L�P�\�D�V�D�O�� �|�]�H�O�O�L�N�O�H�U�L�� �o�H�ú�L�W�O�L�� �D�Q�D�O�L�]�� �W�H�N�Q�L�N�O�H�U�L�� �N�X�O�O�D�Q�Õ�O�D�U�D�N�� �D�U�D�ú�W�Õ�U�Õ�O�G�Õ����
�6�R�Q�X�o�O�D�U�D�� �J�|�U�H���� �N�H�V�L�N�O�L�� �D�N�Õ�P�� ���3�&���� �H�O�H�N�W�U�R�N�R�P�S�R�]�L�W�� �N�D�S�O�D�P�D�G�D�� �H�Q�� �L�\�L�� �o�H�Y�U�L�P�� �S�H�U�I�R�U�P�D�Q�V�Õ�Q�Õ�� ������ �P�$�F�P-���� �D�N�Õ�P��
�\�R�÷�X�Q�O�X�÷�X���L�O�H���•�U�H�W�L�O�H�Q���6�Q-Cu/K�1�7���N�R�P�S�R�]�L�W���D�Q�R�W���J�|�V�W�H�U�P�L�ú�W�L�U�� 
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Abstract 
 
Li ion batteries have started to become the main power source as batteries that can be recharged for portable 
electronic devices with an increasing interest nowadays. However, since the graphite used as an anode material in 
commercial batteries cannot exhibit sufficient performance, alternate quests continue. For this reason, studies are 
being made for the use of alloyed matrix composite anodes. In this study, composite anode with Sn-Cu matrix is 
fabricated by pulse electrodeposition and the effect of current density is investigated. Sn-Cu /CNT composites 
were prepared by electroplating on a copper substrate in a pyrophosphate bath. Composite materials produced 
were electrochemically tested as anode in CR2016 button cell. The physical and electrochemical properties of 
anodic materials were investigated using various analysis techniques. According to the results, the Sn-Cu /CNT 
composite anode showed the best cycle performance in the pulse current (PC) electrocomposite coating with a 
current density of 80 mAcm-2. 
 
Keywords: Li -ion battery, alloy composite coating, pulse electrodeposition, current density. 
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1. �*�ø�5�ø�ù 
 

Lityum-�L�\�R�Q�� �S�L�O�O�H�U���� �J�•�Q�•�P�•�]�� �W�D�ú�Õ�Q�D�E�L�O�L�U��
�H�O�H�N�W�U�R�Q�L�N�� �F�L�K�D�]�O�D�U�Õ�� �L�o�L�Q�� �ú�D�U�M�� �H�G�L�O�H�E�L�O�L�U�� �S�L�O�O�H�U�L�Q��
�W�H�P�H�O�� �J�•�o�� �N�D�\�Q�D�÷�Õ�� �R�O�D�U�D�N�� �J�|�]�•�N�P�H�N�W�H�G�L�U����
�*�•�Q�•�P�•�]�� �W�L�F�D�U�L�� �O�L�W�\�X�P�� �L�\�R�Q�� �S�L�O�O�H�U�L�Q�G�H�� �D�Q�R�W��
�P�D�O�]�H�P�H�V�L���R�O�D�U�D�N���J�U�D�I�L�W���N�X�O�O�D�Q�Õ�O�P�D�N�W�D�G�Õ�U�����$ncak, 
�N�D�U�E�R�Q�� �L�O�N�� �G�|�Q�J�•�� �L�W�L�E�D�U�L�� �L�O�H�� �o�R�N�� �K�Õ�]�O�Õ�� �E�L�U�� �ú�H�N�L�O�G�H��
�E�R�]�X�O�P�D�� �J�|�V�W�H�U�P�H�N�W�H�G�L�U���� �ø�O�N�� �G�|�Q�J�•�O�H�U�G�H�N�L�� �o�R�N��
�K�Õ�]�O�Õ�� �E�R�]�X�O�P�D�Q�Õ�Q�� �W�H�P�H�O�� �Q�H�G�H�Q�L�� �H�O�H�N�W�U�R�O�L�W�� �L�O�H��
�H�O�H�N�W�U�R�W�� �\�•�]�H�\�L�Q�G�H�� �R�O�X�ú�D�Q�� �Y�H�� �N�D�W�Õ�� �H�O�H�N�W�U�R�O�L�W��
�D�U�D�\�•�]�H�\�L�� �D�G�Õ�� �Y�H�U�L�O�H�Q�� �E�L�U�� �S�D�V�L�Y�D�V�\�R�Q�� �W�D�E�D�N�D�V�Õ�G�Õ�U����
�$�Q�F�D�N�� �\�•�N�V�H�N�� �S�H�U�I�R�U�P�D�Q�V�O�Õ�� �P�D�W�H�U�\�D�O�O�H�U�L�Q��
�D�U�D�ú�W�Õ�U�Õ�O�P�D�V�Õ���K�D�O�D���D�N�W�L�I���E�L�U���D�O�D�Q�G�Õ�U�����g�U�Q�H�÷�L�Q�����N�D�O�D�\����
�\�•�N�V�H�N�� �N�D�S�D�V�L�W�H�� �Q�H�G�H�Q�L�\�O�H�� �/�L-�L�R�Q�� �S�L�O�O�H�U�� �L�o�L�Q��
�S�R�W�D�Q�V�L�\�H�O�� �D�Q�R�W�� �P�D�O�]�H�P�H�O�H�U�L�Q�G�H�Q�� �E�L�U�L�G�L�U���� �ø�O�N��
�G�|�Q�J�•�O�H�U�G�H�N�L�� �K�Õ�]�O�Õ�� �E�R�]�X�O�P�D�Q�Õ�Q�� �|�Q�•�Q�H��
�J�H�o�L�O�H�E�L�O�P�H�V�L���D�P�D�F�Õ�\�O�D���N�D�U�E�R�Q�X�Q���H�O�H�N�W�U�R�N�L�P�\�D�V�D�O��
�|�]�H�O�O�L�N�O�H�U�L���� �\�D�S�Õ�V�D�O�� �P�R�G�L�I�L�N�D�V�\�R�Q�O�D�U���� �W�H�N�V�W�•�U��
�N�R�Q�W�U�R�O�•���� �\�•�]�H�\�� �P�R�G�L�I�L�N�D�V�\�R�Q�O�D�U�Õ�� �Y�H�� �G�L�÷�H�U��
�H�O�H�P�H�Q�W�O�H�U�O�H�� �E�L�O�H�ú�L�N�� �\�D�S�P�D�� �J�L�E�L�� �\�|�Q�W�H�P�O�H�U�O�H��
�J�H�O�L�ú�W�L�U�L�O�P�H�\�H�� �o�D�O�Õ�ú�Õ�O�P�Õ�ú�W�Õ�U���� �%�X�� �Q�H�G�H�Q�O�H���� �V�R�Q��
�\�Õ�O�O�D�U�G�D���K�H�P���W�D�ú�Õ�Q�D�E�L�O�L�U���H�O�H�N�W�U�R�Q�L�N���F�L�K�D�]�O�D�U���K�H�P���G�H��
�H�O�H�N�W�U�L�N�O�L���D�U�D�o�O�D�U���L�o�L�Q���O�L�W�\um-iyon pillerin en umut 
�Y�H�U�L�F�L���J�•�o���N�D�\�Q�D�÷�Õ���R�O�G�X�÷�X���G�•�ú�•�Q�•�O�P�H�N�W�H�G�L�U���>��-5].  
 
�g�]�H�O�O�L�N�O�H�� �D�Q�R�W�W�D�� �P�H�\�G�D�Q�D�� �J�H�O�H�Q�� �\�D�S�Õ�V�D�O��
�E�R�]�X�O�P�D�Q�Õ�Q�� �|�Q�•�Q�H�� �J�H�o�H�E�L�O�P�H�N�� �D�P�D�F�Õ�\�O�D�� �\�D�\�J�Õ�Q��
�R�O�D�U�D�N�� �J�U�D�I�L�W�� �D�Q�R�W�� �\�H�U�L�Q�H�� �D�O�D�ú�Õ�P�� �H�V�D�V�O�Õ�� �Y�H�\�D��
intermetalik anotlar ve kompozit anotlar 
�o�D�O�Õ�ú�Õ�O�P�D�\�D �E�D�ú�O�D�Q�P�Õ�ú�W�Õ�U���� �d�H�Y�U�L�P�� �V�D�\�Õ�V�Õ�Q�Õ��
�D�U�W�W�Õ�U�D�E�L�O�P�H�N�� �Y�H�� �H�O�H�N�W�U�R�N�L�P�\�D�V�D�O�� �S�H�U�I�R�U�P�D�Q�V�Õ��
�D�U�W�W�Õ�U�D�E�L�O�P�H�N���L�o�L�Q���6�Q-Co, Sn-Fe, Sn-Ni, Sn-Sb ve 
Sn-Cu benzeri Sn-�0���D�O�D�ú�Õ�P���D�Q�R�W�O�D�U���N�X�O�O�D�Q�Õ�O�P�D�\�D��
�E�D�ú�O�D�Q�P�Õ�ú�W�Õ�U���� �$�O�D�ú�Õ�P�� �Y�H�\�D�� �L�Q�W�H�U�P�H�W�D�O�L�N��
�P�D�O�]�H�P�H�O�H�U�L�Q���D�Q�R�W���P�D�O�]�H�P�H�V�L���R�O�D�U�D�N���N�X�O�O�D�Q�Õ�O�P�D�V�Õ��
ile;  
Sn-�0�� �D�O�D�ú�Õ�P�O�D�U�Õ�� �R�O�X�ú�W�X�U�X�O�D�U�D�N�� �Y�H�� �L�Q�W�H�U�P�H�W�D�O�L�N��
�E�L�O�H�ú�L�N�O�H�U�� �G�L�]�D�\�Q�� �H�G�L�O�H�U�H�N�� �L�Q�D�N�W�L�I�� �I�D�]�O�D�U��
�R�O�X�ú�W�X�U�X�O�P�D�N�W�D�� �Y�H�� �E�X�� �I�D�]�O�D�U�� �L�O�H�� �E�•�\�•�N�� �K�D�F�L�P�V�H�O��
�G�H�÷�L�ú�L�P�H���H�Q�J�H�O���R�O�D�E�L�O�H�F�H�N���P�D�W�U�L�V���P�D�O�]�H�P�H�V�L���H�O�G�H��
edilmektedir, Sn-�0�� �D�O�D�ú�Õ�P�� �H�O�H�N�W�U�R�W�O�D�U�� �V�D�I�� �N�D�O�D�\�D��
�J�|�U�H�� �G�D�K�D�� �\�•�N�V�H�N�� �o�H�Y�U�L�P�� �S�H�U�I�R�U�P�D�Q�V�Õ��
�V�H�U�J�L�O�H�P�H�N�W�H�����D�\�U�Õ�F�D���D�N�Õ�P���W�R�S�O�D�\�Õ�F�Õ���E�D�N�Õ�U���D�O�W�O�Õ�N�O�D�U��
�N�X�O�O�D�Q�Õ�O�D�U�D�N�� �N�D�O�D�\�� �H�O�H�N�W�U�R�W�X�Q�� �H�O�H�N�W�U�R�N�L�P�\�D�V�D�O��
�S�H�U�I�R�U�P�D�Q�V�Õ�� �D�U�W�Õ�U�Õ�O�P�D�N�W�D�� �Y�H�� �H�O�H�N�W�U�R�N�L�P�\�D�V�D�O��
�N�D�U�D�U�O�Õ�O�Õ�N�� �N�D�]�D�Q�G�Õ�U�P�D�N�W�D�G�Õ�U�O�D�U���� �%�L�U�� �D�O�D�ú�Õ�P��
�H�O�H�N�W�U�R�W�X�Q�� �S�H�U�I�R�U�P�D�Q�V�Õ�� �L�Q�D�N�W�L�I�� �E�L�O�H�ú�L�N�O�H�U�O�H��
�D�U�W�W�Õ�U�Õ�O�D�E�L�O�P�H�N�W�H�G�L�U���� �%�X�� �G�D�� �6�Q-�&�X�� �D�O�D�ú�Õ�P�O�D�U�Õ�Q�G�D��

�&�X���6�Q���� �I�D�]�Õ�Q�Õ�Q���H�O�G�H�� �H�G�L�O�P�H�V�L�� �L�O�H���V�D�÷�O�D�Q�P�D�N�W�D�G�Õ�U��   
[6-15]. 
 
�.�D�O�D�\�Õ�Q���\�•�N�V�H�N���W�H�R�U�L�N���N�D�S�D�V�L�W�H�V�L�Q�G�H�Q���G�R�O�D�\�Õ���N�D�O�D�\��
�H�V�D�V�O�Õ�� �H�O�H�N�W�U�R�W�O�D�U�� �•�]�H�U�L�Q�H�� �o�D�O�Õ�ú�P�D�O�D�U�� �\�R�÷�X�Q�� �E�L�U��
�ú�H�N�L�O�G�H�� �G�H�Y�D�P�� �H�W�P�H�N�W�H�G�L�U���� �.�D�O�D�\�� �H�V�D�V�O�Õ��
�H�O�H�N�W�U�R�W�O�D�U�G�D�� �N�R�P�S�R�]�L�W�� �\�D�S�P�D�� �o�D�E�D�O�D�U�Õ�� �D�O�D�ú�Õ�P��
�R�O�X�ú�W�X�U�P�D�G�D�N�L�� �D�P�D�o�O�D�U�O�D�� �|�U�W�•�ú�P�H�N�W�H�G�L�U����
�.�R�P�S�R�]�L�W�� �R�O�X�ú�W�X�U�P�D�G�D�� �G�D�� �D�O�D�ú�Õ�P�� �\�D�S�Padaki 
�K�H�G�H�I�O�H�U�L�P�L�]�H���E�H�Q�]�H�U���ú�H�N�L�O�G�H���N�D�O�D�\�Õ�Q���\�•�N�V�H�N���R�O�D�Q��
�K�D�F�L�P�V�H�O�� �J�H�Q�O�H�ú�P�H�V�L�Q�L�Q���|�Q�•�Q�H�� �J�H�o�P�H�� �o�D�E�D�V�Õ���V�|�]��
�N�R�Q�X�V�X�G�X�U���� �ø�O�D�Y�H�� �H�G�L�O�H�Q�� �L�N�L�Q�F�L�O�� �I�D�]�O�D�U�� �\�D�U�G�Õ�P�Õ�\�O�D��
�V�|�]�� �N�R�Q�X�V�X�� �\�•�N�V�H�N�� �K�D�F�L�P�V�H�O�� �J�H�Q�O�H�ú�P�H�\�L��
�H�Q�J�H�O�O�H�\�H�F�H�N���E�L�U���\�D�S�Õ�\�D���V�D�K�L�S���R�O�P�D�N���D�V�Õ�O���K�H�G�H�I�W�L�U��
[16]. Elektrolitik olarak kompozit kaplama 
�P�L�N�U�R�Q�� �Y�H�\�D�� �Q�D�Q�R�� �E�R�\�X�W�O�D�U�G�D�N�L�� �S�D�U�W�L�N�•�O�O�H�U�L�Q�� �E�L�U��
�N�D�S�O�D�P�D�� �o�|�]�H�O�W�L�V�L�Q�H�� �L�O�D�Y�H�� �H�G�L�O�L�S���� �E�X�� �S�D�U�W�L�N�•�O�O�H�U�L�Q��
�N�D�W�R�W�W�D�� �D�O�D�ú�Õ�P�� �\�D�� �G�D�� �P�H�W�D�O�� �P�D�W�U�L�N�V�� �L�O�H�� �E�L�U�O�L�N�W�H��
�o�|�N�W�•�U�•�O�P�H�V�L���L�O�H���H�O�G�H���H�G�L�O�L�U���>����-20]. 
 
�%�X�� �o�D�O�Õ�ú�P�D�Q�Õ�Q�� �D�P�D�F�Õ�� �J�U�D�I�L�W�W�H�Q�� �o�R�N�� �G�D�K�D�� �•�V�W�•�Q 
�Q�L�W�H�O�L�N�O�H�U�H�� �V�D�K�L�S���� �E�X�� �W�•�U�� �S�L�O�O�H�U�G�H�N�L�� �P�H�Y�F�X�W�� �N�D�W�R�W��
sistemleri ile uyumlu olan ve mevcut elektronik 
�F�L�K�D�]�O�D�U�Õ�Q�� �G�D�K�D�� �H�W�N�L�O�L�� �E�L�U�� �ú�H�N�L�O�G�H�� �N�X�O�O�D�Q�Õ�O�P�D�V�Õ�Q�D��
�\�D�U�G�Õ�P�F�Õ���R�O�D�E�L�O�H�F�H�N���D�O�W�H�U�Q�D�W�L�I���N�R�P�S�R�]�L�W���H�V�D�V�O�Õ���E�L�U��
�D�Q�R�W���P�D�O�]�H�P�H�V�L���J�H�O�L�ú�W�L�U�P�H�N�W�L�U�����%�X���Q�H�G�H�Q�O�H���\�D�S�Õ�O�D�Q��
�o�D�O�Õ�ú�P�D�V�Õ�Q�G�D�� �D�N�W�L�I�� �R�O�P�D�\�D�Q�� �E�L�U�� �D�O�W�O�Õ�N�� ���E�D�N�Õ�U����
�•�]�H�U�L�Q�H���O�L�W�\�X�P���L�O�H���E�L�O�H�ú�L�N���\�D�S�D�E�L�O�H�Q���6�Q-�&�X���D�O�D�ú�Õ�P��
�P�D�W�U�L�V�O�L�� �o�R�N�� �G�X�Y�D�U�O�Õ�� �N�D�U�E�R�Q�� �Q�D�Q�R�W�•�S�� ���d�'�.�1�7����
�W�D�N�Y�L�\�H�O�L���N�R�P�S�R�]�L�W���D�Q�R�W�O�D�U�Õ�Q���H�O�H�N�W�U�R�O�L�W�L�N���N�D�S�O�D�P�D��
�L�O�H�� �•�U�H�W�L�P�L�� �J�H�U�o�H�N�O�H�ú�W�L�U�L�O�P�L�ú�W�L�U���� �.�R�P�S�R�]�L�W��
�D�Q�R�W�O�D�U�Õ�Q���I�L�]�L�N�V�H�O���Y�H���H�O�H�N�W�U�R�N�L�P�\�D�V�D�O���|�]�H�O�O�L�N�O�H�U�L�Q�H��
�H�W�N�L�V�L�Q�L�� �R�U�W�D�\�D�� �N�R�\�P�D�N�� �D�P�D�F�Õ�\�O�D�� �D�N�Õ�P��
�\�R�÷�X�Q�O�X�÷�X�Q�X�Q�� �H�W�N�L�V�L�� �D�U�D�ú�W�Õ�U�Õ�O�P�Õ�ú�� �R�O�X�S���� �N�H�V�L�N�O�L��
�D�N�Õ�P�� ���S�X�O�V�H�� �F�X�U�U�H�Q�W���� �� �\�|�Q�W�H�P�L�� �L�O�H�� �6�Q-�&�X�� �D�O�D�ú�Õ�P��
�H�V�D�V�O�Õ�� �o�R�N�� �G�X�Y�D�U�O�Õ�� �N�D�U�E�R�Q�� �Q�D�Q�R�W�•�S�� �W�D�N�Y�L�\�H�O�L��
�H�O�H�N�W�U�R�N�R�P�S�R�]�L�W�� �D�Q�R�W�O�D�U�Õ�Q�� �•�U�H�W�L�P�L��
�J�H�U�o�H�N�O�H�ú�W�L�U�L�O�P�L�ú�W�L�U�� 
 
2. D�(�1�(�<�6�(�/���d�$�/�,�ù�0�$�/�$�5 
 
�%�X�� �o�D�O�Õ�ú�P�D�G�D���� �6�Q-Cu / KNT kompozitleri, bir 
�S�L�U�R�I�R�V�I�D�W�� �E�D�Q�\�R�V�X�Q�G�D�N�L�� �E�D�N�Õ�U�� �D�O�W�O�Õ�N�� �•�]�H�U�L�Q�H��
�N�H�V�L�N�O�L�� �D�N�Õ�P�� �H�O�H�N�W�U�R�O�L�W�L�N�� �N�D�S�O�D�P�D�� �L�O�H��
�J�H�U�o�H�N�O�H�ú�W�L�U�L�O�G�L�����.�D�S�O�D�P�D���•�U�H�W�L�P�L�Q�G�H���N�H�V�L�N�O�L���D�N�Õ�P��
�N�R�P�S�R�]�L�W�� �N�D�S�O�D�P�D�G�D�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�Q�X�Q�� �H�W�N�L�V�L��
�D�U�D�ú�W�Õ�U�Õ�O�G�Õ���� �6�Q-�&�X�� ���� �.�1�7�� �N�R�P�S�R�]�L�W�O�H�U�L�� �•�U�H�W�P�H�N��
�L�o�L�Q�� �N�X�O�O�D�Q�Õ�O�D�Q�� �H�O�H�N�W�U�R�O�L�W�L�N�� �N�D�S�O�D�P�D�� �E�D�Q�\�R�V�X�Q�X�Q��
�E�L�O�H�ú�H�Q�O�H�U�L�� �Y�H�� �o�D�O�Õ�ú�P�D�� �N�R�ú�X�O�O�D�U�Õ�� �7�D�E�O�R�� ���
�G�H��
verilmektedir.  
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Tablo 1�����.�H�V�L�N�O�L���D�N�Õ�P�����3�&�����L�O�H���6�Q-�&�X���.�1�7���N�R�P�S�R�]�L�W���N�D�S�O�D�P�D���•�U�H�W�L�P�L�Q�G�H���N�X�O�O�D�Q�Õ�O�D�Q���E�D�Q�\�R���E�L�O�H�ú�L�P�L���Y�H���o�D�O�Õ�ú�P�D��
�N�R�ú�X�O�O�D�U�Õ�� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 
 �%�D�N�Õ�U�� �D�O�W�O�Õ�N�� �a�� ���� �G�D�N�L�N�D�� �E�R�\�X�Q�F�D�� ���� ������ �+���6������
�V�R�O�•�V�\�R�Q�X�Q�G�D�� �G�D�� �D�N�W�L�Y�H�� �H�G�L�O�P�L�ú�W�L�U���� �.�D�S�O�D�P�D��
�E�D�Q�\�R�V�X�� �V�•�U�H�N�O�L�� �R�O�D�U�D�N�� �P�D�Q�\�H�W�L�N�� �Y�H�� �X�O�W�U�D�V�R�Q�L�N��
�R�O�D�U�D�N�� �N�D�U�Õ�ú�W�Õ�U�Õ�O�G�Õ���� �8�O�W�U�D�V�R�Q�L�N�� �R�O�D�U�D�N�� �N�D�U�Õ�ú�W�Õ�U�P�D��
�L�ú�O�H�P�L�� �8�3�������6�� �F�L�K�D�]�L �L�O�H�� ������ �.�+�]�� �Y�H�� ������ �:�� �J�•�o��
�ú�D�U�W�O�D�U�Õ�Q�G�D�� �J�H�U�o�H�N�O�H�ú�W�L�U�L�O�G�L���� �.�H�V�L�N�O�L�� �D�N�Õ�P�� ���3�&����
�N�X�O�O�D�Q�Õ�O�D�U�D�N�� �J�H�U�o�H�N�O�H�ú�W�L�U�L�O�H�Q�� �N�R�P�S�R�]�L�W�� �N�D�S�O�D�P�D��
�o�D�O�Õ�ú�P�D�O�D�U�Õ�Q�G�D�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�Q�X�Q�� �H�W�N�L�V�L��
�L�Q�F�H�O�H�Q�P�L�ú���R�O�X�S���������������������������Y�H���������P�$�F�P-2 olmak 
�•�]�H�U�H�� �•�o�� �I�D�U�N�O�Õ�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�Q�G�D�� �N�R�P�S�R�]�L�W��
kaplama�O�D�U�� �•�U�H�W�L�O�G�L���� �.�1�7�
�O�H�U�L�Q�� �N�D�S�O�D�P�D��
�W�D�E�D�N�D�V�Õ�Q�G�D�N�L�� �G�D�÷�Õ�O�Õ�P�Õ�Q�Õ�� �D�U�W�W�Õ�U�P�D�N�� �L�o�L�Q����
�.�1�7�
�O�H�U�L�Q�� �\�•�]�H�\�� �L�ú�O�H�P�L���� �E�L�U�� �Q�L�W�U�L�N�� �D�V�L�W�� ���� �V�•�O�I�•�U�L�N��
�D�V�L�W���o�|�]�H�O�W�L�V�L���N�D�U�Õ�ú�Õ�P�Õ���N�X�O�O�D�Q�Õ�O�D�U�D�N���J�H�U�o�H�N�O�H�ú�W�L�U�L�O�G�L����
�$�U�G�Õ�Q�G�D�Q���� �.�1�7�
�O�H�U�� �H�O�H�N�W�U�R�O�L�W�� �L�o�L�Q�G�H�� �G�D�÷�Õ�W�Õ�O�G�Õ����
Elektrolitik kaplamadan sonra, kompozit 
�N�D�S�O�D�P�D�O�D�U�Õ�Q�� �\�•�]�H�\�� �P�R�U�I�R�O�R�M�L�V�L�Q�L�� �L�Q�F�H�O�H�P�H�N�� �L�o�L�Q��
�W�D�U�D�P�D�O�Õ�� �H�O�H�N�W�U�R�Q�� �P�L�N�U�R�V�N�R�S�X�� ���-�(�2�/-JSM 6060 
�/�9���� �N�X�O�O�D�Q�Õ�O�G�Õ���� �h�U�H�W�L�O�H�Q�� �N�R�P�S�R�]�L�W�� �D�Q�R�W�O�D�U�Õ�Q�� �I�D�]��
�\�D�S�Õ�O�D�U�Õ�Q�Õ�� �L�Q�F�H�O�H�P�H�N�� �L�o�L�Q���� �5�L�J�D�N�X�� �P�D�U�N�D��

D/MAX/2200/PC model X-�Õ�ú�Õ�Q�Õ�� �F�L�K�D�]�Õ�� �L�O�H�� �;�5�'��
�D�Q�D�O�L�]�L���\�D�S�Õ�O�P�Õ�ú�W�Õ�U�����h�Uetilen kompozit malzemeler 
�&�5���������� �E�X�W�R�Q�� �S�L�O�L�Q�G�H�� �D�Q�R�W�� �R�O�D�U�D�N�� �N�X�O�O�D�Q�Õ�O�G�Õ�� �Y�H��
elektrokimyasal olarak test edildi. 
 
3. �%�8�/�*�8�/�$�5���9�(���7�$�5�7�,�ù�0�$ 
 
�7�D�E�O�R�� ���¶�G�H�� �E�L�O�H�ú�L�P�L�� �Y�H�U�L�O�H�Q�� �H�O�H�N�W�U�R�O�L�W�L�N�� �N�D�S�O�D�P�D��
�E�D�Q�\�R�V�X�Q�G�D�� �G�L�÷�H�U�� �S�D�U�D�P�H�W�U�H�O�H�U�� �V�D�E�L�W�� �W�X�W�X�O�D�U�D�N����
�N�H�V�L�N�O�L�� �D�N�Õ�P�� ���3�&���� �\�|�Q�W�H�P�L�\�O�H�� �I�D�U�N�O�Õ�� �S�L�N�� �D�N�Õ�P��
�\�R�÷�X�Q�O�X�N�O�D�U�Õ�Q�G�D�� �•�U�H�W�L�O�H�Q�� �D�Q�R�W�� �P�D�O�]�H�P�H�O�H�U�L�Q�G�H�N�L��
�I�L�]�L�N�V�H�O�� �|�]�H�O�O�L�N�O�H�U�L�Q�� �G�H�÷�L�ú�L�P�L�� �L�Q�F�H�O�H�Q�P�L�ú�W�L�U���� �$������
�$�������$�����Y�H���$�����N�R�G�O�X���E�D�Q�\�R�O�D�U�G�D���G�H�÷�L�ú�N�H�Q���R�O�D�U�D�N��
�V�Õ�U�D�V�Õ���L�O�H�������������������������Y�H���������P�$���F�P�����R�O�D�F�D�N���ú�H�N�L�O�G�H��
�G�|�U�W�� �I�D�U�N�O�Õ�� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �N�X�O�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U. 
�)�D�U�N�O�Õ�� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�Q�G�D�� �•�U�H�W�L�O�H�Q�� �6�Q-
�&�X���.�1�7�� �N�R�P�S�R�]�L�W�� �D�Q�R�W�O�D�U�D�� �6�(�0�� �o�D�O�Õ�ú�P�D�V�Õ��
�\�D�S�Õ�O�P�Õ�ú�� �Y�H�� �H�O�G�H�� �H�G�L�O�H�Q�� �P�L�N�U�R�\�D�S�Õ�� �J�|�U�•�Q�W�•�O�H�U�L��
�ù�H�N�L�O�����¶�G�H���Y�H�U�L�O�P�L�ú�W�L�U�� 
 

 A 

Banyo kodu A1 A2 A3 A4 

�.�D�O�D�\���N�O�R�U�•�U�����6�Q�&�O2) (g/L) 50 50 50 50 

�%�D�N�Õ�U���V�•�O�I�D�W�����&�X�6�24) (g/L) 30 30 30 30 

Potasyum difosfat (g/L) 150 150 150 150 

Gelatin (g/L) 1 1 1 1 

KNT konsantrasyonu (g/L) 5 5 5 5 

�.�D�S�O�D�P�D���V�•�U�H�V�L�����G�D�N�L�N�D�� 5 5 5 5 

�S�+���“������ 4,5 4,5 4,5 4,5 

�3�L�N���$�N�Õ�P���\�R�÷�X�Q�O�X�÷�X�����P�$�F�P-2) 20 40 60 80 

�6�Õ�F�D�N�O�Õ�N����oC) 30 30 30 30 

�ø�ú���d�H�Y�U�L�P�L���� 50 50 50 50 

Frekans Mhz 100 100 100 100 
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�ù�H�N�L�O���������.�H�V�L�N�O�L���D�N�Õ�P�����3�&�����L�O�H���•�U�H�W�L�O�H�Q��Sn-Cu/KNT kompozit kaplamalara pik �D�N�Õ�P���\�R�÷�X�Q�O�X�÷�X�Q�X�Q���H�W�N�L�V�L�������6�(�0����
�J�|�U�•�Q�W�•�O�H�U�L���[���������������6�(�,�������D�����������P�$���F�P�����E�����������P�$���F�P�����F�����������P�$���F�P�����Y�H���G�����������P�$���F�P��

�ù�H�N�L�O�� ���¶�G�H�� �Y�H�U�L�O�H�Q�� �Y�H�� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�Q�X�Q��
etkisi incelenen Sn-Cu/KNT kompozit anotlara ait 
�6�(�0�� �J�|�U�•�Q�W�•�O�H�U�L�� �L�Q�F�H�O�H�Q�G�L�÷�L�Q�G�H�� �D�U�W�D�Q�� �S�L�N�� �D�N�Õ�P��
�\�R�÷�X�Q�O�X�÷�X���L�O�H���E�L�U�O�L�N�W�H���N�D�S�O�D�P�D���W�D�E�D�N�D�V�Õ���L�o�H�U�L�V�L�Q�H��
�J�L�U�H�Q�� �.�1�7�� �P�L�N�W�D�U�Õ�Q�Õ�Q�� �D�U�W�W�Õ�÷�Õ�� �D�Q�O�D�ú�Õ�O�P�D�N�W�D�G�Õ�U����
�$�U�W�D�Q�� �.�1�7�� �P�L�N�W�D�U�Õ�Q�Õ�Q�� �D�O�D�ú�Õ�P�� �P�D�W�U�L�V�O�L�� �.�1�7��
�W�D�N�Y�L�\�H�O�L�� �H�O�H�N�W�U�R�W�O�D�U�Õ�Q�� �H�O�H�N�W�U�R�N�L�P�\�D�V�D�O�� �R�O�D�U�D�N��
�S�H�U�I�R�U�P�D�Q�V�Õ�Q�Õ���H�W�N�L�O�H�\�H�F�H�÷�L���E�L�O�L�Q�P�H�N�W�H�G�L�U���� 
�$�U�W�D�Q�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �N�D�S�O�D�P�D�� �W�D�E�D�N�D�V�Õ�Q�D��
�J�L�U�H�Q�� �.�1�7�� �P�L�N�W�D�U�Õ�Q�Õ�Q�� �D�U�W�P�D�V�Õ�� �H�O�H�N�W�U�R�I�R�U�H�W�L�N��
�J�•�F�•�Q�� �D�U�W�P�D�V�Õ�Q�G�D�Q�� �N�D�\�Q�D�N�O�D�Q�P�D�N�W�D�G�Õ�U�� �>�����@����
�$�\�U�Õ�F�D���D�U�W�D�Q���D�N�Õ�P���\�R�÷�X�Q�O�X�÷�X���L�O�H���E�L�U�O�L�N�W�H���N�D�S�O�D�P�D��
�W�D�E�D�N�D�V�Õ�Q�D�� �E�L�U�L�N�H�Q�� ���L�Q�G�L�U�J�H�Q�H�Q�� �P�H�W�D�O���� �N�D�O�D�\�� �Y�H 
�E�D�N�Õ�U���P�L�N�W�D�U�O�D�U�Õ�Q�G�D���G�D���D�U�W�Õ�ú���V�|�]���N�R�Q�X�V�X�G�X�U���� 
 
�$�U�W�D�Q�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �E�L�U�O�L�N�W�H�� �D�N�W�L�I�� �P�D�G�G�H��
�R�O�D�Q�� �N�D�O�D�\�� �P�L�N�W�D�U�Õ�Q�Õ�Q�� �D�U�W�P�D�V�Õ�� �L�O�H�� �•�U�H�W�L�O�H�Q��
�H�O�H�N�W�U�R�W�O�D�U�Õ�Q�� �H�O�H�N�W�U�R�N�L�P�\�D�V�D�O�� �S�H�U�I�R�U�P�D�Q�V�O�D�U�Õ�� �G�D��
�G�L�U�H�N�W�� �R�O�D�U�D�N�� �H�W�N�L�O�H�Q�P�H�N�W�H�G�L�U���� �%�X�Q�X�Q�� �\�D�Q�Õ�� �V�Õ�U�D��
�D�U�W�D�Q�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �D�O�D�ú�Õ�P�� �P�D�W�U�L�V�L�Q�� �W�D�Q�H��

boyutu da etkilenmekte ve �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�Q�X�Q��
�D�U�W�Õ�ú�Õ�� �L�O�H�� �D�]�D�O�P�D�N�W�D�G�Õ�U���� �<�•�N�V�H�N�� �D�N�Õ�P��
�\�R�÷�X�Q�O�X�N�O�D�U�Õ�Q�G�D�� �W�D�Q�H�F�L�N�O�H�U�L�Q�� �E�•�\�•�P�H�V�L�Q�G�H�Q��
�]�L�\�D�G�H�� �\�H�Q�L�� �W�D�Q�H�F�L�N�� �R�O�X�ú�X�P�X�� �P�H�\�G�D�Q�D��
�J�H�O�P�H�N�W�H�G�L�U�� �>�������� �����@���� �$�\�U�Õ�F�D�� �G�L�I�•�]�\�R�Q�� �N�R�Q�W�U�R�O�O�•��
�S�U�R�V�H�V�O�H�U�G�H�� �R�O�X�ú�D�Q�� �W�D�Q�H�F�L�N�O�H�U�L�Q�� �G�D�K�D�� �N�•�o�•�N��
�R�O�G�X�÷�X�� �E�L�O�L�Q�P�H�N�W�H�G�L�U�� �>�����@���� �7�D�Q�H��boyutundaki 
�D�]�D�O�P�D�Q�Õ�Q�� �E�L�U�� �E�D�ú�N�D�� �Q�H�G�H�Q�L�� �G�H�� �D�U�W�D�Q�� �D�N�Õ�P��
�\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �G�L�V�S�H�U�V�H�� �.�1�7�¶�O�H�U�L�Q�� �P�L�N�W�D�U�Õ�Q�Õ�Q��
�D�U�W�P�D�V�Õ�G�Õ�U���� �.�D�S�O�D�P�D�� �W�D�E�D�N�D�V�Õ�Q�D�� �J�L�U�H�Q�� �.�1�7�¶�O�H�U��
�K�H�W�H�U�R�M�H�Q�� �o�H�N�L�U�G�H�N�O�H�\�L�F�L�� �R�O�D�U�D�N�� �G�D�Y�U�D�Q�P�D�N�W�D�� �Y�H��
kalay-�E�D�N�Õ�U�� �o�H�N�L�U�G�H�N�O�H�U�L�Q�L�Q�� �\�•�]�H�\�� �D�O�D�Q�O�D�U�Õ�Q�Õ��
�D�]�D�O�W�D�U�D�N�� �o�R�N�� �G�D�K�D�� �L�Q�F�H�� �E�R�\�X�W�W�D�� �o�H�N�L�U�G�H�N�O�H�U�L�Q��
�R�O�X�ú�P�D�V�Õ�Q�D�� �\�R�O�� �D�o�P�D�N�W�D�G�Õ�U���� �$�O�D�ú�Õ�P�� �P�D�W�U�L�V�O�L��
�N�R�P�S�R�]�L�W�� �D�Q�R�W�W�D�� �&�X���6�Q���� �P�H�W�D�O�O�H�U�D�U�D�V�Õ�� �E�L�O�H�ú�L�÷�L�Q��
�R�O�X�ú�X�P�X�Q�X���J�|�V�W�H�U�P�H�N���D�P�D�F�Õ�\�O�D���N�H�V�L�N�O�L���D�N�Õ�P�����3�&����
�\�|�Q�W�H�P�L�\�O�H���Y�H���������P�$���F�P�����S�L�N���D�N�Õ�P���\�R�÷�X�Q�O�X�÷�X���L�O�H��
�•�U�H�W�L�O�H�Q�� �6�Q-Cu/KNT kompozit elektrota XRD 
analiz�L���\�D�S�Õ�O�P�Õ�ú���Y�H���;�5�'���D�Q�D�O�L�]���V�R�Q�X�F�X���ù�H�N�L�O�����¶�G�H��
�Y�H�U�L�O�P�L�ú�W�L�U�� 
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�ù�H�N�L�O�� ������ �.�H�V�L�N�O�L�� �D�N�Õ�P�� ���3�&���� �\�|�Q�W�H�P�L�\�O�H�� �Y�H�� ������ �P�$���F�P2 �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�Q�G�D�� �•�U�H�W�L�O�H�Q�� �6�Q-Cu/KNT kompozit 
elektrottan elde edilen X-�Õ�ú�Õ�Q�Õ���N�Õ�U�Õ�Q�Õ�P���|�U�J�•�O�H�U�L�����;�5�'���� 
 

�ù�H�N�L�O�� ���¶�G�H�� �J�|�U�•�O�G�•�÷�•�� �J�L�E�L�� ������ �P�$���F�P���� �S�L�N�� �D�N�Õ�P��
�\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �•�U�H�W�L�O�H�Q�� �6�Q-Cu/KNT kompozit 
elektrottan elde edilen XRD pikleri numunede 
kalay ve b�D�N�Õ�U���\�D�Q�Õ�Q�G�D���&�X���6�Q�����I�D�]�Õ�Q�Õ�Q�G�D���Y�D�U�O�Õ�÷�Õ�Q�Õ��
�R�U�W�D�\�D���N�R�\�P�X�ú�W�X�U�����.�R�P�S�R�]�L�W���D�Q�R�W�W�D�Q���D�O�Õ�Q�D�Q���;�5�'��
�D�Q�D�O�L�]�L�Q�G�H���.�1�7�¶�H���D�L�W���S�L�N�H���U�D�V�W�O�D�Q�P�D�P�Õ�ú�W�Õ�U�����%�X�Q�X�Q��
�Q�H�G�H�Q�L�� �L�V�H�� �\�D�S�Õ�� �L�o�H�U�L�V�L�Q�G�H�� �\�H�U�� �D�O�D�Q�� �E�L�U�� �H�O�H�P�H�Q�W��
�\�D�G�D�� �E�L�O�H�ú�L�N�W�H�Q�� �D�÷�Õ�U�O�Õ�N�o�D�� �����¶�W�H�Q�� �G�D�K�D�� �D�]�� �E�L�U��
�P�L�N�W�D�U�G�D�� �R�O�P�D�V�Õ�� �G�X�U�X�P�X�Q�G�D�� �;�5D analizi ile 
�W�H�V�S�L�W�L�Q�L�Q���o�R�N���N�R�O�D�\���R�O�P�D�P�D�V�Õ�G�Õ�U���>�����@�����%�D�N�Õ�U�D���D�L�W��
�S�L�N�� �ú�L�G�G�H�W�L�Q�L�Q�� �\�•�N�V�H�N�� �R�O�P�D�V�Õ�� �V�D�G�H�F�H�� �N�D�S�O�D�P�D��
�W�D�E�D�N�D�V�Õ�Q�G�D���\�H�U���D�O�D�Q���E�D�N�Õ�U���L�o�H�U�L�÷�L�Q�G�H�Q���G�H�÷�L�O���D�\�Q�Õ��
�]�D�P�D�Q�G�D�� �D�O�W�O�Õ�÷�Õ�Q�� �G�D�� �E�D�N�Õ�U�� �R�O�P�D�V�Õ�Q�G�D�Q��
�N�D�\�Q�D�N�O�D�Q�P�D�N�W�D�G�Õ�U���� �� ������������ ���������� �Y�H�� ���������¶�O�L�N��
�G�H�÷�H�U�O�H�U�L�Q�G�H�� �&�X���6�Q���� �L�Q�W�H�U�P�H�W�D�O�L�N�� �I�D�]�Õ�Q�Õ�Q�� �S�L�N�O�H�U�L��
�J�|�U�•�O�P�H�N�W�H�G�L�U���� �6�Q-�&�X�� �D�O�D�ú�Õ�P�O�D�U�Õ�Q�G�D�� �&�X���6�Q��
�E�H�Q�]�H�U�L�� �E�L�O�H�ú�L�N�O�H�U�� �G�H�� �R�O�X�ú�D�E�L�O�P�H�N�W�H���� �I�D�N�D�W��
�H�O�H�N�W�U�R�N�L�P�\�D�V�D�O���S�H�U�I�R�U�P�D�Q�V���E�D�N�Õ�P�Õ�Q�G�D�Q���&�X���6�Q����
�E�L�O�H�ú�L�÷�L���G�D�K�D���\�•�N�V�H�N���S�H�U�I�R�U�P�D�Q�V���V�H�U�J�L�O�H�P�H�N�W�H�G�L�U����
�%�L�O�L�Q�G�L�÷�L�� �J�L�E�L�� �&�X���6�Q���� �L�Q�W�H�U�P�H�W�D�O�L�N�� �I�D�]�Õ�Q�Õ�Q��
o�O�X�ú�X�P�X���� �6�Q-Cu/KNT kompozit elektrotun 
�N�D�S�D�V�L�W�H�� �N�R�U�X�Q�X�P�X�Q�X�� �Y�H�� �N�D�U�D�U�O�Õ�O�Õ�÷�Õ�Q�Õ��
�D�U�W�W�Õ�U�P�D�N�W�D�G�Õ�U���� �ø�Q�W�H�U�P�H�W�D�O�L�N�� �I�D�]�� �R�O�X�ú�X�P�X�� �L�O�H��
�N�D�S�D�V�L�W�H�� �N�D�U�D�U�O�Õ�O�Õ�÷�Õ�Q�Õ�� �Y�H�� �N�R�U�X�Q�X�P�X�Q�X�� �D�U�W�W�Õ�U�P�D�\�D��
�\�|�Q�H�O�L�N�� �\�D�S�Õ�O�P�Õ�ú�� �D�O�D�ú�Õ�P�� �P�D�W�U�L�V�O�L�� �H�O�H�N�W�U�R�W��
�o�D�O�Õ�ú�P�D�O�D�U�Õ���V�|�]���N�R�Q�X�V�X���R�O�X�S�����R�O�X�ú�D�Q���P�H�W�D�O�O�H�U�D�U�D�V�Õ��
�E�L�O�H�ú�L�÷�L�Q�� �V�|�]�� �N�R�Q�X�V�X�� �D�Y�D�Q�W�D�M�O�D�U�Õ�� �G�D�� �R�U�W�D�\�D��
�N�R�Q�P�X�ú�W�X�U���>���������@������ 
 

�*�H�o�P�L�ú���\�Õ�O�O�D�U�G�D���D�U�D�ú�W�Õ�U�P�D�F�Õ�O�D�U���W�D�U�D�I�Õ�Q�G�D�Q���\�D�S�Õ�O�D�Q��
�o�D�O�Õ�ú�P�D�O�D�U���J�|�V�W�H�U�P�L�ú�W�L�U���N�L���V�D�I���N�D�O�D�\���D�Q�R�W�O�D�U�Õ�Q���ú�D�U�M��
�Y�H�� �G�H�ú�D�U�M�� �H�V�Q�D�V�Õ�Q�G�D�� �K�D�F�L�P�V�H�O�� �D�U�W�Õ�ú�� �L�O�H�� �S�X�O�Y�H�U�L�]�H��
�R�O�P�D�V�Õ�� �Y�H�\�D�� �W�R�S�D�N�O�D�Q�P�D�O�D�U�Õ�Q�G�D�Q�� �N�D�\�Q�D�Nlanan 
�V�H�E�H�S�O�H�U�G�H�Q�� �G�R�O�D�\�Õ�� �G�•�ú�•�N�� �H�O�H�N�W�U�R�N�L�P�\�D�V�D�O��
performans sergilemektedirler [26]. Saf kalay 
�H�V�D�V�O�Õ�� �H�O�H�N�W�U�R�W�O�D�U�Õ�Q�� �E�X�� �W�•�U�� �H�W�N�L�O�H�U�O�H�� �S�L�O��
�S�H�U�I�R�U�P�D�Q�V�O�D�U�Õ�Q�Õ�Q�� �G�•�ú�•�N�� �o�H�Y�U�L�P�� �|�P�U�•�Q�H�� �V�D�K�L�S��
�R�O�P�D�V�Õ�Q�G�D�Q�� �G�R�O�D�\�Õ���� �E�X�� �W�•�U�� �H�O�H�N�W�U�R�W�O�D�U�Õ�Q��
�S�H�U�I�R�U�P�D�Q�V�O�D�U�Õ�Q�Õ�� �D�U�W�W�Õ�U�P�D�N�� �D�P�D�F�Õ�Q�D�� �\�|nelik pek 
�o�R�N�� �o�D�O�Õ�ú�P�D�� �W�•�U�•�Q�G�H�Q�� �Y�H�� �V�R�Q�� �\�Õ�O�O�D�U�Õ�Q�� �H�Q�� �|�Q�H�P�O�L��
�N�R�Q�X�� �E�D�ú�O�Õ�N�O�D�U�Õ�Q�G�D�Q�� �E�L�U�L�� �D�O�D�ú�Õ�P�� �P�D�W�U�L�V�O�L�� �Y�H�� �.�1�7��
�W�D�N�Y�L�\�H�O�L���N�R�P�S�R�]�L�W���D�Q�R�W�O�D�U�Õ�Q���•�U�H�W�L�O�P�H�V�L���R�O�P�X�ú�W�X�U����
�%�X�� �o�D�O�Õ�ú�P�D�G�D�� �G�D�� �E�X�� �D�P�D�F�D�� �\�|�Q�H�O�L�N�� �R�O�D�U�D�N�� �6�Q-
�&�X���.�1�7�� �D�Q�R�W�O�D�U�� �N�H�V�L�N�O�L�� �D�N�Õ�P�� ���3�&���� �\�|�Q�W�H�P�L�\�O�H��
�•�U�H�W�L�O�P�L�ú�� �Y�H�� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�Q�X�Q�� �H�W�N�L�V�L��
�D�U�D�ú�W�Õ�U�Õ�O�P�Õ�ú�W�Õ�U���� �$�U�W�D�Q�� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�Q�X�Q��
�N�D�S�O�D�P�D�� �W�D�E�D�N�D�V�Õ�� �L�o�H�U�L�V�L�Q�H�� �J�|�P�•�O�H�Q�� �.�1�7��
�P�L�N�W�D�U�Õ�Q�Õ�Q�� �\�D�Q�Õ�� �V�Õ�U�D�� �D�O�D�ú�Õ�P�� �P�D�W�U�L�V�� �L�O�H�� �R�O�X�ú�D�Q��
�&�X���6�Q���� �L�Q�W�H�U�P�H�W�D�O�L�N�� �I�D�]�Õ�Q�Õ�� �G�D�� �H�W�N�L�O�H�G�L�÷�L�Q�G�H�Q��
�G�R�O�D�\�Õ���H�O�H�N�W�U�R�W�X�Q���S�L�O���S�H�U�I�R�U�P�D�Q�V�Õ�Q�Õ���R�O�X�P�O�X���\�|�Q�G�H��
etki�O�H�\�H�F�H�÷�L�� �P�D�N�X�O�� �E�L�U�� �G�•�ú�•�Q�F�H�� �R�O�X�S���� �E�X�� �D�P�D�o�O�D��
�•�U�H�W�L�O�H�Q�� �N�R�P�S�R�]�L�W�� �H�O�H�N�W�U�R�W�X�Q�� �S�L�N�� �D�N�Õ�P��
�\�R�÷�X�Q�O�X�÷�X�Q�D�� �E�D�÷�O�Õ�� �R�O�D�U�D�N�� �V�H�U�J�L�O�H�P�L�ú�� �R�O�G�X�÷�X��
�H�O�H�N�W�U�R�N�L�P�\�D�V�D�O�� �S�H�U�I�R�U�P�D�Q�V�Õ�� �W�H�V�S�L�W�� �H�G�L�O�P�L�ú���� �H�O�G�H��
edilen kapasite-�o�H�Y�U�L�P�� �V�D�\�Õ�V�Õ�� �J�U�D�I�L�÷�L�� �ù�H�N�L�O�� ���¶�G�H��
�Y�H�U�L�O�P�L�ú�W�L�U�� 
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�ù�H�N�L�O�� ������ �.�H�V�L�N�O�L�� �D�N�Õ�P�� ���3�&���� �\�|�Q�W�H�P�L�\�O�H�� �Y�H�� �I�D�U�N�O�Õ�� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�N�O�D�U�Õ�Q�G�D�� �•�U�H�W�L�O�H�Q�� �6�Q-Cu/KNT kompozit 
�H�O�H�N�W�U�R�W�O�D�U�Õ�Q���H�O�H�N�W�U�R�N�L�P�\�D�V�D�O���S�H�U�I�R�U�P�D�Q�V�Õ�Q�Õ���J�|�V�W�H�U�H�Q���.�D�S�D�V�L�W�H-�d�H�Y�U�L�P���6�D�\�Õ�V�Õ���J�U�D�I�L�÷�L�� 
 
�.�H�V�L�N�O�L�� �D�N�Õ�P�� ���3�&���� �\�|�Q�W�H�P�L�\�O�H�� �•�U�H�W�L�O�H�Q�� �Y�H�� �S�L�N��
�D�N�Õ�P���\�R�÷�X�Q�O�X�÷�X�Q�X�Q���H�W�N�L�V�L���L�Q�F�H�O�H�Q�H�Q���6�Q-Cu/KNT 
kompozit anotlardan elde edilen kapasite-�o�H�Y�U�L�P��
�V�D�\�Õ�V�Õ���H�÷�U�L�V�L�Q�H���J�|�U�H�����D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�Q�X�Q���D�U�W�Õ�ú�Õ�Q�D��
�E�D�÷�O�Õ�� �R�O�D�U�D�N�� �H�O�H�N�W�U�R�W�� �S�H�U�I�R�U�P�D�Q�V�Õ�Q�G�D�� �o�R�N�� �E�•�\�•�N��
�E�L�U�� �L�\�L�O�H�ú�P�H�� �R�O�G�X�÷�X�Q�X�� �V�|�\�O�H�P�H�N�� �]�R�U�G�X�U���� �)�D�N�D�W��
�D�N�Õ�P���\�R�÷�X�Q�O�X�÷�X�Q�G�D�N�L���D�U�W�Õ�ú�D���E�D�÷�O�Õ���R�O�D�U�D�N���N�D�S�D�V�L�W�H��
�G�H�÷�H�U�O�H�U�L�Q�G�H�� �E�L�U�� �D�U�W�Õ�ú�� �V�|�] �N�R�Q�X�V�X�G�X�U���� �3�L�N�� �D�N�Õ�P��
�\�R�÷�X�Q�O�X�÷�X�Q�X�Q�� �H�W�N�L�V�L�� �N�D�S�D�V�L�W�H�� �G�H�÷�H�U�O�H�U�L�Q�L�Q��
�D�U�W�Õ�ú�Õ�Q�Õ�Q���\�D�Q�Õ�Q�G�D���H�O�H�N�W�U�R�W�X�Q���\�D�Q�L���D�Q�R�W�X�Q���G�D�Y�U�D�Q�Õ�ú��
�R�O�D�U�D�N�� �G�D�K�D�� �N�D�U�D�U�O�Õ�� �K�D�O�H�� �J�H�O�P�H�V�L�\�O�H�� �N�H�Q�G�L�Q�L��
�J�|�V�W�H�U�P�H�N�W�H�G�L�U�����g�]�H�O�O�L�N�O�H���������Y�H���������P�$���F�P�����D�N�Õ�P��
�\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �•�U�H�W�L�O�H�Q�� �D�Q�R�W�O�D�U�G�D�� �N�D�S�D�V�L�W�H�Q�L�Q�� �Y�H��
kapa�V�L�W�H�� �N�D�U�D�U�O�Õ�O�Õ�÷�Õ�Q�Õ�Q�� �G�L�÷�H�U�O�H�U�L�Q�H�� �J�|�U�H�� �G�D�K�D��
�\�•�N�V�H�N���R�O�G�X�÷�X���D�Q�O�D�ú�Õ�O�P�D�N�W�D�G�Õ�U�����3�L�O���S�H�U�I�R�U�P�D�Q�V�Õ�Q�Õ��
�G�H�÷�H�U�O�H�Q�G�L�U�P�H�G�H�� �V�D�G�H�F�H�� �\�•�N�V�H�N�� �N�D�S�D�V�L�W�H��
�G�H�÷�H�U�O�H�U�L�Q�L�Q�� �|�Q�H�P�O�L�� �R�O�P�D�G�Õ�÷�Õ�� �J�|�]�� �|�Q�•�Q�G�H��
�E�X�O�X�Q�G�X�U�X�O�D�F�D�N�� �R�O�X�U�V�D���� �K�D�W�W�D�� �\�•�N�V�H�N�� �N�D�S�D�V�L�W�H��
�G�H�÷�H�U�O�H�U�L�Q�G�H�Q���]�L�\�D�G�H�� �N�D�S�D�V�L�W�H���N�D�U�D�U�O�Õ�O�Õ�÷�Õ�Q�Õ�Q���G�D�K�D��
�|�Q�H�P�O�L���E�L�U���G�D�Y�U�D�Q�Õ�ú���R�O�G�X�÷�X���G�•�ú�•�Q�•�O�•�U�V�H���D�U�W�D�Q���S�L�N��
�D�N�Õ�P���\�R�÷�X�Q�O�X�÷�X�Q�X�Q���S�L�O���S�H�U�I�R�U�P�D�Q�V�Õ�Q�D���|�Q�H�P�O�L���E�L�U��
�H�W�N�L���\�D�S�W�Õ�÷�Õ���D�Q�O�D�ú�Õ�O�P�D�N�W�D�G�Õ�U�����%�X�U�D�G�D�Q���K�D�U�H�N�H�W�O�H���H�Q��
�N�D�U�D�U�O�Õ�� �H�O�H�N�W�U�R�W�� �G�D�Y�U�D�Q�Õ�ú�Õ�� �V�H�U�J�L�O�H�\�H�Q�� �S�L�O�L�Q�� �H�Q��
�\�•�N�V�H�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �R�O�D�Q�� ������ �P�$���F�P���� �L�O�H��
�•�U�H�W�L�O�H�Q�� �6�Q-Cu/KNT kompozit elektrottan elde 
�H�G�L�O�G�L�÷�L�� �Q�H�W�� �R�O�D�U�D�N�� �D�Q�O�D�ú�Õ�O�P�D�N�W�D�G�Õ�U���� �%�X�U�D�G�D�� �D�U�W�D�Q��
�D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �N�D�U�D�U�O�Õ�� �H�O�H�N�W�U�R�W�� �G�D�Y�U�D�Q�Õ�ú�Õ�Q�Õ�Q��
�D�U�W�P�D�V�Õ�Q�Õ�Q�� �E�L�U�N�D�o�� �V�H�E�H�E�L�� �V�|�]�� �N�R�Q�X�V�X�� �R�O�D�E�L�O�L�U����
�$�U�W�D�Q���D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H���ù�H�N�L�O�������¶�G�H�� �G�H�� �N�Õ�V�P�H�Q��
�G�H���R�O�V�D���J�|�U�•�O�G�•�÷�•�� �J�L�E�L���N�D�S�O�D�P�D���W�D�E�D�N�D�V�Õ�Q�D���J�L�U�H�Q��
�.�1�7�� �P�L�N�W�D�U�Õ�� �E�L�U�� �P�L�N�W�D�U�� �D�U�W�P�Õ�ú���� �E�X�� �D�U�W�Õ�ú�� �L�O�H��
�D�O�D�ú�Õ�P�O�D�P�D�� �Y�H�� �G�H�D�O�D�ú�Õ�P�O�D�� �V�Õ�U�D�V�Õ�Q�G�D�N�L�� �K�D�F�L�P�V�H�O��
�D�U�W�Õ�ú�� �Y�H�� �D�]�D�O�P�D�O�D�U�G�D�� �L�K�W�L�\�D�o�� �G�X�\�X�O�D�Q�� �K�R�P�R�M�H�Q��
�S�R�U�R�]�L�W�H�� �G�D�÷�Õ�O�Õ�P�Õ�Q�Õ�� �V�D�÷�O�D�Q�P�Õ�ú�� �Y�H�� �H�O�H�N�W�U�R�W�X�Q��
�E�R�]�X�O�P�D�V�Õ�Q�Õ�Q���|�Q�•�Q�H�� �J�H�o�L�O�P�L�ú�W�L�U���� �$�\�U�Õ�F�D�� �.�1�7�¶�O�H�U��

�N�D�O�D�\�Õ�Q���K�D�F�L�P�V�H�O���J�H�Q�O�H�ú�P�H�V�L�Q�L���|�Q�O�H�P�H�G�H���W�D�P�S�R�Q��
�J�|�U�H�Y�L�� �G�H�� �J�|�U�H�U�H�N�� �N�D�S�D�V�L�W�H�Q�L�Q�� �G�D�K�D�� �N�D�U�D�U�O�Õ�� �K�D�O�H��
�J�H�O�P�H�V�L�Q�L���V�D�÷�O�D�P�D�N�W�D�G�Õ�U���>�������������@���� 
 
�$�U�W�D�Q���D�N�Õ�P���\�R�÷�X�Q�O�X�÷�X���L�O�H���N�D�S�D�V�L�W�H�Q�L�Q���N�D�U�D�U�O�Õ���K�D�O�H��
�J�H�O�P�H�V�L�Q�G�H�� �H�W�N�H�Q�� �R�O�D�Q�� �E�L�U�� �G�L�÷�H�U�� �V�H�E�H�S�� �G�H��
�L�Q�W�H�U�P�H�W�D�O�L�N�� �I�D�]�� �R�O�X�ú�X�P�X�G�X�U���� �ù�H�N�L�O�� �����¶�G�H�� �Y�H�U�L�O�H�Q 
�;�5�'�� �D�Q�D�O�L�]�L�Q�G�H�Q�� �&�X���6�Q���� �L�Q�W�H�U�P�H�W�D�O�L�N�� �I�D�]�Õ�Q�Õ�Q��
�R�O�X�ú�X�P�X�� �J�|�U�•�O�P�H�N�W�H�G�L�U���� �/�L�W�H�U�D�W�•�U�G�H�� �Y�H�U�L�O�H�Q��
�D�O�D�ú�Õ�P�� �P�D�W�U�L�V�O�L�� �H�O�H�N�W�U�R�W�� �R�O�X�ú�W�X�U�P�D�� �V�H�E�H�S�O�H�U�L�Q�L�Q��
�E�D�ú�Õ�Q�G�D�� �L�Q�W�H�U�P�H�W�D�O�L�N�� �I�D�]�� �R�O�X�ú�X�P�X�� �L�O�H�� �N�D�S�D�V�L�W�H��
�N�D�U�D�U�O�Õ�O�Õ�÷�Õ�� �V�D�÷�O�D�Q�P�D�V�Õ�� �J�|�V�W�H�U�L�O�P�H�N�W�H�G�L�U�� �>��-10]. 
�0�H�W�D�O�O�H�U�D�U�D�V�Õ�� �E�L�O�H�ú�L�N�� �R�O�X�úumu ile elektrotun 
�N�D�U�D�U�O�Õ�÷�Õ���Y�H���o�H�Y�U�L�P���|�P�U�•���D�U�W�Õ�U�Õ�O�P�D�N�W�D�G�Õ�U���>��-12, 27, 
�����@���� �%�X�Q�X�Q���Q�H�G�H�Q�L�� �R�O�D�U�D�N�� �\�D�S�Õ�G�D�� �D�]�� �P�L�N�W�D�U�G�D�� �G�D��
�R�O�V�D�� �R�O�X�ú�D�Q�� �Y�H�� �K�R�P�R�M�H�Q�� �G�D�÷�Õ�O�D�Q�� �L�Q�W�H�U�P�H�W�D�O�L�N�� �I�D�]��
�L�o�L�Q�G�H�N�L�� �N�D�O�D�\�Õ�Q�� �/�L�� �L�O�H�� �U�H�D�N�V�L�\�R�Q�� �Y�H�U�P�H�� �D�N�W�L�I�O�L�÷�L��
�V�H�U�E�H�V�W�� �N�D�O�D�\�D�� �J�|�U�H�� �D�]�D�O�G�Õ�÷�Õ�Q�G�D�Q���� �D�O�D�ú�Õ�Plama ve 
�G�H�D�O�D�ú�Õ�P�O�D�P�D�� �V�Õ�U�D�V�Õ�Q�G�D�N�L�� �K�D�F�L�P�V�H�O�� �G�H�÷�L�ú�L�P�O�H�U�L��
�W�D�P�S�R�Q�O�D�P�D�G�D�� �G�D�� �U�R�O�� �D�O�P�D�V�Õ�Q�G�D�Q�� �N�D�\�Q�D�N�O�D�Q�G�Õ�÷�Õ��
�L�O�H�U�L�� �V�•�U�•�O�H�E�L�O�L�U���� �%�X�� �V�R�Q�X�o�O�D�U�� �Õ�ú�Õ�÷�Õ�Q�G�D�� �D�U�W�D�Q�� �S�L�N��
�D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �N�D�U�D�U�O�Õ�� �H�O�H�N�W�U�R�W�� �G�D�Y�U�D�Q�Õ�ú�Õ�Q�Õ�Q��
�V�H�E�H�S�O�H�U�L�� �R�O�D�U�D�N�� �D�U�W�D�Q�� �L�Q�W�H�U�P�H�W�D�O�L�N�� �I�D�]�� �R�O�X�ú�X�P�X��
(Cu6Sn5) v�H�� �N�D�S�O�D�P�D�� �W�D�E�D�N�D�V�Õ�Q�D�� �J�L�U�H�Q�� �.�1�7��
�P�L�N�W�D�U�Õ���J�|�V�W�H�U�L�O�H�E�L�O�L�U���� 
 
�%�X�� �V�H�E�H�S�O�H�U�� �G�Õ�ú�Õ�Q�G�D�� �D�U�W�D�Q�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H��
�N�D�S�O�D�P�D�Q�Õ�Q�� �W�D�Q�H�� �E�R�\�X�W�X�� �G�D�� �D�]�D�O�G�Õ�÷�Õ�Q�G�D�Q�� �G�R�O�D�\�Õ��
�N�D�S�D�V�L�W�H�G�H�� �E�L�U�� �P�L�N�W�D�U�� �D�U�W�Õ�ú�� �V�|�]�� �N�R�Q�X�V�X�� �R�O�D�E�L�O�L�U����
�7�D�Q�H�� �E�R�\�X�W�X�Q�X�Q�� �N�•�o�•�O�P�H�V�L�Q�H�� �E�D�÷�O�Õ�� �R�O�D�U�D�N��
�U�H�D�N�V�L�\�R�Q�O�D�U���L�o�L�Q���G�D�K�D���J�H�Q�L�ú���E�L�U���\�•�]�H�\���D�O�D�Q�Õ���R�U�W�D�\�D��
�o�Õ�N�W�Õ�÷�Õ�Q�G�D�Q���� �G�D�K�D�� �I�D�]�O�D�� �N�D�O�D�\�� �G�D�K�D�� �N�R�O�D�\�� �E�L�U��
�ú�H�N�L�O�G�H�� �/�L�� �L�O�H�� �U�H�D�N�V�L�\�R�Q�D�� �J�L�U�H�U�H�N�� �G�D�K�D�� �\�•�N�V�H�N��
�N�D�U�D�U�O�Õ�� �N�D�S�D�V�L�W�H�Q�L�Q�� �H�O�G�H�� �H�G�L�O�P�H�V�L�Q�H�� �Q�H�G�H�Q��
�R�O�P�D�N�W�D�G�Õ�U���� �$�\�U�Õ�F�D�� �D�U�W�D�Q�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H��
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�L�Q�G�L�U�J�H�Q�H�Q���P�H�W�D�O���P�L�N�W�D�U�Õ���G�D�����|�]�H�O�O�L�N�O�H���D�N�W�L�I���Petal 
�R�O�D�Q�� �6�Q���� �D�U�W�W�Õ�÷�Õ�Q�G�D�Q�� �G�R�O�D�\�Õ�� �N�D�S�D�V�L�W�H�G�H�� �D�U�W�Õ�ú�� �V�|�]��
�N�R�Q�X�V�X���R�O�P�D�N�W�D�G�Õ�U���� 
 
�.�H�V�L�N�O�L�� �D�N�Õ�P�� ���3�&���� �\�|�Q�W�H�P�L�\�O�H�� �•�U�H�W�L�O�H�Q�� �Y�H�� �S�L�N��
�D�N�Õ�P���\�R�÷�X�Q�O�X�÷�X�Q�X�Q���H�W�N�L�V�L���L�Q�F�H�O�H�Q�H�Q���6�Q-Cu/KNT 
�N�R�P�S�R�]�L�W�� �D�Q�R�W�O�D�U�Õ�Q�� �H�O�H�N�W�U�R�N�L�P�\�D�V�D�O��
�S�H�U�I�R�U�P�D�Q�V�O�D�U�Õ�Q�Õ�� �G�D�K�D�� �Q�H�W�� �R�U�W�D�\�D�� �N�R�\�D�E�L�O�P�H�N��
�D�P�D�F�Õ�\�O�D���Y�R�Otaj-�N�D�S�D�V�L�W�H���H�÷�U�L�O�H�U�L���Y�H�U�L�O�P�L�ú���R�O�X�S����������
�P�$���F�P���� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �•�U�H�W�L�O�H�Q�� �6�Q-
Cu/KNT kompozit anota ait voltaj-�N�D�S�D�V�L�W�H���H�÷�U�L�V�L��
�ù�H�N�L�O�����¶�G�H���J�|�V�W�H�U�L�O�P�H�N�W�H�G�L�U���� 
 

 
�ù�H�N�L�O�� ������ �.�H�V�L�N�O�L�� �D�N�Õ�P�� ���3�&���� �\�|�Q�W�H�P�L�\�O�H�� �Y�H�� ������
�P�$���F�P���� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �•�U�H�W�L�O�H�Q�� �6�Q-
Cu/KNT kompozit elektrota ait Voltaj-Kapasite 
�H�÷�U�L�V�L�� 
 
�.�R�P�S�R�]�L�W���D�Q�R�W�O�D�U���N�X�O�O�D�Q�Õ�O�D�U�D�N���K�D�]�Õ�U�O�D�Q�D�Q���S�L�O���W�H�V�W��
�K�•�F�U�H�O�H�U�L����������-���������9���D�U�D�V�Õ�Q�G�D���������o�H�Y�U�L�P���E�R�\�X�Q�F�D��
�V�D�E�L�W�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �W�H�V�W�� �H�G�L�O�P�L�ú�O�H�U�G�L�U����
�.�H�V�L�N�O�L���D�N�Õ�P�����3�&�����\�|�Q�W�H�P�L�\�O�H���Y�H���������P�$���F�P�����S�L�N��
�D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �•�U�H�W�L�O�H�Q�� �6�Q-Cu/KNT 
kompozit elektrota ait voltaj-�N�D�S�D�V�L�W�H�� �H�÷�U�L�O�H�U�L�Q�G�H��
�������� �������� �������� �Y�H�� �������� �o�H�Y�U�L�P�� �G�H�÷�H�U�O�H�U�L�� �L�o�L�Q�� �ú�D�U�M�� �Y�H��
�G�H�ú�D�U�M�� �N�D�S�D�V�L�W�H�� �G�H�÷�H�U�O�H�U�L�� �J�|�U�•�O�P�H�N�W�H�G�L�U���� �*�U�D�I�L�N��
�L�Q�F�H�O�H�Q�G�L�÷�L�Q�G�H�� �D�U�W�D�Q�� �o�H�Y�U�L�P�� �V�D�\�Õ�V�Õ�� �L�O�H�� �N�D�S�D�V�L�W�H��
�G�H�÷�H�U�O�H�U�L�Q�L�Q�� �D�]�D�O�G�Õ�÷�Õ�� �Q�H�W�� �R�O�D�U�D�N���D�Q�O�D�ú�Õ�O�P�D�N�W�D�G�Õ�U����
�ø�O�N�� �o�H�Y�U�L�P�� �V�R�Q�U�D�V�Õ�� �H�O�G�H�� �H�G�L�O�H�Q�� �G�H�ú�D�U�M�� �N�D�S�D�V�L�W�H��
�G�H�÷�H�U�L�� �������� �P�$�K���J�� �R�O�D�U�D�N�� �W�H�V�S�L�W�� �H�G�L�O�L�U�N�H�Q���� �D�U�W�D�Q��
�o�H�Y�U�L�P�� �V�D�\�Õ�O�D�U�Õ�Q�D�� �E�D�÷�O�Õ�� �R�O�D�U�D�N�� �G�H�ú�D�U�M�� �N�D�S�D�V�L�W�H�V�L��
�G�H�÷�H�U�L�Q�L�Q�������������������Y�H�����������o�H�Y�U�L�P���V�R�Q�X�Q�G�D���V�Õ�U�D�V�Õ�\�O�D��
�������������������Y�H�����������P�$�K���J���G�H�÷�H�U�O�H�U�L�Q�H���N�D�G�D�U���G�•�ú�W�•�÷�•��
�D�Q�O�D�ú�Õ�O�P�D�N�W�D�G�Õ�U���� �ø�O�N�� �G�H�ú�D�U�M�� �L�ú�O�H�P�L�� �V�Õ�U�D�V�Õ�Q�G�D�� �o�R�N��
�\�•�N�V�H�N�� �R�U�D�Q�G�D�� �/�L�� �L�\�R�Q�O�D�U�Õ�Q�Õ�Q�� �D�N�W�L�I�� �R�O�P�D�V�Õ�Q�Õ�Q��
temel nedeni anot elektrotun kristallerinin 
�E�R�\�X�W�X�Q�X�Q�� �G�•�ú�•�N�� �Y�H�� �\�•�]�H�\�� �D�O�D�Q�Õ�Q�Õ�Q�� �\�•�N�V�H�N��
�R�O�P�D�V�Õ�G�Õ�U���>�����@�����%�X�U�D�G�D�Q���K�D�U�H�N�H�W�O�H���������o�H�Y�U�L�P���L�O�H����������
�o�H�Y�U�L�P�� �D�U�D�V�Õ�Q�G�D�N�L�� �N�D�S�D�V�L�W�H�� �G�H�÷�H�U�O�H�U�L��
�N�D�U�ú�Õ�O�D�ú�W�Õ�U�Õ�O�G�Õ�÷�Õ�Q�G�D�� �G�H�ú�D�U�M�� �N�D�S�D�V�L�W�H�V�L��
�N�R�U�X�Q�X�P�X�Q�X�Q������ ���������� �R�O�G�X�÷�X�� �D�Q�O�D�ú�Õ�O�P�D�N�W�D�G�Õ�U���� ������
�������� �Y�H�� �������� �o�H�Y�U�L�P�� �G�H�÷�H�U�O�H�U�L�� �L�o�L�Q�� ���D�U�W�D�Q�� �o�H�Y�U�L�P��
�V�D�\�Õ�V�Õ���L�O�H�����V�Õ�U�D�V�Õ�\�O�D���N�D�S�D�V�L�W�H���N�R�U�X�Q�X�P�X�Q�X�Q����������������
���������������Y�H�����������������R�O�D�U�D�N���H�O�G�H���H�G�L�O�G�L�÷�L���Y�H���V�•�U�H�N�O�L��
�D�]�D�O�G�Õ�÷�Õ�� �D�Q�O�D�ú�Õ�O�P�D�N�W�D�G�Õ�U���� �.�D�S�D�V�L�W�H�� �N�R�U�X�Q�X�P�X�Q�X�Q��

�|�]�H�O�O�L�N�O�H�����������o�H�Y�U�L�P���V�R�Q�X�Q�G�D�� ���������������G�H�÷�H�U�O�H�U�L�Q�H��
�N�D�G�D�U�� �G�•�ú�P�•�ú�� �R�O�P�D�V�Õ�� �N�R�P�S�R�]�L�W�� �D�Q�R�W�X�Q��
�H�O�H�N�W�U�R�N�L�P�\�D�V�D�O�� �N�D�S�O�D�P�D�� �L�O�H�� �•�U�H�W�L�O�P�H�V�L�� �V�Õ�U�D�V�Õ�Q�G�D��
�\�H�W�H�U�O�L�� �D�N�W�L�I�� �P�D�G�G�H�� �P�L�N�W�D�U�Õ�Q�Õ�Q�� �E�L�U�L�N�P�H�G�L�÷�L�Q�H����
�\�H�W�H�U�O�L�� �N�D�U�E�R�Q�� �Q�D�Q�R�W�•�S�•�Q�� �\�D�S�Õ�� �L�o�H�U�L�V�L�Q�H��
�J�L�U�H�P�H�G�L�÷�L�Q�H�� �\�D�� �G�D�� �N�D�S�D�V�L�W�H�� �N�R�U�X�Q�X�P�X�Q�X��
�V�D�÷�O�D�\�D�E�L�O�H�F�H�N�� �G�•�]�H�\�G�H�� �L�Q�W�H�U�P�H�W�D�O�L�N�� �I�D�]�Õ�Q��
�R�O�X�ú�D�P�D�G�Õ�÷�Õ�Q�D�� �E�D�÷�O�D�Q�D�E�L�O�L�U���� �7�•�P�� �E�X�� �V�H�E�H�S�O�H�U�G�H�Q��
�G�R�O�D�\�Õ�� �H�Q�� �G�•�ú�•�N�� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �R�O�D�Q�� ������
�P�$���F�P���� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�Q�G�D�� �G�•�ú�•�N�� �N�D�S�D�V�L�W�H��
�G�H�÷�H�U�O�H�U�L�� �Y�H�� �G�•�ú�•�N�� �N�D�U�D�U�O�Õ�O�Õ�÷�D���V�D�K�L�S�� �H�O�H�Ntrot elde 
�H�G�L�O�P�L�ú�W�L�U���� �� �%�L�U�� �G�L�÷�H�U�� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X��
�S�D�U�D�P�H�W�U�H�V�L���R�O�D�Q���������P�$���F�P�����S�L�N���D�N�Õ�P���\�R�÷�X�Q�O�X�÷�X��
�L�O�H���•�U�H�W�L�O�H�Q���6�Q-Cu/KNT kompozit anota ait voltaj-
�N�D�S�D�V�L�W�H�� �H�÷�U�L�O�H�U�L�� �o�H�Y�U�L�P�� �V�D�\�Õ�V�Õ�Q�D�� �E�D�÷�O�Õ�� �R�O�D�U�D�N��
�ù�H�N�L�O�����¶�G�H���Y�H�U�L�O�P�L�ú�W�L�U�� 
 

 
�ù�H�N�L�O�� ������ �.�H�V�L�N�O�L�� �D�N�Õ�P�� ���3�&���� �\�|ntemiyle ve 40 
�P�$���F�P���� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �•�U�H�W�L�O�H�Q�� �6�Q-
Cu/KNT kompozit elektrota ait Voltaj-Kapasite 
�H�÷�U�L�V�L�� 
 
�ù�H�N�L�O�� ���¶�G�H�� �Y�H�U�L�O�H�Q�� �Y�R�O�W�D�M-�N�D�S�D�V�L�W�H�� �H�÷�U�L�V�L�� ������
�P�$���F�P���� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �•�U�H�W�L�O�H�Q��
�N�R�P�S�R�]�L�W�� �H�O�H�N�W�U�R�W�D�� �D�L�W�W�L�U���� �$�U�W�D�Q�� �o�H�Y�U�L�P�� �V�D�\�Õ�V�Õ�Q�D��
�E�D�÷�O�Õ�� �R�O�D�U�D�N�� �ú�D�U�M�� �Y�H�� �G�H�ú�D�U�M�� �N�D�S�D�V�L�W�H�� �G�H�÷�H�U�O�H�U�L�Q�L�Q��
�J�|�U�•�O�G�•�÷�•�� �J�U�D�I�L�N�W�H�Q���� �D�U�W�D�Q�� �o�H�Y�U�L�P�� �V�D�\�Õ�V�Õ�Q�Õ�Q��
�N�D�S�D�V�L�W�H�� �G�H�÷�H�U�O�H�U�L�Q�L�Q�� �G�•�ú�P�H�V�L�Q�H�� �Q�H�G�H�Q�� �R�O�G�X�÷�X��
�D�Q�O�D�ú�Õ�O�P�D�N�W�D�G�Õ�U���� �$�U�W�D�Q�� �o�H�Y�U�L�P�� �V�D�\�Õ�V�Õ�� �L�O�H�� �V�Õ�U�D�V�Õ�\�O�D��
�G�H�ú�D�U�M���N�D�S�D�V�L�W�H�V�L���G�H�÷�H�U�O�H�U�L���������o�H�Y�U�L�P���V�R�Q�X�Q�G�D����������
�P�$�K���J�����������o�H�Y�U�L�P���V�R�Q�X�Q�G�D�����������P�$�K���J�������������o�H�Y�U�L�P��
�V�R�Q�X�Q�G�D�� �������� �P�$�K���J�� �Y�H�� �������� �o�H�Y�U�L�P�� �V�R�Q�X�Q�G�D�� �L�V�H��
�������� �P�$�K���J�� �R�O�D�U�D�N�� �H�O�G�H�� �H�G�L�O�P�L�ú�W�L�U���� �d�H�Y�U�L�P��
�V�D�\�Õ�V�Õ�Q�D���E�D�÷�O�Õ���R�O�D�U�D�N���N�D�S�D�V�L�W�H���N�R�U�X�Q�X�P�X���G�H�÷�H�U�O�H�U�L��
�K�H�V�D�S�O�D�Q�G�Õ�÷�Õ�Q�G�D�������������������Y�H�����������o�H�Y�U�L�P���L�o�L�Q���G�H�ú�D�U�M��
�N�D�S�D�V�L�W�H�V�L���N�R�U�X�Q�X�P�X���G�H�÷�H�U�O�H�U�L���V�Õ�U�D�V�Õ�\�O�D��������������������
59������ �Y�H�� ���� ������������ �R�O�D�U�D�N�� �K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U���� �d�Õ�N�D�Q��
�V�R�Q�X�o�O�D�U�G�D�Q���G�D���D�Q�O�D�ú�Õ�O�D�E�L�O�H�F�H�÷�L���J�L�E�L���D�U�W�D�Q���o�H�Y�U�L�P��
�V�D�\�Õ�V�Õ���L�O�H���N�D�S�D�V�L�W�H���N�R�U�X�Q�X�P�X���D�]�D�O�P�D�N�W�D���R�O�X�S������������
�o�H�Y�U�L�P���V�R�Q�X�Q�G�D���\�D�N�O�D�ú�Õ�N�������������G�H�÷�H�U�O�H�U�L�Q�H���N�D�G�D�U��
�G�•�ú�P�H�N�W�H�G�L�U�����������P�$���F�P�����S�L�N���D�N�Õ�P���\�R�÷�X�Q�O�X�÷�X���L�O�H��
�•�U�H�W�L�O�H�Q���H�O�H�N�W�U�R�W�X�Q�����������o�H�Y�U�L�P���V�R�Q�X�Q�G�D�N�L���N�D�S�D�V�L�W�H��
�N�R�U�X�Q�X�P�X�� �\�D�N�O�D�ú�Õ�N�� �R�O�D�U�D�N�� ���� ������ �L�N�H�Q�� �ú�H�N�L�O�� ���¶�G�H��
�Y�H�U�L�O�H�Q�� �Y�H�� ������ �P�$���F�P���� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H��
�•�U�H�W�L�O�H�Q���H�O�H�N�W�U�R�W�X�Q�����������o�H�Y�U�L�P���V�R�Q�X�Q�G�D�N�L���N�D�S�D�V�L�W�H��
�N�R�U�X�Q�X�P�X�� �L�V�H�� ���� ���������¶�G�L�U���� �3�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X��
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�D�o�Õ�V�Õ�Q�G�D�Q�� ������ �P�$���F�P���� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X��
�G�H�÷�H�U�L�Q�G�H�Q�� ������ �P�$���F�P���� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X��
�G�H�÷�H�U�L�Q�H���o�Õ�N�Õ�O�D�U�D�N���\�D�S�Õ�O�D�Q���H�O�H�N�W�U�R�W���•�U�H�W�L�P�L�Q�G�H����������
�o�H�Y�U�L�P�� �V�R�Q�X�Q�G�D�N�L�� �N�D�S�D�V�L�W�H�� �N�R�U�X�Q�X�P�X�Q�X�Q�� �E�L�U��
�P�L�N�W�D�U���D�U�W�W�Õ�÷�Õ���D�Q�O�D�ú�Õ�O�P�D�N�W�D�G�Õ�U�����%�X���D�U�W�Õ�ú���G�•�]�H�\�L�Q�L�Q��
�G�•�ú�•�N�� �R�O�P�D�V�Õ�� �G�D�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�Q�X�Q��
�������P�$���F�P������ �N�D�S�D�V�L�W�H�� �D�U�W�Õ�ú�Õ�Q�D�� �\�H�W�H�U�O�L�� �N�D�W�N�Õ�V�Õ�Q�Õ�Q��
�R�O�P�D�G�Õ�÷�Õ�Q�Õ���R�U�W�D�\�D���N�R�\�P�D�N�W�D�G�Õ�U���� 
 
�%�X�� �D�o�Õ�G�D�Q�� �G�D�K�D�� �\�H�W�H�U�O�L�� �D�U�W�Õ�ú�Õ�Q�� �V�D�÷�O�D�Q�D�E�L�O�G�L�÷�L��
�ú�D�U�W�O�D�U�Õ�� �J�|�U�P�H�� �D�G�Õ�Q�D�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �E�L�U�D�]�� �G�D�K�D��
�D�U�W�Õ�U�Õ�O�D�U�D�N�����������P�$���F�P�������o�D�O�Õ�ú�P�D�O�D�U���\�D�S�Õ�O�P�Õ�ú�W�Õ�U����������
�P�$���F�P�����D�N�Õ�P���\�R�÷�X�Q�O�X�÷�X���L�O�H���•�U�H�W�L�O�H�Q���6�Q-Cu/KNT 
kompozit anota ait Voltaj-Ka�S�D�V�L�W�H�� �H�÷�U�L�V�L�� �ù�H�N�L�O��
���¶�G�D���Y�H�U�L�O�P�L�ú�W�L�U�����������P�$���F�P�����D�N�Õ�P���\�R�÷�X�Q�O�X�÷�X���L�O�H��
�•�U�H�W�L�O�H�Q�� �6�Q-Cu/KNT kompozit anot 
�H�O�H�N�W�U�R�N�L�P�\�D�V�D�O�� �S�H�U�I�R�U�P�D�Q�V�� �R�O�D�U�D�N�� �E�X�� �G�H�÷�H�U�G�H�Q��
�G�•�ú�•�N�� �R�O�D�Q�� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �G�H�÷�H�U�O�H�U�L�Q�H��
�N�Õ�\�D�V�O�D���G�D�K�D���•�V�W�•�Q���E�L�U���S�H�U�I�R�U�P�D�Q�V���J�|�V�W�H�U�G�L�÷�L���H�O�G�H��
edilen voltaj-kapa�V�L�W�H�� �J�U�D�I�L�÷�L�Q�G�H�Q�� �Q�H�W�� �R�O�D�U�D�N��
�D�Q�O�D�ú�Õ�O�P�D�N�W�D�G�Õ�U���� ������ �P�$���F�P���� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H��
�•�U�H�W�L�O�H�Q�� �6�Q-Cu/KNT kompozit elektrotun voltaj-
�N�D�S�D�V�L�W�H���H�÷�U�L�V�L���G�L�N�N�D�W�O�L���E�L�U���ú�H�N�L�O�G�H���L�Q�F�H�O�H�Q�G�L�÷�L�Q�G�H��
�D�U�W�D�Q�� �o�H�Y�U�L�P�� �V�D�\�Õ�V�Õ�� �L�O�H�� �N�D�S�D�V�L�W�H�� �G�H�÷�H�U�O�H�U�L�Q�L�Q��
�G�•�ú�W�•�÷�•���I�D�N�D�W���P�H�\�G�D�Q�D���J�H�O�H�Q���G�•�ú�•�ú�•�Q���|�Qceki pik 
�D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �G�H�÷�H�U�O�H�U�L�Q�H�� �R�U�D�Q�O�D�� �o�R�N�� �G�D�K�D��
�G�•�ú�•�N���R�U�D�Q�G�D���N�D�O�G�Õ�÷�Õ���J�|�U�•�O�P�H�N�W�H�G�L�U���� 
 

 
�ù�H�N�L�O�� ������ �.�H�V�L�N�O�L�� �D�N�Õ�P�� ���3�&���� �\�|�Q�W�H�P�L�\�O�H�� �Y�H�� ������
�P�$���F�P���� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �•�U�H�W�L�O�H�Q�� �6�Q-
Cu/KNT kompozit elektrota ait Voltaj-Kapasite 
�H�÷�U�L�V�L�� 
 
�$�U�W�D�Q�� �o�H�Y�U�L�P�� �V�D�\�Õ�V�Õ�Q�D�� �E�D�÷�O�Õ�� �R�O�D�U�D�N�� �H�O�G�H�� �H�G�L�O�H�Q��
�N�D�S�D�V�L�W�H�� �G�H�÷�H�U�O�H�U�L�� �V�Õ�U�D�V�Õ�\�O�D�� �������� �P�$�K���J���� ��������
mAh/g, 471 mAh/g ve 346 mAh/g olarak elde 
�H�G�L�O�P�L�ú�W�L�U���� �(�O�G�H�� �H�G�L�O�H�Q�� �E�X�� �G�H�÷�H�U�O�H�U�� �J�|�]�� �|�Q�•�Q�H��
�D�O�Õ�Q�G�Õ�÷�Õ�Q�G�D�� �������� �o�H�Y�U�L�P�� �V�R�Q�X�Q�G�D�� �H�O�G�H�� �H�G�L�O�H�Q�� ��������
�P�$�K���J�¶�O�Õ�N���N�D�S�D�V�L�W�H���G�H�÷�H�U�L�Q�L�Q���E�X�Q�G�D�Q���|�Q�F�H�N�L�������S�L�N��
�D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �S�D�U�D�P�H�W�U�H�V�L�Q�G�H�Q�� �G�H�� �\�•�N�V�H�N��
�R�O�G�X�÷�X�� �J�|�U�•�O�P�H�N�W�H�G�L�U���� �������� �o�H�Y�U�L�P�� �V�R�Q�X�Q�G�D�� �H�O�G�H��
�H�G�L�O�H�Q�� �G�H�ú�D�U�M�� �N�D�S�D�V�L�W�H�V�L�� �D�o�Õ�V�Õ�Q�G�D�Q�� �\�D�S�Õ�O�D�F�D�N��
�N�D�U�ú�Õ�O�D�ú�W�Õ�U�P�D�G�D�� ������ �P�$���F�P���� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X��
�L�O�H�� �•�U�H�W�L�O�H�Q�� �N�R�P�S�R�]�L�W�� �H�O�H�N�W�U�R�W�X�Q�� �N�D�S�D�V�L�W�H��
�G�H�÷�H�U�L�Q�L�Q���������Y�H������ �P�$���F�P�����S�L�N���D�N�Õ�P���\�R�÷�X�Q�O�X�÷�X��

�L�O�H���•�U�H�W�L�O�H�Q���H�O�H�N�W�U�R�W�O�D�U�G�D�Q���G�D�K�D���\�•�N�V�H�N���R�O�G�X�÷�X���Q�H�W��
�R�O�D�U�D�N�� �D�Q�O�D�ú�Õ�O�P�D�N�W�D�G�Õ�U���� �.�D�S�D�V�L�W�H�� �N�R�U�X�Q�X�P�X��
�D�o�Õ�V�Õ�Q�G�D�Q�� �E�D�N�Õ�O�G�Õ�÷�Õ�Q�G�D�� �L�V�H�� ������ �������� �Y�H�� �������� �o�H�Y�U�L�P��
�V�R�Q�X�Q�G�D���D�U�W�D�Q���o�H�Y�U�L�P���V�D�\�Õ�V�Õ�Q�D���E�D�÷�O�Õ���R�O�D�U�D�N���G�H�ú�D�U�M��
�N�D�S�D�V�L�W�H�V�L�� �N�R�U�X�Q�X�P�X�� �G�H�÷�H�U�O�H�U�L�Q�L�Q�� ������ �o�H�Y�U�L�P�� �L�o�L�Q��
�������������������������o�H�Y�U�L�P���L�o�L�Q�����������������Y�H�����������o�H�Y�U�L�P���L�o�L�Q��
�L�V�H�����������������R�O�G�X�÷�X���W�H�V�S�L�W���H�G�L�O�P�L�ú�W�L�U�����(�O�G�H���H�G�L�O�H�Q���E�X��
�G�H�÷�H�U�O�H�U�� �Õ�ú�Õ�÷�Õ�Q�G�D�� ������ �P�$���F�P���� �S�L�N�� �D�N�Õ�P��
�\�R�÷�X�Q�O�X�÷�X�Q�G�D�Q�� ������ �P�$���F�P���� �S�L�N�� �D�N�Õ�P��
�\�R�÷�X�Q�O�X�÷�X�Q�D���o�Õ�N�Õ�O�G�Õ�÷�Õ�Q�G�D���N�D�S�D�V�L�W�H���N�R�U�X�Q�X�P�X�Q�X�Q��
�G�D�� �\�D�N�O�D�ú�Õ�N�� ���� ������ �G�H�÷�H�U�O�H�U�L�Q�Gen % 46,4 
�G�H�÷�H�U�O�H�U�L�Q�H�� �N�D�G�D�U�� �o�Õ�N�W�Õ�÷�Õ�� �J�|�U�•�O�P�H�N�W�H�G�L�U���� �$�N�Õ�P��
�\�R�÷�X�Q�O�X�÷�X�Q�X�Q�� �N�D�S�D�V�L�W�H�� �N�R�U�X�Q�X�P�X�Q�D�� �|�Q�H�P�O�L�� �E�L�U��
�H�W�N�L�V�L�� �R�O�G�X�÷�X�� �J�|�]�O�H�Q�G�L�÷�L�Q�G�H�Q�� �H�O�H�N�W�U�R�W�� �•�U�H�W�L�P�L��
�V�Õ�U�D�V�Õ�Q�G�D���o�D�O�Õ�ú�Õ�O�D�Q���D�N�Õ�P���\�R�÷�X�Q�O�X�÷�X�Q�X�Q���E�L�U�D�]���G�D�K�D��
�D�U�W�Õ�U�Õ�O�P�D�V�Õ�� �K�X�V�X�V�X�Q�G�D�� �R�O�X�ú�D�Q�� �N�D�Q�D�D�W�� �V�R�Q�X�F�X�� ������
�P�$���F�P���� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �G�H�÷�H�U�L�Q�G�H�� �G�H�� �H�O�H�N�W�U�R�W��
�•�U�H�W�L�O�P�L�ú�W�L�U�� 
 
�(�Q�� �\�•�N�V�H�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �G�H�÷�H�U�L�� �R�O�D�Q�� ������
�P�$���F�P���� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �•�U�H�W�L�O�H�Q�� �6�Q-
Cu/KNT kompozit elektrota ait voltaj-kapasite 
�H�÷�U�L�V�L���ù�H�N�L�O�����¶�G�H���J�|�V�W�H�U�L�O�P�H�N�W�H�G�L�U���� 
 

 
�ù�H�N�L�O�� ������ �.�H�V�L�N�O�L�� �D�N�Õ�P�� ���3�&���� �\�|�Q�W�H�P�L�\�O�H��ve 80 
�P�$���F�P���� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �•�U�H�W�L�O�H�Q�� �6�Q-
Cu/KNT kompozit elektrota ait Voltaj-Kapasite 
�H�÷�U�L�V�L�� 
 
�(�Q�� �\�•�N�V�H�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �G�H�÷�H�U�L�� �R�O�D�Q�� ������
�P�$���F�P���� �S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �•�U�H�W�L�O�H�Q�� �6�Q-
Cu/KNT kompozit elektrota ait voltaj-kapasite 
�H�÷�U�L�V�L�� �J�|�V�W�H�U�P�H�N�W�H�G�L�U�� �N�L�� �D�U�W�D�Q�� �S�L�N�� �D�N�Õ�P��
�\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �•�U�H�W�L�O�H�Q�� �H�O�H�N�W�U�R�W�O�D�U�G�D�� �S�L�N�� �D�N�Õ�P��
�\�R�÷�X�Q�O�X�÷�X�Q�G�D�N�L�� �D�U�W�Õ�ú�D�� �E�D�÷�O�Õ�� �R�O�D�U�D�N�� �N�D�S�D�V�L�W�H��
�N�D�\�Õ�S�O�D�U�Õ�Q�G�D�� �|�Q�H�P�O�L�� �|�O�o�•�G�H�� �D�]�D�O�P�D�� �V�D�÷�O�D�Q�P�Õ�ú�W�Õ�U����
�<�D�S�Õ�O�D�Q�� �L�Q�F�H�O�H�P�H�� �V�R�Q�X�F�X�Q�G�D�� ������ �P�$���F�P���� �S�L�N��
�D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �•�U�H�W�L�O�H�Q�� �6�Q-Cu/KNT 
�N�R�P�S�R�]�L�W���D�Q�R�W���D�U�W�D�Q���o�H�Y�U�L�P���V�D�\�Õ�V�Õ�Q�D���E�D�÷�O�Õ���R�O�D�U�D�N��
�N�D�S�D�V�L�W�H���N�D�\�E�Õ���\�D�ú�D�P�D�N�W�D���I�D�N�D�W���E�X���N�D�\�Õ�S���G�L�÷�H�U���S�L�N��
�D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �S�D�U�D�P�H�W�U�H�O�H�U�L�� �L�O�H��
�N�D�U�ú�Õ�O�D�ú�W�Õ�U�Õ�O�G�Õ�÷�Õ�Q�G�D�� �o�R�N�� �G�D�K�D�� �G�•�ú�•�N�� �N�D�O�P�D�N�W�D�G�Õ�U����
�(�O�G�H�� �H�G�L�O�H�Q�� �G�H�ú�D�U�M�� �N�D�S�D�V�L�W�H�V�L�� �G�H�÷�H�U�O�H�U�L�� �D�o�Õ�V�Õ�Q�G�D�Q��
�E�D�N�Õ�O�G�Õ�÷�Õ�Q�G�D���D�U�W�D�Q���o�H�Y�U�L�P���V�D�\�Õ�V�Õ�Q�D���E�D�÷�O�Õ���R�O�D�U�D�N��1. 
�o�H�Y�U�L�P���V�R�Q�X�Q�G�D���H�O�G�H���H�G�L�O�H�Q���G�H�ú�D�U�M���N�D�S�D�V�L�W�H�V�L����������
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�P�$�K���J�����������o�H�Y�U�L�P���V�R�Q�X�Q�G�D�����������P�$�K���J�������������o�H�Y�U�L�P��
�V�R�Q�X�Q�G�D�� �������� �P�$�K���J�� �Y�H�� �������� �o�H�Y�U�L�P�� �V�R�Q�X�Q�G�D�� �L�V�H��
���������P�$�K���J���R�O�D�U�D�N���H�O�G�H���H�G�L�O�P�L�ú�W�L�U�����%�X���G�H�÷�H�U�O�H�U���G�H��
�J�|�V�W�H�U�P�H�N�W�H�G�L�U�� �N�L�� �D�U�W�D�Q�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�Q�D�� �E�D�÷�O�Õ��
�R�O�D�U�D�N�� �������� �o�H�Y�U�L�P �V�R�Q�X�Q�G�D�� �H�Q�� �\�•�N�V�H�N�� �G�H�ú�D�U�M��
�N�D�S�D�V�L�W�H�V�L���G�H�÷�H�U�L���������P�$���F�P�����S�L�N���D�N�Õ�P���\�R�÷�X�Q�O�X�÷�X��
�L�O�H���•�U�H�W�L�O�H�Q���6�Q-Cu/KNT kompozit elektrottan elde 
�H�G�L�O�P�L�ú�W�L�U���� �.�D�S�D�V�L�W�H�� �N�R�U�X�Q�X�P�X�� �D�o�Õ�V�Õ�Q�G�D�Q�� �\�D�S�Õ�O�D�Q��
�L�Q�F�H�O�H�P�H�G�H���L�V�H���D�U�W�D�Q���o�H�Y�U�L�P���V�D�\�Õ�V�Õ�Q�D���E�D�÷�O�Õ���R�O�D�U�D�N��
������ �o�H�Y�U�L�P�� �V�R�Q�X�Q�G�D�� �H�O�G�H�� �H�G�L�O�H�Q�� �G�H�ú�D�U�M kapasitesi 
�N�R�U�X�Q�X�P�X���������������������������o�H�Y�U�L�P���V�R�Q�X�Q�G�D�����������������Y�H��
�������� �o�H�Y�U�L�P�� �V�R�Q�X�Q�G�D�� �L�V�H�� ���� ���������� �R�O�D�U�D�N�� �W�H�V�S�L�W��
�H�G�L�O�P�L�ú�W�L�U���� 
 
�(�O�G�H�� �H�G�L�O�H�Q�� �V�R�Q�X�o�O�D�U�G�D�Q�� �G�D�� �D�Q�O�D�ú�Õ�O�P�D�N�W�D�G�Õ�U�� �N�L��
�D�U�W�D�Q���D�N�Õ�P���\�R�÷�X�Q�O�X�÷�X���H�O�H�N�W�U�R�W�X�Q���K�H�P���N�D�S�D�V�L�W�H�V�L�Q�L��
�K�H�P�� �G�H�� �N�D�S�D�V�L�W�H�� �N�R�U�X�Q�X�P�X�Q�X�� �D�U�W�W�Õ�U�P�D�N�W�D�G�Õ�U����
So�Q�X�o�O�D�U���G�L�N�N�D�W�O�L���E�L�U���ú�H�N�L�O�G�H���L�Q�F�H�O�H�Q�G�L�÷�L�Q�G�H���D�U�W�D�Q��
�S�L�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�Q�X�Q�� �N�R�P�S�R�]�L�W�� �H�O�H�N�W�U�R�W�X�Q��

�N�D�U�D�U�O�Õ�� �G�D�Y�U�D�Q�Õ�ú�Õ�Q�Õ�� �|�Q�H�P�O�L�� �|�O�o�•�G�H�� �H�W�N�L�O�H�\�H�Q�� �E�L�U��
�S�D�U�D�P�H�W�U�H�� �R�O�G�X�÷�X�� �D�Q�O�D�ú�Õ�O�P�D�N�W�D�G�Õ�U���� �.�D�S�D�V�L�W�H��
�N�R�U�X�Q�X�P�X�� �D�o�Õ�V�Õ�Q�G�D�Q�� �\�D�S�Õ�O�D�F�D�N�� �N�D�U�ú�Õ�O�D�ú�W�Õ�U�P�D��
neticesinde 20, 40, 60 ve 80 mA���F�P���� �S�L�N�� �D�N�Õ�P��
�\�R�÷�X�Q�O�X�÷�X���G�H�÷�H�U�O�H�U�L���L�o�L�Q�����������o�H�Y�U�L�P���V�R�Q�X�Q�G�D���H�O�G�H��
�H�G�L�O�H�Q�� �N�D�S�D�V�L�W�H�� �N�R�U�X�Q�X�P�X�� �G�H�÷�H�U�O�H�U�L�� �V�Õ�U�D�V�Õ�\�O�D�� ����
27, % 30, % 46,4 ve % 60,6 olarak elde 
�H�G�L�O�P�H�N�W�H�G�L�U���� �%�X�� �G�H�÷�H�U�O�H�U�G�H�� �J�|�V�W�H�U�P�H�N�W�H�G�L�U�� �N�L��
�D�U�W�D�Q�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�Q�D�� �E�D�÷�O�Õ�� �R�O�D�U�D�N�� �N�D�S�D�V�L�W�H��
korunumu artmakt�D�G�Õ�U���� �(�O�G�H�� �H�G�L�O�H�Q�� �N�D�S�D�V�L�W�H��
�G�H�÷�H�U�O�H�U�L�� �D�o�Õ�V�Õ�Q�G�D�Q�� �E�L�U�� �N�D�U�ú�Õ�O�D�ú�W�Õ�U�P�D�� �\�D�S�Õ�O�D�F�D�N��
�R�O�X�U�V�D�� �\�L�Q�H���D�U�W�D�Q���D�N�Õ�P���\�R�÷�X�Q�O�X�÷�X�Q�D���E�D�÷�O�Õ���R�O�D�U�D�N��
���������o�H�Y�U�L�P���V�R�Q�X�Q�G�D�N�L���N�D�S�D�V�L�W�H���G�H�÷�H�U�O�H�U�L���V�Õ�U�D�V�Õ�\�O�D��
202, 227, 346 ve 444 mAh/g olarak ortaya 
�o�Õ�N�P�D�N�W�D�G�Õ�U���� �7�D�E�O�R�� ���¶�G�H�� �I�D�U�N�O�Õ�� �S�L�N�� �D�N�Õ�P��
yo�÷�X�Q�O�X�N�O�D�U�Õ�Q�G�D�� �•�U�H�W�L�O�H�Q�� �6�Q-Cu/KNT kompozit 
�D�Q�R�W�O�D�U�D�� �D�L�W�� �G�H�ú�D�U�M�� �N�D�S�D�V�L�W�H�� �G�H�÷�H�U�O�H�U�L�� �Y�H�� �N�D�S�D�V�L�W�H��
�N�R�U�X�Q�X�P���\�•�]�G�H�O�H�U�L���\�H�U���D�O�P�D�N�W�D�G�Õ�U�� 
 

 
�7�D�E�O�R���������.�H�V�L�N�O�L���D�N�Õ�P�����3�&�����L�O�H���I�D�U�N�O�Õ���S�L�N���D�N�Õ�P���\�R�÷�X�Q�O�X�N�O�D�U�Õ�Q�G�D���•�U�H�W�L�O�H�Q���6�Q-Cu/KNT kompozit e�O�H�N�W�U�R�W�O�D�U�Õ�Q���G�H�ú�D�U�M��
�N�D�S�D�V�L�W�H�O�H�U�L���Y�H���N�D�S�D�V�L�W�H���N�R�U�X�Q�X�P���G�H�÷�H�U�O�H�U�L�� 
 

Sn-
Cu/KNT  

Teorik 
Kapasi

te 

�6�S�H�V�L�I�L�N���'�H�ú�D�U�M���.�D�S�D�V�L�W�H�V�L�����P�$�K�J-1) Kapasite Korunumu (%)  

�3�L�N���$�N�Õ�P��
�\�R�÷�X�Q�O�X�÷�X 

 �����d�H�Y�U�L
m 

�����d�H�Y�U�L
m 

�������d�H�Y�U�L
m 

�������d�H�Y�U�L
m 

2. 
�d�H�Y�U�L

m 

15. 
�d�H�Y�U�L

m 

30. 
�d�H�Y�U�L�P 

20 mAcm-2  745 550 439 202 73,8 58,9 27,1 
40 mAcm-2  755 565 448 227 74,8 59,3 30,06 
60 mAcm-2  746 572 471 346 76,6 63,2 46,4 
80 mAcm-2  732 561 488 444 76,58 66,7 60,06 

Grafit  330        
Kalay 990        

 
 

�7�D�E�O�R�� ���¶�G�H�N�L�� �V�R�Q�X�o�O�D�U�D�� �J�H�Q�H�O�� �E�D�N�Õ�O�D�F�D�N�� �R�O�X�U�V�D��
�D�U�W�D�Q�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �G�D�K�D�� �\�•�N�V�H�N�� �N�D�S�D�V�L�W�H��
�G�H�÷�H�U�L�� �Y�H�� �G�D�K�D�� �\�•�N�V�H�N�� �N�D�S�D�V�L�W�H�� �N�R�U�X�Q�X�P�X��
�G�H�÷�H�U�O�H�U�L�� �H�O�G�H�� �H�G�L�O�H�E�L�O�P�H�N�W�H�G�L�U���� �%�X�U�D�G�D�� �Q�H�G�H�Q��
�G�D�K�D�� �\�•�N�V�H�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �G�H�÷�H�U�O�H�U�L�Q�G�H��
�o�D�O�Õ�ú�P�D�� �\�D�S�Õ�O�P�D�G�Õ�÷�Õ�� �G�D�� �D�N�O�D�� �J�H�O�H�E�L�O�L�U�� 1. ve 2. 
�o�H�Y�U�L�P���V�R�Q�X�Q�G�D�N�L���G�H�ú�D�U�M���N�D�S�D�V�L�W�H���G�H�÷�H�U�O�H�U�L�Q�L�Q��������
�G�D�Q�� ������ �P�$���F�P���� �o�Õ�N�Õ�O�G�Õ�÷�Õ�Q�G�D�� �G�•�ú�P�H�� �H�÷�L�O�L�P�L��
�J�|�V�W�H�U�P�H�V�L�� �Q�H�G�H�Q�L�� �L�O�H�G�L�U���� �� �(�O�G�H�� �H�G�L�O�H�Q�� �E�X�� �N�D�U�D�U�O�Õ��
�H�O�H�N�W�U�R�W���G�D�Y�U�D�Q�Õ�ú�Õ�Q�Õ�Q���V�H�E�H�S�O�H�U�L���R�O�D�U�D�N�����D�U�W�D�Q���D�N�Õ�P��
�\�R�÷�X�Q�O�X�÷�X�Q�D�� �E�D�÷�O�Õ�� �R�O�D�U�D�N�� �•�U�H�W�L�O�H�Q�� �H�O�H�N�W�U�R�W�W�D�N�L��
artan ak�W�L�I���P�D�G�G�H�����6�Q�����P�L�N�W�D�U�Õ�����\�D�S�Õ���L�o�H�U�L�V�L�Q�H���J�L�U�H�Q��
�.�1�7�� �P�L�N�W�D�U�Õ���� �\�H�W�H�U�O�L�� �&�X���6�Q���� �L�Q�W�H�U�P�H�W�D�O�L�N�� �I�D�]��
�R�O�X�ú�X�P�X�� �Y�H�� �D�]�D�O�D�Q�� �W�D�Q�H�� �E�R�\�X�W�X�� �J�|�V�W�H�U�L�O�H�E�L�O�L�U����
�$�N�W�L�I�� �P�D�G�G�H�� �P�L�N�W�D�U�Õ�Q�G�D�N�L�� �D�U�W�Õ�ú�Õ�Q�� �G�D�K�D�� �I�D�]�O�D��
�U�H�D�N�V�L�\�R�Q�� �Y�H�U�P�H�V�L�� �Q�H�G�H�Q�L�� �L�O�H�� �N�D�S�D�V�L�W�H�� �G�H�÷�H�U�L�Q�L��
�D�U�W�W�Õ�U�P�D�V�Õ�� �J�D�\�H�W�� �G�R�÷�D�O�� �R�O�X�S�����N�D�U�E�R�Q�� �Q�D�Q�R�W�•�S��
�P�L�N�W�D�U�Õ�Q�Õ�Q�� �Y�H�� �&�X���6�Q���� �I�D�]�Õ�Q�Õ�Q�� �R�O�X�ú�X�P�X�Q�X�Q�� �G�D��
�H�O�H�N�W�U�R�W���N�D�U�D�U�O�Õ�O�Õ�÷�Õ�Q�Õ���H�W�N�L�O�H�G�L�÷�L���O�L�W�H�U�D�W�•�U�G�H���\�D�S�Õ�O�D�Q��
�o�D�O�Õ�ú�P�D�O�D�U�O�D���R�U�W�D�\�D���N�R�Q�P�D�N�W�D�G�Õ�U���>��������-11, 29,30].  

�.�D�S�D�V�L�W�H�� �G�H�÷�H�U�O�H�U�L�� �|�]�H�W�O�H�Q�G�L�÷�L�Q�G�H�� �D�U�W�D�Q�� �D�N�Õ�P��
�\�R�÷�X�Q�O�X�÷�X���L�O�H���H�O�G�H���H�G�L�O�H�Q���N�D�S�D�V�L�W�H���G�H�÷�H�U�L���H�Q���G�•�ú�•�N��
�D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �������� �P�$���F�P������ �L�o�L�Q�� ������ �o�H�Y�U�L�P��
�V�R�Q�X�Q�G�D�� �������� �P�$�K���J�� �L�N�H�Q�� �H�Q�� �\�•�N�V�H�N�� �D�N�Õ�P��
�\�R�÷�X�Q�O�X�÷�X�Q�G�D�� �������� �P�$�K���J�� �R�O�P�X�ú�W�X�U���� �6�D�G�H�F�H�� �S�L�N��
�D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �S�D�U�D�P�H�W�U�H�V�L�� �L�O�H�� �H�O�G�H�� �H�G�L�O�H�Q��
�N�D�S�D�V�L�W�H�� �G�H�÷�H�U�L�� �\�D�N�O�D�ú�Õ�N�� ���� �N�D�W�Õ�Q�D�� �o�Õ�N�D�U�W�Õ�O�P�Õ�ú�W�Õ�U����
�.�D�S�D�V�L�W�H�� �N�R�U�X�Q�X�P�X�� �D�o�Õ�V�Õ�Q�G�D�Q�� �G�D�� �E�H�Q�]�Hr bir 
�G�X�U�X�P���V�|�]���N�R�Q�X�V�X���R�O�X�S�������������������G�H�÷�H�U�O�H�U�L�Q�G�H�Q������
������������ �G�H�÷�H�U�L�Q�H�� �Y�D�U�D�Q�� �E�L�U�� �D�U�W�Õ�ú�� �V�D�÷�O�D�Q�P�Õ�ú�� �Y�H�� �o�R�N��
�G�D�K�D���N�D�U�D�U�O�Õ���E�L�U���H�O�H�N�W�U�R�W���G�D�Y�U�D�Q�Õ�ú�Õ���H�O�G�H���H�G�L�O�P�L�ú�W�L�U�� 
 
4. �6�2�1�8�d�/�$�5 
 
Sn-�&�X���.�1�7�� �N�R�P�S�R�]�L�W�� �N�D�S�O�D�P�D�O�D�U�Õ�� �I�D�U�N�O�Õ�� �D�N�Õ�P��
�\�R�÷�X�Q�O�X�N�O�D�U�Õ�� �N�X�O�O�D�Q�Õ�O�D�U�D�N�� �N�H�V�L�N�O�L�� �D�N�Õ�P�� �N�R�P�S�R�]�L�W��
k�D�S�O�D�P�D�� �\�|�Q�W�H�P�L�� �L�O�H�� �E�D�ú�D�U�Õ�O�Õ�� �E�L�U�� �ú�H�N�L�O�G�H��
�•�U�H�W�L�O�P�L�ú�W�L�U���� �h�U�H�W�L�O�H�Q�� �N�D�S�O�D�P�D�O�D�U�G�D�� �N�D�S�D�V�L�W�H��
�N�R�U�X�Q�X�P�X�� �V�D�÷�O�D�\�D�Q�� �P�H�W�D�O�O�H�U�� �D�U�D�V�Õ�� �E�L�O�H�ú�L�N�� �R�O�D�Q��
�&�X���6�Q�����I�D�]�Õ���H�O�G�H���H�G�L�O�P�L�ú�W�L�U�����.�D�S�D�V�L�W�H���G�H�÷�H�U�O�H�U�L���L�V�H��
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�D�U�W�D�Q�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�� �L�O�H�� �D�U�W�Õ�ú�� �J�|�V�W�H�U�P�L�ú�� �R�O�X�S����
�H�O�G�H�� �H�G�L�O�H�Q�� �N�D�S�D�V�L�W�H�� �G�H�÷�H�U�L�� �H�Q�� �G�•�ú�•�N�� �D�N�Õ�P��
�\�R�÷�X�Q�O�X�÷�X�����������P�$���F�P�������L�o�L�Q���������o�H�Y�U�L�P���V�R�Q�X�Q�G�D��
�������� �P�$�K���J�� �L�N�H�Q�� �H�Q�� �\�•�N�V�H�N�� �D�N�Õ�P�� �\�R�÷�X�Q�O�X�÷�X�Q�G�D��
�������� �P�$�K���J�� �R�O�P�X�ú�W�X�U���� �.�D�S�D�V�L�W�H�� �N�R�U�X�Q�X�P�X��
�D�o�Õ�V�Õ�Q�G�D�Q���G�D���E�H�Q�]�H�U���E�L�U���G�X�U�X�P���V�|�]���N�R�Q�X�V�X���R�O�X�S��������
���������� �G�H�÷�H�U�O�H�U�L�Q�G�H�Q�� ���� ������������ �G�H�÷�H�U�L�Q�H�� �Y�D�U�D�Q�� �E�L�U��
�D�U�W�Õ�ú�� �V�D�÷�O�D�Q�P�Õ�ú�� �Y�H���o�R�N�� �G�D�K�D�� �N�D�U�D�U�O�Õ�� �E�L�U�� �H�O�H�N�W�U�R�W��
�G�D�Y�U�D�Q�Õ�ú�Õ���H�O�G�H���H�G�L�O�P�L�ú�W�L�U�� 
 
5. �7�(�ù�(�.�.�h�5  
 
�%�X�� �o�D�O�Õ�ú�P�D�\�D�� �������0�������� �Q�R�O�X�� �S�U�R�M�H�� �N�D�S�V�D�P�Õ�Q�G�D��
�\�D�S�P�Õ�ú�� �R�O�G�X�N�O�D�U�Õ�� �I�L�Q�D�Q�V�D�O�� �N�D�W�N�Õ�O�D�U�Õ�Q�G�D�Q�� �G�R�O�D�\�Õ��
�7�•�U�N�L�\�H�� �%�L�O�L�P�V�H�O�� �Y�H�� �7�H�N�Q�R�O�R�M�L�N�� �$�U�D�ú�W�Õ�U�P�D��
�.�X�U�X�P�X�Q�D�����7�h�%�ø�7�$�.���¶�D���W�H�ú�H�N�N�•�U���H�G�H�U�L�]�� 
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Abstract 
 
Traditionally process planning, scheduling, and due-date assignment functions are applied sequentially and 
�V�H�S�D�U�D�W�H�O�\�����6�L�Q�F�H���W�K�H�V�H���W�K�U�H�H���I�X�Q�F�W�L�R�Q�V���D�I�I�H�F�W���H�D�F�K���R�W�K�H�U���D�Q�G���L�I���Z�H���G�R�Q�¶�W���L�Q�W�H�J�U�D�W�H�����W�K�H�Q���W�K�H�\���Z�L�O�O���E�H�F�R�P�H���S�R�R�U���L�Q�S�X�W��
for downstream and overall performance will be poor. In this competitive era, we must be competitive also. 
Integrating these functions will improve overall performance. In this study, we investigated the benefit of 
integration. We tested different integration level. First, we looked at unintegrated results and later step by step 
three functions are integrated and finally, we integrated these two functions with WATC (Weighted Apparent 
Tardiness Cost) Dispatching. In this study, we observed that as integration level increases the solution becomes 
better. Integrating due-date assignment or scheduling with process planning improves overall performance and if 
we integrate WATC dispatching with these two functions then we get the best performance. In addition to 
integration levels, we also compared the benefit of search techniques, especially genetic (directed) and hybrid 
(semi-directed) searches. At this study every customer has weight and they are scheduled by considering weights 
to improve performance value.  
 
Keywords: Due-date assignment, Process planning, Job shop scheduling, Genetic Algorithm, Hybrid Search 
 
 
1. INTRODUCT ION 
 

Traditionally process planning, scheduling, and 
due-date assignment functions are applied 
consecutively and individually. Hence the output 
of upper stream becomes input to downstream, we 
should not ignore effects of the upper stream and 
relations between them. If process planning 
applied individually then it does not consider 
about downstream and can select the repeatedly 
same desired machine. It would not produce 
alternative process plans in case of needs such as 
bottleneck situation and other unexpected 
occurrences like machine breakdown etc. Thus, 
preferred machines may have a bottleneck and 
other machines might have a shortage. In real life, 
individually prepared process plans may not be 
followed on the shop floor. Because of poor input 
to scheduling and due-date assignment, overall 
performance can be poor. If we want to improve 
overall performance in a competitive market, we 
need to integrate these functions. A study 
focusing on overall performance challenge on the 
level of integration will be promising. In this 
study, we tested different integration level. 
Initially, we tested an unintegrated solution, after 
that process planning is integrated with WATC 
dispatching, later we integrated due-date 
assignment with process planning and finally, we  

 
 
integrated WATC dispatching with these two 
functions and we observed that integration level 
increases the overall performance.  
 
If process plans are prepared independently, they 
can be poor input to downstream. If alternative 
plans are not prepared and process planners select 
same machines every time they want and if they 
do not consider machine breakdowns and other 
unexpected occurrences, prepared plans to 
become unrealistic at shop floor level and 20% to 
30% plans are not followed at shop floor level 
according to surveys. Repeatedly selected 
machines become a bottleneck and unselected 
machines become idle. 
 
�³�7�K�H���V�F�K�H�G�X�O�L�Q�J���S�U�R�E�O�H�P�V���L�Q�Y�R�O�Y�L�Q�J���G�X�H���G�D�W�H�V���D�U�H��
of permanent interest. In a traditional production 
environment, a job is expected to be completed 
before its due date. In a just-in-time environment, 
a job is expected to be completed exactly at its due 
�G�D�W�H�´��[1]. i.e. completion of any task before the 
due date is also a resource allocation problem in 
the just-in-time environment. It creates 
inventories and consumes valuable shop floor 
areas. 
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2. RELATED RESEARCHES 
 
On a literature search, we might see numerous 
work on the integration of process planning and 
scheduling (IPPS). Two functions are tried to be 
integrated and later we will mention literature on 
this integration with more details. We may solely 
provide an exact solution of the integrated 
problem for only small problems. But when we 
increase the size we need some other ways to find 
a better solution. If we look at the literature, we 
can see heuristic solutions to find a better solution 
to the problem. Since job shop scheduling 
problem is NP-hard problem, the integrated 
problem is even more complex. That's why some 
researchers split the problem into loading and 
scheduling subproblems. Initially, they select one 
of the alternative process plans and decides to load 
and later they decide to schedule according to 
selected routes of the jobs. Researchers tried to 
integrate these two functions to improve overall 
performance according to some criteria such as; 
earliness, tardiness, average work-in-process, 
average machine utilization etc.  
 
If we make a literature survey for late decades we 
can see extensive research on scheduling with due 
date assignment (SWDDA). SWDDA have 
received considerable attention in the last two 
decades due to the introduction of new operations 
management concepts and methods such as just-
in-time production and supply chain management. 
In traditional scheduling system, due dates are 
considered as exogenously given. However, in 
many practical situations, due dates are 
endogenously decided that considers the 
production system's ability to meet the quoted due 
dates. Many studies consider due date assignment 
as part of the scheduling process and show that 
how firms' ability to control due dates can be a 
major factor for improving their performance [2]. 
Some researchers investigated single machine 
scheduling with the due-date assignment 
(SMSWDDA) and some other researchers studied 
multiple machine scheduling with due date 
assignment (MMSWDDA). Lately, there is 
numerous work on schedule with due window 
assignment (SWDWA). In this case, researchers 
tried to determine due to the window instead of a 
due date. In the later case, starting time and size 
of the window are tried to be determined. In these 
problems, some objectives are tried to be 
minimized. These objectives (costs) can be 
earliness, tardiness, number of tardy jobs, due date 
cost, due window assignment cost etc. 
 
When we look at the literature on integration of 
process planning, scheduling, and due date 
assignment (IPPSDDA), we see few works on the 

integration of these three functions. Demir and 
Taskin [3] worked on a Ph.D. thesis on IPPSDDA. 
Demir et al. [4] presented benefit of integrating 
these three functions. They used genetic search, 
random search, and hybrid search to integrate 
these three functions and to find a good solution 
to the integrated problem. They compared these 
solutions with an ordinary solution and with each 
other. They tried to minimize weighted earliness 
and tardiness penalty. Ceven and Demir [5] 
integrated due date assignment with IPPS and 
tried to find benefits of integrating due date 
assignment with IPPS.  
 
If we look at literature in a detailed way and part 
by part, we can list the following works. Initially, 
if we mention about IPPS we can see mainly 
following studies: Tan and Khoshnevis [6] 
presented a good literature survey on IPPS. As a 
beginning, it will be useful to see a survey on 
IPPS. We can also give Li et al [7] and Phanden 
et al [8] as surveys on IPPS problem.  
 
In IPPS problems there are different flexibilities 
possible. These flexibilities are Operating 
Flexibility (OF), Process Flexibility (PF), Routing 
Flexibility (RF) and Operation Number 
Flexibility (ONF) Kim et al [9]. In this study we 
have RF and through genetic algorithm, we try to 
select better due date assignment method and 
WATC dispatching rule with better parameter and 
a better route for each job to get a better overall 
solution.  
 
For the earlier works on IPPS we can list 
following researches; Nasr and Elsayed [10], 
Usher [11], Jiang and Hsiao [12], Morad and 
Zalzala [13]. 
 
Since mathematical techniques are only possible 
for small sized problems, other methods are 
utilized to find a better solution for the IPPS 
problem. Artificial intelligent techniques such as 
genetic algorithms, evolutionary algorithms, 
multi-agents and neural network are some widely 
used solution techniques. Morad and Zalzala [13] 
used genetic algorithms in IPPS problem. Moon 
et al. [14] formulated IPPS as a mathematical 
model and used genetic-algorithm-based heuristic 
approach to obtain good approximate solutions 
for the problem in the multi-plants supply chain. 
Kim et al. [15] presented an artificial intelligent 
search technique called symbiotic evolutionary 
algorithm to handle the IPPS problem. Lee and 
Kim [16] used the simulation-based genetic 
algorithm in IPPS problem. Leung et al. [17] 
presented an ant colony optimization in an agent-
based system to integrate process planning and 
shop floor scheduling. Moon and Seo [18] 
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formulated IPPS as a mathematical model and 
developed evolutionary algorithm to solve the 
model. Shao et al. [19] studied IPPS problem and 
used modified genetic algorithm-based approach 
for this purpose. Li et al. [20] presented a new 
hybrid algorithm based approach to facilitate the 
integration and optimization of process planning 
and scheduling.  
 
Some other recent works on IPPS can be listed as 
Li et al. [21], Wang et al. [22], Seker et al. [23], 
Moon et al. [24], Guo et al. [25], Li et al. [26]. 
 
In this study, we have mentioned in several places 
about the benefit of flexible and alternative 
process plans. Now it is easier to prepare process 
plans by using computers and computer-aided 
process planning (CAPP) has been developed. 
Kumar and Rajotia [27] discussed the integration 
of scheduling with CAPP. 
 
The second part of the problem is SWDDA. This 
part of the problem studied extensively in the 
literature. Due dates can be determined externally 
or internally. Sometimes due dates are determined 
by the customer and sometimes we negotiate due 
date with the customer and determine the due date 
as a part of the problem. If due dates are 
determined externally we try to improve 
scheduling performance to minimize the sum of 
some cost objectives. If we can determine due 
date internally integrated with scheduling, we can 
get improved overall solution. Due-date 
determination methods used commonly in 
literature. Recent years many works are done on 
SWDDA. A survey of these works is given in the 
following part of this section. To be more 
competitive firms should make use of every new 
idea and technological developments and wisely 
determined due dates improve overall solution. 
 
According to the traditional approach, only 
tardiness is penalized but after JIT philosophy 
earliness is also punished. Earliness means every 
cost related to stock holding.  Studies show that 
tardiness still the major component in due-date 
related costs. There might be fixed and variable 
terms in tardiness cost. These costs represent price 
reduction, loss of customer goodwill and worst 
losing customer and good reputation. In this 
research, we penalized weighted earliness, 
tardiness, and due-date costs. 
 
If we look at the literature on SWDDA we can list 
mainly following researches. If we look at works 
in this area we can see that some works are 
conducted on single machine environments and 
some works are done on multiple machine 
environments. Machine environments can be flow 

shop, job shop, two machines, identical machines, 
different machines and n machines etc. In our 
research, we have n different machines and m jobs 
with 5 or 3 alternative process plans according to 
given shop size and 10 operations in each route. 
Each job is assigned a due date and performance 
of integrated process planning and due date 
assignment with a powerful dispatching rule 
WATC which has three different multipliers is 
tried to be improved. We assigned a due date for 
each job but many types of researches in the 
literature assign a common due date for the jobs. 
We can consider this cases as when finished or 
semi-assembled parts should be ready at the same 
time for final assembly. This time is the common 
due date for the semi-assembled or finished parts. 
Gordon et al. [28] made a good survey about 
scheduling with common due date assignment. 
 
If we give some literature for single machine case: 
Cheng et al. [29], Lin et al. [30], Nearchou [31], 
Xia et al. [32], Gordon and Strusevich [33] studied 
single machine scheduling with due date 
assignment with some variances. 
 
Following literature are some examples of 
multiple machine problems. Cheng and Kovalyov 
[34], and Lauff and Werner [35] studied multiple 
machine problems. In this investigation, we have 
multi-machines and multi-jobs each has its own 
due date.   
 
Although there is numerous work on SWDDA for 
a couple of decades, lately we can see many works 
on SWDWA. In the previous case we assign a 
due-date and penalize earliness or tardiness but in 
the latter case, we assign a due-window instead of 
a point. In this case, location and size of the 
window are important and these values should be 
determined. 
 
In addition to above one machine and multi-
machine case literature following works are also 
on scheduling with due date assignment. Li et al. 
[36], Zhang and Wu [37], Yin et al. [38] tried to 
assign due dates with scheduling. 
 
Lately, numerous works are done on SWDWA 
where due windows are assigned to jobs instead 
of due-dates. If jobs are completed within due-
window, no penalty occurs and if jobs are 
completed out of due windows then earliness or 
tardiness occurs. 
 
Cheng et al. [39], Yin et al. [40], Wang et al. [41], 
Ji et al. [42], and Yang et al. [43], studied 
scheduling with a due-window assignment with 
some variations.  
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In literature, there are variations of SWDDA, 
SWDWA problems. In some researches we can 
see the aging effect, deteriorating rate-modifying 
activity, learning and forgetting effect, 
controllable processing times, stochastic or fuzzy 
processing times, job dependent or job 
independent earliness and tardiness, batch 
delivery, single machine case, multi-machine case 
and problems with maintenance activity. 
Following literature are about variations of 
SWDDA and SWDWA problems.  Yang et al. 
[43], Yin et al. [38],  Cheng et al. [39], are some 
variations for SWDDA and SWDWA problems. 
 
3. PROBLEM DEF INITION 
 
We tried to integrate WATC dispatching rule with 
process planning and due-date assignment. There 
are alternative routes to improve overall 
performance and different due-date assignment 
methods are used to find better due dates. Instead 
of random scheduling, we integrated WATC 
dispatching rule with process planning and due-
date assignment as a powerful rule to improve 
overall performance. We have three shop floors; 
small, medium and large shop floors. In case of 
small and medium shop floors we have five 
alternative routes and for the large shop floor, we 
have three alternative routes to select from. One 
of these alternative routes is selected for 
downstream. We used five different due-date 
assignment methods which are TWK (Total 
Work), SLK (Slack), PPW (Processing plus 

Wait), NOP (Number of operations) and RDM  
(Random due assignment). Here first four rules 
are used for internal due date assignments and 
fifth rule RDM due-date assignment rule is used 
for external due-dates. By comparing internal 
due-date assignments with external due-dates we 
observed the benefit of integration of due-date 
assignments with other two functions. With 
different multipliers and constants, we totally 
used nineteen different due-date assignments. 
Here we used mainly two dispatching rules which 
are WATC dispatching and SIRO (Service in 
Random Order) dispatching rules. WATC 
dispatching rule is selected as a powerful 
dispatching rule and compared with SIRO 
dispatching rule which sequence jobs randomly. 
By selecting WATC and SIRO dispatching rules 
we observed the benefit of integration of powerful 
dispatching rules with other two functions. In this 
study, we compared twelve different solutions 
that use a different level of integrations and 
different search techniques. These solutions are 
explained in section five. 
 
We studied three shop floors as we mentioned 
these shops are small, medium and large shop 
floors. For instance, small shop floor has 50 jobs 
and 10 machines. Each job has five alternative 
routes and one of them should be selected. 
Processing times are randomly produced. 
Features of shop floors are given in Table 1 below. 
 

 
Table 1. Shop Floors 

Shop floor Shop floor 1 Shop floor 2 Shop floor 3 
# of machines 10 20 40 
# of Jobs 50 100 200 
# of Routes 5 5 3 
Processing Times M G 1  = 1 0 + (Z )  * 5 ,  M G2  = 1 2 + (Z )  * 6 ,  M G3  = 1 4 + (Z )  * 7 
# of op. per job 10 10 10 
 
Table 2. Probability of Selecting Machine Groups 

SF R\MG MG1 MG2 MG3 

SF1, SF2 

R1 0,8 0,1 0,1 
R2 0,6 0,25 0,15 
R3 0,33 0,33 0,34 
R4 0,2 0,3 0,5 
R5 0,1 0,2 0,7 

SF3 
R1 0,7 0,2 0,1 
R2 0,33 0,33 0,34 
R3 0,2 0,2 0,6 

SF= Shop Floors, R=Route, MG=Machine 
Group,  
 

Table 2 shows the probability of selecting 
machine groups. Every job has 10 operations and 

operation time changes according to the machine 
groups. Machine Group-1 (MG1) represents 
relatively new (modern) machines whereas MG2 
represents average machines and MG3 represents 
relatively old machines.  
 
We penalized earliness and tardiness with a fixed 
and variable cost. Earliness and tardiness and due-
dates are penalized linearly. Each job is also 
punished according to its weight. We assumed 
one shift per day and 8 hours * 60 minutes = 480 
minutes are considered as one day. Due dates are 
punished with the weight of given job times 
constant coefficient 8 times due-date. Earliness is 
punished with a fixed cost 5 plus 4 times earliness 
and multiplied with the weight of the given job. 
Tardiness is punished with a fixed cost 10 plus 12 
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times tardiness in terms of the day are occurred 
and multiplied with the weight of the given job. 
Penalty functions of due-date, earliness and 
tardiness are given below: 
 

   (1) 

  (2) 

  (3) 

    (4) 

      (5) 

Where,  
Dj = Due-date of job j 
Ej = Earliness of job j 
Tj = Tardiness of job j 
PDj = Penalty for Due-Date for job j 
PEj = Penalty for Earliness for job j 
PTj = Penalty for Tardiness for job j 
Wj = Weight of Job j 
Pj = Total penalty occurred for a job 
TP = Total penalty occurred for all the jobs totally 
 
4. SOLUTION TECHNIQUES 
 
In this research, we compared genetic, random, 
and hybrid searches. For small shop floor we 
made 200 iterations, for medium shop floor we 
applied 100 iterations and for the large shop floor, 
we applied 50 iterations. Best results of these 
iterations are recorded as the solution of genetic, 
hybrid and random searches. 
 
Random Search: This is an undirected search 
and scans solution space randomly. As iteration 
goes on marginal benefits of this search gets 
smaller. We have less chance to find a better 
solution than up to date best solution. We do not 
get the benefit of earlier iterations always we 
produce brand new solutions randomly and 
compare these solutions with previous solutions 
and record best solutions ever found as updated 
new population.   
 
Genetic search: This search is directed search. It 
uses the previous population and uses crossover 
and mutation operator. Here better chromosomes 
have a higher probability to be selected for 
crossover and mutation operators to produce new 
offspring. Since this search uses best solutions 

found and can get the benefit of earlier iterations, 
it is called directed search and scans solution 
space around best solutions found. 
 
At every iteration (generation) six new offspring 
(chromosomes) are produced using crossover 
operator and four new off springs are produced 
using mutation operator. From old population, 
crossover and mutation populations, best ten 
chromosomes are selected as the new population. 
We repeat iterations until predetermined value. 
At the following Figure 1, a sample chromosome 
(solution) is given. We have (n+2) genes in each 
chromosome and the first gene is for due-date 
assignment, the second gene is for dispatching 
rule and rests are for routes of each n jobs. 
 

 
Figure 1. Sample chromosome 
 

Hybrid Search: Since random searches are only 
useful at the very beginning of the hybrid 
algorithms, we applied %5 random iterations and 
later we applied %95 genetic iterations. 
According to the results, the hybrid search is 
found promising search technique. 
 
Due dates were assigned using mainly five 
different types of rules. Considering different 
constants and multipliers the first gene took one 
of nineteen values. These rules are first TWK  rule 
where total processing times are multiplied by 1 
or 2 or 3 to find the due-date of given job. SLK 
stands for slack and due-date are found by adding 
some constant to the total processing time of given 
job. Slack constants are used as q1=Pav/2, q2=Pav, 
q3=3*Pav/2. Pav (mean processing time of all job 
waiting), PPW technique is a hybrid of TWK and 
SLK techniques, NOP technique assigns due-date 
as multiplying total processing time with a 
predetermined number. Finally, RDM due date 
assignment rule assigns due-dates randomly. 
According to RDM technique, these dates are 
found by using normal distribution ([N~ (3*Pav, 
(Pav/2 )2)]) with mean 3*Pav and variance (Pav/2)2. 
Due date assignment rules are given in Table 3. 

 
Table 3. Due-Date Assignment Rules 

Method Multiplier k Constant qx Rule no: 
TWK k = 1,2,3  1,2,3 
SLK  qx = q1, q2, q3 4,5,6 
PPW k =1,2,3 qx = q1, q2, q3 7,8,9,10,11,12, 13,14,15 
NOP k = 1,2,3  16,17,18 
RDM   19 

DD DR R1j R2j . . . R nj 

Where  
DD: Due date assignment gene 
DR: Dispatching rule gene 
�5���Q�M���������M�¶�W�K���U�R�X�W�H���R�I���M�R�E���Q 
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According to the Table 4, Four dispatching rules 
are given. We have mainly two dispatching rules 
and with different multipliers, we have four rules 
and the second gene in a chromosome takes one 
of these four values. 
 
Table 4. Dispatching Rules 

Method Multiplier Rule no 
WATC k x =1,2,3 1,2,3 
SIRO  4 

 
5. SOLUTIONS COMPARED 
 
WATC -DUE (Random, Genetic, Hybrid): In 
this solution, three functions, process planning, 
scheduling and due-date assignment are 
integrated. We tested random, genetic, and hybrid 
search solutions in this step. Genetic and hybrid 
searches are found superior to the random search. 
Since this is the highest level of integration best 
results are obtained at this level. 
 
SIRO-DUE (Random, Genetic, Hybrid): In this 
case, we integrated process planning with the due-
date assignment, but sequencing and scheduling 
performed randomly.  
 
WATC -RDM (Random, Genetic, Hybrid): 
Here WATC scheduling is integrated with process 
plan selection but due dates are determined 
randomly. 
 
SIRO-RDM (Random, Genetic, Hybrid): In 
this case, process plan selection is performed 
unintegrated with scheduling and due-date 
assignment. Jobs are sequenced randomly, and 
due dates are determined externally.  
 
We compared twelve cases to determine the 
benefit of integration levels and directed and 
undirected searches. As it can be seen at the 
experimentation part as integration level increases 
solution becomes better. Totally integrated level 

found as the best level and totally unintegrated 
level found as the poorest level. We also observed 
that directed search outperforms undirected 
search. So, we propose to integrate three functions 
as much as possible and to use genetic or hybrid 
searches to find a satisfactory solution. 
 
6. EXPERIMENTS AND RESULTS 
 
We integrated three functions, process plan 
selection, scheduling and due-date assignment. 
We applied genetic, hybrid and random searches 
to find a good solution. We coded integrated 
problem, process plan selection, scheduling, due-
date assignment, random search, and genetic 
search and hybrid searches by using C++ 
language and tested the problem on a notebook 
with 2 GHz processor. For three shop floors, we 
applied given several genetic, random or hybrid 
iterations.  
 
We integrated three functions step by step and 
observed solutions. Solutions became better as 
integration level increased. First, we tested 
unintegrated cases, after that, we integrated 
WATC dispatching with process plan selection, 
later we integrated due-date assignment with 
process planning and finally, we integrated three 
functions.  
 
We tested three shop floors for twelve cases and 
observed the following results given in table 5 and 
Figure 2, 3, and 4. If we look at the results 
directed, and hybrid searches gave best results 
compared to the random search. Most of the time 
genetic search is found best, sometimes hybrid 
search is outperformed genetic search and random 
search is found the poorest. 
 
Performance measure here in Table 5 is the total 
penalty occurred for all the jobs in terms of 
weighted earliness, tardiness, and due date related 
costs. 
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Table 5. Comparison of Twelve Types of Solutions for Small, Medium and Large Shop Floors 
Shop Floor 1 

  SIRO-RDM WATC-RDM SIRO-DUE WATC-DUE 

  Best Avg. Worst Best Avg. Worst Best Avg. Worst Best Avg. Worst 

RS 597,2 607,1 615,1 540,3 544,9 547,8 556,6 564,5 569,4 518,7 529,8 539,0 

GA 529,3 536,2 539,1 464,7 474,7 478,9 480,3 489,2 493,5 432,3 438,2 441,6 

HS 539,1 545,7 549,4 458,4 464,1 468,0 525,7 531,7 534,8 460,4 464,4 467,1 

Shop Floor 2 

  SIRO-RDM WATC-RDM SIRO-DUE WATC-DUE 

  Best Avg Worst Best Avg Worst Best Avg Worst Best Avg Worst 

RS 1291,0 1295,6 1298,9 1154,7 1174,5 1185,8 1156,0 1188,6 1199,7 1099,5 1121,1 1132,6 

GA 1195,7 1209,2 1216,1 1107,3 1111,8 1114,4 1087,4 1099,7 1105,2 987,2 992,9 995,8 

HS 1201,1 1204,5 1208,1 1072,9 1083,0 1086,9 1104,0 1109,8 1112,7 996,3 1008,0 1013,7 

Shop Floor 3 

  SIRO-RDM WATC-RDM SIRO-DUE WATC-DUE 

  Best Avg Worst Best Avg Worst Best Avg Worst Best Avg Worst 

RS 2681,0 2706,1 2720,6 2423,7 2439,1 2446,8 2450,3 2481,0 2500,3 2317,9 2369,1 2396,7 

GA 2601,3 2608,6 2616,9 2340,6 2343,3 2345,3 2300,0 2317,6 2322,5 2135,0 2141,6 2147,1 

HS 2575,9 2593,3 2601,0 2319,1 2331,1 2337,2 2352,3 2374,4 2385,6 2233,9 2253,3 2261,5 

 
Similar results are obtained for medium and larger shop floors and full integration with genetic search mostly gave 
the best results. Sometimes hybrid search gave best results in intermediate integrated levels and best result for the 
largest shop floor for the fully integrated level. 
 

  
Figure 2. Small shop floor results 

 
Figure 3. Medium shop floor results 

 

 
Figure 3. Large shop floor results 
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7. CONCLUSIONS 
 
In this study, we studied the integration of three 
functions; process planning, scheduling and due-
date assignment gradually. When we reviewed the 
literature, there are some studies on integrated 
process planning and scheduling and on 
scheduling with the due-date assignment. But 
there are not so many studies on integrating these 
three functions. In this research, we focused on 
these integrations. We tested unintegrated 
solutions and then we integrated three functions 
one by one and finally we integrated these two 
functions with scheduling using WATC 
dispatching. 
 
As we mentioned earlier we tested different 
integrations on each level and we integrated these 
three functions gradually. Initially, we tested 
unintegrated combinations. When we observed 
the results, we identified that unintegrated 
solution is the poorest solution. After that, we 
integrated WATC dispatching with process plan 
selection, but due dates are determined randomly. 
Later we integrated due-date assignment with 
process plan selection and still, we used random 
scheduling which represents unintegrated 
scheduling. Finally, we integrated three functions. 
The fully integrated version has been found as the 
best level of integration. 
 
According to literature survey, we observe that 
integrating process planning and scheduling 
increases overall performance and has many 
benefits according to unintegrated solutions. 
There are numerous studies has been done in this 
area. Also, there are numerous studies on 
scheduling with the due-date assignment. And 
concurrent due-date assignment and scheduling 
also increases overall performance and provide 
substantial benefits. When we consider 
integrating these three function we have not found 
so many studies in this area. This research focused 
on proving the benefit of integration and results 
showed that integrating these three functions is 
very lucrative. In this research, we also observed 
that searching for a better solution is very useful 
and we found that the genetic and hybrid searches 
outperform the random search. As a summary, we 
found that as integration level increases solution 
becomes better and search for a better solution is 
very useful and directed search always 
outperforms undirected search. In the smallest and 
medium shop floors, generally genetic search 
gave the best result for the inttermadiate and fully 
integrated levels. Hybrid search is found a 
promising search technique and gave better 
results for some intermediate levels and at the 
largest shop floor, generally hybrid search gave 

better results compared to the genetic search. If 
we do not integrate these functions, then each 
function tries to get local optima and does not 
focus on overall optimum. Since earlier functions 
are input to later functions unintegrated solution 
produce poor inputs to downstream functions. 
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Abstract 
 
The study was conducted to determine plants possibly toxic-hazardous to animals in the floristic composition of 
a natural pasture protected from grazing for long years. The study area was a 30 hectares area located in the 
military garrison of the Tokat province, on which studies were carried out between the years 1993-2012. In the 
floristic composition of the study area, 211 plant species belonging to 37 families and 132 genera were 
identified. 53 species, which make up 25.1% of the species identified and which belong to 19 families and 36 
genera were recognized as possibly toxic-hazardous to animal health and products due to the chemicals they 
contain. The weight of toxic-hazardous plants in the total dry herbage yield (12.025 kg ha-1) of the study area 
was 12% in total (approximately 1.440 kg ha-1), of which 10% came from 13 plants belonging to the legumes 
family and 2% came from 40 plant species belonging to 18 other families. 
 
Keywords: Protected pasture, floristic composition, toxic-hazardous plants, alkaloid, glycoside, other chemicals. 
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�%�X�Q�O�D�U�Õ�Q�� �V�D�\�Õ�V�D�O�� �R�O�D�U�D�N�� �����������¶�L�Q�L�� �R�O�X�ú�W�X�U�D�Q�� ������ �I�D�P�L�O�\�D�\�D�� �Y�H�� ������ �F�L�Q�V�H�� �D�L�W�� ������ �W�•�U�•�Q�� �L�o�H�U�G�L�N�O�H�U�L�� �N�L�P�\�D�V�D�O�O�D�U�G�D�Q��
�G�R�O�D�\�Õ���K�D�\�Y�D�Q�O�D�U�Õ�Q���V�D�÷�O�Õ�÷�Õ�Q�D���Y�H���•�U�•�Q�O�H�U�L�Q�H���]�H�K�L�U�O�L-�]�D�U�D�U�O�Õ���R�O�D�E�L�O�H�F�H�÷�L���E�H�O�L�U�O�H�Q�P�L�ú�W�L�U�����$�U�D�ú�W�Õ�U�P�D �D�O�D�Q�Õ�Q�G�D�N�L���W�R�S�O�D�P��
�N�X�U�X�� �R�W�� �Y�H�U�L�P�L�� ���������������� �N�J���K�D���� �L�o�L�Q�G�H�N�L�� �]�H�K�L�U�O�L-�]�D�U�D�U�O�Õ�� �E�L�W�N�L�O�H�U�L�Q�� �D�÷�Õ�U�O�Õ�÷�Õ�Q�Õ�Q�� �������¶�X�Q�X�� ���\�D�N�O�D�ú�Õ�N�� ������������ �N�J���K�D����
�E�D�N�O�D�J�L�O�� �I�D�P�L�O�\�D�V�Õ�Q�Õ�Q�� �������� �����¶�V�L�Q�L�� �L�V�H�� �G�L�÷�H�U�� ������ �I�D�P�L�O�\�D�\�D�� �D�L�W�� ������ �E�L�W�N�L�� �W�•�U�•�� �R�O�P�D�N�� �•�]�H�U�H�� �W�R�S�O�D�P�� �������¶�V�L�Q�L��
�R�O�X�ú�W�X�U�G�X�÷�X���K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õr. 
 
Anahtar kelimeler: Korunan mera, floristik kompozisyon, zehirli-�]�D�U�D�U�O�Õ���E�L�W�N�L�O�H�U�����$�O�N�D�O�R�L�G�����J�O�L�N�R�]�L�W�����G�L�÷�H�U���]�D�U�D�U�O�Õ��
maddeler. 
 

 
1. INTRODUCTI ON 
 

Ecologically, natural pastures are the most 
�L�P�S�R�U�W�D�Q�W�� �Q�D�W�X�U�D�O�� �U�H�V�R�X�U�F�H�� �R�I�� �W�K�H�� �H�D�U�W�K�¶�V�� �V�X�U�I�D�F�H��
and as organic areas where artificial fertilizer or 

�S�H�V�W�L�F�L�G�H�V���D�U�H�Q�¶�W���X�V�H�G�����W�K�H�\���D�U�H���Q�R�W�K�L�Q�J���O�H�V�V���W�K�D�Q���W�K�H��
child of the soil to which they hold on and belong.  
 
 
In terms of vegetative and animal production, 
pastures are the most economic spaces to meet the 
need for quality roughage for animals. However, 
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due to years of excessive and uncontrolled grazing, 
their. 
2. MATERI AL AND METHODS  
 
The study was conducted on an area protected from 
grazing of approximately 30 hectares with a 23% 
slope, located within the borders of the Tokat 
�3�U�R�Y�L�Q�F�H�� �����W�K�� �,�Q�I�D�Q�W�U�\�� �%�U�L�J�D�G�H�� �W�H�U�U�L�W�R�U�\�� �������ƒ��
�����¶�����������´���1���������ƒ�����¶�����������´���(�����D�Q�G�����������P���D�E�R�Y�H���V�H�D��
level). The research includes the period between 
1993-2012 (19 years). 
 
The total annual amount of precipitation for long 
years of the survey area is 445.5 mm, average 
�W�H�P�S�H�U�D�W�X�U�H���� ���������� �ƒ�&�� �D�Q�G�� �W�K�H�� �U�H�O�D�W�L�Y�H�� �K�X�P�L�G�L�W�\�� �L�V��
62.2% [27]. 
 
Soil samples taken from 0-40 cm depths of the 
research area were analyzed at the Tokat Soil and 
Water Resources Research Institute. The soils were 
slightly alkaline (pH: 7.3-7.7), medium saline 
(0.072-0.084%), medium limey (CaCO3: 87-92 kg 
ha-1), phosphorus deficient (P2O5: 11.1-13.2 kg 
ha-1), potassium sufficient (K2O: 580-661 kg ha-1) 
and at a medium level (16.61-21.61% kg ha-1) in 
terms of organic substances [28]. 
 
Identification of plants that create floristic 
composition was carried out on the field, in the 

laboratory and at the Faculty of Sciences in Ankara 
Gazi University. 
 
The fundamental material of the study was plants 
found in the floristic composition designated by 
research carried out the period between the 1993-
2012. The research area was monitored weekly 
particularly in the spring and summer months when 
flowering and seeding increased. As all plants could 
not be identified at the pasture, samples taken from 
plants were carried to the laboratory after being 
assigned a number and name, their herbariums were 
made and they were rendered ready for 
identification. All plants were identified at the 
Gaziosmanpasa University Agriculture Faculty 
Field Crops and Crop Protection Department and 
the Gazi University Sciences Faculty Biology 
Department. 
 
3. RESULTS 
 
As a result of the research conducted, 211 plant 
species belonging to 37 families and 132 genera 
were identified. By performing a literature research 
on the identified plants; 53 species possibly toxic-
hazardous to animals, belonging to 19 families and 
36 genera, were discovered in the floristic 
composition of pastures in the ecological conditions 
of Tokat and these were listed in Table 1. 

 
Table 1. Toxic-harmful plants identified in the research area and chemicals they contain 
Latin names Contains chemical substances 
Asteraceae (Compositae)  

Anthemis altissima L. Alkaloid, Flavonoid 
Anthemis tinctoria var. tinctoria 
L. 

Alkaloid, Flavonoid 

Artemisia santonicum L. Taurisin (Glycosid) 
Centaurea depressa Bieb.  Santaurin, Sianin, Sikorin (Alkaloid) 
Centaurea iberica 
Trev.&Sprengel 

Santaurin, Sianin, Sikorin, Pelargonin (Alkaloid) 

Centaurea virgata Lam. Santaurin, Sianin, Sikorin, Pelargonin (Alkaloid) 
Cichorium intybus L. For milk bitter substance 
Senecio vernalis Walds&Kit Pyrrolizidine, Yakobin, Yakonin, Silvasenesin (Alkaloid) 
Xeranthemum annuum L. Xanthostruman (Alkaloid) 

Boraginaceae   
Anchusa leptophylla 
Roem.&Schul. 

Saponin 

Cerinthe minor L. Saponin 
Brassicaceae (Cruciferae)  

Capsella bursa pastoris (L.) 
Medik. 

Bursin (Alkaloid), Kolin, Astilkolin, Hiposin (Glycosid), Saponin 

Descurania sophia (L.) 
Webb&Pra. 

Kumarin, Flavonoid 

Fibigia eriocarpa (DC.) Boiss. Glycosid 
Caryophyllaceae  

Dianthus orientalis Adams Saponin 
Convolvulaceae  

Convolvulus lineatus L. Konvolvulin (Glycosid) 
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Cuscutaceae 
Cuscuta arvensis 
Beyrich&Engelm. 

Konvolvulin (Glycosid) 

Euphorbiaceae  
Euphorbia helioscapi L. Resin, Resinoid, Hemidin, Tanen 

Fabaceae (Leguminosae)  
Astragalus brachypterus Fischer Saponin 
Astragalus coodei Chamb Saponin 
Astragalus hamosus L. Saponin 
Astragalus humillinus 
Freyn.&Sint. 

Saponin 

Astragalus leontinus Wulfen Saponin 
Astragalus lycius Boiss. Saponin 
Astragalus nitens Boiss.&Heldr. Saponin 
Coronilla orientalis Lois Coronillin (Alkaloid) 
Coronilla varia L.  Coronillin (Alkaloid) 
Melilotus alba Desr. Alkaloid, Kumarin 
Melilotus officinalis (L.) Desr. Alkaloid, Kumarin 
Psoralea bituminosa L Alkaloid, Kumarin 
Trifolium repens L. Siyanojenik (Glycosid) 

Hypericaceae (Guttiferae)  
Hypericum aviouloriifolium 
J&Spa. 

Hypericine (Light sensitive pigment), Flavon heterozit 

Hypericum perforatum L. Hypericine (Light sensitive pigment), Flavon heterozit 
Hypericum sp. L. Hypericine (Light sensitive pigment), Flavon heterozit 

Liliaceae   
Colchicum autumnale L. Colchicine (Alkaloid), Colchamine (Glycosid), Saponin 
Ornithogalum alpigenum Stapf Colchicine (Alkaloid)  
Ornithogalum sp. L. Colchicine (Alkaloid) 

Papaveraceae  
Fumaria officinalis L. Fumarin, Kriptokavin (Alkaloid), Fumar acit 
Fumaria parviflora Lam. Fumarin, Kriptokavin (Alkaloid), Fumar acit 
Papaver dubium L Antochianin, Rhoadin Rhoesin (Alkaloid), Morfin, Tebain, 

Isoquiroline 
Polygonaceae  

Polygonum aviculare L. Light sensitive pigment in cows 
Rumex acetosella L. �5�X�P�L�V�L�Q�����+�Õ�U�Õ�]�R�U�R�E�L�Q��-root- (Glycosid), Potasyum oksalat acit 

Primulaceae  
Anagallis arvensis L. Cyclamen (Glycosid), Saponinli, bitter substance, Primveraz enzim 

Ranunculaceae  
Adonis aestivalis L. Adonitoksin, Simarin (Alkaloid), Adonin (Glycosid), Saponin 
Adonis vernalis L. Adonitoksin, Simarin (Alkaloid), Adonin (Glycosid), Saponin 
Ranunculus arvensis L �5�D�Q�X�Q�N�X�O�L�Q���R�L�O�����3�U�R�W�R�D�Q�H�P�R�Q�L�Q���X�o�X�F�X���R�L�O 
Ranunculus isthmicus Boiss �5�D�Q�X�Q�N�X�O�L�Q���R�L�O�����3�U�R�W�R�D�Q�H�P�R�Q�L�Q���X�o�X�F�X���R�L�O 

Rubiaceae  
Galium verum L. Saponin 

Scrophyllaceae  
Digitalis lamarckii Ivan Digitalis, Digitoxin, Digoxin, Gitoksin (Glycosid) 

Solanaceae  
Hyoscyamus niger L. Hyosiyamin, Atropin, Skipolamin (Alkaloid), Solanidine (Glycosid) 

Umbelliferae (Ammiaceae)  
Artedia squamata L. Saponin 

Zygophyllaceae  
Peganum harmala L.  Alkaloid, Saponin, Flavonoid  
Tribulus terrestris L. Floeretrin pigment (Glycosid), Resin 
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3.1. Plants Harmful to Animal Health  
 
Plants which cause bio-chemical or physiological 
changes in animals when eaten are scientifically 
and technically called toxic-hazardous plants. 
Because these plants poison and kill animals, they 
are defined as the most important weed encountered 
in pastures [3]. 

Classifying plants as toxic-nontoxic is rather 
difficult. Some plants are toxic on certain periods of 
the year and during certain developmental stages. 
Some plants have no negative effects as long as 
they are not solely used and can be used with other 
plants in rations [18]. 
Situations in which animals exhibit; 
- Sudden sickness without a known reason 
- Acute nervous system disorders in certain animals 
in the flock, 
- Fast and extreme weight loss accompanied by 
digestive system disorders, 
- Fast heartbeat, gastroenterological disorder, 
- General stress and tendency to defecate frequently 
and 
- Severe weariness, a state of coma, lying down and 
difficulty breathing, these are when one must 
suspect that the animals have been poisoned and 
take the necessary precautions [3]. 
 
3.2. Plants Containing Toxic Substances 

Poisonous to Animals 
 
Certain chemical substances which plants 
themselves produce or take in by absorbing plant 
nutrients lead to poisoning when digested by 
animals. These chemicals have been summarized 
below. 
 
3.2.1. Alkaloid  
 
Amine, which is naturally produced by the plant, 
contains complex compounds like morphine, 
nicotine, strychnine, ephedrine, codeine and quinine 
in its structure; has a direct impact on the nervous 
system and liver upon consumption by humans and 
animals, and is generally known for its addictive 
properties. Alkaloids are the most commonly 
encountered toxic substances in plants and when 
consumed can affect the brain and spinal cord, 
cause nervous system disorders and sudden death 
[20,29] 23 plant species with alkaloids were 
identified in the research area and were presented in 
Table 1. 
 
3.2.2. Glycosides 
 
Glycosides are the first substances to be produced 
as a result of photosynthesis and is the general term 
used for glycose compounds. They include many 

pigments that dissolve in water and alcohol. The 
cyanide ion, which is formed when glycosides are 
digested in the rumen thanks to bacteria activities, 
easily enters the blood stream to combine with 
hemoglobin and forms a cyanohemoglobin complex 
which cannot carry oxygen.  The animal dies due to 
disruption of respiration [20,30]. The 14 plants 
containing glycoside in the research area were 
listed in Table 1. 
 
Saponin Glycosides: These are steroid glycerides 
which increase surface tension by forming 
persistent lather when shaken with water and for 
this reason they are used to hold water insoluble 
substances in the emulsion or suspension state, and 
they also cause the breakdown of red blood cells 
[20,31]. If eaten by animals, they lead to poisoning 
characterized by vomiting, ache, diarrhea, 
hypersalivation and suffocation [32]. 18 plants 
containing saponin were identified in the research 
area and were presented in Table 1. 
 
Coumarin Glycosides: They cause poisoning 
which manifests as generalized and heavy 
interstitial bleeding brought on by suppression of 
the potassium vitamin synthesis [20,33]. Plants 
containing coumarin in the research area were: 
Descurania sophia, Melilotus alba, Melilotus 
officinalis and Psoralea bituminosa (Table 1). 
 
3.2.3. Other Chemical Substances 
 
Oxalates: Not many plants contain these 
substances in hazardous levels. Oxalates show their 
toxic effect by binding calcium, thereby altering the 
balance of blood. When taken in great amounts, 
they cause damage to the kidneys and bone 
degeneration in monogastric animals [16]. When 
animals are given calcium supplements these 
negative effects are eliminated [20]. The only plant 
containing oxalate in the research area was 
identified as Rumex acetosella and was given in 
Table 1. 
 
Resins-Resinoids: The best known is 
andromedotoxin (acetotoxin). It is generally found 
in English Roseum (Rhododendron sp) species 
together with ericolin and rhododentrin. It is mixed 
into honey via honey bees especially in the West 
Black Sea Region [7]. A different plant group rich 
in resin and Resinoids is the mole plant (Euphorbia 
sp.) species. The milk of animals who eat this plant 
turns pink and acquires burning, reddening, lapactic 
and nauseant properties due to the polyhydric 
diterpene esters it contains. Deaths can also be 
observed in offspring who drank the milk of an 
animal feeding on mole plant.  Euphorbia 
helioscapi and Tribulus terrestris were identified as 
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plants containing resin and Resinoids in the 
research area and were presented in Table1. 
Photosensitizing agents: These substances are 
pigments which cause toxic reactions towards light. 
The most important is phylloerythrin, an end-
product of chlorophyll metabolism. Liver disorders 
further enhance the impacts of this substance [16]. 
Due to the red flower pigment called hypericin 
found in Hypericum species, in a few weeks skin 
deformations and inflammations together with 
injuries can be observed in non-pigmented skin 
fragments exposed to sunlight in animals who eat 
these plants [9]. Hypericum species and Polygonum 
aviculare, plants containing photosensitizing agents 
in the research area, were listed in Table 1. 

 
Phenolic Compounds: These are secondary 
metabolites widely distributed in plants. They 
protect the plant against insects and pests. Phenolic 
compounds in plants are divided into two groups, 
which are phenolic acids (phlounoids, isoflounoids, 
tocopherols) and flavonoids (anthocyanins being 
the most important). Phenolic compounds may 
contribute to the taste and aroma of many plant-
based foods. They are the source of bitterness and 
acerbity in foods. A wide group of flavonoids are 
also responsible for the color of foods. 
Anthocyanins, which are in the flavonoids group, 
are natural color substances and are responsible for 
the pink, red, blue and purple colors of vegetables, 
fruits, juices and wines [20,26,34]. These 
compounds become oxidized and when combined 
with aminoamides they decrease the usability of 
certain minerals and nutrients; the end products 
cause an unwanted dark color in feeds [12,19]. 
Anthemis altissima, Anthemis tinctoria var. 
tinctoria, Descurania sophia and Peganum harmala 
were identified as plants containing flavonoid in the 
research area (Table 1). 
 
3.3. Substances Reducing Feed Quality 
 
Certain chemicals which plants themselves produce 
or take in by absorbing from plant nutrients do not 
directly cause poisoning when digested by animals 
but reduce the quality of animal products, thus are 
undesired. These chemicals have been explained 
below. 
 
3.3.1. Tannins 
 
Also known as tannic acid. Tannins are 
polyphenolic compounds and are used to describe 
formless (amorphous) substances in the shape of 
pale yellow to light brown powder, flake or spongy 
mass, which can be found in the seeds of colza, tea 
and especially legumes [35]. They lessen 
tastefulness due to their bitter taste and complicate 
cellulose digestion [13]. Euphorbia helioscapi was 

determined as a tannin-containing plant in the 
research area (Table 2). 
3.3.2. �0�L�Q�H�U�D�O���0�D�W�H�U�L�D�O���ø�U�U�H�J�X�O�D�U�L�W�L�H�V 
 
For animals to develop healthily and be profitable, 
mineral substances in the feed they consume should 
be sufficient. As many different species can be 
found within pasture and forage crops, the 
vegetation generally has a wide mineral substance 
composition. However, health problems which can 
arise from mineral substance sufficiency may also 
be caused by their overabundance. For this reason, 
mineral substances within plants in the vegetation 
must be adequate and balanced [5]. Among mineral 
substances; sodium, cobalt, fluorine and selenium 
stand out concerning the pastures of our country. 
Sodium is an important element for the 
development of halophytes. The sodium ratio of 
pasture plants depends on the proximity of the 
cultivation site to the sea, irrigation water and soil 
properties and the ability of plant species to absorb 
this element. In cases where pasture plants fail to 
meet sodium requirements, this need may be 
fulfilled by adding sodium salts to the ration [11]. 
Excessive cobalt in pastures is poisonous for plants; 
whereas, if plants do not have sufficient cobalt in 
their system this can lead to inappetence and 
eventually death in ruminants. Cobalt deficiency 
can be compensated with 250-500 g cobalt sulfate 
applications to each hectare [2]. An overabundance 
of the fluorine element causes abnormal bone 
growth and teeth loss in animals. High levels of 
selenium have diverse negative effects on animal 
metabolism and organism, and cause nail 
malformations, fleece and hair loss as well as tooth 
diseases. On the other hand, deficiency of selenium 
in the ration leads to sterility and white muscle 
disease in animals [11]. Furthermore, low 
magnesium absorption in ruminants as a result of 
excessive consumption of green herbage or low 
magnesium absorption from feeds give rise to the 
sickness called grass tetany characterized by severe 
muscle contractions, cramps and hemiplegia. As a 
precaution, animals are generally given MgO of 50 
grams [36]. 
 
4. DISCUSSION 
 
When compared to many other countries, Turkey is 
home to important plant diversity. Turkey contains 
more than 9000 taxa of plants, including 
approximately 500 plants used in health, cosmetics 
and for other purposes [1]. In addition to their 
medical usage, some can also cause toxic reactions. 
Particularly people living in rural areas who do not 
have knowledge of plants can be subjected to these 
reactions. Moreover, these incidences generally 
occur in pasture areas. Excessive and uncontrolled 
grazing causes especially the plant covers of 
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pastures to divert from their original composition, 
besides giving rise to plant communities containing 
�W�R�[�L�F�� �F�K�H�P�L�F�D�O�V�� �Z�K�L�F�K�� �D�Q�L�P�D�O�V�� �G�R�Q�¶�W�� �Z�D�Q�W���� �K�D�Y�H��
difficulty eating and which could also harm humans 
if consumed or contacted. A wide range of 
poisoning types can be observed in animals who 
consume these plants [14]. Additionally, these 
chemicals negatively affect the quality of the milk, 
and the fleece and wool yield of livestock. 
 
It is possible to say that the research area is rich in 
terms of plant diversity. However, plants listed in 
Table 1 relatively reduce herbage quality of the 
pasture area. In numbers, 53 of the 211 species, i.e. 
25% included negativity for animals and their 
weight in the total herbage yield (1.443/12.025 kg 
ha-1) was approximately 12%. Plants posing a risk 
to animals are the ones that animals eat 
unconsciously while grazing. These plants can both 
cause poisoning due to the chemicals they contain 
and can also lead to a decrease in plant diversity by 
turning into invader plants in the pasture in time. 
�:�K�D�W�¶�V���P�R�U�H�����L�Q���R�U�G�H�U���W�R���U�H�G�X�F�H���W�K�H���K�D�U�P���F�D�X�V�H�G���E�\��
toxic plants on animal health and production to the 
lowest degree, it is necessary that plants be known 
thoroughly. That is why identification of plants in 
pasture areas, guidelines aimed at recognition and 
raising the awareness of people who utilize these 
areas is of utmost importance in terms of human 
and animal health and good quality animal 
production. 
 
5. CONCLUSION AND SUGGESTIONS 
 
The ratio of toxic plants in our pastures containing 
substances harmful to animal health must be kept 
under control. Precautions for this cause, alongside 
those mentioned by Tongel and Ayan [4] and 
Balabanli et al. [5], are as follows; 
- Pasture management regulations should be 
followed in order to increase pasture quality. 
- The major toxic-hazardous plants should at least 

be recognized by shepherds and their whereabouts 
well known. 

- Behaviors and physiological reactions displayed 
by animals towards poison should be well known 
and necessary interventions should be performed 
timely. 

- Hazardous plants in the vegetation start growing 
earlier than appetizing plants, both for this reason 
and in terms of management regulations animals 
should not be taken to the pasture in early spring. 

- Even though animals firstly eat appetizing plants, 
when hungry they also eat certain poisonous 
plants or plants harmful at least to their products. 
Therefore, especially when hungry, animals 
should not be taken to areas where poisonous 
plants grow. 

- If plants in the vegetation weaken due to drought 
or similar reasons and green grass cover 
decreases, animals should be given feed 
supplements. 

- So that animals do not graze on roadside plants 
poisoned by poisonous gasses emitted by vehicle 
exhausts while on the road, they should quickly 
be taken to the pasture area. 

- If animals display signs of poisoning, the area 
containing toxic plants should immediately be 
abandoned.   

- When poisoning has conclusively been 
determined in animals; they should, without fail, 
be taken to a veterinarian for examination and 
treatment. 
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Abstract 
  
Transfer line is a serial arrangement of machines where buffers are used to separate two consecutive machines. 
This special type of production systems have high production volumes.  In the design and operation of transfer 
lines, throughput analysis is essential. Considering the transient state of the systems, this paper presents theoretical 
analysis for throughput rate of transfer lines. For the short transfer lines, having a unique machine and two 
machines, we derive throughput rate, expected value and variance functions. We use these functions in 
performance evaluation of production systems. Besides, these formulations can be used while analyzing longer 
transfer lines which can easily be decomposed into smaller sub-systems. 
 
Keywords:  buffer, throughput rate, transient state, transfer line. 
 
1.INTRODUCTION  
Transfer lines are basic production systems with 
high production rates. This type of production 
systems consist of a series of machines which are 
separated by buffers. These buffers reduce the 
fluctuations caused by systems imbalances or 
machine failures. The general process of the transfer 
lines can be summarized as: Materials flow from 
outside to the initial buffer, then to the first machine 
if it is empty and productive, then to first in-process 
buffer, then these semi-manufactured parts move 
through the second machine, then to the second in-
process buffer, and so forth, until the last machine 
and the buffer, and finally the manufactured items, 
namely products, leave the system. (Dallery et al. 
1989).  
 
In the design, and managing operations of transfer 
lines, throughput analysis is very crucial. 
Randomness exists in production due to machine 
breakdowns, random processing times, and random 
arrival times. Thus, the number of parts 
manufactured in a transfer line is random (Li et al. 
2009). Performance of transfer lines can be 
evaluated by the expected value of throughput, 
which characterizes the production volume, and 
variance of throughput, characterizing the 
fluctuation or deviation in the production volume 
(Wu and McGinnis, 2012, Xia et al., 2012). In last 
years, a large amount of research has been dedicated 
to throughput analysis and performance evaluation 
techniques of this type of production systems. 
Approximate analytical methods, generally based on 
decomposition methods, is a widely used method for 
analyzing the transfer lines. Examples of studies 
using approximate analytical method, most of which 
use decomposition methods in performance 

evaluation of transfer lines, are Hany and Baki 
(2014), Borisovsky et al. (2012), Xia et al. (2012), 
Colledani et al. (2010), Gershwin and Werner 
(2007), Helber and Jusic (2004), Bonvik et al. 
(2000), Gershwin and Burman (2000), Dallery and 
Le Bihan (1999), Helber (1998), Altiok (1997), 
Papadopoulus and Heavey (1996), Buzacott and 
Shanthikumar (1993), Gershwin (1991), Liu and 
Buzacott (1990), Gershwin (1987). Heuristic 
methods can also be used to measure the 
performance of transfer lines, as used by 
Guschinskaya and Dolgui (2009), Guschinskaya et 
al. (2008), Guschinskaya and Dolgui (2008), and 
Dolgui et al. (2005). Simulation is another technique 
which can be used in modeling transfer lines, using 
required level of information. Masood (2006) used 
this approach. 
 
Another widely used technique in transfer line 
modelling and performance evaluation, exact 
analytical results, are rather hard to derive and 
therefore only available for small systems, i.e. one or 
two machine systems, e.g.  Lie et al. (2006), 
Papadopoulus and Heavey (1996), Govil and Fu 
(1996), Dallery and Gershwin (1992), Ignall and 
Silver (1977).  
 
Dincer and Deler (2000) presents a seminal paper of 
this work. In addition to this seminal work, in this 
study, we present efficient analytical derivations in 
performance evaluation of transfer lines for such 
small systems. We evaluate the performance of these 
systems via the throughput analysis. After deriving 
the distributions of throughput, we derive not only 
the expected value, but also the variance of 
throughput in order to analyze the expectation and 
fluctuation of the production volume.  
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In Section 2, we summarize the basic assumptions 
and notations used in this paper. In Sections 3 and 4, 
we respectively give the analytical (theoretical) 
derivations of the single stage system, which consist 
of a unique machine, and two-machines system 
separated by with one in-process-buffer. Then we 
summarize our conclusions in the last section. 
 
2.BASIC ASSUMPTIONS AND NOTATI ONS 

We model the transfer lines as a serial arrangement 
of a finite number of n machines and n-1 in-process 
buffers. Each machine can operate on one unit of 
product at a time, and has an internal storage 
capacity for that unit only. The arrival process is 
assumed to be Poisson, having the rate ��. The 
machines �/ �Ý (j=1,...,n)have mutually independent 

processing times, which are exponentially 
distributed with rate �ä�Ý ,  and have the density 
function�B�Ý�:�P�; 
L �ä�Ý�A

�?�� �Õ�ç.  
      The first buffer of the line is assumed to have 
zero capacity. So, new parts arriving to the system 
when the machine is busy are assumed to return into 
their source. The last buffer is considered to have 
infinite capacity. No batching and setup times are 
considered. All machines are reliable. The output 
process is not necessarily stationary. The system is 
assumed to be in a transient state. Thus, steady-state 
distribution for the output may not exist. The 
production line assumes idle and empty initial 
conditions. The arrival and service rate are assumed 
to be different. In this paper, buffers are shown by 
triangles, and machines by rectangles. The notations 
used in this paper are listed in Table 1. 

 
Table 1. Notations 

�0�Ý�:�P�; number of parts that have left machine j up to time t, �M� �����«���1 
L number of parts leaving the system at an instance in time 
N number of machines in the system 
�>�Ý capacity of buffer j, �M� �����«���Q 
�� arrival rate 
�ä�Ý service rate of machine j, �M� �����«���Q 

�6��
�Ü arrival time of part i 

�6�� �Õ
�Ü service time of part i on machine j, �M� �����«���Q 

�6�×
�Ü departure time of part i 

�B�� �á�� �Õ
�:�P�; density function with parameters �� and �ä�Ý 

�(�� �á�� �Õ
�:�P�; cumulative distribution function with parameters �� and �ä�Ý 

�' �>�0�á�:�P�;�? expected number of output leaving the system at time t 
�8�=�N�>�0�á�:�P�;�? variance of output leaving the system at time t 

 
3.THE SINGLE MACHINE SYSTEM, ATOMI C MODEL  

This system, which is also labeled as atomic model, has a unique machine and two buffers. The system under 
consideration is represented in Figure 1.  

 
 
 
As illustrated in Figure 1, raw materials and parts, 
namely inputs, arrive to the system with rate ��. If the 
machine is empty, inputs enter the machine and are  
processed with rate �ä�5 
L �ä�ä The arrival and 

processing times, �6��
�Ü and �6�� �Õ

�Üare random. The 
distribution function of the output of the atomic 
model leaving the system at time t is derived as: 
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                                  (1) 

Based on equation (1), we can analyze the 
distribution function of the output for the atomic 
model in two parts as follows: 
Part 1:  �2�:�0�5�:�P�; 
L �r�; if �r 
Q�P
O�6��

�5 
E�6�� �-
�5�ä Thus, 

�2�:�0�5�:�P�; 
L �r�; 
L �2
k�6��
�5 
E�6�� �-

�5 
P �P
o�������:�t�; 
In equation (2), we have a random variable of �6��

�5 
E
�6�� �-

�5, which is the sum of two independent 

exponentially distributed random variables of �6��
�5, 

time passes until the first part arrives, and �6�� �-
�5�á time 

passes until the first part is processed in the machine. 
The sum of these two random variables have hypo-
exponential distribution with parameters �� and �ä�5, 
where �ã
M�ä�5. Based on these, equation (2) is 
rewritten as: 

�2�:�0�5�:�P�; 
L �r�; 
L �2
k�6��
�5 
E�6�� �-

�5 
P �P
o
L �s
F �2
k�6��
�5 
E�6�� �-

�5 
Q�P
o
L �s
F �( �Í 


�-�>�Í
� �-

�-�:�P�; 


L �s
F �@�s
F
��

�� �?��
�A�?���ç 
E

��

�� �?��
�A�?���ç�A
L

��

�� �?��
�A�?���ç 
F

��

�� �?��
�A�?���ç                                                   (3) 

The limiting value of the distribution function given in equation (3) is derived as: 

�Ž�‹�•
�ç�\ �4

�2�:�0�5�:�P�; 
L �r�; 
L
��

�� �?��

F

��

�� �?��

L �s�á�Ž�‹�•

�ç�\ �¶
�2�:�0�5�:�P�; 
L �r�; 
L �r                                             (4) 

 
Using equation (4), we conclude that �r 
Q�2�:�0�5�:�P�; 
L �r�; 
Q�s. 
Part 2: For any number of outputs, excluding 0, the general formula is derived as: 
�2�:�0�5�:�P�; 
L �H�; 
L �2
k�Ã 
k�6��

�Ü
E�6�� �-
�Ü
o�ß

�Ü�@�5 
Q�P
O�Ã 
k�6��
�Ü
E�6�� �-

�Ü
o�ß�>�5
�Ü�@�5 
o�����������H
L �s�á�t�á�å                      (5) 

 
In equation (5), we have two new random variables of �Ã 
k�6��

�Ü
E�6�� �-
�Ü
o�ß

�Ü�@�5  and �Ã 
k�6��
�Ü
E�6�� �-

�Ü
o�ß�>�5
�Ü�@�5 . Since, l  is an 

integer, these can be defined as random variables having Erlang distribution with respective parameters �:�ã
E�ä�5�á�H�; 
and �:�ã
E�ä�5�á�H
E�s�;. We define �5�ß as sum of l sequential phases of exponential distributions with parameters (�ã
E
�ä�5�; and define �5�ß�>�5 as l+1 sequential phases of exponential distributions with parameters (�ã
E�ä�5).  
 
In this second part, regarding equation (5), we have two dependent events: �5�ß
Q�P and �5�ß�>�5 
P �P. These events are 
dependent, since the total time which passes until (l+1)th part leaves the system depends exactly on the amount of 
time that passes until the lth part leaves the system. Thus, we can rewrite equation (5) as: 
�2�:�0�5�:�P�; 
L �H�; 
L �2�:�5�ß�>�5 
P �P�������5�ß
Q�P�; �Û�2�:�5�ß
Q�P�; 
L �2�:�5�ß�>�5 
P �P�������5�ß
Q�P�; �Û�(�Ì�½�:�P�;             (6) 
 
In equation (6), the difference between the random variables �5�ß and �5�ß�>�5 is the arrival and processing time of (l+1)th 
part which are respectively denoted as �6��

�ß�>�5 and �6�� �-
�ß�>�5�ä��Let assume z, which is smaller than t, denotes the time 

until lth part leaves the system, then the conditional probability is derived as: 
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L �H�; 
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� �-
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�ç
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    (7) 

 
We now substitute the cumulative distribution and density functions of the random variables �6��

�ß�>�5 
E�6�� �-
�ß�>�5 and 

�5�ß in place in equation (7), to obtain: 

�2�:�0�5�:�P�; 
L �H�; 
L �ì �B�s
F�@�s
F
�� �-

�� �-�?��
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E
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 �6
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�@�V
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Since we derive the probability distribution functions of the throughput rate, we can now obtain the expected value 
and variance of number of throughputs for an atomic model.  
 
While deriving the expected value and variance functions, we will consider equation (8), and ignore the first case 
given in equation (3) for l=0, since the expected value and variance of these cases are obvious, i.e. 0. Then, the 
expected value of number of outputs for any value of l, excluding 0, is given as: 
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Similarly, the variance of number of throughputs for the atomic model is derived as: 
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3.TWO MACHINES ONE I N PROCESS BUFFER SYSTEM 

This system has two machines processing in turn, 
with one in-process buffer between. The parts 
processed in the first machine pass through this 
buffer before entering the second. If the buffer is 
empty, and the second machine is idle when the 

processed part from the first machine arrives, this 
part directly processed in the second machine 
otherwise it waits for its turn.  
The system under consideration is shown in Figure 
2. 

 
 
In this system, number of sources of variability are 
greater than in the one-machine system, due to the 
greater number of machines and buffers. This leads 
to an existence of two mutually exclusive and 
collectively exhaustive events that describe the 
behavior of the system. The first event occurs when 
the buffer is empty, the second, when the buffer 

contains items. 
Event 1: Denoting the random variables of this 
system as, �6��

�Ü, �6�� �-
�Ü and �6�� �.

�Ü, we can represent the 
first event as �6��
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E�6�� �-
�Ü �•�6�� �.

�Ü�?�5. The number of 

output for this first event, using the symbol of  �0�6
�Ù�á 

is derived as follows: 
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E�Ã 
k�6��

�Ü
E�6�� �-
�Ü
o�7

�Ü�@�5
�å �å �å �ä

�H
F �s�á�E�B���6�� �.
�ß�?�5 
E�Ã 
k�6��

�Ü
E�6�� �-
�Ü
o�ß�?�5

�Ü�@�5 
Q�P
O�6�� �.
�ß
E�Ã 
k�6��

�Ü
E�6�� �-
�Ü
o�ß

�Ü�@�5

�H�á�E�B���6�� �.
�ß
E�Ã 
k�6��

�Ü
E�6�� �-
�Ü
o�ß

�Ü�@�5 
Q�P
O�6�� �.
�ß�>�5 
E�Ã 
k�6��

�Ü
E�6�� �-
�Ü
o�ß�>�5

�Ü�@�5
�å �å �å �å

               (11) 

 
As in the single machine, the distribution functions are analyzed in two parts. 
  
Part 1: �2�:�0�6

�Ù�:�P�; 
L �r�; if �r 
Q�P
O�6��
�5 
E�6�� �-

�5 
E�6�� �.
�5. Thus, �2
k�0�6

�Ù�:�P�; 
L �r
o
L �2�:�6��
�5 
E�6�� �-

�5 
E�6�� �.
�5 
P �P�;. The new 

random variable �6��
�5 
E�6�� �-

�5 
E�6�� �.
�5, is the sum of three independent exponential random variables. The distribution 

of this new random variable based on the assumption of �ã
M�ä�5 
M�ä�6 is obtained as given in Amari and Misra 
(1997). The coefficients of this random variable is represented as: 
 

�#�5 
L
�� �-

�� �-�?��

�� �.

�� �. �?��
�á�#�6 
L

��

�� �?�� �-

�� �.

�� �. �?�� �-
�á�#�7 
L

��

�� �?�� �.

�� �-

�� �-�?�� �.
                                                            (12) 

 
     The reliability and cumulative distribution functions are then derived in Amari and Misra (1997) as: 
 

�4�Í 


�-�>�Í
� �-

�-�>�Í
� �.
�-�:�P�; 
L �Ã �#�Ü�A

�?�� �Ô�ç 
L
�� �-

�� �-�?��

�� �.

�� �. �?��
�A�?���ç 
E

��

�� �?�� �-

�� �.

�� �. �?�� �-
�A�?�� �-�ç
E

��

�� �?�� �.

�� �-

�� �-�?�� �.
�A�?�� �. �ç�7

�Ü�@�5         (13) 

 
�( �Í 



�-�>�Í
� �-
�-�>�Í
� �.

�-�:�P�; 
L �s
F�4�Í 


�-�>�Í
� �-

�-�>�Í
� �.
�- �:�P�;                                                                         (14) 
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    Then; 
�2
k�0�6

�Ù�:�P�; 
L �r
o
L �2
k�6��
�5 
E�6�� �-

�5 
E�6�� �.
�5 
P �r
o
L �s
F �( �Í 



�-�>�Í
� �-
�-�>�Í
� �.

�- �:�P�; 
L 
�� �-

�� �-�?��

�� �.

�� �. �?��
�A�?���ç 
E

��

�� �?�� �-

�� �.

�� �. �?�� �-
�A�?�� �-�ç
E

��

�� �?�� �.

�� �-

�� �-�?�� �.
�A�?�� �. �ç                                                          (15) 

 
As seen in (15), when t goes to 0, the distribution function of the random variable �6��

�5 
E�6�� �-
�5 
E�6�� �.

�5 takes the 
value of 1, whereas it is 0 when t goes to infinity. 
 
Part 2: For any number of output, except 0, based on equation (11), we can represent the probability values of the 
first event as: 
 
�2
k�0�6

�Ù�:�P�; 
L �H
o
L �2
k�6�� �.
�ß
E�Ã 
k�6��

�Ü
E�6�� �-
�Ü
o�ß

�Ü�@�5 
Q�P
O�6�� �.
�ß�>�5 
E�Ã 
k�6��

�Ü
E�6�� �-
�Ü
o�ß�>�5

�Ü�@�5 
o                (16) 
 
The random variables on the left side of equation (16), �Ã 
k�6��

�Ü
E�6�� �-
�Ü
o�ß

�Ü�@�5  and �6�� �.
�ßhave Erlang distribution with 

parameters �:�ã
E�ä�5�á�H�; , and exponential distribution with parameter �ä�6 , respectively. Similarly, the random 
variable in the right side of (16) contains the (l+1)th  level of the same random variables of the same distributions.  
 
We can rewrite equation (16) in terms of conditional probabilities as: 
 
�2
k�0�6

�Ù�:�P�; 
L �H
o
L �2
k�6�� �.
�ß�>�5 
E�Ã 
k�6��

�Ü
E�6�� �-
�Ü
o�ß�>�5

�Ü�@�5 
P �P�����6�� �.
�ß
E�Ã 
k�6��

�Ü
E�6�� �-
�Ü
o�ß

�Ü�@�5 
Q�P
o�Û�2
k�6�� �.
�ß
E�Ã 
k�6��

�Ü
E�ß
�Ü�@�5

�6�� �-
�Ü
o
Q�P
o       (17)  

 
Assuming that the time passes until l+1th part has left the system is z, which is smaller than t, we can rewrite the 
conditional probability given in equation (17) as: 
 
�2
k�0�6

�Ù�:�P�; 
L �H
o
L �2
k�6��
�ß�>�5 
E�6�� �-

�ß�>�5 
E�6�� �.
�ß�>�5 
F �6�� �.

�ß 
P �P
F �V
o�( �Í
� �.
�×�>�Ã 
k�Í 



�Ô�>�Í
� �-
�Ô
o�×

�Ô�8�-
�:�V�; 
L 

�ì �@�s
F�( �Í


�×�6�-�>�Í
� �-

�×�6�-�>�Í
� �.
�×�6�-�?�Í
� �.

�× �:�P
F �V�;�A
�ç

�4
�Û�B�Í
� �.

�×�>�Ã 
k�Í 


�Ô�>�Í
� �-

�Ô
o�×
�Ô�8�-

�:�V�;�@�V                                            (18) 

 
Denoting the random variables as �<
L �6�� �.

�ß
E�Ã 
k�6��
�Ü
E�6�� �-

�Ü
o�ß
�Ü�@�5 �á�: 
L �Ã 
k�6��

�Ü
E�6�� �-
�Ü
o�ß

�Ü�@�5 �á�; 
L �6�� �.
�ß, where �<
L �: 
E

�; , we use convolution to find the density function of the random variable Z , �B�Ó�:�V�;as: 
 

�B�Ó�:�V�; 
L �ì �B�Ñ�:�T�; �Û�B�Ò�:�V
F �T�;�@�T
L �ì
�:�� �>�� �-�;

�×�ë�×�7�-�Ø�7�:

 �6
� �-�;�ã

�:�ß�?�5�;�è

�í

�4

�í

�4
�ä�6�A

�?�� �. �:�í�?�ë�;�@�T                            (19) 

 
In order to find the distribution function of the random variable �6��

�ß�>�5 
E�6�� �-
�ß�>�5 
E�6�� �.

�ß�>�5 
F �6�� �.
�ß�á we also use the 

convolution theorem of differences. Denoting the random variables as �9 
L �6��
�ß�>�5 
E�6�� �-

�ß�>�5 
E�6�� �.
�ß�>�5 
F �6�� �.

�ß�á�7 
L
�6��

�ß�>�5 
E�6�� �-
�ß�>�5 
E�6�� �.

�ß�>�5�á�8 
L �6�� �.
�ß where �9 
L �7 
F �8, we have: 

 

�(�Ð�:�P
F�V�; 
L 
± �(�Î �:�P
F �V
E�R�;�B�Ï �:�R�;�@�R
�¶

�4

L 

�ì �@�s
F
�� �-

�� �-�?��

�� �.

�� �. �?��
�A�?�� �:�ç�?�í�>�é�; 
E

��

�� �?�� �-

�� �.

�� �. �?�� �-
�A�?�� �-�:�ç�?�í�>�é�; 
E

��

�� �?�� �.

�� �-

�� �-�?�� �.
�A�?�� �. �:�ç�?�í�>�é�;�A

�¶

�4
�ä�6�A

�?�� �. �é�@�R      (20) 

 
Substituting equations (19) and (20) in place, we can rewrite equation (18) as: 
 

�2
k�0�6
�Ù�:�P�; 
L �H
o
L �ì 
k�s
F �(�Ð�:�P
F �V�;
o�B�Ó�:�V�;�@�V
L �ì �@�s
F �ì �@�s
F

�� �-

�� �-�?��

�� �.

�� �. �?��
�A�?�� �:�ç�?�í�>�é�; 
E

�¶

�4

�ç

�4

�ç

�4

��

�� �?�� �-

�� �.

�� �. �?�� �-
�A�?�� �-�:�ç�?�í�>�é�; 
E

��

�� �?�� �.

�� �-

�� �-�?�� �.
�A�?�� �. �:�ç�?�í�>�é�;�A�ä�6�A

�?�� �. �é�@�R�A�@�ì
�:�� �>�� �-�;

�×�ë�×�7�-�Ø�7�:

 �6
� �-�;�ã

�:�ß�?�5�;�è

�í

�4
�ä�6�A

�?�� �. �:�í�?�ë�;�@�T�A�@�V                                                                   

(21) 
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Event 2: The number of output for this event, using the symbol of  �0�6
�æ�á is derived as follows: 

 

�0�6
�æ�:�P�; 
L

�Õ
�Ö
�Ö
�Ô

�Ö
�Ö
�Ó �r�á�E�B���r 
Q�P
O�6��

�5 
E�6�� �-
�5 
E�6�� �.

�5

�s�á�E�B���6��
�5 
E�6�� �-

�5 
E�6�� �.
�5 
Q�P
O�6��

�5 
E�6�� �-
�5 
E�Ã 
k�6�� �.

�Ü
o�6
�Ü�@�5

�t�á�E�B���6��
�5 
E�6�� �-

�5 
E�Ã 
k�6�� �.
�Ü
o�6

�Ü�@�5 
Q�P
O�6��
�5 
E�6�� �-

�5 
E�Ã 
k�6�� �.
�Ü
o�7

�Ü�@�5
�å �å �å �ä

�H
F�s�á�E�B���6��
�5 
E�6�� �-

�5 
E�Ã 
k�6�� �.
�Ü
o�ß�?�5

�Ü�@�5 
Q�P
O�6��
�5 
E�6�� �-

�5 
E�Ã 
k�6�� �.
�Ü
o�ß

�Ü�@�5

�H�á�E�B���6��
�5 
E�6�� �-

�5 
E�Ã 
k�6�� �.
�Ü
o�ß

�Ü�@�5 
Q�P
O�6��
�5 
E�6�� �-

�5 
E�Ã 
k�6�� �.
�Ü
o�ß�>�5

�Ü�@�5
�å �å �å �å

                 (22) 

 
For any number of output except 0, we have the following: 
 

�2�:�0�6
�æ�:�P�; 
L �H�; 
L �2
k�6��

�5 
E�6�� �-
�5 
E�Ã 
k�6�� �.

�Ü
o�ß
�Ü�@�5 
Q�P
O�6��

�5 
E�6�� �-
�5 
E�Ã 
k�6�� �.

�Ü
o�ß�>�5
�Ü�@�5 
o                   (23) 

 
The random variables, 
k�6��

�5 
E�6�� �-
�5
o and �Ã 
k�6�� �.

�Ü
o�ß
�Ü�@�5 �á��in the left side of the inequality (23) have Hypo-exponential 

distribution with parameters �:�ã�á�ä�5�; and Erlang distribution with parameters (�ä�6�á�H�; respectively. The right side of 
the inequality of the distributions of the random variables are the same where �Ã 
k�6�� �.

�Ü
o�ß�>�5
�Ü�@�5  has the parameter of 

(�ä�6�á�H
E�s�;. We rewrite this inequality in terms of conditional probabilities as: 
 
�2�:�0�6

�æ�:�P�; 
L �H�; 
L �2
k�6��
�5 
E�6�� �-

�5 
E�Ã 
k�6�� �.
�Ü
o�ß�>�5

�Ü�@�5 
P �P���6��
�5 
E�6�� �-

�5 
E�Ã 
k�6�� �.
�Ü
o�ß

�Ü�@�5 
Q�P
o�Û�2
k�6��
�5 
E�6�� �-

�5 
E�Ã 
k�6�� �.
�Ü
o�ß

�Ü�@�5 
Q
�P
o            (24) 
 
We similarly assume that the time passes until (l+1) th part leaves the system is z, which is smaller than t. Then, 
we rewrite equation (24) as: 
 

�2�:�0�6
�æ�:�P�; 
L �H�; 
L �2
k�6�� �.

�ß�>�5 
P �P
F �V
o�Û�( �Í


�-�>�Í
� �-

�-�>�Ã 
k�Í
� �.
�Ô
o�×

�Ô�8�-
�:�V�; 
L �ì �@�s
F �( �Í
� �.

�×�6�- �:�P
F�V�;�A�Û
�ç

�4

�B�Í


�-�>�Í
� �-

�-�>�Ã 
k�Í
� �.
�Ô
o�×

�Ô�8�-
�:�V�;�@�V        (25) 

 
In order to obtain the density function of the random variable �6��

�5 
E�6�� �-
�5 
E�Ã 
k�6�� �.

�Ü
o�ß
�Ü�@�5 , we similarly use 

convolution formula. Denoting �6��
�5 
E�6�� �-

�5 
E�Ã 
k�6�� �.
�Ü
o�ß

�Ü�@�5  as Z, �6��
�5 
E�6�� �-

�5as X, and �Ã 
k�6�� �.
�Ü
o�ß

�Ü�@�5  as Y, �B�Ó�:�V�; is derived 
as: 
 

�B�Ó�:�V�; 
L �ì �B�Ñ�:�T�;�B�Ò�:�V
F �T�;�@�T
�í

�4

L �ì

�� �� �-

�� �-�?��

�í

�4

k�A�?���ë 
F �A�?�� �-�ë
o

�� �.
�×�:�í�?�ë�;�×�7�-�Ø�7
� �. �:�å�7�ã�;

�:�ß�?�5�;�è
�@�T                  (26) 

 
Besides, the random variable �6�� �.

�ß�>�5 in equation (24) has exponential distribution with cumulative distribution 
function �( �Í
� �.

�×�6�-�:�P�; 
L �s
F�A�?�� �. �ç. Substituting these functions in equation (26), we have: 

�2�:�0�6
�æ�:�P�; 
L �H�; 
L �ì �A�?�� �. �:�ç�?�í�; 
l�ì

�� �� �-

�� �-�?��

�í

�4

k�A�?���ë 
F �A�?�� �-�ë
o

�� �.
�×�:�í�?�ë�;�×�7�-�Ø�7
� �. �:�å�7�ã�;

�:�ß�?�5�;�è
�@�T
p

�ç

�4
�@�V              (27) 

 
So far, we have calculated all required probabilities in order to calculate �2�:�0�6�:�P�; 
L �H�; where �H
L �r�á�s�á�t�á�å We now 
investigate the occurrence probabilities of the two events represented under Event 1 and Event 2. If the condition 
of �6��

�Ü
E�6�� �-
�Ü �•�6�� �.

�Ü�?�5 is satisfied then the first event occurs with the corresponding probability of: 
 

�2
k�6��
�Ü
E�6�� �-

�Ü��
R�6�� �.
�Ü�?�5
o
L �2
k�6��

�Ü
E�6�� �-
�Ü
F �6�� �.

�Ü�?�5 
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o
L �s
F �ì �@�s
F
�� �-

�� �-�?��
�A�?�� �:�ë�>�ì �; 
E

�¶

�4
��

�� �-�?��
�A�?�� �-�:�ë�>�ì �;�A�ä�6�A

�?�� �. �ì �@�U       (28) 

 
Clearly, the probability of occurrence of the second event, �6��

�Ü
E�6�� �-
�Ü<�6�� �.

�Ü�?�5 is simply the complementary 
probability of the first event. Thus: 
 

�2
k�6��
�Ü
E�6�� �-
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O�6�� �.
�Ü�?�5
o
L �2
k�6��
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�Ü
F �6�� �.
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F
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�A�?�� �:�ë�>�ì �; 
E
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�� �-�?��
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�¶

�4
�ä�6�A

�?�� �. �ì �@�U 

(29) 
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We finally derive the expected value and variance of number of output in two-machines-one in-process buffer 
system as: 
 

�' �>�0�6�:�P�;�?
L �Ã �H�Û�¶
�ß�@�5 �2�:�0�6�:�P�; 
L �H�; 
L �Ã �H�Û�B�2
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  ̀                                                                               (30) 
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4.CONCLUSIONS 

In this paper, the throughput analysis of short 
transfer lines was examined using an exact analytical 
approach. We derived the distribution, expected 
value, and variance functions of throughput for the 
single machine (an atomic model) system, and the 
two machines system with one in-process buffer. 
These results allow the evaluation of the 
performance of short transfer lines, in other words, 
manufacturing systems. It is difficult to evaluate the 
exact analytical methods, thus, for longer transfer 
lines, it is not possible to obtain the closed form 
expressions for these performance evaluation 
functions, such as expected value and variance. 
Nevertheless, using decomposition methods, it is 
possible to decompose long systems into smaller 
subsystems; taking this approach, the results derived 
in this paper can be used to analyze the throughput 
of these longer systems. 
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Abstract 
  
With regard to the screening of scholarly studies in the academic field, it is possible to come across many researches 
that analyze post-graduate dissertations. However, in the field of real estate valuation has not been carried out such a 
study until today. In this study, it has been made a general review of postgraduate theses on real estate valuation. For 
this purpose, it was tried to determine the general profile of postgraduate theses on real estate evaluation between 
1990 and 2017 in Turkey. Firstly, related theses were downloaded from internet 
(https://tez.yok.gov.tr/UlusalTezMerkezi/) which is open access of the National Dissertation Center of the 
Publication and Documentation Department of the Higher Education Council and analyzed by content analysis 
method. 126 graduate (108 masters and 18 doctorates) theses completed in real estate valuation area until 2017 have 
been taken into consideration as a result of the research.  
 
Keywords: Real estate valuation, Graduate thesis, Content analysis. 
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�J�|�U�H�Y�O�H�U�L�Q�L�Q���|�Q�H�P�O�L���E�L�U���E�|�O�•�P�•�Q�•���\�H�U�L�Q�H���J�H�W�L�U�P�H�N�W�H�G�L�U��
�>�����@���� �/�L�W�H�U�D�W�•�U�G�H�� �\�•�N�V�H�N�� �O�L�V�D�Q�V�� �Y�H���Y�H�\�D�� �G�R�N�W�R�U�D��
�W�H�]�O�H�U�L�Q�L�� �D�Q�D�O�L�]�� �H�G�H�Q�� �E�L�U�o�R�N�� �E�L�O�L�P�V�H�O�� �D�U�D�ú�W�Õ�U�P�D�\�D��
�U�D�V�W�O�D�P�D�N���P�•�P�N�•�Q�G�•�U�����%�X���W�•�U���o�D�O�Õ�ú�P�D�O�D�U�Õ�Q���V�R�Q�X�F�X�Q�G�D��
hem ilgil�L�� �E�L�O�L�P�� �G�D�O�Õ�Q�Õ�Q�� �J�H�o�H�Q�� �V�•�U�H�G�H�� �J�|�V�W�H�U�G�L�÷�L��
�J�H�O�L�ú�L�P�� �E�H�O�L�U�O�H�Q�H�E�L�O�L�U���� �K�H�P�� �G�H�� �R�� �N�R�Q�X�Q�X�Q�� �N�D�S�V�D�P�D��
�D�O�D�Q�Õ���K�D�N�N�Õ�Q�G�D���E�L�O�J�L�O�H�U���H�O�G�H���H�G�L�O�H�E�L�O�L�U���>����-14].  
 

�1�L�W�H�O�� �D�U�D�ú�W�Õ�U�P�D�O�D�U�� �D�O�D�Q�Õ�Q�G�D�� �N�X�O�O�D�Q�Õ�O�D�Q�� �L�o�H�U�L�N�� �D�Q�D�O�L�]�L����
�o�D�O�Õ�ú�P�D�O�D�U�Õ�Q�� �|�]�H�O�O�L�N�O�H�U�L�Q�L�� �V�D�\�Õ�V�D�O�� �R�O�D�U�D�N�� �V�X�Q�P�D�N�W�D�G�Õ�U��
�Y�H�� �L�V�W�D�W�L�V�W�L�N�L�� �V�R�Q�X�o�O�D�U�� �Y�H�U�P�H�N�W�H�G�L�U�� �>�����@���� �>�����@���� �%�X��
�\�|�Q�W�H�P���� �V�R�V�\�D�O�� �E�L�O�L�P�O�H�U�G�H�� �\�D�\�J�Õ�Q�� �R�O�D�U�D�N��
�N�X�O�O�D�Q�Õ�O�P�D�V�Õ�Q�D�� �U�D�÷�P�H�Q���� �I�H�Q�� �E�L�O�L�P�O�H�U�L�� �D�O�D�Q�Õ�Q�G�D�� �o�R�N��
fazla �U�D�V�W�O�D�Q�Õ�O�P�D�\�D�Q�� �E�L�U�� �o�D�O�Õ�ú�P�D�� �W�•�U�•�G�•�U�� �>�����@���� �$�O�N�D�Q��
�������������¶�H�� �J�|�U�H�����³�L�o�H�U�L�N�� �D�Q�D�O�L�]�L�Q�L�Q�� �W�H�P�H�O�� �D�P�D�F�Õ�� �H�O�G�H��
�H�G�L�O�H�Q�� �Y�H�U�L�O�H�U�L�� �D�o�Õ�N�O�D�P�D�N���� �Y�H�U�L�O�H�U�� �D�U�D�V�Õ�Q�G�D�� �L�O�L�ú�N�L��
�N�X�U�P�D�N�� �Y�H�� �\�R�U�X�P�O�D�P�D�N�W�Õ�U���� �%�X�� �D�P�D�o�O�D�� �Y�H�U�L�O�H�U��
�G�•�]�H�Q�O�H�Q�H�U�H�N�� �N�R�G�O�D�Q�Õ�U���� �W�H�P�D�O�D�U�� �E�H�O�L�U�O�H�Q�L�U�� �Y�H��
�G�•�]�H�Q�O�H�Q�L�U�� �H�O�G�H�� �H�G�L�O�H�Q�� �E�X�O�J�X�O�D�U�� �G�H�÷�H�U�O�H�Q�G�L�U�L�O�L�U�´ [10], 
[14]. 
 
�%�X�� �o�D�O�Õ�ú�P�D�G�D���� �W�D�ú�Õ�Q�P�D�]�� �G�H�÷�H�U�O�H�P�H�� �D�O�D�Q�Õ�Q�G�D��
�J�H�U�o�H�N�O�H�ú�W�L�U�L�O�H�Q�� �O�L�V�D�Q�V�•�V�W�•�� �W�H�]�O�H�U�L�� �L�o�H�U�L�N�� �D�Q�D�O�L�]�L��
�\�|�Q�W�H�P�L�� �N�X�O�O�D�Q�Õ�O�D�U�D�N�� �V�Õ�Q�Õ�I�O�D�Q�G�Õ�U�Õ�O�P�Õ�ú�W�Õ�U���� �(�O�G�H�� �H�G�L�O�H�Q��
�V�R�Q�X�o�O�D�U�� �G�H�÷�H�U�O�H�Q�G�L�U�L�O�P�L�ú���� �|�Q�H�U�L�O�H�U�G�H�� �E�X�O�X�Q�X�O�P�X�ú�W�X�U����
Konuyla ilgil�L�� �O�L�V�D�Q�V�•�V�W�•�� �W�H�]�O�H�U�L�Q�L�� �W�R�S�O�X�� �E�L�U�� �ú�H�N�L�O�G�H��
�J�|�U�P�H�\�H�� �L�P�N�k�Q�� �Y�H�U�H�Q�� �E�X�� �o�D�O�Õ�ú�P�D�Q�Õ�Q���� �J�H�O�H�F�H�N��
�o�D�O�Õ�ú�P�D�O�D�U�� �D�o�Õ�V�Õ�Q�G�D�Q�� �|�Q�H�P�O�L�� �E�X�O�J�X�O�D�U�� �R�U�W�D�\�D�� �N�R�\�D�F�D�÷�Õ��
�Y�H�� �E�X�� �D�O�D�Q�G�D�� �D�U�D�ú�W�Õ�U�P�D�� �\�D�S�D�F�D�N�� �N�L�ú�L�O�H�U�H�� �\�R�O�� �J�|�V�W�H�U�L�F�L��
�Q�L�W�H�O�L�N�W�H���R�O�D�F�D�÷�Õ���G�•�ú�•�Q�•�O�P�H�N�W�H�G�L�U���� 
 
2. �$�5�$�ù�7�,�5�0�$�1�,�1���<�g�1�7�(�0�ø 
 
�d�D�O�Õ�ú�P�D�\�D�� �L�O�L�ú�N�L�Q�� �J�H�U�H�N�O�L�� �E�L�O�J�L�O�H�U�H�� �<�•�N�V�H�N�|�÷�U�H�W�L�P��
�.�X�U�X�O�X�� ���<�g�.���� �<�D�\�Õ�Q�� �Y�H�� �'�R�N�•�P�D�Q�W�D�V�\�R�Q�� �'�D�L�U�H��
�%�D�ú�N�D�Q�O�Õ�÷�Õ�� �8�O�X�V�D�O�� �7�H�]�� �0�H�U�N�H�]�L�¶�Q�L�Q�� �D�o�Õ�N�� �H�U�L�ú�L�P�L�� �R�O�D�Q��
https://tez.yok.gov.tr/UlusalTezMerkezi/ web sitesi ve 
Google, Yandex, AltaVista, Bing gibi arama 
�P�R�W�R�U�O�D�U�Õ�Q�G�D�Q�� �X�O�D�ú�Õ�O�P�Õ�ú�W�Õ�U���� �6�|�]�� �N�R�Q�X�V�X�� �Z�H�E��
�V�L�W�H�O�H�U�L�Q�G�H�N�L���D�U�D�P�D���P�R�G�•�O�•�Q�H���|�Q�F�H�O�L�N�O�H���³�J�D�\�U�L�P�H�Q�N�X�O����
�W�D�ú�Õ�Q�P�D�]���� �N�R�Q�X�W�´�� �N�H�O�L�P�H�O�H�U�L�� �D�\�U�Õ�� �D�\�U�Õ�� �Y�H�� �V�R�Q�U�D�V�Õ�Q�G�D��
�³�G�H�÷�H�U�O�H�P�H���� �G�H�÷�H�U���� �G�H�÷�H�U�L�´�� �N�H�O�L�P�H�O�H�U�L�� �L�O�H�� �E�L�U�O�L�N�W�H��
�\�D�]�Õ�O�D�U�D�N�� �R�U�W�D�\�D�� �o�Õ�N�D�Q�� �������¶�•�� �D�ú�N�Õ�Q�� �W�H�]�G�H�Q�� �W�D�ú�Õ�Q�P�D�]��
�G�H�÷�H�U�O�H�P�H�� �N�R�Q�X�V�X�\�O�D�� �G�R�÷�U�X�Gan ilgili olan tezler 
�L�Q�F�H�O�H�P�H�\�H�� �D�O�Õ�Q�P�Õ�ú�W�Õ�U���� �7�•�U�N�L�\�H�¶�G�H�� �E�X�� �D�O�D�Q�G�D��
�J�•�Q�•�P�•�]�H�� �N�D�G�D�U�� �\�D�S�Õ�O�D�Q�� �W�R�S�O�D�P�� �������� �D�G�H�W�� �O�L�V�D�Q�V�•�V�W�•��
�����������\�•�N�V�H�N���O�L�V�D�Q�V�����������G�R�N�W�R�U�D�����W�H�]�L���E�X�O�X�Q�P�X�ú�W�X�U���� 
�$�Q�F�D�N���� �W�D�ú�Õ�Q�P�D�]�� �G�H�÷�H�U�O�H�P�H�� �D�O�D�Q�Õ�Q�G�D�� �\�R�÷�X�Q��
�I�D�D�O�L�\�H�W�O�H�U�L�� �R�O�D�Q�� �6�H�U�P�D�\�H�� �3�L�\�D�V�D�V�Õ�� �.�X�U�X�O�X�Q�X�Q��
Yet�H�U�O�L�O�L�N�� �(�W�•�W�� �7�H�]�O�H�U�L�� �L�O�H�� �0�D�O�L�\�H�� �%�D�N�D�Q�O�Õ�÷�Õ�� �0�L�O�O�L��
�(�P�O�D�N�� �*�H�Q�H�O�� �0�•�G�•�U�O�•�÷�•�� �0�L�O�O�L�� �(�P�O�D�N�� �8�]�P�D�Q�O�Õ�÷�Õ��
�7�H�]�O�H�U�L���G�H�÷�H�U�O�H�Q�G�L�U�P�H�\�H���D�O�Õ�Q�P�D�P�Õ�ú�W�Õ�U�����%�X�Q�X�Q���\�D�Q�Õ�Q�G�D��
�N�Õ�V�Õ�W�O�Õ�� �G�D�� �R�O�V�D�� �7���&���� �0�H�U�N�H�]�� �%�D�Q�N�D�V�Õ�� �ø�V�W�D�W�L�V�W�L�N�� �*�H�Q�H�O��
�0�•�G�•�U�O�•�÷�•���W�D�U�D�I�Õ�Q�G�D�Q���R�O�X�ú�W�X�U�X�O�D�Q���8�]�P�D�Q�O�Õ�N���<�H�W�H�U�O�L�O�L�N��
Tezler�L�� �G�H�� �L�Q�F�H�O�H�P�H�� �G�Õ�ú�Õ�Q�G�D�� �W�X�W�X�O�P�X�ú�W�X�U���� �6�|�]�� �N�R�Q�X�V�X��
�E�X�� �•�o�� �N�X�U�X�P�� �E�•�Q�\�H�V�L�Q�G�H�� �R�O�X�ú�W�X�U�X�O�D�Q�� �W�H�]�O�H�U���� �N�R�Q�X��
�R�O�D�U�D�N���E�H�Q�]�H�U���R�O�P�D�V�Õ�Q�D���N�D�U�ú�Õ�Q�����H�V�D�V���L�Q�F�H�O�H�P�H���D�O�D�Q�Õ�P�Õ�]��
�R�O�D�Q�� �<�g�.�� �O�L�V�D�Q�V�•�V�W�•�� �W�H�]�O�H�U�L�Q�G�H�Q�� �I�R�U�P�D�W�� �R�O�D�U�D�N��
�I�D�U�N�O�Õ�O�Õ�N�O�D�U�� �J�|�V�W�H�U�P�H�N�W�H�� �Y�H�� �L�o�H�U�L�N�� �D�Q�D�O�L�]�� �\�|�Q�W�H�P�L�Q�H��
�J�|�U�H�� �\�D�S�Õ�O�D�F�D�N�� �R�O�D�Q�� �E�X�� �E�L�O�L�P�V�H�O�� �o�D�O�Õ�ú�P�D�Q�Õ�Q�� �H�V�D�V�O�D�U�Õ�Q�D��
�X�\�P�D�P�D�N�W�D�G�Õ�U�� 
 
Tablo 1�����7�H�]�O�H�U�L�Q���<�D�S�Õ�O�G�Õ�÷�Õ���(�Q�V�W�L�W�•�\�H���*�|�U�H���'�D�÷�Õ�O�Õ�P�Õ�� 

�(�Q�V�W�L�W�•�V�• �7�H�]���6�D�\�Õ�V�Õ �2�U�D�Q�Õ�������� 
Fen Bilimleri 92 73.02 
Sosyal 
Bilimler 

31 24.60 

113 



N ERDEM/APJES 6-1 (2018) 112-126 
 

�0�•�K�H�Q�G�L�V�O�L�N��
ve Fen 
Bilimleri  

2 1.59 

�(�÷�L�W�L�P��
Bilimleri  

1 0.79 

Toplam 126 100.00 
 

�$�U�D�ú�W�Õ�U�P�D�Q�Õ�Q�� �|�U�Q�H�N�O�H�P�� �J�U�X�E�X�Q�X���� �)�H�Q�� �%�L�O�L�P�O�H�U�L��
�(�Q�V�W�L�W�•�V�•���W�D�U�D�I�Õ�Q�G�D�Q���N�D�E�X�O���H�G�L�O�H�Q���������D�G�H�W�� 
 �6�R�V�\�D�O�� �%�L�O�L�P�O�H�U�� �(�Q�V�W�L�W�•�V�•�Q�H�� �D�L�W�� ������ �D�G�H�W���� �0�•�K�H�Q�G�L�V�O�L�N��
�Y�H�� �)�H�Q�� �%�L�O�L�P�O�H�U�L�� �(�Q�V�W�L�W�•�V�•�Q�G�H�Q�� ���� �D�G�H�W�� �Y�H�� �(�÷�L�W�L�P��
�%�L�O�L�P�O�H�U�L�� �(�Q�V�W�L�W�•�V�•�� �E�•�Q�\�H�V�L�Q�G�H�� �W�D�P�D�P�O�D�Q�P�Õ�ú�� �R�O�D�Q�� ����
�D�G�H�W�� �R�O�P�D�N�� �•�]�H�U�H�� �W�R�S�O�D�P�G�D�� �������� �D�G�H�W�� �O�L�V�D�Q�V�•�V�W�•�� �W�H�]�L��

�R�O�X�ú�W�X�U�P�D�N�W�D�G�Õ�U�� ���7�D�E�O�R�� �������� �%�X�� �Y�H�U�L�O�H�U�L�Q�� �H�Q�V�W�L�W�•�O�H�U�H��
g�|�U�H�������G�D�÷�Õ�O�Õ�P�O�D�U�Õ���G�D���7�D�E�O�R�����¶�G�H���Y�H�U�L�O�P�L�ú�W�L�U�� 

 
3. �$�5�$�ù�7�,�5�0�$�1�,�1���%�8�/�*�8�/�$RI  
 
�h�O�N�H�P�L�]�G�H�� �W�D�ú�Õ�Q�P�D�]�� �G�H�÷�H�U�O�H�P�H�� �D�O�D�Q�Õ�Q�G�D�� �L�Q�F�H�O�H�Q�H�Q��
�O�L�V�D�Q�V�•�V�W�•�� �W�H�]�O�H�U�L�Q�� �•�Q�L�Y�H�U�V�L�W�H�� �Y�H�� �L�O�J�L�O�L�� �D�Q�D�E�L�O�L�P�� �G�D�O�Õ�Q�D 
�J�|�U�H�� �G�D�÷�Õ�O�Õ�P�Õ�� �7�D�E�O�R�� ���¶�G�H�� �Y�H�U�L�O�P�L�ú�W�L�U���� �7�D�E�O�R�\�D�� �J�|�U�H��
�W�R�S�O�D�P�� ������ �I�D�U�N�O�Õ���'�H�Y�O�H�W���Y�H�\�D�� �9�D�N�Õ�I�� �•�Q�L�Y�H�U�V�L�W�H�V�L�Q�L�Q��������
�I�D�U�N�O�Õ�� �D�Q�D�E�L�O�L�P�� �G�D�O�Õ�Q�G�D�� �W�D�ú�Õ�Q�P�D�]�� �G�H�÷�H�U�O�H�P�H�� �D�O�D�Q�Õ�Q�G�D��
�O�L�V�D�Q�V�•�V�W�•�� �W�H�]�O�H�U�L�� �N�D�E�X�O�� �H�G�L�O�P�L�ú�W�L�U���� �7�D�E�O�R�\�D�� �J�|�U�H�� �H�Q��
�I�D�]�O�D�� �o�D�O�Õ�ú�P�D�� ������ �D�G�H�W�� ������������ �\�•�N�V�H�N�� �O�L�V�D�Q�V�� �W�H�] 
�o�D�O�Õ�ú�P�D�V�Õ�� �L�O�H�� �ø�7�h�� �'�L�V�L�S�O�L�Q�O�H�U�� �$�U�D�V�Õ�� �$�Q�D�E�L�O�L�P�� �G�D�O�Õ�Q�G�D��
�\�D�S�Õ�O�P�Õ�ú�W�Õ�U���� 

�7�D�E�O�R���������7�H�]�O�H�U�L�Q���h�Q�L�Y�H�U�V�L�W�H���Y�H���ø�O�J�L�O�L���$�Q�D�E�L�O�L�P���'�D�O�Õ�Q�D���*�|�U�H���'�D�÷�Õ�O�Õ�P�Õ�� 

�h�Q�L�Y�H�U�V�L�W�H�V�L �$�Q�D�E�L�O�L�P���'�D�O�Õ 
Doktora �<�•�N�V�H�N���/�L�V�D�Q�V Toplam 
�<�D�\�Õ�Q�Õ 
(Adet) 

�2�U�D�Q�Õ 
(%) 

�<�D�\�Õ�Q�Õ 
(Adet) 

�2�U�D�Q�Õ 
(%) 

�<�D�\�Õ�Q�Õ 
(Adet) 

�2�U�D�Q�Õ 
(%) 

Afyon Kocatepe Harita  0 2 1.85 2 1.59 
Anadolu Maliye 1 5.56  0 1 0.79 
Ankara �3�H�\�]�D�M���0�L�P�D�U�O�Õ�÷�Õ 1 5.56   1 0.79 
Ankara �7�D�ú�Õ�Q�P�D�]���*�H�O�L�ú�W�L�U�P�H 1 5.56 4 3.7 5 3.97 
Ankara �7�D�U�Õ�P���(�N�R�Q�R�P�L�V�L  0 2 1.85 2 1.59 
�$�W�D�W�•�U�N �7�D�U�Õ�P���(�N�R�Q�R�P�L�V�L  0 1 0.93 1 0.79 
�%�D�K�o�H�ú�H�K�L�U �ø�ú�O�H�W�P�H  0 1 0.93 1 0.79 

�%�D�K�o�H�ú�H�K�L�U Kentsel Sistemler ve 
�8�O�D�ú�W�Õ�U�P�D���<�|�Q�H�W�L�P�L  

0 3 2.78 3 2.38 

Bilkent Ekonomi 
 

0 1 0.93 1 0.79 
�%�D�O�Õ�N�H�V�L�U �ø�Q�ú�D�D�W  0 3 2.78 3 2.38 
�%�R�÷�D�]�L�o�L �8�O�X�V�O�D�U�D�U�D�V�Õ���7�L�F�D�U�H�W���<�|�Q�H�W�L�P�L  0 1 0.93 1 0.79 
�%�•�O�H�Q�W���(�F�H�Y�L�W Harita  0 1 0.93 1 0.79 
�d�X�N�X�U�R�Y�D �ø�ú�O�H�W�P�H��  0 1 0.93 1 0.79 
�d�X�N�X�U�R�Y�D Ziraat 

 
0 1 0.93 1 0.79 

�d�X�N�X�U�R�Y�D �8�]�D�N�W�D�Q���$�O�J�Õ�O�D�P�D���Y�H���&�%�6  0 1 0.93 1 0.79 
�'�R�N�X�]���(�\�O�•�O �$�Y�U�X�S�D���%�L�U�O�L�÷�L 1 5.56  0 1 0.79 
�'�R�N�X�]���(�\�O�•�O �ø�N�W�L�V�D�W  0 1 0.93 1 0.79 
�'�R�N�X�]���(�\�O�•�O �0�L�P�D�U�O�Õ�N  0 1 0.93 1 0.79 
�'�R�N�X�]���(�\�O�•�O Bilgisayar 

 
0 1 0.93 1 0.79 

Ege �7�D�U�Õ�P���(�N�R�Q�R�P�L�V�L  0 1 0.93 1 0.79 
Ege �ø�Q�ú�D�D�W 

 
0 2 1.85 2 1.59 

Erciyes  Harita 1 5.56  0 1 0.79 
Gazi �ù�H�K�L�U���Y�H���%�|�O�J�H���3�O�D�Q�O�D�P�D  0 1 0.93 1 0.79 
Gazi �ø�N�W�L�V�D�W  0 1 0.93 1 0.79 
Gazi �ø�ú�O�H�W�P�H  0 3 2.78 3 2.38 
Gazi �ø�ú�O�H�W�P�H���(�÷�L�W�L�P�L 

 
0 1 0.93 1 0.79 

�*�H�E�]�H�� �<�•�N�V�H�N��
Teknoloji 
�(�Q�V�W�L�W�•�V�• 

Harita 
 

0 2 1.85 2 1.59 

Gediz Kentsel Yenileme  0 1 0.93 1 0.79 
�*�•�P�•�ú�K�D�Q�H Harita  0 1 0.93 1 0.79 
�ø�V�W�D�Q�E�X�O Orman 1 5.56 

 
0 1 0.79 

�ø�V�W�D�Q�E�X�O Maliye  0 1 0.93 1 0.79 
�ø�V�W�D�Q�E�X�O �ø�ú�O�H�W�P�H 1 5.56  0 1 0.79 
�ø�V�W�D�Q�E�X�O���*�H�O�L�ú�L�P �ø�ú�O�H�W�P�H  0 1 0.93 1 0.79 
�ø�V�W�D�Q�E�X�O���%�L�O�J�L �8�O�X�V�O�D�U�D�U�D�V�Õ���)�L�Q�D�Q�V  0 1 0.93 1 0.79 
�ø�V�W�D�Q�E�X�O���.�•�O�W�•�U �g�]�H�O��Hukuk 

 
0 1 0.93 1 0.79 

�ø�V�W�D�Q�E�X�O���.�•�O�W�•�U Hukuk  0 1 0.93 1 0.79 
�ø�V�W�D�Q�E�X�O���.�•�O�W�•�U �ø�Q�ú�D�D�W 

 
0 1 0.93 1 0.79 
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�ø�7�h Geomatik 1 5.56 6 5.56 7 5.56 
�ø�7�h �ù�H�K�L�U���Y�H���%�|�O�J�H���3�O�D�Q�O�D�P�D 

 
0 1 0.93 1 0.79 

�ø�7�h �'�L�V�L�S�O�L�Q�O�H�U���$�U�D�V�Õ  0 13 12 13 10.3 
�ø�7�h �*�D�\�U�L�P�H�Q�N�X�O���*�H�O�L�ú�W�L�U�P�H  0 5 4.63 5 3.97 
�ø�7�h �ø�Q�ú�D�D�W  0 2 1.85 2 1.59 
�ø�7�h �%�L�O�L�ú�L�P���8�\�J�X�O�D�P�D�O�D�U�Õ  0 2 1.85 2 1.59 
K. Mehmet Bey �ø�N�W�L�V�D�W 

 
0 1 0.93 1 0.79 

Kocaeli 
Siyaset Bilimi ve Kamu 
�<�|�Q�H�W�L�P�L  

0 1 0.93 1 0.79 

�.�7�h Harita 3 16.7 5 4.63 8 6.35 
Marmara �6�H�U�P�D�\�H���3�L�\�D�V�D�V�Õ���Y�H���%�R�U�V�D  0 1 0.93 1 0.79 
Marmara Ekonometri  0 1 0.93 1 0.79 
Marmara �ø�ú�O�H�W�P�H 1 5.56 1 0.93 2 1.59 
Mersin �ø�ú�O�H�W�P�H  0 1 0.93 1 0.79 
Mimar Sinan �<�D�S�Õ  0 1 0.93 1 0.79 
�2�'�7�h �0�L�P�D�U�O�Õ�N  0 1 0.93 1 0.79 
�2�'�7�h �ø�N�W�L�V�D�W  0 1 0.93 1 0.79 
�2�'�7�h �ù�H�K�L�U���Y�H���%�|�O�J�H���3�O�D�Q�O�D�P�D 

 
0 1 0.93 1 0.79 

�2�'�7�h 
�-�H�R�G�H�]�L�� �Y�H�� �&�R�÷�U�D�I�L�� �%�L�O�J�L��
Teknolojileri 

1 5.56 
 

0 1 0.79 

�2�Q�G�R�N�X�]���0�D�\�Õ�V Harita  0 3 2.78 3 2.38 
Pamukkale  �ø�ú�O�H�W�P�H  0 1 0.93 1 0.79 
Sakarya �ø�ú�O�H�W�P�H 

 
0 1 0.93 1 0.79 

�6�H�O�o�X�N Harita 1 5.56 4 3.7 5 3.97 
�6�H�O�o�X�N Kamu Hukuku 

 
0 1 0.93 1 0.79 

�6�H�O�o�X�N �ø�N�W�L�V�D�W 1 5.56  0 1 0.79 

�6�H�O�o�X�N 
Elektronik Bilgisayar 
�6�L�V�W�H�P�O�H�U�L���(�÷�L�W�L�P�L  

0 1 0.93 1 0.79 

�7�H�N�L�U�G�D�÷ �7�D�U�Õ�P���(�N�R�Q�R�P�L�V�L 
 

0 1 0.93 1 0.79 
�<�7�h �ù�H�K�L�U�F�L�O�L�N���Y�H���%�|�O�J�H���3�O�D�Q�O�D�P�D  0 2 1.85 2 1.59 
�<�7�h Harita  2 11.1 6 5.56 8 6.35 
�<�7�h �0�L�P�D�U�O�Õ�N 1 5.56  0 1 0.79 
Toplam 18 100 108 100 126 100 

 
�$�Q�D�E�L�O�L�P�� �G�D�O�O�D�U�Õ�\�O�D�� �L�O�J�L�O�L�� �G�D�÷�Õ�O�Õ�P�� �L�Q�F�H�O�H�Q�G�L�÷�L�Q�G�H�� �o�R�N��
�I�D�U�N�O�Õ�� �D�Q�D�E�L�O�L�P�� �G�D�O�O�D�U�Õ�Q�G�D�� �N�R�Q�X�\�O�D�� �L�O�J�L�O�L�� �o�D�O�Õ�ú�P�D�O�D�U��
�\�D�S�Õ�O�G�Õ�÷�Õ���J�|�U�•�O�P�H�N�W�H�G�L�U�����7�D�E�O�R�����������(�Q���I�D�]�O�D���o�D�O�Õ�ú�P�D��������
adet tez (%20.6) ile Jeodezi ve Fotogrametri anabilim 
�G�D�O�Õ�Q�G�D�� �N�D�E�X�O���H�G�L�O�P�L�ú�W�L�U���� �ø�N�L�Q�F�L�� �V�Õ�U�D�G�D��her biri 12 adet 
�W�H�]�� ���������������� �L�O�H�� �'�L�V�L�S�O�L�Q�O�H�U�� �$�U�D�V�Õ�� �D�Q�D�E�L�O�L�P�� �G�D�O�Õ�� �Y�H��
�ø�ú�O�H�W�P�H�� �D�Q�D�E�L�O�L�P�� �G�D�O�Õ�� �J�H�O�P�H�N�W�H�G�L�U���� �h�o�•�Q�F�•�� �V�Õ�U�D�G�D�� �L�V�H��
������ �D�G�H�W�� �W�H�]�� ���������������� �L�O�H�� �+�D�U�L�W�D�� �0�•�K�H�Q�G�L�V�O�L�÷�L�� �D�Q�D�E�L�O�L�P��
�G�D�O�Õ�� �\�H�U�� �D�O�P�D�N�W�D�G�Õ�U���� �%�X�Q�O�D�U�Õ�� ���� �D�G�H�W�� ���������������� �W�H�]�� �L�O�H��
�ø�Q�ú�D�D�W�� �0�•�K�H�Q�G�L�V�O�L�÷�L�� �D�Q�D�E�L�O�L�P�� �G�D�O�Õ�� �W�D�N�L�S�� �H�W�P�H�N�W�H�G�L�U����
�$�\�U�Õ�F�D�� ���¶�H�U�� �D�G�H�W�� �W�H�]�� ���������������� �L�O�H�� �7�D�U�Õ�P�� �(�N�R�Q�R�P�L�V�L����
�*�D�\�U�L�P�H�Q�N�X�O�� �*�H�O�L�ú�W�L�U�P�H���� �ø�N�W�L�V�D�W���� �7�D�U�Õ�P�� �(�N�R�Q�R�P�L�V�L�� �Y�H��

�7�D�ú�Õ�Q�P�D�]�� �*�H�O�L�ú�W�L�U�P�H�� �D�Q�D�E�L�O�L�P�� �G�D�O�O�D�U�Õ�Q�G�D�� �G�D�� �W�D�ú�Õ�Q�P�D�]��
�G�H�÷�H�U�O�H�P�H�� �N�R�Q�X�V�X�Q�G�D�� �W�H�]�O�H�U�� �N�D�E�X�O�� �H�G�L�O�P�L�ú�W�L�U���� �*�H�U�L�\�H��
�N�D�O�D�Q�� �G�L�÷�H�U�� �D�Q�D�E�L�O�L�P�� �G�D�O�O�D�U�Õnda 1 (%0.79) ile 3 
���������������� �D�U�D�V�Õ�Q�G�D�� �G�H�÷�L�ú�H�Q�� �V�D�\�Õ�O�D�U�G�D�� �\�•�N�V�H�N�� �O�L�V�D�Q�V��
�W�H�]�O�H�U�L�� �\�D�\�Õ�Q�O�D�Q�P�Õ�ú�W�Õ�U���� �7�D�ú�Õ�Q�P�D�]�� �G�H�÷�H�U�O�H�P�H�� �D�O�D�Q�Õ����
�W�D�ú�Õ�Q�P�D�]�O�D�U�Õ�Q�� �J�•�Q�� �J�H�o�W�L�N�o�H�� �D�U�W�D�Q�� �V�R�V�\�D�O�� �Y�H�� �H�N�R�Q�R�P�L�N��
�|�Q�H�P�L�Q�G�H�Q�� �G�R�O�D�\�Õ�� �G�L�V�L�S�O�L�Q�O�H�U�� �D�U�D�V�Õ�� �o�D�O�Õ�ú�P�D�� �N�R�Q�X�V�X��
�R�O�P�X�ú�W�X�U���� �%�X�Q�X�Q�� �E�L�U�� �V�R�Q�X�F�X�� �R�O�D�U�D�N�����•�O�N�H�P�L�]�G�H�N�L��
�W�D�ú�Õ�Q�P�D�]�O�D�U�� �G�•�Q�\�D�V�Õ�\�O�D�� �L�O�J�L�O�L�� �D�N�D�G�H�P�L�V�\�H�Q�O�H�U�L�Q�� �S�H�N��
�o�R�÷�X�� �W�D�ú�Õ�Q�P�D�]�� �G�H�÷�H�U�O�H�P�H�� �D�O�D�Q�Õ�Q�G�D�� �o�D�O�Õ�ú�P�D�� �\�D�S�P�D�\�Õ��
�W�H�U�F�L�K���H�W�P�L�ú�W�L�U�����7�D�E�O�R���������� 

 
�7�D�E�O�R�� ������ �$�Q�D�E�L�O�L�P�� �'�D�O�Õ�Q�D�� �*�|�U�H�� �7�H�]�� �6�D�\�Õ�O�D�U�Õ�Q�Õ�Q��
�'�D�÷�Õ�O�Õ�P�Õ�� 

�6�Õ�U�D��
No 

�$�Q�D�E�L�O�L�P���'�D�O�Õ 
Tez 
�6�D�\�Õ�V�Õ 

Oran 
% 

1 �$�Y�U�X�S�D���%�L�U�O�L�÷�L 1 0.79 
2 �%�L�O�J�L�V�D�\�D�U���0�•�K�� 1 0.79 
3 �%�L�O�L�ú�L�P���8�\�J�X�O�D�P�D�O�D�U�Õ 1 0.79 
4 �'�L�V�L�S�O�L�Q�O�H�U���$�U�D�V�Õ 12 9.52 
5 Ekonometri 1 0.79 
6 �(�N�R�Q�R�P�L���%�|�O�•�P�• 1 0.79 

7 
Elektronik ve Bilgisayar 
�6�L�V�W�H�P�O�H�U�L���(�÷�L�W�L�P�L 

1 0.79 

8 �*�D�\�U�L�P�H�Q�N�X�O���*�H�O�L�ú�W�L�U�P�H 5 3.97 
9 �*�H�R�P�D�W�L�N���0�•�K�H�Q�G�L�V�O�L�÷�L 1 0.79 
10 �+�D�U�L�W�D���0�•�K�H�Q�G�L�V�O�L�÷�L 10 7.94 
11 Hukuk 1 0.79 
12 �ø�N�W�L�V�D�W 5 3.97 
13 �ø�Q�ú�D�D�W���0�•�K�H�Q�G�L�V�O�L�÷�L 8 6.35 
14 �ø�ú�O�H�W�P�H 12 9.52 
15 �ø�ú�O�H�W�P�H���(�÷�L�W�L�P�L 1 0.79 

16 
�-�H�R�G�H�]�L�� �Y�H�� �&�R�÷�U�D�I�L�� �%�L�O�J�L��
Teknolojileri 

1 0.79 

17 Jeodezi ve Fotogrametri 26 20.6 
18 Kamu Hukuku 1 0.79 
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19 
Kentsel Sistemler ve 
�8�O�D�ú�W�Õ�U�P�D���<�|�Q�H�W�L�P�L 

3 2.38 

20 Kentsel Yenileme 1 0.79 
21 Maliye 2 1.59 

22 
�0�H�G�H�Q�L�� �8�V�X�O�� �Y�H�� �ø�F�U�D��- 
�ø�I�O�D�V���+�X�N�X�N�X 

1 0.79 

23 �0�L�P�D�U�O�Õ�N 3 2.38 
24 Muhasebe �± Finansman 1 0.79 
25 �2�U�P�D�Q���0�•�K�H�Q�G�L�V�O�L�÷�L 1 0.79 
26 �g�]�H�O���+�X�N�X�N 2 1.59 
27 �3�H�\�]�D�M���0�L�P�D�U�O�Õ�÷�Õ 1 0.79 

28 
�6�H�U�P�D�\�H�� �3�L�\�D�V�D�V�Õ�� �Y�H��
Borsa 

1 0.79 

29 
Siyaset Bilimi ve Kamu 
�<�|�Q�H�W�L�P�L 

1 0.79 

30 �ù�H�K�L�U���Y�H���%�|�O�J�H���3�O�D�Q�O�D�P�D 3 2.38 

31 
�ù�H�K�L�U�F�L�O�L�N�� �Y�H�� �%�|�O�J�H��
Planlama 

2 1.59 

32 �7�D�U�Õ�P���(�N�R�Q�R�P�L�V�L 5 3.97 
33 �7�D�ú�Õ�Q�P�D�]���*�H�O�L�ú�W�L�U�P�H 5 3.97 

34 
�8�O�X�V�O�D�U�D�U�D�V�Õ�� �7�L�F�D�U�H�W��
�<�|�Q�H�W�L�P�L 

1 0.79 

35 �8�O�X�V�O�D�U�D�U�D�V�Õ���)�L�Q�D�Q�V 1 0.79 

36 
�8�]�D�N�W�D�Q�� �$�O�J�Õ�O�D�P�D�� �Y�H��
�&�R�÷�U�D�I�L���%�L�O�J�L���6�L�V�W�H�P�O�H�U�L 

1 0.79 

37 �<�D�S�Õ 1 0.79 
38 Ziraat  1 0.79 
Toplam 126 100 

 
�7�H�]�� �N�R�Q�X�O�D�U�Õ�Q�Õ�Q�����|�]�H�W���� �D�Q�D�K�W�D�U�� �N�H�O�L�P�H�O�H�U���� �E�X�O�J�X�O�D�U�� �Y�H��
�V�R�Q�X�o�� �E�|�O�•�P�O�H�U�L�� �G�L�N�N�D�W�H�� �D�O�Õ�Q�D�U�D�N�� �R�Q�� �D�O�W�Õ�� �D�\�U�Õ�� �J�U�X�S�W�D��
�L�Q�F�H�O�H�Q�P�H�V�L�� �J�H�U�H�N�W�L�÷�L�� �G�•�ú�•�Q�•�O�P�•�ú�W�•�U���� �%�X��
�J�U�X�S�O�D�Q�G�Õ�U�P�D�� �\�D�S�Õ�O�Õ�U�N�H�Q�� �N�R�Q�X�� �R�O�D�U�D�N�� ���7�D�U�Õ�P��
�(�N�R�Q�R�P�L�V�L�� ���.�D�S�L�W�D�O�L�]�D�V�\�R�Q�� �2�U�D�Q�Õ�� �Y�H�\�D�� �(�P�O�D�N��
Vergisi/E-�'�H�Y�O�H�W���$�Y�U�X�S�D�� �%�L�U�O�L�÷�L�� �J�L�E�L���� �E�L�U�E�L�U�L�Q�H�� �\�D�N�Õ�Q��
�R�O�D�Q�O�D�U�� �P�•�P�N�•�Q�� �R�O�G�X�÷�X�Q�F�D�� �E�L�U�� �J�U�X�S�� �D�O�W�Õ�Q�G�D��
�W�R�S�O�D�Q�P�D�\�D�� �o�D�O�Õ�ú�Õ�O�P�Õ�ú�W�Õ�U���� �%�X�Q�D�� �U�D�÷�P�H�Q�� �D�Q�F�D�N�� �R�Q�� �D�O�W�Õ��

�D�\�U�Õ�� �J�U�X�E�D�� �L�Q�G�L�U�J�H�Q�H�E�L�O�P�L�ú�W�L�U���� �%�X�� �G�X�U�X�P�� �E�L�]�H����
�W�D�ú�Õ�Q�P�D�]�� �G�H�÷�H�U�O�H�P�H�� �N�R�Q�X�V�X�Q�X�Q���� �W�D�ú�Õ�Q�P�D�]�O�D�U�O�D�� �L�O�J�L�O�L��
�K�H�U���D�O�D�Q�G�D���L�K�W�L�\�D�o���G�X�\�X�O�G�X�÷�X�Q�X���J�|�V�W�H�U�P�H�N�W�H�G�L�U���� 
 
�7�H�]�O�H�U�G�H���H�Q���o�R�N���L�Q�F�H�O�H�Q�H�Q���N�R�Q�X�O�D�U���V�Õ�U�D�V�Õ�\�O�D���������D�G�H�W���W�H�]��
�L�O�H�� ������������������ �<�|�Q�W�H�P�O�H�U���� �6�W�D�Q�G�D�U�W�O�D�U���)�D�N�W�|�U�� �$�Q�D�O�L�]�L����
27 adet tez ile (%21.43) Genel 
�%�L�O�J�L���0�H�Y�]�X�D�W���'�H�÷�H�U�O�H�P�H�� �8�]�P�D�Q�O�Õ�÷�Õ���� ������ �D�G�H�W�� �W�H�]�� �L�O�H��
������������������ �6�R�U�X�Q�O�D�U���� �d�|�]�•�P�� �g�Q�H�U�L�O�H�U�L���0�R�G�H�O�� �g�Q�H�U�L�V�L��
konul�D�U�Õ�G�Õ�U���� �%�X�� �D�O�D�Q�G�D�� �H�Q�� �o�R�N�� �L�Q�F�H�O�H�Q�H�Q�� �N�R�Q�X�Q�X�Q��
�<�|�Q�W�H�P�O�H�U���6�W�D�Q�G�D�U�W�O�D�U���)�D�N�W�|�U�� �$�Q�D�O�L�]�L�� �R�O�P�D�V�Õ����
�•�O�N�H�P�L�]�G�H�N�L�� �W�D�ú�Õ�Q�P�D�]�� �G�H�÷�H�U�O�H�P�H�� �I�D�D�O�L�\�H�W�O�H�U�L�Q�G�H��
�N�X�O�O�D�Q�Õ�O�D�Q�� �\�|�Q�W�H�P���� �X�\�J�X�O�D�Q�D�Q�� �V�W�D�Q�G�D�U�W�O�D�U�� �Y�H�� �G�H�÷�H�U�H��
�H�W�N�L�� �H�G�H�Q�� �I�D�N�W�|�U�O�H�U�L�Q�� �E�H�O�L�U�O�H�Q�P�H�V�L�� �N�R�Q�X�O�D�U�Õ�Q�G�D�� �E�D�]�Õ��
�H�N�V�L�N�O�L�N�O�H�U�� �R�O�G�X�÷�X�Q�X���� �\�D�S�Õ�O�D�Q�� �o�D�O�Õ�ú�P�D�O�D�U�Õ�Q�� �G�D�� �E�X��
�G�X�U�X�P�X�Q�� �J�L�G�H�U�L�O�P�H�V�L�� �D�G�Õ�Q�D�� �E�L�O�L�P�V�H�O�� �|�Q�H�U�L�O�H�U�G�H��
�E�X�O�X�Q�P�D�N�� �D�P�D�F�Õ�\�O�D�� �\�D�S�Õ�O�G�Õ�÷�Õ�Q�Õ�� �J�|�V�W�H�U�P�H�N�W�H�G�L�U���� �ø�N�L�Q�F�L��
�V�Õ�U�D�G�D�� �*�H�Q�H�O�� �%�L�O�J�L���� �0�H�Y�]�X�D�W���'�H�÷�H�U�O�H�P�H�� �8�]�P�D�Q�O�Õ�÷�Õ��
�N�R�Q�X�V�X�Q�X�Q�� �L�Q�F�H�O�H�Q�L�\�R�U�� �R�O�P�D�V�Õ���� �7�•�U�N�L�\�H�� �G�H�÷�H�U�O�H�P�H��
sistemindeki mevcut durumu ortaya koymak ve 
�G�H�÷�H�U�O�H�P�H�� �X�]�P�D�Q�O�D�U�Õ�Q�Õ�Q�� �N�D�U�ú�Õ�O�D�ú�W�Õ�N�O�D�U�Õ�� �V�R�U�X�Q�O�D�U�D��
�o�|�]�•�P�� �|�Q�H�U�L�O�H�U�L�� �J�H�W�L�U�P�H�N�� �D�P�D�o�O�Õ�G�Õ�U���� �h�o�•�Q�F�•�� �V�Õ�U�D�G�D��
�6�R�U�X�Q�O�D�U���d�|�]�•�P�� �g�Q�H�U�L�O�H�U�L���0�R�G�H�O�� �g�Q�H�U�L�V�L�� �N�R�Q�X�O�D�U�Õ�Q�Õ�Q��
�L�Q�F�H�O�H�Q�P�L�ú�� �R�O�P�D�V�Õ���� �G�H�÷�H�U�O�H�P�H�� �V�L�V�W�H�P�L�P�L�]�G�H�� �\�D�ú�D�Q�D�Q��
�V�R�U�X�Q�O�D�U�Õ�Q�� �W�H�V�S�L�W�L���� �\�D�V�D�O���� �N�X�U�X�P�V�D�O�� �Y�H�� �W�H�N�Q�L�N�� �o�|�]�•�P��
�|�Q�H�U�L�O�H�U�L���J�H�O�L�ú�W�L�U�L�O�P�H�V�L�����W�R�S�O�X���Y�H���W�H�N�L�O���G�H�÷�H�U�O�H�P�H�O�H�U���L�o�L�Q��
�P�R�G�H�O�� �|�Q�H�U�L�O�H�U�L�� �V�X�Q�P�D�N�� �D�P�D�o�O�Õ�� �o�D�O�Õ�ú�P�D�O�D�U�� �\�D�S�Õ�O�G�Õ�÷�Õ�Q�Õ��
�J�|�V�W�H�U�P�H�N�W�H�G�L�U�����7�D�E�O�R���������� 
 
�(�Q���D�]���o�D�O�Õ�ú�P�D���L�V�H���V�Õ�U�D�V�Õ�\�O�D�������D�G�H�W���W�H�]���L�O�H�������������������$�U�D�]�L��
�3�R�O�L�W�L�N�D�V�Õ���$�U�D�]�L�� �<�|�Q�H�W�L�P�L���� ���¶�ú�H�U�� �D�G�H�W�� �W�H�]�� �L�O�H�� ������.59) 
�6�L�J�R�U�W�D�� �%�H�G�H�O�L���� �+�D�V�D�U�� �2�U�D�Q�Õ�� �Y�H�� �<�H�ú�L�O�� �'�H�÷�H�U�O�H�P�H����
�(�Q�H�U�M�L�� �(�W�N�L�Q���<�H�ú�L�O�� �%�L�Q�D�� �N�R�Q�X�O�D�U�Õ�Q�G�D�� �\�D�S�Õ�O�P�Õ�ú�W�Õ�U����
�7�D�E�O�R�\�D�� �J�|�U�H�� �E�D�]�Õ�� �W�H�]�O�H�U�L�Q�� �E�L�U�G�H�Q�� �o�R�N�� �N�R�Q�X�\�O�D�� �L�O�J�L�O�L��
�R�O�G�X�÷�X�� �J�|�U�•�O�P�•�ú�W�•�U���� �%�X�Q�D�� �J�|�U�H���� ������ �D�G�H�W�� �W�H�]�� �E�L�U��
�N�R�Q�X�\�X���� ������ �D�G�H�W���W�H�]�� �L�N�L�� �N�R�Q�X�\�X���� ���� �D�G�H�W���W�H�]�� �•�o�� �N�R�Q�X�\�X��
v�H�������D�G�H�W���W�H�]���G�H���G�|�U�W���N�R�Q�X�\�X���D�U�D�ú�W�Õ�U�P�Õ�ú�W�Õ�U�����7�D�E�O�R���������� 
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�$�O�L�H�I�H�Q�G�L�R�÷�O�X����
2011 

Dr                                
�%�D�ú�G�R�÷�D�Q����
2013 

Dr                                
�%�H�N�L�U�R�÷�O�X����
1998 

Dr                                
�%�R�V�W�D�Q�F�Õ����
2008 

Dr                  
Boza, 2015 Dr                  
�d�D�÷�D�W�D�\������������ Dr                  
�d�D�÷�G�D�ú������������ Dr                  
�d�H�W�H������������ Dr                  
�d�R�U�X�K�O�X������������ Dr                  
Erdem, 2016 Dr                  
�(�U�W�D�ú������������ Dr                  
�+�D�F�Õ�N�|�\�O�•������
09 

Dr                  
�+�H�S�ú�H�Q������������ Dr                  
�.�D�E�D�W�D�ú������������ Dr                  
�.�D�U�D�N�D�\�D�F�Õ����
2011 

Dr                  
�1�D�O�E�D�Q�W�R�÷�O�X����
1997 

Dr                  
�1�L�ú�D�Q�F�Õ��  2005 Dr                  
�<�D�O�S�Õ�U������������ Dr                  
(Nas) 
Bulut,2011 

Yl                                 
�$�N�E�D�ú������������ Yl                                 
Akkaynak, 
2014 

Yl                                 
Albulak, 2016 Yl                                 
Amca, 2016 Yl                                 
Armut, 2016 Yl                                 
Arslan, 2016 Yl                                 
�$�V�I�X�U�R�÷�O�X����
2011 

Yl                                 
�$�W�Õ�O�J�D�Q������������ Yl                                 
Bahar, 2007  Yl                                 
�%�D�ú������������ Yl                                 
�%�D�ú�H�U������������ Yl                                 
�%�D�ú�W�•�U�N������������ Yl                                 
Bayram, 2010 Yl                                 
Birinci,1993 Yl                                 
�%�|�U�H�N�o�L������������ Yl                                 
Bulut, 2011 Yl                                 
�%�•�\�•�N�E�D�ú����
2013 

Yl                                 
�&�D�Q�G�D�ú������������ Yl                                 
Ceylan, 2007 Yl                                 
�d�D�÷�G�D�ú������������ Yl                                 
�d�D�N�Õ�U������������ Yl                                 
�d�H�O�L�N������������ Yl                                 
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�d�H�Y�L�N������������ Yl                                 
�d�Õ�Q�D�U������������ Yl                                 
�'�D�O�N�Õ�U�D�Q����
2015 

Yl                                 
�'�H�÷�L�U�P�H�Q�F�L�O�H�U
,  2008 

Yl                                 
�'�H�U�L�Q�S�Õ�Q�D�U����
2014 

Yl                                 
Deveci, 2007 Yl                                 
�'�R�÷�U�X�O������������ Yl                                 
�'�|�Q�H�U������������ Yl                                 
Er, 2015 Yl                                 
�(�U�G�R�÷�G�X����
2012 

Yl                                 
�(�U�H�H�ú������������ Yl                                 
Eren, 1998 Yl                                 
Ergin, 2013 Yl                                 
�(�U�W�D�ú������������ Yl                                 
Gemici, 2008 Yl                                 
�*�|�G�X�U������������ Yl                                 
�*�|�O�E�D�ú�Õ���������� Yl                                 
�*�|�Q�•�O�D�O������������ Yl                                 
�*�•�O������������ Yl                                 
�*�•�O�H�U������������ Yl                                 
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