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I1DQRSDDWRLRNO@®O LODo KHGHIOHPH NDQVHU DUDuWOUPDODUOQDOQ DNWL
HWNLQOL+L DUWOUPDGD oRN |QHPOL ELU SRWDQVL\HOH VDKLSWLU

EHOLUOHQPHVL LoLQ SDVLI YH DNWLI KHGHIOL QDQRBDWWON - DHOH UL E QO
YH DOONR @RIifl ve(l@®WLQ UHVHSW|UOHULQL KHGHIOHPH \DNODUOPODUOD NI
JJUsQW+OHPH YH WHGDYL HGLFL |BRMMEGICNMTT) 2 E LSD DUIDIGHGEDO @G D QL Q
Fe304@SIR(FITC)-% 71 '2; DNWLI KHGHIOHPH LolLQ QREDWILLINRMDNVYR Q HIX O
1DQRSDUWLN*OOHULQ W+P|U KeFUHOHULQGHNL ELULNLPLQLQ L]JOHQPHYV
DNOP VLWRPHWUHVL NXOODQOOGO (OGH HGLOHQ VRQXoODU SDVLI
stratejisininVHUYLNDO NDUVLQRPD +H/D KeFUHOHULQGHNL QDQRSDUWLN+O EL
JIVWHUGL $NWLI KHGHIOL QDQRSDUWLN+*OOHU SDVLI KHGBU®L QDQR
maksimum inhibisyon konsantrasyonuC GH®YL LOH NDQVHU KeFUHOHULQGH GDKD \*NV
$\UOFD SDVLI KHGHIOL QDQRSDUWLN+OOHUOH NDUubobDuwbudboGcOH+06Q
\DNODuUON RUDQOQGD DUWOUGO+0O EMIGDQIEXD d%W DI GDAHDP @ HWWW B R @VHL U
KHGHIOL LODo WDuOPD VLVWHPOHUL LOH NDUuOODuUWOUOOGO+O0QGD D
XPXW YHULFL ROGX+XQX J|[VWHUPHNWHGLU

Anahtar kelimeler: .DQVHU PXOWLIRQ N Vidr) paSifth€leltie) 8k8f Dadofene.

A Comparative Study of Passive and Active Tumor Targeting Using
Nanoparticles as Drug Delivery Systems

*1@HQN 'D+O0OR+0OX
Yzmir Advanced Technology Institute, Faculty of Science, Department of Molecular Biologyertics,
[zmir
cenkdagliogl@iyte.edu.tr

Abstract

Nanoparticlemediated drug targeting is an active area of cancer research and hold enormous potential in
improving anticancer efficacy by providing tumor tissue specificity. Herein, tumor targetipgbilities 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, Fe304@32(FITC)DOX (for passive targeting) and Fe304@SiO2(FIFBIN/DOX (for active

targeting) multifunctional nanoparticles combining imaging and therapy were used. Fluorescence microscopy and
flow cytometry were employed to both visualize and quantify theraatation of nanoparticles into the tumor

cells. The results demonstrated that active targeting strategy considerably enhanced nanoparticle accumulation in
the cervical carcinoma Hela cells with-#dkd increase in comparison to passive targeting. Tadgetaoparticles
exhibited higher cytotoxicity in cancer cells with an approximatelyf@d better half maximal inhibitory
concentration (IC50) value than untargeted nanoparticles. Moreover, it was found that targeted nanoparticles
increased the number @poptotic 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 toepassair targeting drug delivery systems.

Keywords:Cancer, multifunctional nanoparticles, passive targeting, active targeting

*Sorumlu Yazarlg]PLU gOHUL W HNERDRMQ WERIWMN VDY % L\ROR|I@LP¥H FBHQHWLN
cenkdagliogl@iyte.edu.tr

Doi: 10.21541/apjes.349889
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1. *g5@0 %X oDOOUPDGD QDQRSDUWLN+OOHU I
DNWLI WeP|U KHGHIOHPH \DNOI
'RNXODUD PROHN¢OHU VHYL\HGH QOX} GOIPHNJHOOPNDYDUDPDoODQPOUW
VD\HVLQGH QDQRPDUWDNIFRDHW LMWFHROHYROOGPDODUGD JHOLGWLULO
RODUDN KHP GL\DJQRVWLN KHRGLGPLUWHUIDBWLION UHVHSW|UOHULQ
uygulamalarda umut vaat etmektedir [1]. Geleneksel hedefliyebilen, Fe304@SiO2(FITEBTN/DOX
NHPRWHUDS|WLN DMDQODUOQ oR-PXOANUtRQNVP\IRNORNL QRIIVQRISDUWLN<OC
SURILOOHUH VDKLSWLU YH Y+*FXGKHHRQOHPWHL I LRUPXO Re@dQO DWW POG J
LoLQ FLGGL \DQ H senik@oksisiteypV WHDEOQ@NRQPD (35 HWNLVL LoLQ VHQW
QHGHQ ROPDNWDGOU > @ % XkQnEdEQ dhiy@ab \ OFe30A@SI02(FITOPX
E|/OJHOHULQL KHGHIOH\HELOHQ LPPROWIDRORIULVRQGWO FQDHIR-SILWW LN-O O
JHOLOWLULOPHVL KHP LODoOODUOSNWRNVYHN HDNLVLH®HDOWPRDNLOLQ
KHP GH oRNOX LODo GLUHQoOLOQ@BRRIS®PUD{NHODHHIPIHN DQWLNDQVHU
DoOVOQGDQ oRN |QHPR&ptERU SRWBQYLND@OHNDQVHU +H/D KeFUHOHULQ
*e«QeP+]GH QDQRSDUWLN*OOHULQ ERGSRWDQWVL\HOOHKUEQHYHO DOOP
DUWOUOOPDVO LoLQ SDVLI YH DNWQW\®+PAH KHGWILOHRBFPINIKLN Y H
VWUDWHMLOHUL JHOLGWLULOHUHNWNLOHQQ DHDDBG WBBR /el O UO QG O
HWNLOHULQLQ HQ D]D LQGLULOPHVL DPDoODQPDNWDGOU > @
$UWPOU JHOLUJHQOLN enkan@2® ONRQB®/=(B69( <gl17(0
permeability and retention) etkisi, bir pasif
KHGHIOHPH IRUPXGXU YH oHUORW ™MhalzerleR\XWODUGDNL
QDQRSDUWLN<«OOHULQ QRHQW®PU NOH
GRNXODUOQGD VD+OONOO GR N X3RQ3HEBti-Rta2MNil-Q,5BiferitBteRdyum
GHNLOGH ELULNPHVL VRQXFX R O Xbiotmidl (MT@) vel Hp3iR Sidd\WuricN €Bebniddls
bu benzersfj |JHOOLNOHUL VD\HVLQQKDQ@QMNAWIIPQYHY GRNVRUXELVLQ 6%
DMDQODUOQ We+P|U KesFUHOHULQ%10W@al Coovih REGUO (FBF,N st@ptomisin,
NOOPDNWDGOU %XQXQ \DQO \pénisibn, RYuRMRIS &sit] \DMEM Oedi y&liLGibco
\¢]JH\OHUL NDQVHU Ke¢eFUHOHUL W/DLUHD IOWBPBKQ PO R ULBADL | DiEaHing
HGLOHQ UHVHSW|UOHUH VSHYVLIaNino®isia)D\@ GerbrgisiBy BIR Bhatingen
HGLOHUHN VDHOOWNODIMHK-RDAUHYG®MHQPIMWHPLQ HGLOPLGUWLU .XOODQ
KeFUHOHU GDKD \*NVHN DILQLWHBWYVDRWDIU RID@UDINVLN VDIOONWD
hedeflenebilmektedir [6]. Bu sayede, boyunFD XOWUD VDI VX NXOODQOOPOUW
QDQRSDUWLN*OOHU DUDFOOO+0\OD NDQVHU KeFUHOHULQLQ
LOLQGHNL LODo NRQVDQWUDV\RQ@QZDYFULHIWOWOW-OUNHQ QRUPDO
KeFUHOHUH NDU tléceR tlarGdkekzikl HOHE L
minimize edilmektedir. +H/D LQVDQ HSLWHO\DO VHUYLNDO NELC
g]PLU <«NVHN 7HNQRORML (QVWLW<eVe
7P FDQOO Ke+FUHOHU \DUDPODU®DR® PV KH®®IHEQION HOSHUDWIW O U P D Y H
LoLQ YLWDPLQOHUH LKWL\Do G X\DOHWINWH ] LGBV KMOH O DQE HOGQeMRL .DQVH
NDQVHU KeFUHOHUL |]HOOLNOHvVNVK @iad dovii ¥ +HPUHDCPHKU L Q% 6 —J P/
VeUG*UHELOPHN LoLQ EHOLUOL ttteytdni®inQ mel WihlL Génisiin v J20 MM - L
LKWL\Do GX\DUODLWW DR @ DEKHDEOKIO XN BIOND @VLW LoHUHIQQ ®K0 NE B WL\HH)
UHVHSW|UOHU NDQVHUOHUHQ KeHGEHO GUH\OHWLDHGHWBUQONRIUXOODU I
PLNWDUGD LIDGH HGLOPH\H ED®P2DRBEMWEE MHEHQ@QNeEDW|UGH JHUOF
DUWOUGWODU VD\H\DL:Q@ODH WOIOMD RIOPo WDudOPD
VLVWHPOHULQLQ GDKD \eNVHN23D1D@RSBHEGM LN¥ORJH UL 6HQWHI]L
KeFUHOHULQL KHGHIOHPH[L VD= O XaakietizZasbiNWHGLU
Vitamin B12, folik asit ve biyotin gibi vitaminler
NDQVHUOL KeFUHOHUGH PLWR] F3Q/@SRR{FITC)-BTN/DAX PHl@onksiyonel
YLWDPLQOHUGLU YH NDQVHU K+FQBQRSDUWDNPOOGGDQ uKNIUAH $ ND\QI
\¢]JH\LQGHNL UHVHSW|UOHUL DUWDQ@LRWBEQOBUEID JLEGKDKD |QFHNL
HGLOPHNWHGLU > @ 6RQ ]DPVDH®W K GEMH Q G SIKWBME@XX Qemir ook
oDOOUPD®MRWNG INDRIMHU Ke¢FUHVLQ®BH 2 E LolRMWMLWQGFEHRIFEBSOMODUOQOQ RUW
UHVHSW|UOHULQLQ YLWDPLQ oPNWeUi¥®IPH\|]@WBWL\OH VHQWH]OH
UHVHSW|UOHULQGHQ GDKD ID]ODQRISIDGWLNHGOBGILAL EL\RX\XPOXOX
JIVWHULOPLUWLU > @ %X QHGHQOHDBEPRWIL Q DHVHBDN|UDMNRNLP\DVD
QDQRSDUWLN«OOHULQ DNWLI KHGHHY88GLQLQPIHRVOINVEMR Q+tbO@®HIWLULO
potansiyele sahip bir hedefleme biyohtelaidir. RNVLW oHNLUGHN VLOLND SROLPHUL
LoLQMHROD NLP\DVOQBQQOW®WDYH WHW
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RWURVLOLNDW 7(26 LOH GHPIQDQRNSWDIWW L NHEHAVGBHMMOQMLP\DVO LOH
NDSODQDUDN )H 2 #6L2 QDQRSEDWIANOG O \BHPIVOKHGHIOHPH oDOOGUP
ROXUWXUXOGX 'DKD VRQUD QD GREQEIWENCEIDN UL Q mitienkdid/onel
WDUDIOQGDQ DOOQGO+0QO0Q RSWYDRRBODWRN-QPIHHQKEIQOPHYHNLO 0
LoLQ )H 2 #6L2 QDQRSDUWLN.O QDYRSDYIWILEGRWHVBIQOHULQLQ %71 LO
[JHOOL-LQH VDKLS IORUHVLQ L]JRMWILRNVNQEHQDWNDYDEGEDNL WeP LUOHP(
HQNDSV+OH HGLOGL (QNDSV.-ODWLRGL VD\HDIQRGWUWLN+OOHULQ
QDQRSDUWLN«OOHULQ IRWRNLP\DND ODWWHLIJDWHRQOQLRWUWOGPQVPLN
VD+ODQGO %X LUOHPOHU VRQU D 5pék@dmbtredi (DLB), YRS RM HQ VW.AWOIR [Oo0+P
NRUXOODUGD Wsiika InanyekilotebbE LOH@® O QODUO GLIUDNVL\RQ DQDOL]L
[Fe304@Si®2 ),7& @ QDQRSDUWLN+-OOHY QR ROXGWNHOGKWHVL VSHNWURVNR
'DKD VRQUD QDQRSDUWLN¢«O \+]H\ @dkioh QrikepsEdbuRt&Krikieri IEM1 STEM ve

LOH HVWHULILNDV\RQX VD+ODQ@DUDO®H JBINWHNOMGWLLULOGL
KHGHIOHPH |JHOOL+L ND]JDQGOUOOGO 6RQ DGOPGD LVH

doksorubisin (DOX), amifonksiyonel

UHNLO $ )H 2 #6DAX Je 1B Fe304@SIQEITC)-BTN/DOX nDQRSDUWLN<OOHULQLQ
JIVWHULPL 1 D QAR-SNDLUWVELENG 9 OB SO Q8 oW D UP@PDBOHNWURQ PLNURVNREX
elde edildi.

2.4. +*FUHVHO $00OP '"HQH\OHUL IORUHVDQ®P®OQoG@+OQDOL] HGLOGL
VLWRPHWULN DQDOL]JOHUL )$&6 FLEk

Fe304@SiO2(FITGPOX ve %HFWRQ 'LFNLQVRQ 6DQ -RVH &% LO
Fe304@SiO2(FITGBTN/DOX multifonksiyonel
QDQRSDUWLNeOO MNDLQNIHU KHFDHQBOXQWLIRQNVLI\RQHO 1DQRSDUYV
hedefleme potansiyelleri floresan mikroskopu ve Sitotoksik Etkileri
DNOP VLWRPHWULVL NXOODQOODUDN DUDuwWOUOOGO

Fe304@SiO2(FITGPOX ve

OLNURVNRSLN J|U*QW+*OHPH LoL Ge304@%D2(KTFERIN/O®GXU ultifonksiyonel

KeFUH P/ \R+XQOX+XQGD QDQWRWSOROWLN<OOHULQLQ +H/D NDQVH
SODNDODUGD —J P/ Q D] RVS-DUBN INND=HDU L VLWRWRNVLVLWH
konsantrasyonunda 4 saaRAXQFD LQN<EH HGXOGDRQOODUDN EHOLUOHQGL
GQN*EDV\RQ VRQUDVO KeFUHOHU +0 GHID IRVIDW WDPSRQOX
o|]]JHOWL 3%6 LOH \ONDQGONWD Q6VY.RERWDR NQOLYR B/HUMNLNG 0PHOBUO LolLQ

HQNDSV*OH HGLOHQ ),7& IORUHWDBRWVHPL/NURYNREXQGCPG D NX\X O X
RSWLN RODUDN L]JOHQGL 1DQRSDUWLN<OOHULQ Ke«FUHVHEN>QRSDUW
DOOPO 2O0O\-RBEIRY flgresan mikroskobu NRQVDQWUDVI\RQODUO\OD YH VHUEHV!

NXOODQOODUDN J|U QW+.OHQGL ¥YODW LERUXQFDWEQNUE HGLOGL % X
IRWR+UDIODUO &&' NDPHUD NXOURQOUODDKOMN HOIMUOGLPYH/ 077 LoHUH
,PDJH- SURJUDPO NXOODQOODUDNDRWAIGNHEHOHELOGL YH DUGOQGDQ ¢
GDNLND ER\XQFD VDQWULI*M HGLC
+«FUHVHO DOOP PLNWDUVDO D QD@akan WL GEHON W OFQ WRKWID KHU ELU
KeFUH P/ \R+XQOX+XQGD IRURM}XQXNULVWDOOHUL —/ '062
plakalarda ELU JHFH ER\XQFD LQN+EHOHGL®GYH 'DKMP GHNL DEVRUEDQVOD
VRQUD KHU ELU NX\XGDNL EHVL\HRNOH X E XD WADGE O OO+ & vBdksinRMX QD UDN
\XNDUOGD DQODWOOGO+0O JLEL QDIXREDLVWLN -8REVDIQOMHUDYNREBDUO T
HGLOGL @QN+EDV\RQ VRQUDVO ,&+FGHOHUOMULIAWFIKIFD\®]®0OPO L
HGLOHUHN WRSODQGO YH DNOPKMVWEBOGEBWGAVLQGH ),7&
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3. 6218d/$5 9( 7$57,u08%$
26. OXOWLIRQNVL\RQHO 1E)Q4?SIDLJVVLPQ-C)OI4LJLSQ 3UR
apoptotik Etkileri 3.1. +*FUHY¥YBOP

Fe04@SiO(FITC)-DOX ve FeO.@SiO(FITC)- Fe304@SiO2(FITGPOX ve
%71 '2; PXOWLIRQNVL\RQHO QD GE3®BH@SIDR(RITCRIN/DOX Ln@ltifonksiyonel
+H/D NDQVHU KeFUHOHUL «]JHULQ®@® QRBWHWENNOBGIHULRUR +H/D NDQ
apoptotik etkileri ve apogf R]D X+UD\DQ KeFKH®HIOIHPH SRWDQVL\HOOHULQLQ D
\+]G HOHBD ve PEANneksin9 oLIW ER\DPD\GOQOON DODQ YH IORUHVDQV PLN!
\|QWHPRNISOPPHVLWRPHWUHVLQGH |OoHRGEGL NPMRSWIUNVK«FUHVHO ORNDO
IORUHVDQV J|UeQW+OHULQH NDUUOGOO
$SRSWR] oDOOUPDODUO LoLQ +HQDEWFOHOHQLQ NDUubOoODuwOUDOOPD
KeFUH P/ \R+XQOX+XQGD MX\XOXNLODRDQRSGDWEN+0*Q GH NDQVH

NRQVDQWUDV\RQODUOQGDNL QD RSMHIWHN+BIOHAL 410H  IBNDW DNW
ER\XQFD LQN<EH HGLOGL QN *E DReBRGRSIGAFUTDRTH/BOX UH O H U

3%6 LOH \ONDQGO YH WULSVLQ Lidhopdréit @BIRBINQ VO QW K+FNHOH Lol 10
WRSODQGO 6DQWULI*M VRQUDYVARWHNRLONO B G QIO0cH SDWILQ KH GHIOL )H
\ONDQDQ Ke<FUHOHU —/ DQOQHNYRQREDUHWDRIOOHULQH RUDQOD Gl
WDPSRQX LOHULVLQGH AR @G+ YHEHPRWGHQGL $NOP VLWRPHWULN D
PEAnneksin9 LOH ER\DQDUDN G D NFe302@SiD2(MTERTN '2; QDQRSDUWLN<OO

RUWDPGD LQN*EH HGLOGL gQN.EDYORY G&/RAOWGH K<FUHMWHQ DOOP
KeFUHOHULQ KHSVL D\WWO D\WO DNOMUVUWRPHWUHVLQK RD®EL2 ),7&

RNXWXODUDN DSRSWR] RUDQODU® EGREDOWQBIOOHULQLQ TO0N EL
YHULPOLOL=L J|VWHUGL+L EHOLUOH:
2.7. g3VWDWLVWLNVHO $QDOL] VRQX0ODU DNWLI KHGHIOL QDQRSDUMW

QDQRSDUWLN«OOHUH J|JUH NDQVHU
7P YHULOHU RUWDODPD “ VWDQGDUMWUDDHPD GHE ROIDIWNBBHELOGL+LQL
YHULOGL gVWDWLNVHO DQDOLIOQWWHBRHMNMPGLY W WHVWL
NXOODQOODUDN OLFURVRIW ([FHO \D]60oOPO DUDFOOO+O\OD
\DsdbocH 3 - GH+HUL LVWDWLVWLNVHO RODUDN DQODPOO
kabul edildi.

UHNLO+H/D KeFUHOHULQLQ $ POX b6 L(B) FaBOI@SIO2(FITEBTN/DOX
PXOWLIRQNVL\RQHO QDQRSDUWLN*OOHUL LOH VDDW LQN<EDV\RQX VI
PLNURVNREX JAUWQWQ@OMHULOLQ D\GOQOON DODQ J|U.QW<OHUL e}
JJUsQW+Q+Q VW «VWH ELUOHUWLULOPHVL
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32. OXOWLIRQNVL\RQHO 1DQREDVWDNDMOHYLQRUWDODPD SOD]PD
Sitotoksik Etkileri konsantrasyonunu olan 100 nM serbest DOX [13]

X\JXODQGO UUHNLO GH J|VWHULOG

Fe304@SiO2(FITGPOX ve ROGXNOBUOBNGRKINRQVDQWUDV\RQODU

Fe304@SiO2(FITGBTN/DOX multifonksiyonel LNL QDQRSDUWLN<«O GH VHUEHVW

QDQRSDUWLN*OOHULQLQ +H/D NDQNHUL®HQHIGHQ §BKDQGEGNVHN RUDQ!
QbvOO ELU VLWRWRNVLN HWNL JWMUHUGHSESUQL L®KHO RN 0O DY DNW
077 KeFUH SUROLIHUDV\RQX DQDQDIQRIDBIOWIGND> O BXQPX@® SDVLI KHGHIC
LoLQ NDQVHU Ke¢FUHOHULQH YDBW GPRIX QF RV BN WDIQERSAHDNVLN SR
konsantrasyonlard®.1- J P/ @RBQUWLN-ORBIGX+XQX IDNDW KHU LNL LODo WD
ve serbest DOX (100 nM) X\JXODQGONHPRWHUDS|WLN DMDQOQ DQWLND
Fe304@SiO2(FITGBTN/DOX DUWWOUGDO+0QD JIVWHUGL %HQ]JHU |
QDQRSDUWLN«OOHULQLQ-DOX)H 2 #®ISWW P 7&P O] oDODUPDODUGD GD LOD
QDQRSDUWLN+OOHUL LOH NDU O MmN @E@Q-RESQEIV LDNNOOKMONQ NHPR
NDW GDKD GeG*N ,& GH+HUL L O HrtikhbBserV &ktivitéderml) Hhi@oKitdyagaH profilleri

NDUUGO GDKD Je0O+s EHWDKWRWRSEKENMEHWOHULQGHQ oRN IDUNOO RODQ
bulundu (Tablo 1). Daha ileri sitotoksisite NDQVHU KeFUH KDWODUOQD NDUUd DL
DUDUWOUPDODUOQGD KeFUHOHUH41HPRWHUDSL DOWOQGDNL

Tablo 1. Fe0.@SIOy(FITC)-DOX ve FeO.@SiO(FITC)-BTN/DO; PXOWLIRQNVLIRQHO QDQRSDL
+H/D KeFUHOHULQGHNGH+HWDMHWOLNH;8UOHU <0 ED+OPVO] GHQHPHQLC
etmektedir.

YRUP+ODV\RQODU ICs0

Fes04@SiOx(FITC) -DOX 111.3 — P/ | Q0 NRQMXJH '2:

Fes04@SiOA(FITC) -BTN/DOX “ P/ Q0 NRQMXJH '2:
UHNLO BHUEHVW '2: )HDOX# 86 Fe3QM@SiO2(FITGTN/DOX multifonksiyonel

QDQRSDUWLN*OOHULQLQ +H/D K+FUHOHUL «]HULQGH J{¥WEDU-GIPMOP QW
GHQHPHQLQ RUWDODPD “661VOQO WHPVLO HWPHNWHGLU

33. OXOWLIRQNVL\RQHO 1DOQRSDUVWLN-Q®HNIL DSRBWR]X LQG*NOHPH HW

apoptotik Etkileri X+UD\DQ KeFUHOHULQ FRAAINRPSR]LV\R(
PEAnneksin9 oLIW ER\DPD \|[DNWOHPL LOH

Fe304@SiO2(FITGPOX ve VLWRPHWUHVLQGH |O0+0OG- YJH 2 #E
Fe304@SiO2(FITGBTN/DOX multifonksiyonel %71 '2;, QDQRSDUWLNOOHUL )H 2 #6L

QDQRSDUWLN*OOHULQLQ +H/D '2N @RS D IKWE N BDO®H WO UG GIOUG QG D
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K+FUHOHU L Q-@nreksit/WADL3 ( pozitif WDUOPDNWDGOU $\UOFD EX VRQXo
DSRSWRWLN KeFUHOHULQ \*]GHVLQDSRUQB®®-OPOJH NDQVHU Ke<FUHOH
DUWOUGO UHNLO %X VRQXoODELYBGWNBAUIPHE W HIGIMHSW | DNWHIGHIOHPH
KHGHIOL QDQRSDUWLN<OOHU NOQVHLW Dk NRIYYBDQOWIHD\GRRDDUOQOQ D
\eNVHN RUDQGD NBWMRWHUNOMWRBEPEOO RODUDN GD GDKD \+NVHN D
VD+ODPDNWD YH ERUDBHBMH DBRBHWRPOHULQH XODUOODELOGL=+LQL
RUDQODUOQO SDVLI KHGHIOL QD @P®iuw DR ] O H3IH GRHM/QHNDO BIRHN W H G L
]JDPDQ GLOLPL LOHULVLQGH GDKD \XNDUO® VHYL\HOHUH

UHNLEH/D KeFUHOHULQLQ D BRCAMRBIDIRIMEPAN GeHF&BO4®SIO2(FITEBTN/DOX
PXOWLIRQNVL\RQHO QDQRSDUWLN«OOHUL LOH ,& NRQVDAAWEDVIRQODL
PEAnneksin9 oWl ER\DPD RNXPDODUO $NOP VLWRPHWa&hHBVFUPNDDGFOHULQGH

RODUDN HWLNHWOL H UaNiexip\IHS/RSDDR WRADKPB N HHOWHUNBWOL YH- DSRSWRW
annexinV(+)/7-ADD(+) olarak etiketlidir. (B) Nanop WLNeOOHU LOH PXDPHOH HGLOHQ +H
NRPSR]LV\RQ \¢*]JGHVL 1DQRSDUWLN+<O X\JXODQPHHD E KYFNRIOMY MNdREIWVD
denemenirin=3) RUWDODPD “661VOQO WHPVLO HWPHNWHGLU

4, *(1(/ "(6(5/(1 '850( NDUuboDuwbdudbOoGO ++FUHVHO DOOP
) ) QDQRSDUWLN+O+«Q GH VHoOLFL RODUI
%X oDOOUPDGD LODo WDUGUOPD VIKAWHIRFOHULQROR M Gkht GUBNIPREHEE L O G L+ L

KeFUHOHRALIQ L olarak hedefleyebilen QDQRSDUWLN*OOHULQ K*FUHVHO DOOI
Fe304@SiR(FITC)-DOX multifonksiyonel KHGHIOL QDQRSDWUWMNNS&DXHDU N NIy HN
QD QRSDUW L &ktiO Glatdk L hedeDeyebilen R O G Xeli¥endi. Sitotoksisite ve prapoptotik
Fe304@Si2(FITC)-BTN/DOX multifonksiyonel oDOOuUPDODUO KeFUHVHO DOOP NDSD

QDQRSDUWLN aqikahserL Q Legkinlikleri UHNLOGH DNWLI KHGHIOL QDQRSDUW



& '$0/,20/BPIES6-1(2018) 01-07 7

DQWLNDQVHU HWNLQLQ SDVLI
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K IFGE IRussefJanesRIS MUTavish «JO McHWAG, H.Q
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$0+PLQ\XP F+UXIODUO ELULQFLO YH LNLQFLO DO+<PLQ\XP *UHWLP VRQXF
FeUX| RODUDN DGODQGOUOOOU %X DWON FeUXIODU LOHULVLQGHNL PHW
FeUXI NDUD F+UXIODJ PO BIDKEAPHWDOL LKWLYD HWPHNWHGLU %H\D] Fe!
PLNWDUO DUDVOQGD GH+LGPHNWHGLU .DUD FeUXI LVH LOD DUDV(
DO*PLQ\XP RNVLW LKWLYD HWPHNWHGLW RO BNUXONWIOGBL Qo4 UQH RelLPX |
\eNVHN PLNWDUGD f GDQ GDKD ID]JOD WX] ELOHUHQOHUL EXOXQPI
DO+PLQ\XP F+UXIODUO LOHULVLQGHNL WX]ODU D]JRW IORU nitORU YV \
GH+HUOHUL YH FeUXI LOLQGHNL VLOLV\XP GLRNVLW NDUERQ YH QHP Lc

X\JXQ RODUDN RODUDN DO+<PLQ\XP F+UXIXQGDQ IODNV «U+Q \DSOO
WX]ODUGDQ DUOQGOUOOOR FHUXD «» BIOY PR \NPVEWWILLNWDUODUOQD J|UH

PP ER\XWODUOQGD SPRHWDMOQGD SHOHWOHQPHPLU SDUoDFON EF
*UHWLOPHNWHGLU %X IODNV OHOLN HQG+VWULVL NXIODBCBAEDEGOWMRQ
$0+PLQ\XP «UHWLPL \DSDQ WHVLVOHULQ DWO+O RODQ DO*PLQ\XP FeUXIX
JLGHULFL YH FeUXI o|NWeUe¢Fe |ODNV sUHWLPL \DSOODUDN *ONH HNRQRP
oHYUBWDU YHUPHOHUL |QOHQPLGU RODFDNWOU

Anahtar kelimler: $0O+PLQ\XP FeUXlI GHRNVLGDV\RQ YH FeUXI| o|NWeUeFe [ODNV

Flake Production from Aluminum Slags for Steel Industry

*11THGLP 6fAEmUWManzak}0XVWDID*$BWYGE $WHU
ISakarya Universityf-aculty of Engineering, Mechanical Eng. Department, Sakarya
sozbir@sakarya.edu.tr
2Sakarya University, Faculty of Arts and Sciences, Department of Chemistry, Sakarya
manzak@sakarya.edu.tr
3Sakarya University, Faculty of Engineering, Materials and Met. Begartment, Sakarya
makcil@sakarya.edu.tr
4Sakarya University, Faculty of Engineering, Environmental Eng. Department, Sakarya
[aates@sakarya.edy.tr

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 mor@i@inum metal than black slag. The amount of metallic aluminum contained in

the white slag ranges between@®. Black slag contains between 12 and 18% of aluminum metal and contains
mostly aluminum oxide. Because of black slag being ensued by seconaldugtion, it contains high amount of

salt constituents (more than 40%). Salts considered hazardous (nitrogen, fluorine, chlorine, etc.) in aluminum slags

*Sorumlu Yazar:6 DNDU\D hQLYHUVLWHVL O0KHQGLVOLN JDNeOWHVL ODNLQD O
|sozbir@sakarya.edul tr

Doi: 10.21541/apjes.289933
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are taken via washing. The limit values of these salts and the content of silicon dioxide,acettmooisture 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 alminum oxide. It is produced as a pellet with dimensions ofIlID mm or as a flux of nepelletized

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, vdhi 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.

Keywords: Aluminum slag, deoxidation and slag precipitator, flux

1. *a5au

\OO0OQGD 9QIJLOWHUHYTGH \DSOODQ
$0+PLQ\XP HQ oRN EXOXQDQ ELU PHVQDWRROKIS\FPHYYRNNDMB@O+PLQ\XP Fel
YH VLORNRQ GDQ VRQUD G+Q\D NREXVWQGOHIQQ DW®N RODUDN ROXU
EXOXQDQ *0*QF+ HRG B PHRMWINIDN VHUBRBVGDELU \OOOQGD ELULQFLO DO-P
HOHPHQW RODUDN \HU\¢]e NDEX+XQEB®DO\RQWERRPDY OB G A0 O % R NFOLINWDIN
DODQGD WHUFLK HGLOHQ YH JHQuléraN% 6 ODQ\W P DINOADDEXXD VDKICBOOQGD
RODQ DO<PLQ\XP \HU\+]« NDEX+XQBIDOERKQ XY@ E®NVIQVXP sUHWLOPLG E
PDGHQLQGHQ HOGH HGLOPHNWHGURIQX) DV N OKX WEHN W QECHQIEZH NXOODQ!
NXOODQOODQ DOMPQQPXP QWHHAOND]L LOBPOQGD G*Q\DGDNL DO+PLQ\XP |
*ONH HNRQRPLVLQH NDWNO VD+OPPOWRD DWE QO RGDEDEIOUJRN|UsOPHNHC
DUDUWOUPD PDNDOH YH WHNQLRL®BR@O WRIXO RV M RGO GDQ *UHWLC
ROPXUWXU $O0PLQ\XP XODUWOUBWHNDNXEDYBPOOONPLQ\WDX\P <sUHWLPLQLQ
GHQL]JFLOLN SDNHWOHPH YH NRQNDWOBNOLKRQ G/MHPWBLJULERXQ JHUL G|
SHN oRN \HUGH NXOOD@®O®RDNW O:EOQD PH X WIPGL U % X RUDQ JLWW
ROGXNoD NULWLN ELU PDO]JHPHGUW -&XANWNBOLRLQ\¥$P% ' fGH \HQL I
LNL IDUNOO PHWRG LOH *sUHWLOPDNWHBHOHU®%X QO UG ER@OWMNAOQPO U
ELULQFLO DO+*PLQ\XP «UHWLP \|QWUHPW LREPHYWHBKHUGHQ \000QGD
ERNVLW YH LNLQFLO *UHWLP \|QDMHPLQRRBP Q NOW)GCD®XQH\D PLO\DU D
FeUXIWDQ JHUL G|Qe0*P \YQWHPINDLDQBOPRUQ\DO+PLQ\XRKRGMNQ DUWDWHNW L O |
FeUXIX LVH ELULQFLO YH LNLQFIR®@IDUDRLGXPDWHWHRL\OO PLO\RQ
VRQXFX RUWD\D oONDQ WHKOLNHOUXIWMHNOPUGTRLD WRFEESWDXQYODOKD D]
DO*PLQ\XP LOHUL+LQH J|JUH EH\D] YW ONND LROD R €00 RORKUDING LOPLGWLU %)
vOQOIoDQGOUOOOU %H\D] FUXV\DN\OGRVYBAN DORLGHKPI|P-OPHN VXUHW
PHWDOL LOHUPHNWH ROXS ELULGLOPMNWHGIQFLEGWON®DB LoHULLVQ
VRQXFX DO<PLQ\XPXQ HUJLWLOPHNWY.UN RBQUREO HUWRRXGWXUPDNWDGOU
oONDQ DWONWOU .DUD FeUXI LVH G+G+N DO*PLQ\XP PHWDOL
LOHUPHNWH ROXS JHUL G|Q+lG*P VoRQWAXVWH®W DEDUo WRMQDO+«PLQ\XP «UH

DWONWOU %H\D] FeUXI LOD 1700R KWWi Br@p Bebekirken JHUL G|Q+G+POH D\Q
DUDVOQGD JHUL G|Q+GHELOLU PHWIDNOLNUD OBPRL® LGP X H Wb Q N:K

%XJ*QLMQWHNQRORMLOHUOH DO+ KDQ\KPQPLNXWDEDY oNLQFLO DO-PL
fH NDGDU JHUL G|Q+G+P \DSEDNL@RKUMNWINOWLP LOH PXND\HVH H¢
DO*PLQ\XP sUHWLOPHVL P*PN+QG«WHWWIUDHBO-BRHUWH KDUFDPDVOQOQ \I
DO+PLQ\XP RNVLWOL o*UXI SN D NNDUFODQEDQWD YH VDGHFH V
ROXUPDNWDGOU *HUL G|Q<UHELOHD GDBDUWILHYXP ®GNHWRDNWDGOU $WO-
LOD DUDVOQGD arRi@ XS (tpitN VH NVRIUMW L\OH EHUWDUDID HGLOPHVL \H!I
RODUDN fGDQ ID]OD LOHULUHU$\GHEDIWNLQPIHYI6].VD+ODQPDOOGC
DO+PLQ\XP +UHWLPL VRQXFXQGD DWON RODUDN
DO+PLQ\XP WX] FeUXIX DO<PLQ\XPUWNIOHNGRODLWRIPFFEIOID YH LNLQFLO DO
ELOLQLU RUWD\D oONPDN3WDGOWDWWDON RBRUPGHRUWD\D oONDQ EH\D]
DO+PLQ\XP RNVIWRG\XP NORO+U F+U*IODWBOPHNWHGLU > @ %X oD
potasy NORU<U PHWDOLN DO<PLQYORHPH]GH ELULQFLO YH LNLQFLO DO-=|
\DEDQF® PDGGHOHU NDUE*UOHUDWOWUROOHDN \ROWDNDHWNBQ EH\D] °
IRVILWOHU LoHULU @NLQFLO DOFPU®QWPGOUHWLPLRL@NXPVRIOWDOLQLQ
EDUOQD ROXUDQ DWON RODQ WX] NWH®DIQ OFamMWIDUAQ OH LBOGH HGLOPHVL
NJ GH=LGLU 7X] NHNL WRNVLN YHeWHROUNGH@L DWW GMKJRMB NDBEWWULVL
voopocd@oodu > FeUXI o|[NWeUsFe YH GHRNVLGDV\RQ RO
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IODNV HOGH HGLOPHVL LQFHOFFeUXI o|NWeUeFe NeOoH PHWDOLN DO-
FeUXIODUO YH RFDN NHNLQGHQ RNVLW JLGHULFL YH FelUXdQRugdN WeUeFe 3]
oONDUOODQ 330«PLQ\XP (VDVOO )eRAQORBGOPDVO VD-ODQDFDNWOU &
dHOLN (QGVWOWDIQ®DUGHYU®H DOOMNYV +UHWLPL oOHYUH NLUOLOL=LC
FeUXIODUO WRSUD=+D J|P*OPH\HFMOINMALPHOLNNRGRWPLN ND]JDQOPSO L
VDQD\LVLQGH \XUW GOUOQGDQ WHFHROHGLOHQ RNVLW JLGHULFL

IODNV NDOVL\XP DO+PLQDW YH NDOVL\XP IORU+.U YH

0 H N BByaz ve Kara O« PLQEXB XX > @

2. *(58 'glhuh0 0(72'8 ER\XWXQGDGOU $0«PLQ\XP PHWDOL
ELULNLUNHQ EXQGDQ oRN GDKD KDIL|
21. $O0*PLQ\XP OHWDOL hUHWLPL DO<PLQ\XP RNVLW ELU IDQ \DUGOPO L
torba fitrelere verilmektedir. Torba filtrelerde
%LULQFLO YH LNLQFLO DO*PLQ\XPWXWWQOPRIQ VIRIMPEXQQGH PNMWWVAN EXQNHU
RODUDN oONDQ EH\D] YH NDUD FAEXQOBUO WDHEDIQAREI®PWRUEDODUD
prosesi X\ JXODQDUDN DO<PLQ\XP GHHS\RIDDIPD WD KDVOQD DOOQPDNWDGO
DO+PLQ\XP RNVLW HOGH HGLOPHNWNBQUDOrMHMGAQMKROPHWDOOHUL LV
DO*PLQ\XP PHWDOLQLQ JHUL ND]IN@&O PO\ EOPRIDNWION B IEAR POWXGDQ H
ELULQFLO *UHWLP JHUL G|Q-+U0+P SRURNVHYQ DX \IPQGNQDHUDNN HUJLWLOPH
DO*PLQ\XP PHWDOLQLQ RUDMPQGD \DNOD UK VOFDNOONWD
ND]DQOOPDVDO P+PNeQ R@WADNWDRGHOOHNOBHPURQULOPHNWHGLU 3RWDGEL
PHWDOL JHUL G|Q+G*P SURVHVLQLQOBROQ Hi HEDZ\OG® URIGIDODN PH\GDQD
fGH JJU*OPHNWHGLU 'DKD oRN WHNELKLHCGH®RE EH WHNUDUNKDPPDGG!
DO*PLQ\XP FeUXIODUO LKWL\Do KDOLQGHOHNERQBFEOONWHWLIRNUDU NXOO
FeUXIODUO NXOODQOOPDNWD G|QHWPWD DEXPGQ\XPIXHMNIDIL LVH NDO
ILJLNVHO LGOHPOH LoHUyegihd@ GHN IN 0HoH. D EF\Q\XPUHWOBH HGLOPHNWH Y
DO*PLQ\XP PHWDOL <]HULQGH N L piyasaysPara@unrektdrliN[gg].W
PHWDOGHQ D\UOOOU $0+PLQ\XP RNVLW PP DOWO WR]
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$0 &XUel KL
Fan
Al Oksit ﬂ Elektrik Motoru
Bunker i 1QHU 7DP :
Y Al Metal
Al Oksit Al Metal
Al Oksit . R o
7R1 @ Toz (Keba) 0D+QH
NDNI O
Al Metal
dch & X N A
UHNLO 7HMVQNMWH $0-PLQ\XP *HUL .D]DQOP 3URVHVL
GHNLO  %H\D] $O+PLQ\XP &XUX| UHNLO 7DPEXUGDQ dONDQ $0+PLQ
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UHNLO 6DIOONWD .+O0H $O+PLQ\XPUHNLO BRWDGDQ dONDQ &+UXI 7

2.2. JODNV hUHWLPL IODNV *UHWLPL \DSOODELOPHNWHGLU
VWDQGDUGOQD X\JX\Q RICOHWD N L\@BIHDND
%LULQFLO YH\D

LNLQFLO DO-+PLWXX®DEeWDQ OoDWO@EDWOPDN VXUHWL\C
DO*PLQ\XP PHWDOL *UHWduddaUNHQM EXOSHRWHNG VRQXHNLO 9YGD |[UQHN W

ILOLWUHOHUGH WXWXODQ WR] DOMN}\{XBM\DLF\@N(IER%KWN(\QBQ YH OHN
0ONDQ WX] NHNL JLEL WHKOLNHO IS HDOHOIW OIDW MW OUNWHPE * VW UQFHNWH C
LoLQ RNVLMHQ JLGHULFL YH FXUXI DNOUNDQODUWOUOFO RODUDN



N. SOZBIRAPJES6-1 (2018) 0816 13

60FDN 6X 7DQNO

$O0 &XU-l 'R+DC
(hﬁﬁmadde) Gaz Oj% Filitreler

7X]ODU d|t Fan
Baca'
\/ Bace
'IQHU <0 Motor
A 7DQONO
Ele
2-100 mm 'R+D
Al &XU«OND! -
L 50 ax IQHU X1
PP D@V A | Gaz
ﬂ. Elek )OUOQO
W o Sou mv LL

3HOHW OFd@® |

UHNLO g WQHN SHHOHW OHQPHPLUO )ODNV hUHWLPL

PHIXUGD WRSODQPC)CI YH WRSODQ@D
|00<OP+GW+U > @

UHNLO 3HOHWOHQPLUG )ODNV hUHWLPL DNOGU GHPDVO

221. $0+PLQ\XP &-UXOXNDQPDVO
UHNLO 7HVW '«]HQH=+L

PHs; ve H,S meydana gelebilecektir. 6]] NRQXVX GHQH\ EHQJHUC°CNL D\UO <
o ve 60°& VOFDNOO+OQGDNL VX LOH D\UO
'ROD\OVO\OD WX]OX NDUD F-UXIGHWOWARW \©®NRQRBVAGH LVH \ONDQ
SURVHVLQGH RUWD\D oONDFDN R/MDQ QP QDI GO BORWHIA DO-PLQ\XP
RUDQO \DNODuON &+y +w YH &efdenl@WhQZBOBEQSOY&I VOFDNOO+OQGDNL \
5de PHve 6 NDUOUGOPO7TRODFDNWOUDAU® D\UO \DSOOPOUWOU %X GHQH\G
3 ) JD] oONOUO ROPDGO+0O J|JOHQPLUWLU
222. <ONDPD 6RQXFXQGD dONDQDOPIODNO F*& X IXKFDNOONWDNL VX LOI
'"HQH\WVHO OHWRG LOH gQFHOHWRMWLVRQXFXQGD P/ NDGDU JD] PH!
\ONDQPOU JXP D= PLIX\ \P@H
'"HQH\  Ge+]HQH=L GHNLO 9fGD J|VOFDHNODHGIBINLWX LOH \DSOODQ WH\
G*]JHQHNWHQ LNL DGHW EXOXQPDRNMWDAEUG D *]HIPH NOHNGHR ROGX+X J|L
ELULQGH PHYFXW E+W-.Q KDPPDGONODQWHIPYLO HOGUFHEPLQPCXP FeUXIX
uHNLOGH WHPLQ HGLOPLU RODQ KRPRWVHANWONDQPOROH \DSOODQ WH
al*PLQ\XP F+UXIXQGDQ JU DOORPOBU M REBBDQD JHOGIHgE YH D\UO
VOFDNOO+OQGDNL P/ VX LODY HDHG P DGI\XHNFND XIGFEW RO ORWDNL VX LOY
VXUHWL\OH JD] oONOUGO J|JOHQPLWWYW \RQXDNIQAD LW DHNVHU PLNWDU
ER\XQFD o0oONDQ JD] EHKHUGHNLJM*OPU@GH E@OXQDQ
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gNL IDUNOO VIGF DeNeBN)WaD ile $QDOL]JOHU LOHULVLQGH NDUERQ IR
0|]*OHELOHQ WX] PLNWDUODUO \DEDODHOINNREGIDUQ NE KO X\W ARIODEXX J|UOPF
JJUsOPHNWHGLU %X VOFDNOONODROWGEHRNHQYELEQR @D+ FLQXXIPLOHULVLQGH
FeUXI LOHULVLQGH 0|]*OHELOHQ LW UP LIDWDD & L NDAWINWDG MgRO G X+ X YH
\DNODUON ND GBRUGHRDNO@NWDPDX QE@WLXP DOXPLQDWH 1D&O VRG\
\ONDPD \DSDUDN \DNOD bt ALDG DRJO P Q\XP RNVLW ELOHUGLNOHL
FeUXIWDQ DO®QPOONRDDNEOWWD VX 1JOMHOWHNN PDROD\OVO\OD DO+PLQ\XP
\DSPDQOQ oRN ID]OD DYDQWDMNOBD RORDIBWVI-OVRQXFXQGD LoHUG
JJUsOPHNWHGLU 7HVLVWH X\JXOEQDFHBNNRGODGHRU BRI\, e4&GHFH DP
DPDFOQOQ FeUXlI LOLQGHNL WXROPWO QG D\KIOGWROMHK®D POW O)H HVHU PL
ROGX+XQD J|JUH GeuN VOFDNOONWIXIORGD YORDNO GR:CDDF&OMNWOU > @
°4 \ORDUDN WX]OoDUOQ DOOQDELOGL=L YH HQHUML
HNRQRPLVL DoOVOQGDQ-§DKD X\IJXONRODFUVRQYRXEAXOGD oONDONID]OQ C
1.1x10° m* V ROXS \DQPD LoLQ OHO
223. dONDQ *D]OQ <|QHWPHOL+H *ROXINWXUPOPDNWDGOU %X \¢]GHQ RU\
ROXUWXUPD] <DQPD JHUOHNOHUGVH E
'"HQH\ VRQXFXQGD JU DO+*PLQ\XPNPBRIX®RQXFX |[UQHN WHVLVWHQ oC
°Cve 60°& VOFDNOO+OQGDNL VX LOHPLONNDQURDY/Em v IPDWODON JDFPLNWDUOC
RODUDN VOUDVO\OWRSPDFHID] PROGHM> W OI®QEO-O0QGD YH RUWDODPD
ROGX+X J|UeOPeaW+U 'ROD\OVO\@GD \DWOQPDY QDEBNA MGLOGL+LQ GH
WRQ WX]OX NDUD DO+<PLQ\XP JD]WQXDOVOREDN*WOHVHO GHELVLQL
VOFDNOO%®OQGNDQPDVO VRQXFXQROMDHDNWIHDN$OPLQ\XP FeUXI \ONDPI
P JeQ JD] oONDFDNWOU gUQHBNQDItQR N FWRQ JeQ ROGX+X NDEXC
\ONDPD NDSDVLWHVLQLQ \DNODuQ{WQHN WRQADY M@ S JD] PLNWDUO
kaEXO HWWL=+LPL] ELU WHVLV J|] |Q-QH R ORMIGFDNIBD GIX GH+HULQ 6
JeQO+N WRSODP JD] KDFPLRRQ \DNODUONUOL®ML+LQLQ .RQWURO-+ <|Q
RODFD+O JQGH \DNODuUON V DIPM\O LoD\ D@ 8 @ GEH-CHUGMH WG DOWOQGD

VDDWOLN JD] KDFPEQL @ODRORWDY > @ 7DEOR 9fGH 6DQD\L .D\QD
.LUOLOL+LQLQ .RQWUR Oektedif] QHWPHO
[10].

7DEOR 6DQD\L .D\QDNOO +DYD .LUOLQRIPEQRQ .ROWOROH G |GHEWCHOL >L

1RUPDO LUOHWPH uDUWODUOQGD Y

Emisyonlar VDDWOHUL LOLQJMWWOHVHO GHELOH
Bacadan %DFD 'OuOQGDNL <HUOH

Toz 10 1

XUuXQ 0.5 0.05

Kadmiyum 0.01 0.001

Talyum 0.01 0.001

Klor 20 2

+LGURMHQ NORU<U YH *D 20 2

.ORU*U %LOHULNOHUL

+LGURMHQ IORU“U YH *D]2 0.2

JORU«U %LOHULNOHUL

+LGURMHQ 601U 4 0.4

Karbon Monoksit 500 50

.*NeUW '"'LRNVLW 60 6

Azot Dioksit [NO, (NO; cinsinden)] 40 4

7TRSODP 2UJDQLN %LOHUGL 30 3

1RW 7DEORGDNL HPLV\RQODU LUOHWPHQLQ WDPDPOQGDQ H




N. SOZBIRAPJES6-1 (2018) 0816 15

22.4. 7V 6WDQGDUGOQOQ LQFHODQPEWWDIGOU $0+PLQ\XP RNVLW L
'"H+HUOHQGLULOPHVL ( 60Q0I ) YH 60Q0I * ROPDN «]HI
D\UOOPDNWDGOU <LQH SL\DVD\D SH

76 VWDQGDUGO oHOLN sUH®DBLREBGNIGBDBPYWDNQYH SHOHW KDOLQ!

RODUDN NXOODQOODFDN DO+<PLOXMPHBYDYAa&RJWHONMOBDHIAMWOHQP LG ¢
wDULILQL VOQOIoDQGOUPDVOQAOOH]HO AL MHWDIC+O0QRPEOW 3HOHW
DOPD\O YH \DS&O IkFpydsayaHazH\O NLUHo YH YH\D KHUKDQJL ELU RUJDQL
HVDVODUOQO NDSVDPDNWDGOU ®BXUVWD®GE DU G DGOS HEWIO LNUXNOL@MH@O O P D F
IODNV OoHOLN *UHWLPLQGH RNVLERXWX®KWLF IKHUKB\QFIL ¥HU ED=0OD\
FeUXI DNOUGUNDQODUWOUOFO o|NWNEFPLRQORPR IFNUXX0 QBB O CPFPD NOH PP
DPDFO\OD DO<*PLQ\XP FeUXIXQXQ HRHW.ODQGAKD GHWDX O@
LOHULNOHULQ forRdar veN Sllisyio L W

GLRNVLW YE EHOLUOL EX GH-+HUNMHUG®OHYGUE DY HODNKIOUWF NOPNDVDO |]H
%DNDQOO+O \HWNLOHULQGHQ DO@DQO BHMWMMHWAQ NLEWDO/@ID |[JHOO
GeG+*UsOPHVL LOH HOGH HGLOHQ “WHQGYD Q%M I DIDINW o> POQ NLP\DVDO |
PHWDOLN DO+*PLQ\XP LOHUL+LQH UMK QEQAD6Oehwdt %@

60Q01I & YH 60mDI «-JTHRHOP VOQOID

Tablo2A, % & ' VOQOIO IODNVODU@Q NLP\DVDO |JHOOLNOHUL >

Metalik $O0<PLQ\ Azot Kriyolit | Toplam | Toplam | Silisyum | Karbon | 1HP Lo/l
$O«PLQ\| RNVLW | LoHU|LoHUL Flor Klor dioksit LoHU %
LoHUL % % Enfazla®| LoHU| LoHU| LoHU % En fazla
60Q % En az En fazla % En % % En fazla
fazla En fazla | 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 \*\]GHVL IORU N*WOH \¢]GHVL WD\LQL \DSOODUDN KHVDSOD
Not soHULNOHU NeWOH RUDQO FLQVLQGHQ KHVDSODQOU

7DEOR YGH PHWDOLN DO<PLQ\XP LoHUL+L |[QHPOL ROXS vOQOIODQGOU
DO+PLQ\XP LoHUL+L HQ QDXPDRRUDW ¥HHDQ+<«L HQ D] RODQ IODNV WeUe¢GeU
LoHUL+L D] RODQ YH DO+PLQ\XP RNVLW LoHUL=L HQ ID]JOD RODQ IODNV \

Tablo3.() * vOQOIO IODNVODUOY NLP\DVDO |JHOOLNOHUL >

Metalik $OPLQ\| Azot Kriyolit | Toplam | Toplam | Silisyum | Karbon | 1HP Lo
$OPLQ\] RNVLW | LoHU| LoHU| Flor Klor dioksit LoHU %
LoHUL % % % LoHU| LoHU LoHUI % En fazla
60( % Enaz En fazla | En fazla® % % % En fazla
En Fazla Enfazla | Enfazla | Enfazla
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) .UL\ROLW \+]GHVL IORU N*WOH \¢]GHVL WD\LQL \DSOODUDN KHVDE
Not soHULNOHU NeWOH RUDQO FLQVLQGHQ KHVDSODQOU

7DEOR 9YGH LVH DO+PLQ\XP RNVLWDRUBUL®GDQHPHYURSRSX\XP \DVDODU
VOQOIODQGOUPD EX RUDQD J|UH LDWAIQPRDEWDWE BIUBGOBRQROHOLN cUHWLPL
DO+PLQ\XP RNVLW LoHUL+L YH PHOWLPHMW. DO OFQIAXPH IODNV LoLQGHN
LoHUL+L HQ ID]JOD RODQ IODNV WHUUG*U 60QH NDUERQ RUDQOQOQ
DO+PLQ\XP RNVLW LOHUL+L YH RNWBO L NoH@leN W\KIIORQ ®BQ LVWHQPL
LOHUL+RQIIDQDIIODNY WeUeGeU LOLQGHNL QHPLQGH HQ ID]JOD RO
\DSOODQ WRSODQWOODU VRQXQGD
BHOHWOHQPLG YH\D SHOHWOHQPWW®D®QADD®EVEXSKDDIDIBMHNROXGWXUXOP )
eUeQ LoLQ DJRW LOHUL+L HQ ID]OD$O+PNQIARORW XIXHUEHID] NDUD YH |]
WRSODP IORU LoHUL=L W RIKgKD) D stahd@réaU beliotiet) Lkinlyasal ve fizikse
ROPDOOGOU $]RW IORU GROD\OV®DW®DL NOHURO VW + ONDDRUU BA QI NV U -
GH+HUOHULUHKLYUFHL ONHN %DNDQO GO PUHOVXR TFLOMINQGDQ 60Q01 $YGDQ °
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WLSOHUGH IODNV *UHWLPL \DSOOPDYPLRAXR HIOGH gHKWRMNo P«PN<«QG-+U
PDNDPO RODQ OHOLN *UHWLFLOHWOQXPXPNHG D PHR\KW FHMWDOL EXOX
WeUGHNL IODNV <«UeQe WHPLQ HGH\BLGPKLID/]@®D\XOUWDWPLQ\XP PHWDOL
G O a® @ain edilen toz halindeki kalsiyum J|P*OPHVL YH\D EHUW Ddédnodmisy HULO P H \
DO*PLQDW YH\D NDOVL\XRJ IQ{WOHBDHOVOQGDQ X\JXQ GH+LOGLU %X FL«
DO*PLQ\XP SDUoDODUOQ \HULQHNDEXSWXDNV +<UsQOHU
NXOODQOOPDVO X\IXQ J|U*OPHNWOHKGLQ oHYDAMDNMW HWLFQBBULQ oHOLN U
VD\HVLQGH \XUW GOudOQGDQ WHRNYLMW®HHHVINDOV|IQRPAPHN DPDFO
DO+PLQDW YR\DNBOWILEKL NLP\DV DM WRDDMW 8 NDOVL\XP IORU+U NXOO!
DOOQPDVO |QOHQPLUG RWDNBWOYHHI+QOHULQ WRQX \DNORUGNRODUGPFH
VDKLS DO+PLQ\XP SDUoDODU RXODWQO®P®G OF DRXNVIHNQOD ELUOLNWH
'LUHN RODUDN EX IODN +U*Q NXNDQDmM@@DPODWNOVRXEFBW OO3HR00 gV D+ OD P D N
HNRQRPLN ND]DQo V|] NRQXVX RORARAMW®IU DO+PLQ\XP PHWDO SDUoDOD
%X sUsQ+Q IL\DWO LVH \DNODUGUON
3. 6218d .DOVL\XP DO*PLQDW YH\D NDOVL\XF
DO*PLQ\XP SDUoDODU NXOODQPDN \F}
%LULQFLO YH LNLQIFN®O+UBWDRNG RQPW\EKKROF-UXIXQXQ WX]ODUGDQ DUDOQ
oONDQ EH\D] YH NDUD F+UXI WX] EHOL WWH 0 EHQ Q®OH WQHPWAQ VD+ODQPI
PLNWDUODUGD DO*PLQ\XP PHWDBOLQ OBNIHX Q3P| DNIWDGOQPHVL YH EX el
$\UOFD DWONODUOQ LOHULVLQGH EXDWYDQGHD ROV QO&O@PDVO oHOLN
WX]ODUO oHYUH LoLQ FLGGL VRU¥@kBoPL R OKIIW XWPPNDW BGORODEDNW O L
%X DWONODUOQ \DN Orizki€umtiyle 1L GMWOINPGOUOQ oHYUH\H ROXPVX] HWN
EHUWDUDI HGLOPHNWH YH\D DRWDINFDDNWIHDUGHSBREODIPDLQGH EHOOL RL
WHVLVOHULQH g]D\GDGY D EHUWBWDOLFYHWDO |BHPANR RNVLW EXOX
VXUHWL\OH EHUWDUDI HGLOPHVL WOIN:DDDRIOPND VW D B\ U\ OgH H QJOHLKNDCEHL O O L W H
DO+PLQ\XP N+OOH *UHWLFLOHUL EXGRLWOHGL:FONWP|GHOKMDRYRIPEGL ELU
EHUWDUDID YHUPH JRUXQOXOX¥D+-ODWEFONWBIUGPEPLQ\XP FeUXIWD
DO«®@WXP PHWDOL *UHWLPL VRQXFX@Q®bB NRUMNWID Q POONNYQUHWL\OH \XUW GZ(
DO*PLQ\XP RNVLW YH PHWDOLN DS BDROL\Q\YKP LILKIMPY QD VG Y® NDOVL\XP IOR
EH\D] YH NDUD FeUXI DWORODUOWRIOVWLVLIOQAHG|YL] KDUFDQPD\DFDN
DUDVOQGD JHUL G|Q<UHELOLU PHWB®DNNHD P LIDWAOPN YRIOBRQR D ® MDY X P D

NHNL LoHULVLQGH PLQXPXP R WD/QID@GEDU GO VALV GH «U*QH G|Q-uV

metali bulunmakt& OU % XJeQ HQ L\L WHNRRGRPMVOEBHNDWNO VD+OD\DFDNWO

FeUXIWDQ fH NDGDU JHUL G|Qe+G*P LOH PHWDOLN

.$<1%$.d$ ceUXIDSOBBAWLPL" 7+UN O0+KHQGLV YH
2GDODUO %LUOL+L OHWDOXUML YH 0D
2GDVO OHWDOXUML 6D\0 $+XVWRV

[1] E. Petavratzi andw. Scott, Residues from
aluminium  dross recycling in cement
Characterisation of Mineral WétesResources and
Processing Technologies, November 2007, 8p.1
[2] J.Y.Hwang,X. Huang X and Z. Xy Recovery
of Metals from Aluminium Dross and Salt Cake
Journal of Minerals &Metarials characterization &
Engineering2006;vol.5,pp.47-62.

[7) 1 6]]ELU $ $WHG YH 0 $NoLO $O
&*UXIXQGDQ dHOLN (QGeVWULVL LoLC
ISEM 2016, 3. hternational Symposium on
Environment and Morality, 606 November 2016,
$ODQ\D 7+<UNL\H
[8] 1 6]]JELU $ ODQ]JDN O 7HNHU YH
3$0+PLQ\XP &+UXIXQGDQ )ODNV hUHWL
*D]®Q ©QFHOHQPHVL’ UG ,6(0

[B] 3 ( 7VDNLULGLV *$OXPLQAL \WHUQDWORQDO 6\PBRALat® RQ (Q°
characterization and utilizatioe$ UHYLHZ 'RXlMoraIity 04 1RYHPEHU $ODQ\D 7-UNI
of Hazardous Materials 21218 (2012) ®10. [9] A B,<RUXO Y <0GHP 27X]OX $0-PLQ\X
[4] M.g]WesUN3.XOODQO®®ILQ\XP " Aitesialha b N

;L . = = C.UXIODUOQOQ H <iOWGHQ G LTUHL D@ HN L
MalzemelerininGeriK D] DQOOPDV O dHYUHhQLYHUVLW—HHIWDGlRUEML )DN-OWHVL C
[E‘fs?kal\?ofseﬁpE@EAU”ka@ZOOE% v HOKuvieu YH ODOJHPH 0+KHQGROOPL =L %|O-Pe
e ' : yueu, [10] Sanayi .D\QDNO® +DYD .LUOLOL=+LQLC
$O-PLQVXP &-UXIXQGDQ $O'PLQ\<|QHWPHOL+L 5HVPL *D]JHWH 6D\0
JODNV (O,6HVL" $GO\DPDQI13,

(2014 2014. i
' SE 13644 % 0+PLQ\XP (VDVO®O)JIOND NV O D

[6] O. <+FHO .Y&D 3$O-PtQJ\XIFODU©Q%é]%. : ) JOND |
GH=+HUOHQ G L IHdiyOrR HO L P LYQdDtAk 1HGLVPW6U|]L2’L$G“D@@“?DS|UW|U Ro 'U
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%DVLF %90OXH YH %DVLF 5HG %R\DU ODGGHOHL
Polimer Membran ile Giderilmesi

*IReyhanOzdoganMithat Celebi
10¢eKHQGLVOLN )DN*OWHVL %3 AP KD O RKHDOIBQANMOHUYLWHVL 7<UNL
mithat.celebi@yalova.edu.tr
*HOLUO 7DUQXI6 Kabul Tarihi201801-31

g]

(QGeVWUL\HO DWON VXODU LOHULVLQGH WHNVWLO DWON VXODUO oRN o
GLNNDW OoHNPHNWHGLUOHU %X ER\DU PDGGHOHUL VX ND\QDNODUOQD
VXGD \DUuD\DQ ADQQODELYHM ROXPVX] HWNLOHQPHNWHGLU %X ]DUDU
HQG+VWUL\HO DWON VXODUOQ DUOWOOPDWKX FOD@M@® DG DL oDQ UKDDNNV E
ER\DQPDVOQGD NXOODQOODQ LNL y& ohdti0eSigEsE RN MBBYWIDaNA/BEsiE BedINL W H NV
46BR46 IDUNOO S+ VeUH VOFDNOON YH EDGODQJOo0o ER\DU PDGGH NRQVE
membranile o|[JHOWL RUWDPOQGDQ LOH DUDOO+-0QGD .ERbOU PDGGH
serbest enerjisi(* GH+HUOHUL %% YH %5 ER\DU P D GE2HKOndlva-552kji/@ol .TGH V(
olarak bulundu. Adsorpsiyon LIRWHUPOHUL LQFHOHQGL+LQGH KHU LNL ER\DU P
adsorpsiyonunun Freundlich izotdmid X\G X+X WHVSLW HGLOGL

Anahtar kelimeler: adsorpsiyon, akrilik elyaf, DW O N ba¥ilk boyar madde NafionS membran

Elimination of Basic Blue 41 andBasic Red 4@Dyestuffsfrom Solution by
Anionic Polymer Membrane

*IReyhanOzdoganMithat Celebi
!Faculty of Engineering, Department of Polymer Engineering, Yalova University, Turkey
mithat.celebi@yalova.edultr

Abstract

Textile wastewaters in industrial wastewaters are attracting attention be¢aasgaining 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 vitamMagall li

creatures to minimize these harmful effects. Two different basic dyestuffs (Basic BRB441land Basic Red

46-BR46), which are used to dyeing of acrylic fibers were removed from the solution with a sulfonic acid based

polymeric membrane adsorbentdifferent pH, time, temperature and initial dyestuff concentration with 75% to
UHPRYDO SHUFHQWDJH UDQJH YDOXHYV LQ WKLV VWXG\ -3RH *LEEV |

kJ/mol and-5.52 kJ/mol for the BB41 and BR 46 dyes, respectively318 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, NafionSmembrae, wastewater

*Sorumlu Yazar! 0« KHQGLVOLN J)DNeOWHVL 3ROLPHU 0 KHQGLVOL+L %|O+Pe* <D
|mithat.celebi@yalova.edul tr

Doi: 10.21541/apjes.290368
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1. *a5au

2UJDQLN PROHN<«OOHU RODUDN ELOLQ
6HQWHWLN ER\DU PB@GIGd@ktEn\0 0 @R +X VXGD o]]«Q -« Ubakrkasit, DrafalR Q L N
ID]JOD G+Q\D 0oDSOQGD +UHWL O H WbinpleksQdBeRAM tgakaf Hoyar haddélen) sadece
VHNW|UOHUGH NXOODQOOPDNW D @iépers boyaNiGia @adsiyon halind2 bikuoudar.
ER\D YH SLIPHQW HQG+*VWUL\HO R®BRUDN REGGBQBO PDNWIG RODUDN LN
7HNVWLO ND=OW JOGD S$SGDWWLNLPMNDNRPHWERAQARBED@D YH NXOODQC(
VHNW|UOHUGHQ UHQNOL DWON VX G@@DauM: 008 adUDOU VRYE QODUL G H
KeNePHWOHULQ YH ELOLP LQVD®RMNDWKNXQOQ@®QGEN®PWEQRD J|UH VOQ
OHNPHNWHGILHWNVWLO HQG+VWU L Mdimes Hle Bilhi2Rddlir [4],[5] <D\JOQ RODUDN
LUOHPOHUL VvOUDVOQGD XHQHOMXN®OHQ QWAmMMNOAR\DWNPBGGHOHULQ N
NLP\DVDO YH EL\RORMLN RNVLMHR®XGMNODEO NLDU@QLDQRBADHOIH TGH
LGOHPH YH ER\DU PDGGH WeU+QH[6).] UHR OOHNN O O HIH.TIOTHU GDR]LWLI \eN W
DWON VXODU PH\GDQD JHO P H N maHdelérékaty@niik Bbjar maddele uedaQoazik boyar
HNRVLVWHP LoLQ GR=+=UXGDQ WID\A\GHREANIWRE 82k MiyEeDoridddeler
QHGHQL\OH DUOWPDOX.D WByar | Q H Bedellidd asetik asit veya tannR VLW \DUG® PO\OD
PDGGHOHULQ ELU NOVPO NDQVHURWEBHUROIGNK NHHOD DO D &P O ELU GH
VXGD ROXUWXUGXNODUO UHQN QHKPBQD\OMHo Je FH U G #HBari®@adlar ED-O0DQO
HQJHOOHPHOHUL IRWRVHQWH]L PDGGWEPBYOWHNVIWUOQWQGVWULVLQC
NLUOLOL+L ROXUWXUGXNODUOQGH® DERMWAIQ BHRADAPIXGIBIEDNXOODQC
bertaaf edilmeleri gerekmektedj8].

Tablo % R\DU PDGGHOHULQ VOQOIODUDO NLP\DVDO JUXSODUO YH ROXUDGC

$wo™

10 g]JHOOLNO .LP\DVDO *UXSE€ 20XubQ .LUO
. Azo, nitro, nitrozo Renk, organik asitle
Asit 6XGD of]-Q-U trifenilmetan, ksanten ED-ODQPD\DQ EF
Bazik 6XGD o]|]*Q-N'azo, triariimetan, ksanteRenk, ED+ODQPD\
SDUODNOON akridin, oksazin, antrakinon madde
Direkt 6 XGD o0]}]-elyafd Azo, fitalosiyanin, stilben t?oenz;, rtnu;dde I\E? ;? Dé
GR=UXGDQ X\oksazin Y '
maddeler
Renk, organik asitle
Dispers 6 XGD o0]|]*QPH Azo, antrakinon, nitro IRVIDWODU N|¢
D + D U WiiSpecantl
Renk, tuz, alkalinite
Reakif 6 XGD o0}]eQ *WUFAzo, antrakinon, fitalosiyanir ED+-ODQPD\DQ E
ER\DU P D G G H formazon, oksazin \¢«]JH\ DNWLI PDG

NOUOFOODU

sulardan boyar maddelerin giderilmesinde ana HNRQRPLN ROPDVO DoOVOQGDQ |QHPC
EDGOONODU KDOLQGH IL]JLNVHO NNMPRUDBRO IMROEWBBBRMNNOOHU ED]O
\|QWHPOHU NXOODQOOPDNWDGOUWBXAPQWBPOWWDNOBWLEIRQGBYB PDGGHO
SROLHOHNWUROLWOHU LOH 10RNXIDNDO/ARQ DY HNXEGROD QIDOMNRQ DGVRUED (
RNVLGDV\RQ R]JRQODPD PHPEUDQ@OQPBNMWAGOD [1G#M6EL GLN/LWHUDWUGH
fonrkVL\ARQHO JUXSODU LoHUHQ W D ®&bWUOMPWRIV SRIRIQAHNU ODNWUW HVDVOO
JHKLUOL YH UHQNOL NLP\DVDOODWDOIR PSGVIROUHSZD\RGXER\BDU PDGGHOHL
DQDHURELN DUOWPD JLEL \|QWHPQWU KHUKDR®ID PBIND YHDNYWODQPDPO G
ELUGHQ ID]JOD \|QWHPLQ ELUE&GDOQUO®D®NGHHUYOXRURV+*OIRQLN DVI
NXOODQOOPDVO DWON VX\XQ NDRHMEWBQLPIBMRQYRERQ RPWHHU\DOL RODL
tercih ediimektedif2], [9]#12] 7HNVWLO HQGIYWIXIED]LN ER\DU PDGGHQLQ %DVL
ND\QDNOO UHQNOL DWON VXODUGBB G LGHIWIPNQGHMNBROQLEBEUGHU S+ VO
SROLHOHNWUROLW YH\D DG VR UE h&aRnaide KoNsaitxasy) Gidgines delshniG O U
$GVRUEDQ PDWHU\DOLQLQ WHNUDU NXOODQOODELOPHVL
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2. 0$/=(0( 9( <g17(0 L\RQ GH=*LUWLUPH NDSDVLWHVL LVH -
saf su Millipore MilliQ sisteminden elde edildi.

dDOOUPDGD NXOODQOODQ ED]LN AsBikDasit (FIDK3, Gddyiiid thsfaDdbhrik QRiddel

HO\DI IDEULNDVOQGDQ WHPLQ HGd Glig&h), médapiQ Osib (Ride \ Blagn),

PDGGHOHULQ |JHOOLNOHUL dL]HI@ddjum $itBaHtandoovivV(BLQELND @HL3,0), fosfat

$GVRUEDQ PDWHU\DOLI1IR Qi DN 1ampbrRiQOSL M, pH: 7,0), sodyum asetat tamponu

isimimePEUDQ $0OID $HVDU ILUPDVO Q6D QUV DoW:8)®M) hoyérQ @édde giderme

%X PHPEUDQ JHQHO RODUDN oDROWPD®DOUDHIBDMENXOODQOOGOH

NXOODQOOPDNWDGOU OHPEUDQOQ NDOOQOO=+0 PP YH

Tablo dDOOUPDGD NXOODQOODQ ED]LN ER\DU PDGGHOHULQ |JHOOLNOHU

Boyar madde OROHN+O D=+ OUC Maksimum absorbans
(g/mol) GDOJDER\X

Basic Blue 41 (BB41) 482,57 609

Basic Red 46 (BR 46) 403,32 530

U H N LB@sic Blue 41 Boyar maddesi

UHNLO %DVLF 5HG % R\DU PDGGHVL

21. %R\DU ODGGWLOHWQQLQ +D]OULOHOAMDIMIHULQLQ EDuUOD@Do DEVRL
ve Giderilmesi KHVDSODQGO +D]OUODQDQ o|JHOWL!
1D2+ YH\D 1 +&0 NXOODQOODUDN D\L
% R\DU PDGGH o|]HOWLOHUL %DVLFQOROXHN SR LEKTOMLFNVER®/HWLN ER\DU |
46) 1000 mg/L konsantrasyonda destile su ile LODYH HGLOLS USPYGH ELU VDDW
KD]@QWAD s VWHQHQ NRQVDQWUDV\RDEGHMWOBXJ EQ\ED (ROODGGEIM o ER\DU PDGG
o|]]JHOWLVL VH\UHOWLOHUHN KD]08®PDQGBGOU+DAGUNDDO®DG ERABULQ JLGH
PDGGH 0|]JHOWLOHULQLQ PDNVLP XD EWICPHOP EG DO EFO\XQGUNL D]DOPEL
9LV TGH QP DUDVOQGD VSHNW Bp¢Rofdomére (Shirbezu, U1B00) incelenmesi
belirlendi. Maksimum dalga boyunda okunan LOH EHOLUOHQGL %R\DU PDGGHOHU
DEVRUEDQV GHQHUWWIUQRGH ROGXXQGHDUGHKD (ULWOLN 9H JJUH KHVDSO
KDVVDV DEVRUEDQV GH+HUL RNXQPDVO LoLQ ER\DU PDGGH
o|]]JHOWLOHUL GHVWLOH VX VH\UHOWLOGL ODNVLPXP
DEVRUEDQV GH+HULQGH RNXQDQ DEVRUEDQV GH+-HUOHUL
VH\UHOWPH IDNW|Us LOH oDUSOODUDN ER\DU PDGGH
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Abs (i): boyar maddenin maksimum dalga boyunda VRQUDNL GHQH\OHU GDKD ID]JOD HQHU
JIVWHUGL+L DEVRUEDQV GH+HUL R&TGH \DSOO0OGO

Abs (t): Boyar maddeye adsorban ilavesinden sonra

JHOHQ V*UHQLQ VRQXQGD PDNVLPXP GDOJD ER\XQGDNL

DEVRUEDQV GH+HUL

22. $GVRUSVL\RQ .LQHWLNOHULQLQ +HVDSODQPDVO
YH 7THUPRGLQDPLN dDOOUPDODUOD

/IXIJPXLU g]RWHUPL

ge adsorpsiyon kapasitesi (mg/g); o:C boyar

PDGGHQLQ EDUODQJOo NRQVDQWUDV\RQX PJ/ &

o|]]HOWLGHNL ER\DU PDGGHQLQ NRQVDQWUDV\RQX PJ /

9 d|JHOWL KDFPL / P DGVMRUE QU O DU PDGGHOHULO S+
DGVRUEDQOQ PDNVLPXP 'DIQVRUSé%ﬁ)bQHgggﬁiwg\BVOFDNOONODUGDQHO
Langmuir adsorpsiyon sabiti.

(GLWOLN NXOODQOODUDN DGSRSEB‘ OLSHBEUR%\HL{Q&'UL

NDSDVLWHVL PJ J RODUDN KHVDSQBRGOy N DUWWONOD ER\DU PDGG

WXWXQPDVO GD DUWDUDN ER\DU PDG:
DUWWO HeétKildyar PD G GH GDN VeUH
LOHULVLQGH PJ DGVRUEDQ LOH PXD
(GLWOLN %}ﬂHHHNUD-R’JﬂlODIL H JHoLULOIIGHVHDNODUON ER\DU PDGGH
GR-UXQXQ H¢LNDABH @ H -+ HUALQGH@H Vi OHUL AOGRDH @B GER\DU PDGG!|
VDELWL KHVDSODQGO % ER\DU PDGGHVLQH J|UH GDKD \+N
LOH JLGHULOGL %5 ER\DU PDGGH
JUHXQGOLFK g]RWHUPL DOUOO+0Q0Q %% ER\DU PDGGHVLQH
ROPDVO QHGHQL\OH DGVRUEDQOQ \+]H
NRQVDWUDV\RQGD WXWXOPDVOQD Yt
\*NVHN YHULPOH JLGHULOPHVLQGH
G+G+Q+OPHNWH G [BB41 dbbyjd Daddesi

TGH HQ dYiildi. BR46 boyar
‘W UHXQGOLFK VDELWL Q VDELWIjG Q| LV$W5 S 80 5N0bUo0

J| UM H NDREOIUDIL+H JHOoLULGGL RYE D 0oDOBUOODQ WeP S+ DU
GR+UXQXQ H+LPLQGHQ Q NP\PD \Gig H ElpQ Nﬁ RYODU HWNLOHGHELOH
VDELWL KHVDSODQGO GH+LUOWLULFL ELU PHPEUDQ ROPDVO

\]GH LOH ER\DU PHGBHOMN®I-L JL
3. BULGULAR GeU*Q*OPHNWHGLU UHNLO

Bazik boyar maddelerin giderilmesind@ LWHUDW«UGH

VRQ \0OODUGD NXOODQOODQ DGVRUEDQODU DUDVOQGD ERU YH
DWW O e%),kltb€an [13], [19] ED]O HQG*VWUL\HO

DWANPYHW wDUOPMB 162G jed D U

DOPDNWDGOU *XSWD YH DUN ERU LOH
JHQJLQOHGW L UH @MDY @ GADOVOLEFO%Y0 X H Y H

Basic Red 46 boyar maddelerinin giderilmesinde

NXOODQR@uuoODUGOU

%X oDOOGUPDGD %DVLF %OXH % % YH %DVLF 5HG
%5 ED]JLN ER\DU PDGGHOHUL IDUNOO VeUH
VOFDNOON S+ YH EDuODQJOo ER\DU PDGGH
NRQVDQWUDV\RQODUOQGD SHUIOXRURV+*OIRQLN DVLW HVDVOO
SROLPHU LOH JLGHULOGdideim¢dNLO YWH ER\DU PDGGH
\¢]GHVL VOFDNOO+0Q DUwWPDVO LOH DUWWO+0O J|JUsOPHNWHGLU
R& LOH R& DUDVOQGD ER\DU PDGGH JLGHUPH
\*]GHVL ELUELULQGHQ oRN IDUNOO ROPDGO+0 LoLQ EXQGDQ
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UHNLO %D]LN ER\DU PDGGHOHUMRUHVIE FHWWONoD ER\DU PDGGH JLG

GDNLNDGD IDUNOO S+JODUGD HOGH ECNONRGRP]®®DNRABDYPD XODudOS GD

madde giderme PDGGH JLGHUPH GH+HUOHUL VDELW
NXOODQOODQ ERLDMORBIGGEPDHYVWHUL
PROHN+O D-OUOONODU® GLNNDWH LC
D-OUO0OO+O N+*0o*OG*NoH ER\D JLGHUPH
GLNNDW oHNPHNWHGLU

UHNLO S+ Z& YH GDNLND ER\XQFD IDUNOO
EDUODQJOo0 ER\D NRQVDQWUDV\RQODUOQGD HOGH HGLOHQ
\«]GH ER\D JLGHUPH GH+HUOHUL

. ¥ . 0& Y. PJ/ EDUODQ

UHNLO fGD %% ER\DU PDGGHVL 0[8 g@? EQJ % .

NRQVDQWUDV\RQX PLNWDU® LOH% é{) g c?&‘ﬁ%@ ?E’[B‘PH V*UHOHI

\*\]GHVLQGH G+GPH J|]OHQLUN H QedgaTen % hoygi pgide giderme

PDGGHVLQLQ JLGHULPLQGH EPQ Ao R\D .

NRQVDQWUDV\RQOXQ DUWPDVO %‘%ﬁﬁ«ﬁpm i NV\>/<%LOD%DC~)](I5II\;QEF\)\\|3
BUEBqiEbeuagH HoLoHG VRAX

giderimesin. ROXPVX] HWNLOHQPHGL
JJU+OGs+++ JLEL DGVRUEDQO®Q ER\DLP

Tablo 3. Bazik boyar P DGGHOHULQ JLGHULOPHVLQGH NXOODQGbdya nuddeL WOL \|Q
JLGHUPH GH+-HUOHUL

*LGHULP YH 2UWDP NRUXO!

Boyar madde <|QWHP ODO]H oH) Ref.
Adsorpsivon/ a S+ YH S+ VeUH GDI
Basic Blue 41 -~ Be%’nir 1DORsDU PDGGH NRQVDQWUDVIRQX °C,  [21]
NDUOUWOUPD KO]O USP D
: AdsorpsiyonMagnetik DGVRUEDQ PLNWDUO
BasicBlue 41 "=/ U QD QeyB@ U maksimumDGVRUSVL\RQ S+JVO [22]
. L . % 40 (enzim)

Basic Blue 41 Enzimatik /Kloroperoksidaz % 15 (immobilize enzim, pH: 3, 7) [23]
. . RSWLPXP S+ EDUODC
BasicRed46 (OHNWURNRDJ*O NRQVDOWUDV\ROQX Py el [24

, Fotokatalitik/  immobilize S+ EDGUODQJOO
Basic Red 46 1in '0DQRSDUWLN NRQVDOWUDV\RQX Py v 29
Basic Red 46 Adsorpsiyon/ boron ile maksimum pH: 9,2,0 [17]
BasicBlue4l JHQJLQOHUWLULC optimum pH: 9,0 B
Basic Blue 41 Adsorpsiyon/ S+ VeUH GDN°C)VOFDI [13]
Basic Red 18 modifiye kitosan S+ VeUH GDN°C)VOFD!
MlkrporganlzmaTrametes VeUH JeQ S+ °Cy O F DN
versiolor
$GVRUSVL\R Vel ~ x|
Basic Blue 41 polimer Q USP RGD VOFDNOO=+0O [g]
Enzimatik/Horseradish )
Peroksidaz % 30 (150 dak., pH: 7, 3)
. : a VeUHGDN NDUOUWOUPI
Basic Blue 41 Adsorpsiyon/ x x - , Bu
Basic Red 46 Nafion Smembran S+ VOFDNOON vU& EDU ob00&

konsantrasyonu: 60 mg/L)
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dL]HOJH 9fWH J|VWHBRBUDVE BREEL W H tkjenérelblaimiesi ve % 100 boyar madgiiderme

ER\DU PDGGHOHULQLQ JLGHUPH \vé@t Onelddni ile ha@d boyar maddelerin

DUDVOQGD GH=+LUWL=L J|JUsOPHNWHGHUL®@XHYDQGHPDGDDIOMAIHUQDWLI
ER\DU PDGGH JLGHUPH GH+HGQHQLORE G W HHGLLWD G L

%X DGVRUEDQOQ PDOL\HWOL ROPDVOQD NDUGOQ RQODU NH]

Adsorpsiyon Kinetikleri

UHNLO % D V L Fnmaétt€sinin Er&undlich
g]RWHUPL

UHNLO %DVLF %OXH ER\DU PDESHOLQIGQDD GIPXHU HGLOHQ /DQJP)

g]RWHUPL

U H N B@sic Blue 4lboyar maddesinin Freundlich
g]RWHUPL

GR-UXVXQXQ H+-LPLQGHQ %% ER\DU
DGVRUEDQOQ PDNYV kapdshesDZ2 R USODPD
PJ J RODUDN KHVDSODQGO %DVLF 5HC
LoLQ GR+UXQXQ UHNLO 1GD HOGH H
LIRWHUPL H+LPLQGHQ Q YH .l LVI
bulundu.Nafion® PHPEUDQO LOH %% ER\DU
DGVRUSVL\RQXQD DLW WBU®RGLQD
VRQXFXQGD HOGH HGLOHQ GHQH\VHO
hesaplanan Gibbs serbest enerjis§i*( GH+HUOHUL

% % YH %5 ER\DU PDGGHOHUL Lo
VOFDNOONWB.2 \kidridIDvé &,52 Rj#hol

RODUDN EXOXQGX %X VRQXoODU KHU
de Nafio® PHPEUDQOQD DGVRUSVL\R
NHQGLOL+LQGHQ PH\GDQD JHOGL=+LQ
g]RWHUPOHU LQFHOHQGL+LQGH KHU |
SROLPHU PHPEUDQOQD DGVRUSVL\RQ
LIRWHUPLQH X\GX+X WHVSLW HGLOGL

'R+UXQXQ H+LPLQGHQ %% ER\DU PDGGHVL LoLQ
DGVRUEDQOQ PDNVLPXP DGVRUSODPD NDSDVLWHVL T

15,63 mg/L olarak bulundu. Basic Blue 41 boyar

PDGGHVL LoLQ )UHXQGOLFK L]RWHUPLQGH HOGH HGLOHQ
GHQNOHP NXOODQOdenDMN 18R +UXQXQ H+L

ve Kf: 3,03 olarak bulundu

UHNLO %DVLF 5HG ER\DU PDGGHV
izotermi
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Tablo %% YH %5 ER\DU PDGGHOHUL LoLQ DGVRRGX bR NLIOQHH B v © B D
HOGH HGLOHQ VRQXoODUOQ NDUUOODUWOUOOPDVO

/IDQJPXLU ¢t JUHXQGOLFK '"HQH\ .RUXOODUO Ref.
Parametreleri Parametreleri
Adsorban KL Omax r2 Ks 1/n r2 Adsorb Boyar 6eUH
(L/mg) (mg/g) an madde VOFDNO
(glL)  (mglL)
Titanyum 0,776 142,86 0,966 59,85 0,237 0,814 0,6 60 90 dak. [26]
PLNURN:? 7 pH: 9.0,
/ BB41 25°C
Nafion$ 1,047 1565 0.981 3.035 0511 0.993 5 60 60 dak. pH: Bu
BB41 7.0, 45°C oDOO
Nafion S 0,042 52,63 0,902 2,375 0,811 0,998 5 60 60 dak. pH: Bu
BR46 7.0, 45°C oDOOI
Moroccan 1.248 54 099 3122 023 089 04 10 20 dak. pH: [27]
Clay for 6,0,30 dak.
BR46 25°C
Raw fish - 37.36 - - - - 2.5 100 30 dak. [28]
bone for
BB41
Boron waste - 38 0.838 - 0.992 0.862 2.0 60 35°C pH:9.0 [18]
for BR46

% X o D O QadBoEb&iydn izotermlerinden elde PDGGHOHULQ GDKD HNRQRPLN ELU uH
HGLOHQ VRQXoODUGD %DVLF %OXHGHUWLH PADWMLFH5IHGGD VD+OD\DFDNWC
ER\DU PDGGHOHUL LoLQ VOUDVDO $GVRUEDQ PDOL\HWOL ROPDVOQD ND
adsorplama kapasitesi 15,65 mg/g ve 52, 63 mg/g rejenereRODUDN WHNUDU NXOODQOODELQ
RODUDN EXOXQPXUuWXU dL]HOJF$\UOFD OLWHUDW+.UGH GH ED]JLN ER\DC
\+]GHVLQGH GH R ®msyeX kiddiEL D NXOODQOOPDGO+OQGDQ WHUPDO F
oDOOUPDODUDO VRQXFXQGD DGVR\*NVHN HVQHN YH RQODUFD NH] UHM
HOGH HGLOHQ VRQXoODU %DVLF DGVRUEDQ ROGX+X LoLQ EX oDOOUPDC
%DVLF %OXH ER\DU PDGGHVLQH J|JUH GDKD \«NVHN ELU
NRQVDQWUDV\RQGD DGVRUSODQ&OHOG(.mMBWD\D oONPOuWOU
%5 ER\DU PDGGHVLQLQBERROHN.O D+0O0UO00O=+0
ER\DU PDGGHVLQGHQ GDKD Ne¢o+NBROGOXOURM E®ORYEPQREQ N:HUVLWHYV
\+]H\LQGH GDKD \eNVHN NRQVD@WRDV\RXEAUDIOQGDQ GHVWHNOHQH
DGVRUSOMAGPHROWHGLU

.$<1%$.d$
4. '(6(5/(1'850( 9( 6218d

%X oDOOUPDGD DNULOLN HO\DI Eﬂ%ﬁtg %ﬁ%%@@;&sﬁf@LPXOWDQP
EDJLN ER\DU PDGGHOHULQ NXPDJ{ h s b
WXWXQPDGDQ NDODQ ER\DU PDG i Oiliviued
JLGHULOHUHN oHYUH\H ]DUDUYV A

DPDoODQGO %X D P DHRO OOORDUIR\DIND L] GB"‘D”FRPSRVL\”

asit H V [puliééik membran (NafioR NXOODQO g Treat. VOI 52 no- 2 Pp- 19@02 2014.

.~So Ya Qlu and J. Chen,
%D]LN ER\DU PDGGH\H JRUH ID S’Lé%
\e]GHOHUL HOGH HGLOGL %R\DU S Lh WLRQDO  SDUDPH:!

E+\*NO+++Q+Q N+0-OPHVL DGVRUdE 'r'za 0 ueﬁgomHan\lﬁ%u;FRDJx(
PHPEUDQOQ GDKD N+o*N J|JHQHN QrP ZJOEi’ no 10, 2008.

WXWXQPDVOQD \RO @roBvdedénles e« $WON 6XODUOQGD

%5 ER\DU PDGGHVL GL+HU ER\ i
Egﬁ mel LP\DVO
ﬁDgBUPDUE

GDKD \*NVHN ER\D JLGHUPH \+]G
60FDNOO+0Q DUWPDVO ER\DU P
\*]GHOHULQL EHOLUJLQ ELU GHNL

NXOODQOODQ SROLPHU LN \PHNPVE U Q P WL
5SHMHQHUH RODELOHQ GDKD XFX] 3D L\Hﬂvy |¢ %L ChanﬁSSOLFD
SROLPHUOHULN DGVRUEDQODUO® -E{?-PW ;ﬁ OI%

etoxification o exti ean er Syn elic byes
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JRVLO N|NHQOL HQHUML ND\QDNODUOQOQ W+NHQHELOLU ROPDVO oHY!
JHOWLNoH DUWPDVO PHYFXW ND\QDNODUOQ GDKD HWNLQ NXOODQOPO
JHUHNOL NOOPOUWOU

7HPHO JNDPL®D+O0 WDUOP YH KD\ YDQFOOON RODQ (UJLQFDQ LOL \¢]|Oc
ROXUPDNWDGOU %X GXUXP \HP ELWNLVL oHULWOHULQLQ JHQLGU DOD
*UHWLPLQGH JHOLGPHVLQH QHGHQ ROPOIMXY K% 'YINE DHWN ady NEDRIL ®H+
LOLQGH \OOGD WRQ KD\YDQVDO DWON HOGH HGLOPHNWHGLU %
NXOODQOPOQOQ HQ L\L \ROODUOQGDQ ELUL GH EL\RJD] *UHWLPLGLU

%X oDOOUPDGD (UJLQFOD@QWRLROFOLONWBIO %D WEHW LOH *OGD 7DUOP YH +L
NXOODQOODUDN (U]JLQFDQ LOL KD\YDQVDO DWONODUGDQ HOGH HGLOHE

N:KH YH OvVO HQHUMLVL GMFRDO RWIDYBNQYIDWD EDIRAPH ND\(
NXUXOX JeFe EDNOPOQGDQ 0:0ON ELU SRWDQVL\HO EDUOQGOUGO=+0G
ND\GD GH+HU ELU QLWHOLN WDuOGO+0 J|JUsOPHNWHGLU

Anahtar kelimeler:Biyogaz, Biyogaz3RWDQVL\HOL (UJLQFDQ +D\YDQVDO $WON <HQLC

Investigation of Biogas Potential of Animal Wastes in Erzincan Province

*1Erzincan University, Faculty of Engineering, Department of MechanicahBagng, Erzincan, Turkey,
akurnuc@erzincardu.t
2Department University, Institute of Science and Technology, Department of Mechanical Engineering, Erzincan,
Turkey
*HOLO 7DUQKIL Kabul Tarihi: 2018€1-30

Abstract

The fossitbased energy resource's is rienewable and causing negative effects on the environment. Because of
the evefincreasing need for energy, the more efficients use of existing resources and is hecessary move towards
domestic and renewable energygces.

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 animalproduction. 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 amoumf 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 Pe@liBirectorate. It is observed that Erzincan has

a potential of 4.3 MW in terms of biogderived electricity generation power and has an important capacity for
biogas and energy production values.

Keywords Biogas, Biogas Potential, Erzincan, Animahgte, Renewable Energy
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1. *g5@0 X\JXODPD NDELOL\HWL LOH JHUOHNOH
YDUPDNWDGOU > @
'eQ\D Q-IXVXQXQ KkKO]JOoD DUWPDVO YH JHOLUHQ
VDQD\LOHUPH\OH ELUOLNWH HQHWKMHIQLNMHQBKIODIUD HOHWMDRLQRPEDNODU
|[QHPOL VHXOMHPHOWKMVOU )YRVLO \DNEWVDKL S ROUDIO EL\RN*WOH VeUGeU-
HQHUML DU]OQGD Ee«\¢N SD\D VDKLSPRIGH® B HRHY ADOW ULHNY.QK\HH @ HYUH Y H
VRUXQODUD |JHOOLNOH KDYD NLU®bONVNAQEI QN «|lHHWHA. G WO Q% D\BN « W O H
QHGHQ ROXU %XQD JJUH ND\QDNOBRDOROKQFPID\® WNBDMNEBLO YEHKOXQPDNO
IL\DW GDOJDODQPDODUO G+Q\D JHPHD@ICIG G+ QND LOHQQHEQOQUWDPDPO QI
enet’ML ND\QDNODUO H+=LOLPLQGH ELVDB>OWEIDYBAHBHQDROPXPLXURQODUODC
[1]. %XOXQDELOLUOL=+L Y H L\L ELOLC
WHNQRORMLOHULQLQ GOudQGD EL\R
=DPDQOD KHP GR+DO ND\QDNODUMIQU GHEDHDIN YH HMQHHRIMDL DU] JeYHQOL
HGLOHELOLUOL=+L D]JDOPD\D EDUODRBO®HKHR VGH |[GQRHD0D. RHOMDAML ND\VQDNC
YHULOHQ ]DUDUODU LOH ELUOLNWWH oHYUH NLUOLOL+LQGH DuUwOu
PH\GDQD JHOPLUWLU 6RODN\GBAOIDVGHUHQHUML ND\Q
YH EXQODUOQ oHYUHVHO HWNLOHU%LAORN-e«W@HWWOLMLO BER NREQD RUPDQ@D R U P
ELUL KDOLQH JHOPLUWLU (QHUML MXQEGEDW 0 PVIQHEIH Q HREHK® MOWEN-XDUO
ROXPVX] OHYUHVHO HWNLOHULQ W\DG<KINYBEIHDWORBGDUO JLEL EL
tutulabilmesi, sosyal ve ekonomikDONOQPD Do O \WVDWEDRQRDOOHULQGBEQ. WeUHWLOPHNWH
temiz enerji talebinin, ucuzJ*YHQLOLU YH V.UGWUILAENEWOHGHQ ILOWUDV\RQ -HNVWUL
IL\DWWDQ NDUGOODQPDVDO JRUXQOXNEXWPD YH |NXWXWPD YH ELULNHWOHP
LOHUHQ ILJLNVHO Ve¢UHOOHU LOH \D

%X VHEHSOH \HQLOHQHELOLU YHBLVRMGPURUBBLULWHHQHUMQRL LOHUHQ
NXOODQOPO LoLQ oHULWOL oDOOUPDNDU \WSOBPHBLOBHN\@HGhRN  8\JX
oDOBUPDODUGDQ ELULVL \0 0O QUD O WD D PEYIUKBR\BNOWMOGDRUOQ G|Q-t

(AB)nde %100 yenilenebilir eWUML VLVWHPL TablbQ TBHIVXQXOPXUW XU
VHQDU\R VXQDUDN VHQDU\RQXQ WHNQLN RODUDN P+PN:Q
ROGX+XQX YH WRSOXPXQ X\JXQ WHNQRORML SROLWLN Jeo YH

7DEOR % L\ RA pPQ\N-@ WOW-WHQOHUL YH sUsQOHUL

"|QeleP 6eUHFL hU+Q
%L\RPHWDQODUuW O U P D| Biyogaz
%L\RIRWROL] VeUHoOH]| Hidrojen
JHUPHQWDV\RQ V-+UHo( Biyoetanol
3LUROL] VeUHoOOHUL Pirolitk VO Y O
*D]ODUWOUPD VeUHOOH *D] \DNOW
.DUERQL]DV\RQ VeUHo0( %L\RN|P<U
(VWHUOHUOPH Ve+UHoOH| Biyomotorin (Biyodizel)

%X \DNOWODU LoLQGH EL\RJD] EL\RBWBRIRGHY K EMR® RMWRRVUDLQVL\HOLQLQ
|QGH \HU DOPDNWDGOU %L\RJD] RRDAYDQAD PONGGHBOHWIRUOP@Ra X+UDU
DQDHURELN RNVLMHQVL] RUWDPGROPDUINGGE PQNWRERDNAD ELYRDD] 7<UNL\I
JUXSODUOQOQ YDUOO+O0QGD EL\RAH®YDO® DIIRWOL@\DL \ NXL KYde@ MAUDMLHO @ DO W
KDYDVO] -Bip)ofilkQ P Bozunmamikrobiyal \OOOON YH WRSODP JHUL ND]DQOOD
bozunmaDQDHURELN IHUPHQWDV\RQXQSRWRRQYWIREBOL VAIHRALO\OD YH (
le HOGH HGLOHQ EI[9). JD] NDUOUGWOPOGIKBH+HU 3HWURO ImekdirDBU aNeDiK PLQ H
$QDHURELN EL\RORMLN SURVHVWHQGRNDMY AKX ID L NDWIOULGREHQBRD\YDQFOC
WHNUDUODQDELOLU WHPL] JD] RODMRQ H ONDGDUOMWND ®& DN QBIQ Ml EWIB[{EH BLD K P L
VD+OD\DELOHQ [BL\RHQN\GH MH \DQOFID\YHLQ@ J*EUHVLQLQ E<\N ELU E|O-+P
JD] NDUOUOPO RODQ EL\RZNeB® ELODUWPILQB®WOWDQODUGD OVOWPD DPDFO\¢

(CHa4), %3040 karbon dioksit (Cg) ve az miktarda \D GD \DNOOennV kilitesinde Uazalmaya,
KLGURMHQS) hiarbjeld (Hy; karbon monoksit HQHUMLQLQ oR=XQXQ ND\EOQD NRNX
(CO) ve Nitrojen (N E X O X Q P[DIN.8Y. (BGddar WRSUDN YH VX NLUOLOL=L JLEL OHu

GR+DO JD]D DOWHUQDWLI ELU JD]V\WWOQWD RODQD & OGBRHENS R@PDNWDG O

yakmaOVvOQPD YH OVOWPDGDWPREARU \DNOWO RODUDN

\DNOWO RODUDN HOHNWULN HQHUWDWD @ CGMO N G DO BH\GEDNE I L\RNJWUH YV

SLOL \DNOWO RODUDN GR=+DO JD blah oluresHz etkevih GzaROPMNDNQ &8 \DQO VvO

NLP\DVDOODUOQ *UHWLPILQGH NXOONGBWOPDA®®D GHUND\QDN RODUDN NXO
VRQXFX \DQ +U*Q RODQ IHUPHQWH
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NXOODQOODUDN WDUOPVDO YHULPOLOL-LQ DUWOGOQD NDWNOGD
EXOXQDELOPHVL DoOVOQ[EMQ |QHP DO$ HWPHNW HKGLT(O

%X oDOQUWRDEGMDQ #OL YH LOOHOHWUQMGNd KD\YDQVDO

DWON ND\QDNOO EL\RJD] SRWDQVL\HOLQLQ EHOLUOHQPHVL
DPDoODQPOUWOU %X SRWDQVL\HOLW@ EEAORDQBQPBANVNKRIGHKKOWDQ (UJLQFD
vD\OODUO LOH LOJLOL YHULOHUDWDNODD U@ i BSIROVDUPDQEHD@ HQHUMI
ELUOLNOHUGHQ NDPX NXUXPODUOE I® L VUDWHH® UHNV WE XV »« OHRKGWEK@ W X G D
DOOQP@ONMIEBPDQAOQ []J*QOe++ ND\O Wm0 igA-HvO DYHIQ. D H R O ErZindan Hikik FL RO F
*]JHULQGHQ oDOO(ODMFDROPPLUHEINHBIDPOWDO DWON ND\QDNOO EL\RJ
<HWLUWLULFLOHUL %LUOL+L (U]Wwalife@HVIOGDoLGIDWOR YOP KD\YDQ
+D\YDQFOOON g0 0¢G+UO¢*++ YHUL O HblitlehmeSdd. ReQXO@HULHNY HGIH QEPIQFDQ 'DP
OHUNH] YH LOOHVLQGH %e<\*NEDUG <HWEHMNLYHFIDOHIWWO®GLUOL+L YH (U]L
KD\YDQ VvD\OoDUO W.UOHUL YH ER\YYOQFOQONUGIQUBO:GHQH DLW YH
HGLOHELOHFHN DWON PLNWDUODUOWHHGIIOUPBIWH U HNO Q] LRE B QWLXQLRXLIQV X
KD\YDQVDO DWON ND\QDNOO HQHUML SRWDQVL\HOL
KHVDSODQPOuwoOU

%|OJHGHNL +D\YDQ 6D\OODUOQOQ %HOLUOHQPHVL
(UILQFDQ \|[UHVLQGH KD\YDQFOOON EEvNEDPDUG KDO¥RBDUVDHOVO LOH OHL
NDQDWOO KD\ YDQFOOON N+PHV VRAOWJWXHGXEGEHIIUHOPHNWWGUU (U]JLC
%e\eBMlDU RODUDN LQHN GeYH ER+-IN.oWREX® KB UNHN \V®LOL O eriMGLU %
GDQD YH HUNHN GLGL EX]D+0O \HVELGWLNOMPRAGO RNXEMEXMIDQ NRIXQ VI
RODUDN NR\XQ YH NHoL \HWLUGWLUIDPNODR&GEONND DWW O OROXVWDXQURDN W D G C
RODUDN GD |UGHN KLQGL ND] YHPXWWDWDOQEURHQHUNWBNXROGX=+X LOo}t
\HWLUWLULFLOL+L \DSOOPDNWDGOULOOHVL YH LNLQFL RODUDN GD

gO0OHVLIGLU (U]JLQFDQ KDLYOZGHWMND\WRE

gOoH ENFOOQNEHEDU YH NDQDWOO KD\YDQ W40 O.mMDWOIRKD\YDQ VD\OVO ET
*OGD 7DUOP YH +D\YDQFOOON gO0HUGH]OLOOWHULOHULLOH EDGO oHNFE
E«\eNEDUO KD\YDQ VD\OODUO LoLQ LVH (WLRFRR\YDRONMNDXDRAVO LOH h]*PO
60+0U <HWLOWLULFLOHUL %LUOL+HWMMUNWHGLUNY¥®EDOQQGDQD NH MHIDALHH
HGLOHQ HQ J*QFHO YHULOHU LOH KNDDWRDQ D\ & O DYUDIRO7MBBAGRR) BV] KB Y. D Q < V. D
JJUsOPHNWHGLU VDKLS LOOHGLU (UJLQFDQ LOLQGHN
(UILQFDQ LOLQGH WRSODP Ee+\eNEN#o«NBEY¥D Y HY NDQDOQO® KD\YDQ VvVD\OO

ROGX+X YH EXQXQ HQ Ee<\N NfGW O WOOPHNWHGLU

UHNLO ERSNBEPUG Ne+o*NEDG YH NDQDWOO KD\YDQ VD\OODUOQOQ GD+O0D
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Tablo 2. ErzihncalOHUNH] YH LOOHOHULQGH EXOXQDQ oLIWOLNOHUGHNL KD\YDQ V

%h<h.%$( .
o/d(/(5 6R\20$7H . KANATLI -2015 .hdh.%$ 015

(o WeN 9oL Yumurta | Broiler | 'L+ H| Toplam | Koyun .Hol Toplam
MERKEZ 24646 430000 | 135000 | 1390 | 566390 | 119039 | 2605 | 121644
g/od 533 1425 90 1515 59022 9424 | 68446
KEMAH 1435 1500 302 1802 54586 6482 | 61068
2718.% (/2 2363 3400 175 3575 2523 258 2781
TERCAN 15222 5497 2465 7962 87256 4999 | 92255
5()$+o<( 6208 3000 560 3560 3457 1513 4970
(0878 <( 324 200 20 220 14125 | 14349 | 28474
h=h0/h 5213 750 139500 | 190 | 140440| 40509 800 41309
d$<,5/, 8923 3000 750 3750 21610 2161 | 23771
TOPLAM 64867 448772 | 274500 | 5942 | 729214 | 402127 | 42591 | 444718

'L+HU gUGHN KLQGL YH ND] vD\6obDUOQOQ"

FDQOO D+O0U0O+0QD ED-0O RODUDN
<|QWHP JeEUH PLNWDUO FDQOO ND:GEDIUEHD 0
+HVDSODPDODUGD NDEXO+ \DSOOTL
%|OJHGHNL DWON PLNWDUOQO @ LENHOD WO HEGPH VIO HQ P L i Whadlardao « NE D (
LVH 7«UNL\H KD\YDQFOOON VHNW]|U-
%|OJHGHNL KD\YDQVDO DWON PLNRLINWODUUGD U B XY H DIH@CPIINGIHUL NXOOD
EHOLUWLOPLUO RODQ J*QFHO KD\YDQ VD\OVO YH \DSOODQ J«QO-N
KD\YDQVDO DWON PLNWDU NDEXOGBUY.D Q| D|QOQHD POY®D NDMPD V.UHOH
KHVDSODWRPOUWQFDQ LOL KD\YDQFOOOMNUYHNWQU-QANHDQDWOO KD\YDQOD
OHGLWOL KD\YDQ WLSOHULQH J|UH K D UDNQMHUWL JID0M\@ (1%, HROP BE BesitsineG O U
KD\YDQVDO DWON PLNWDUO\OD L Ohkkdplam#laidaxknoQU® D EN D O POV L J|] |Q
\DSOOPDGO+O WHVSLW HGLOPLUGUWLDW @X0 QHHE®HD H G (DM BEFDOIQUOON RUDQ
*OGD 7DUOP YH +D\YDQFOOON 0+G+UON+e - N-BVDNLIOD\OYBQIO YU LoLQ YH NI
KD\YDQFOOON LUOHWPH VDKLSOHWULQ LOH RIODUIPMOWWOLOPLGUWLU
JHUOHNOHUOWLULOHUHN (UJLQFDQ L ®IX RQIMPDPIDDMAPIDN E @ HNEWD GKNB DNDBYQ@H E D -
KD\YDQ D+O0U00O=+0 NJ RODUDMWMDBSDHX®RUHOQRORLNWW® PDGGH LoHUL
7HUPLQRORMLN DoOGDQ EDNOOGGCSRWBGEVIKBOMIH DWONODUADSOO0ODQ
NHVLPKDQH DWONODUO GOUOQGD NPHOM@QHRPLIMWQ WGOUNOODUOQGDQ
o0OXuDQ DWO+O LIDGH HWPHNWHGLU %e<\eNEDUG KD\YDQODUOQ

7DEOR mikkanvi@ulleri

- $WON OLNWI
Hayvan Tipi NJ DWON KD\Y Kaynaklar
%+\eNEDU +D\YDQODU 29.75 [18]
.»0*NEDU +D\YDQODU
.R\XQ YH .HolL 2 [21]
.DQDWOO .«PHV +
Broiler Tavuk 0.19 [22]
<XPXUWD 7DYX 0.13 [22]
Hindi-Kaz-gU GHN 0.07 [23]

7RSODP DWON PLNXWDNMDED VO\QIGQ BB OHOPRE GRODIGMDEXOOHUH ED+0O R
KHVDSODWQPEHWOBODPDODU oHUOHYHVLQGH HOGH HGLOHQ \OOOON KD\YD
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Tablo4.+D\YDQ DWON PLNWDUODUO

5/d(/(5 %+\+ NEDW O | .DQDWOO .+0*NEDU 7RSODP $
OLNWDU® | OLNWDUO $WON OLNWDU OLNWDUO

MERKEZ 133812 29503 11544 174859
g/od 2894 69 6496 9459

KEMAH 7791 78 5795 13664
2718 % (/o 12830 164 264 13258
TERCAN 82646 321 8755 91722
5()$+o<( 33706 155 472 34333
(0$/8<( 1759 10 2702 4471

h=h0/h 28303 9618 3920 41841
d$<,5/, 48446 160 2256 50862
TOPLAM 352187 40078 42204 434469

+D\YDQ vD\OODUO YH W¢UOHULQH ®%P\+=RBDRODN DoN NEODX i DYQH D WD DWO O
PLNWDUODUO LQFHOHQGL+LQGH HBLNYDWDO MUD@mMAQ BeOdNEDHIUH J|UH G
KD\YDQODUOQ ROXUWXUGX+X J|U+sOPHNVWHDG L B D x@EONDCINVKHIR SPNNPWBR U O Q O
GH+HUOHUH JJUH ROXuDQ DWON PLIEWWBNEDDIURKDEYDQRWHQOND 48 ID]OD RO
WRQ DWON \OO LOH BE2MNEDUGgR®PNWRLOQOGH ROGX+X J|JUsOPHNWHGLU
WRQ DWON \OO LOH Ne+o*NEDUG KD\YDEODODUOX® YH SHRDKDWONOOBOHUL L]O
NDQDWOO KD\YDQODU UGHNOLQGH KINWWIO DYWHAL ®ILW W rDORIm® \O00dON
WeUOHULQGHQ ND\QDNODQDQ DWOINO dPH. ®!MWD UGHIUURNIHQ QLADH FGHHWLLAL U $\Q C
JHQHO GD+-000OPO UHNLO fWH YHODERPHLUWLKD\YD®Q:\WREDWOQOQ GD HQ
KD\YDQODUGDQ HOGH HGLODM QD \We/NDN) CPU AW KIDAY DPRBWON PLNWDUOQDQ
PLNWDUO LoHULVLQGH LOH OMQNHEP\INDOHNOMPOs LOOHOHULGLU %
ROXUWXUPDNWDGOU PLNWDUOQOQ ID]OD ROPDVOQOQ QHGIH
EURLOHU YH \XPXUWD WDYXNOXOX=+X \

%e\eNEDU Ne+o*NEDGO YH NDQDWOO KD\Y
DWON PLNWDUOQOQ (UJLQFDQ JHQHO

WRQ \OO RODUDN KHVDSODQPOUV
DWON GD+O000PO LQFHWOOBQ+LQGH
WRQ \OO LOH OHUNH] LOOHGH JHUOHN
OHUNH] LOOHGH E<«\NEDUG KD\YDQFOO(
GROD\OVO\OD EX LOOHGHQ HOGH HGL
DWON PLNWDUO GH+HUL GH \*NVHN R

VRQUD ~WRQ \O0O0 LWHRQ@HOPDIQOH dD

WRQ \OO LOH h]*PO- WRQ \O«

. » 2 A RQ, \& PDK WRQ \0O¢
UHNL@D\YDQ DWONODUOQOQ ND\QD=+0Q .g Q8o

JHOPHNWHGLU UHNLO

UHNLO KRSYD® DWON PLNWDUODUOQOQ LOoH ED]JOO GD+O0OOPOD



A K SEYHAN/APJES6-1 (2018) 2535 30

+D\YDQVDO DWONODUOQ HQHUML GH+W iR QSFDWIN QSR WHGO/H UHO GBKULQH VI
oDOOGPD NDSVDPOQGD LQFHOHQPLKWIMD Q+BW KNDOYPL@WH®D MWEKO HGLOH:
WLSL NLP\DVDO YH ILJLNVHO |]JHOOLNOHULQH ED+0O RODUDN

Tablo5. +D\YDQ DWONODUOQOQ NDEXO HGLOHQ |JHOOLNOHUL > @
x Ul K.M. O.K.M. Biyogaz Potansiyeli
SWON 7-U .DwWd 0D 2UJDQLN .DWO (m3fton O.K.M.)
%e\eNEDUG KDY\I 14.5% 77.5% 250
.DQDWOO KD\Y 28 % 80 % 400
.»0*NEDU KD\YD 30 % 80 % 200

SRWDQVL\HO KHVDSODPDODUOQGD GK-OHADOHUQP PN EXQGDWB PHND RODUDN

DOOQDQ (}R+DOJD] N|P-U JeEUH 'RBDHO(HHN(VXUIRNPI—EULNJH:IPEDQNdDIVf) HIHN)
IL\DWODUO N|PeU EL\RJD] LOH GRGDOHJDQPINMWARULILN
Tablo 6. PotansiyeK HVDSODPDODUOQGD \DSOODQ NDEXOOHU > @
PARAMETRE "(6(5 %e580
1 m?’biyogaz 0.65 m3 CHa
%L\RJD] bOw OVOO GH+HUL 5.837 kwh/m?
.RMHQHUDV\RQ (OHNWULN hUFH 42% -
KojenerasyorTermal Verim 46% -
'R+DOJD] ELULP ILADWO 0.60 TL/Mm® GR+DO ]
.|PeU ELULP IL\DWO 150 7/ WRQ N|P
(OHNWULN ELULP ILADWO 0.39 TL/KWh elektrik
OHUNH] %DQNDVO (IHNWLI $04 2.94 USD/TRY
OHUNH] %DQNDVO (IHNWLI $04 3.20 EUR/TRY
3.BULGULAR
%L\RIJD] hUHWLP 3RWDQVL\HOL
Tablo 7. ErzincanLOL WRSODP EL\RJD] *UHWLP SRWDQVL\HOL
%e\*NE| .DQDW ..0-NEO TOplam ; : Ton
swon swon Swon swoq BYogaz | Metan | Elektrik VO hUH| Kudu | g+
o/d(/(5 oLNnwD OoLNWD OLNWD OLNWI Potansiyeli | Potansiyel | hUHW U NEDO \ °0 Petrol
WRQ\ WRQ\ WRQ\ WRQ P \OC L P \d (kWhe \O (kWE) 7(3 \(
MERKEZ 133812 | 29503 11544 174860 | 6956896 | 4521982| 17055108 | 16064863228 1947 1466,74
g/od 2894 69 6496 9459 399286 | 259536 | 978866 | 922031964 | 112 84,18
KEMAH 7791 78 5795 13665 | 504058 | 327637 | 1235717 | 1163969851 | 141 106,27
27/8.% (/g | 12830 164 264 13258 | 387807 | 252075 | 950725 | 895524361 | 109 81,76
TERCAN 82646 321 8755 91722 | 2770798 | 1801019| 6792722 | 6398326909 | 775 584,17
5()$+o<(| 33706 155 472 34332 | 983451 | 639243 | 2410970 | 2270985307 | 275 207,34
(08%/a<( 1759 10 2702 4471 180012 | 117008 | 441307 | 415683943 50 37,95
h=ho/h 28303 9618 3920 41841 | 1845056 | 1199287| 4523229 | 4260603728 | 516 389,00
d$<,5/, 48446 160 2256 50862 1483647 | 964371 | 3637220 | 3426037822 | 415 312,80
TOPLAM 352187 | 40078 | 42204 | 434469 | 15511011 10078215 38025864 | 35818027112| 4341 | 3270,22

(UILQFDQ @#OLQLQ KD\YDQVDO DSWWD PLINWO U OKHHD EXDPDODUD

\DSO

DWONODUGDQ HOGH HGLOHFHN NR©ENE DHL YR ND HQMO® KWL YDQ VD\O O
SRWDQVL\HOLQL EHOLUOHPHN DPDW®\WO®D EP@IHGH+HIOBQBQULOPHVL\O
LIOHWPHOHUGH ND\OWOO RODQ EXDRYDD FBWIDD®UBQBRWURNHYH OVO

ED]OQGD \OOOON KD\YDQVDO DW@&N]OWHEDL B DB-ENOMEHDYEEX @ R X 4 W X U
DW O N @b edbdeBilecek biyogaz ve metan
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Erzincan ilinin toplam biyogaz potansiyeli f1GD YHULOPLUOUWLU hUHWtOHQ EL\RJI
15511011 H \OO RODUDN KHVDSODQPHHWDIU LeHURID] LOH EHOLUOHQPHN
*UHWLP SRWDQVL\HOL LOOHOHU ED)N®@IEDO PQPHOHQGBL-ER®HIDHQ WHVLVL
\eNVHN SRWDQVL\HOH VDKIGBOLIO®HPIGO UDELOPHVL LoLQ *UHWWL=+L EL\R.
OHUNH] LOoH ROGX+X EHOLUOHQPoHWILYL QHXOXK V® RDWPODMDGOU dDODI
7HUFDQ h]ePO. dD\OUOO G5S5HIDKPHWWD.®PLNKHWEOHFH+L NDEXO+ LOH (U
2WOXNEHOL YH .HPDOL\H L]OH P H Niat&hGelUH WA LA R $ RW-GWL.L\ M ©larak P
SRWDQVL\HOLQLQ LOOHOHU ED]OKQ\DD N@DRPODRYPWVO UHNLO

OUHNL@]LQFDQ LOL WRSODP EL\RJD] SRWDQVL\HOLQLQ LOoH ED]OO GD=0

(UILQFDQ LOLQLQ EL\RJD]GDQ +BOGXOKEIHOHFHIINLOGEBGOOW saU]JLQFDQ |
WRSODP HOHNWULN cUHWLRWONSRIMDOWIOBOEL\RIJD]GDQ HOHNW!
38025864 kWh RODUDN KHVDSODQPOUGWWOVPO A @GDNOWHNPO UHNLO YGH YHULOP
HOHNWULN sUHWLPL EL\RJD] SRWDQVL\HOLQLQ GH HQ ID]OD

UHNL@]LQFDQ LOL WRSODP EL\RJD] SRWDQVL\HOLQGHQ HOHNWULN *sUHYV

(OHNWULN SL\DbWubap GsBnd &abild L\H W+ NHWILNWBU O 0:K ROXS 7+<UNL\H
GLUNHWOHULQ 7 & (QHUML 3lgeneOLQGH fOLN RUDQD VDKLSWLU >
XUXPXQD VXQPXUG ROGXNODUO NLULOLN ELU DLOHQLQ DVJDUL \DUD
DOOQDUDN KD]JOUODQPOU RODQD\OON HOHNWULN WeNHWLPL DUDGW
3L\DVDVO 6HNW|U 5DSRUXYQD J|UkWh/ay [28] , 230.4 kWh/ay [29] ve 297.8

N:K D\T60@ %X GH+HUOHU J|] |Q*QH O
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NLGLOLN ELU DLOHQLQ DVJDUL <UHWLOHFHN HIABDO MhenkDakoib GO N

RUWDODPD D\OON HOHNWULN W LKWL\DFOQO NDUGOOD\DELOHFHNWLU
\OOOON HOHNWULN WeNHWLPL (U]JLQFPB QO DO IRIHJ XN \YD EYorRImw O N
KHVDSODQPOOWRDGD (UJILQFOQONGUHWLR SRWDQVL\HOLQGHQ \DUDUODQ
EL\RJD] G D Qrelin®potdWiyelidR 025 864 NFDO \0o DWON OVO *UHWLPL JHUOHN
kWh RODUDN KHVDSODOQPEintéa® U %O IGXEX P&D\YDQVDO DWON ND\QDNO
LOLQLQ EL\RJD] SRWDQVL\HOL G H-+tJHHWILHFQ QL QLIOGIH LIE WDXNGEDSBOOPO 1

UHNLIEW]LQFDQ LOL WRSODP EL\RJD] SRWDQVL\HOLQGHQ OVO «UHWLPL LC

*HOLU YH )D\GD +HVDSODPDODUO

(UILQFDQ LOLQGH KD\YDQVDO DWON ND\QDNOO EL\RJD] *UHWLPLQLQ G
ND\QDNOO ID\GDOWWLDPEOWRLYGH

Tablo8.(UJLQFDQ LOL KD\YDQ DWONODUOQOQ EL\RIJD] WHVLVOHULQGH NXO

,vOO .D\QDNOO )D\GD
FAYDA (OHNWULN .D\QTE -R+D9|JUDJ (G6H |p.u (aGH-HUL
g/1d(/(5 hUHWL )D\GDV Mil3<tar~ Fayda Miktar ! Fayda
(kWhe VO ( 7/\00 (m*\0Qg 7/\0¢ WRQ 7/ \0(
MERKEZ 17055108 6992594 1947256 1168354 5355 803243
g/ad 978866 401335 111761 67057 307 46102
KEMAH 1235717 506644 141087 84652 388 58198
2718. % (/o 950725 389797 108548 65129 299 44776
TERCAN 6792722 2785016 775555 465333 2133 319916
5()$+a<( 2410970 988498 275271 165163 757 113549
(0%$/a<( 441307 180936 50386 30232 139 20784
h=h0/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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(UJLQFDQ LOLQGH KD\YDQVDO IDRWINDOLVOQL EHORIDIHQHUKHN E|OJHG
VDQWUDOOHULQGH GH+HUOHQGYH IOO/AHMQWHM LV IHORWWQVN\HOL KHVE
ND\QDNOO® RODUDN \OOOON 7/ ID\GD

VD+ODQPDVDO P+PN.GWADDFKDWWEDMQD J|UH (UJLQFDQ LOLQGH WRSODP
VD+ODQDELOHFHN ID\GD N|P+U YHVORG DO J DN ¢+ NEHW®H KIDQWDQ VYD\OVOD

JJUH KHVDSODQPOUWOU (OGH HGNORBMN DVWK®NYDQOV 0B R ¥DOLIDH TW e
HUGH+HUL RODUDN NDEXO HGLOGHGLQEKR ¥R-\ODOQOBBPONY HUG@®HUH J|UH
\OOOON 7/ RODFDNWOU .|P+WRISIGHP HDW RO DRIDNWDUO LVH

NDEXO HGLOGL+LQGH mhliyeth bir Q GDKBV®SO®QPOGWOU %X DWON PLNWDU
\DNOW ROPDVO VHEHEL\OH \0 O @rnNophb bigoBe@ pdtbsivelil LB5GI11°m O O

7/ RODFDNWOU RODUDN KHVDSODQPOGWOU %L\RJID]
\O OO ON HORISIGVOAL N+ U H 8802B&64SRWD QV L
4.'(6(5/E1'#50( 9( 6218d kwhefGOU $\UOFD D\QO ND\QDNOO EL

SRWDQVL\HOLQGHQ \DUDUODQOODUD!
7*UNL\H QLQ E|OJHVHO YH JHQHUOFDEL\RIDDV-Q HWYQHRIMLVL sUHWLPL GH
SRWDQVL\HOLQL GH+HUOHQGLUPHN LoLQ ELUoORN oDOOuUPD
\DSOOPOUWOU %XQXQOD ELUOLNW Hluumxa o\IDAMIGPND O /R SoHmP W 8 OHNW U L
EL\RJD] ND\QDNODUOQOQ H Q Hpdtsinisiyeli SE0RAE868 W\N A Exzincan ilinin
RGDNODQPOUW@U 2 UNL\H HNRQREBLW.JDJQ SRWDQVL\HOL GH+HUOHQGL
HVDVHQ WDUOP YH KD\YDQFO 0 ON HVOLMHITHNG @ GIBDU hate D MeRiiki O N
JIVWHUHQ GR+X UHKLUOHULQGHQ KW U\D RID@@m NYHQPDADEQOHFHNWLU
EL\RJD] SRWDQVL\HOLQL QHW YHULOHU <«]HULQGHQ RUWD\D
oONDUWDER omOoOUPD\D UDV W O(QDPPIP@TGOWMHWHU VDERGREDX¥RPQVED
/ILWHUDW+.UGHNL EHQ]JHU oDOOUWPHDEXUCD/ONRBYQ@QXBEBBPHUOHQGLULO]
PDWHU\DO RODUDN 7+UNL\H gVWDWQUVMWQE RKOBXBRFQXQOOON
786. YHULOHUL NXOODQOOPDNWBBOWDQDFD+O0 @U<OPHNWHGLU LV (

VD+ODQDFDN \OOOON ID\GD N|PsU Y
(UILQFDQ LOLQGH E+\*NEDU N+oPXEBMDIHYH NORO®ICGOQGH GR+DOJD]
KD\YDQ OLIWOLNOHULQB® RO NBBUOKITLKENGDKD G+G+N PDOL\HWOL N|P-
KHUKDQJL ELU DWON \|QHWLPLQWHGKKLO7HBOOFBEWQU
GR+UXGDQ EHOHGL\HQLQ o0|S GHSRODPD VDKDODUOQD
JJQGHULOPHNWH YH\D WDUOP DODQODUGQRGD WRSIHIBHNY EEGWKBRMDI KD\Y
NDUOUWOUODOODUDN J*EUHOHPHGH TMXORD»EXNPD tDRPD\FO\@DWONODUOQC
EHUWDUDI HGLOPHNWHGLU %X KDAXOQRPDWONODUWIQAQYHVH IXQXQ
hava NLUOLOL+L NLP\DVDO YH EL\RORELWD @RPXQPWO N Dadi@ileHGtLW SDU
VRQXFX DWONODUGDQ VO]DQ VO]EDRWO RMKIOD ROQO QN VePIWDOM FBELOLL
\HUDOWO VvXODUOQD NDUOUGUPDVONDOB CoGY®Q HKK YWD ISQWDPFPQ O/ O/RXFXQGD
EDNOPOQGDQ VRQ GHUHFH FHOGENWWBURBEIHRONW:F- EDNOPOQGDQ
ROXGUWXUDELOPHNWHGLU 7DUOP (DDOQ@N DELAQ G@ WHQVY. PG E¥HDUOQGOU
N X O O D Q Ge@@&rReBihe KIB sebebiyet verirken, HQHUML UHWLPL GH+-HUBHHKHU BEbOVOQ
WHPL] VX ND\QDNODUO\OD GR+UXGDWH®RNUWIDIEGCHE56 0 QWMOOBHNWHGLU
RODQ \HU DOWO vXOobDUOQO GD NLUOHWPHNWHGLU %XQXQ
\DQOVOUD \¢«NVHN HQHUML <UHW I6R GRoWP QN U DHNO [ QJH QFDKAL $IHOLQGH KL
RODQ EX KD\YDQVDO DWON O DU GaparafGeditmiddih@eHyGad) tekdddiistin @atma
bertaraf edilmesi, mlL HQHUML ND\QDNODWH:PHOUDQ\ENWHN |QHPOL ELU \|QWHt
ND\EOGOU JJUSOPHNWHGLU gOHUOH\HQ \0O

JHOLGPHOHUH EDMH@®EDROYHDNOoHOHU
%X VHEHSOH (UJLQFDQ LOLQGH KOG H:-MHY\OMH® G WOMPHD\B@D DUWOG \Dua
DWONODUOQ HNRQRPL\H ND]DQ&OOHITHPNDWHD X)|0XQORDODUOQ GHYDP
(UJLQFDQ OHUNH] YH LOOHOHULQGIH HEXRX\YD@ KDOY DAMFIND BIRNXVX VHUI
LOIOHWPHOHULQGHQ ND\QDNOO DWESERUGH PIDRIDY HK@HWM NWIOLWHVL
potansiyelinin  belilgQ PHVL DPDoODQPOUWPBWPHN¥NX YH GHSRODPMarhamaQ X\JXQ [
SRWDQVL\HOLQ EHOLUOHQPHVLQGIE LK D RWUX® ool 0 /WA NloBIHDUWDFD N
LOJLOL YHULOHU VDKD oDOOUPROXUGRGPR\D ELEO LN O HUF®HNQYO U 2
NDPX NXUXPODUO YH \HUHO HQVWH WL\DOIHGLHIG B @ GMDNIDIDNEY EHUWD U
dDOOUPDQOQ |]J*Q0O+++ ND\OWOO PBW®L YSIWRPOBMHPQHULQGHIHFHN D\QO
oDOOUOOPDOU EIRO RBiBND Gefilerden NDONOQPD VD-ODQDUDN KD\YDQVDO
KD\YDQVDO DWON PLNWDUODUO MWMBHEXMIDWDWN®DZHORO BURN IGH+HUOHQC
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(UJILQFDQ LOL YH LOOHOHULQGH BE*®NEDWRN®MXNEDULRPDVYV HQHUJ\ SF
NDQDWOO KD\YDQ VD\OODUO KDWWIQWYIDO WWVRONLOLNXWNHY BXQHZDEO!
DWONODUGDQ HOGH HGLOHELOHFBENpE 23RADly POOHNWULN YH OVO
HQHUMLVL <UHWLP SRWDQVL\HOOHUL KD\YDQVDO DWON
ka\QDNOO EL\RJD] \DWOUOPODU®» @oLDOOXBHXWODKWDRRW O<KHQGLVOHUL
etmektedir. Bu durum biyogaz tesislerinin 3<HQLOHQHELOLU (QHUML .D\QDNODU
NXUXOXPXQX JHUHNWLULUNHQ WHNMWOLDRQOPADVO SRWONNVUDHO
GH E|OJHGH PHYFXWWXU
[10] J. Dai, B. Chen, T. Hayat, A. Alsaedi, ve B.
<DSOODQ EX oDOOUPDQOQ (U]JLQFEKPDGL Q GEXW\KEseH) HERNGPHRF \Hu
EL\RJD] WHVLVOHULQ LY VIOHDWLGD GEhibyidal@e@iDatidd Of eural biogadinked agre
UHKEHU ROPDVOQOQ \DQO VOUD HFRMBMOWNHMN o SNHNEDHIZFHOH DQG 6XVWI
NDQDWOO® KD\YDQODUGDQ ND\QD RevdwE) ¥1 (BNEBE, @R Q HQHUML HOGH
HGLOPHVL\OH VeUG+U*OHELOLU ELU DWON \|QHWLP PRGHOL
ROXUWXUPDVO KHGHIOHQPHNVWH@L U0 gIWOHULGHMNLYDQ **EUHVLQGH
oDOOUPDODUGD PHYFXW YHULOHUUNXYAE®DQ GIGIYUBINY HUJU®PDQ%DNDQO O
LOLQGH EXOXQDQ KD\YDQVDO DWONODUOQ WRSODQDUDN ELU
EL\RJD] WHVLVLQH DNWDUOOPDN>L@WVBQBHVL GXWHRLMDEMHQ\ YH - 5L
KDQJL E|OJHOHUGH EL\RJD] WH YV LcgdpdundsQ biQhidgasU ¥anD HitfaderitF Hiedas
oDOOUPDVO «]JHULQH RGDNODQOOBERGIXFWLRQ SODQWV’™ -1&86iUJ\ S
2007.
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Abstract

Ethanol production from lignocellulosimaterials has been extensively studied in order to substitute fossil fuels.
The aim of the study was to investigate the potentidPafidonia oceanicaesidues as a potential source of
fermentable sugars for bioethanol production in an integrated prd8gssonsecutive supercritical G@nd

VXSHUFULWLFDO ZDWHU 6&:

K\GURO\VLYVY ZLWK D VROLG OLTXLG UDWL

retained in solid phase whereas a reducing sugar value of 14.1 g/L was quantified in the liquisygeasgtical

CO; 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 theutilization processes to industrial scale applications, thereby proposing an alternative solution

to the landfill ofP. oceanicaesidues.

Keywords: Marine Biomass, Hydrothermal Liquefaction, Supercritical ,CBupercritical Water Hydrolysis,

Reducing Sgar.

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
becomemore 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 te®®%

[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 fitspsis 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 corrosjd]. 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, polymeraterials,
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 augich
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 (655 %) 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
MJUHHQY DOWHUQDWLYHV WR
organic solvents, which are used industrially at
present [8]. The behavior of a lignocellulosic
material in suparitical systems was investigated
before, where water dissolved hemicelluloses
completely, leaving lignin in the solid phase without
introduction of chemicals to the process [9].

WKH

The objective of this study was to investigate the
effect of temperature drsolid: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.

*Corresponding AuthotManisa Celal Bayar University, Faculty of Engineering, Mgnisa.deniz@cbu.edultr
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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.

Investigation of the effect of temperature on

reducing sugar contents indicated that the increase of
WHPSHUDWXUH IURP WRse f& \LHO
in reducing sugar concentrations from 6.9 to 3.3 g/L

ZKHUH KLIJKHU YDOXH zZzDV UHFRU
FRPSDUHG WR WKH YDOXH REWDLQHG

2. MATERI ALS AND METHODS
2.1. Materials

Posidonia oceanica leaves were harvested from
Izmir, Turkey. These wastes were washed with
distiled 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 piecesrad passed through a 6025 cm
VLHYH DQG VWRUHG DW f&

2.2. Supercritical Water Hydrolysis

The supercritical water (SCW) biomass conversion
system used in this study was a batgte reaction
vessel with an working volume of 100 cm3. The
meshed biomass amater 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, watesoluble portion was retrieved by
filtration. The filtrate was used for reduced sugar
analysis, and filter was dried to constant weight in an
RYHQ OHPPHUW *HUPDQ\ DW
calculated by the amount of the obtained solid after
hydrolysis per the amount of the solid biomass.

2.3. ReducingSugar 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 twamples 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 contenitiquid fractions
were analyzed while the other components were left
to remain in the solid phase.

It is worth mentioning that, pure cellulose
conversion to water soluble sugars was observed to
increase sharply at high temperatures in the range
302 f& > @
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 thaincreased 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

7KH UHDFWLRQ PHFKE

RI UHGXFLQJ VXJDU REWDLQHG DW

Regading 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 convezd to organic acids after
K\GURO\VLV DW f& DQG
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 [3jlyvhereas no solid
celluloselike residues were observed in our study. It

f ®as 3 AlSDS réhdr€d G thaD Wydrolysis  dissolved

hemicelluloses completely at higher temperatures
from alfalfa fiber with no chemicals used [14].

Figure 1. The effect of temperature oaducing
sugar contents of the liquid fractions from hydrolysis
of P. oceanica.

Solid to water ratios ranging between 0M42
(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 ineictas
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)ost
recently, the influence of the corn slurry was

03D EXW Z
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investigated for batch systems and at loading/6
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 ofP. oceanica.

The success of hydrolysis is directly related to the
temperature during the process, therefore different
temperatures (300 f& ZHUH VWXGLHG
increased with the increasing temperature until 400
f& 7DEOH
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 d®. oceanicawith a
solid:liquid ratio of 0.08 (w/v).

Temperature Pulp yield
f& (%)
300 18.5
350 20.2
400 20.3
450 151
500 16.8
550 18.9
600 17.9

Solid to water ratios ranging between (@42
(w/v) were tested and the results obtainethis 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 (wj\(Table 2). Similarly,

it was shown that at higher water densities of about
1011 kg/md DW
very low [9].

Table 2. Effect of solid to liquid ratio (w/v) on the
hydrolysis ofP. oceanica WHPSHUDW XUH

Solid:liquid ratioPulp yield

(wiv) (%)
0.04 9.2
0.06 14.1
0.08 20.3
0.10 19.1
0.12 18.1

Moreover,P. oceanicavas 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].

SAperrbtical. Q@ Gwas reported to selectively
hydrolyze sugar extract with experiments conducted

$W KLIKHU WHPSH&aBeoZM4H e QWS \LHBBYW ORdSHRYHU

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 frafostera
marinaas studied and supercritical @xtraction
wasreported 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 ZO
pretreated sample was used.

Table 3. Analysis of solid, liquid and gas phases of
P. oceanica samples by supercritical QO
pretreatment prior to supercritical water hylgsis.

Property Amount
Solid Phase

Pulp yield (%) 111
Liquid Phase

Reducing sugar (g/L) 14.1

4. CONCLUSIONS

f& OLTXHILFDWLRQ TRi$ stutyRéts¥donzab Aternative approach for the

utilization of P. oceanicaresidues 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 higtvalue internediates and

fakemicals whereas hexose and pentose sugars are
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feedstocks for bioethanol fermentation. The results
of this study also indicated that supercritical ZO
extraction process acted as a pretreatment method
for increasing the availability of hemiteloses and
celluloses. Under optimized conditions, 14.1 g/L
reducing sugar was obtained by consecutive
supercritical CQ and SCW hydrolysis where
insoluble content remained in solid phase which
shows the potential dP. oceanicaesidues 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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.LWRVDQ .DSO0O 0X] .DEX=+X %RQFXNODUO LOH 6X0O
Giderimi

*IJHULIH 3DUOD\OFO
!16HOOXN hQLYHUVLWHVL .IPR\DDOKBQGVYUONIDB|OWHVL .RQ\D
|serife842@hotmail.com
*HOLU 7DUQKIR Kabul Tarihi: 201®1-21

g]

%X oDOOUPDGD JOXWDUDOGHKLWOH oDSUD] ED+ODQPOG NLWRVDQ N
0|]]JHOWLOHUGHB QD UHQOQ DGVRUSVL\RQX LOH DUDuwOubOOPOuUWOU

L\RQODUOQOQ IDUNOO NRQVDQWUDV\RQX S+ DGVRUEDQ PLNWDUO YH
NDODQ &U 9, NRQVDQWUDV\R@Q GO DHEMN B\BIHENDWLILR IBRWEREE WXL LOF
.0. ERQFXNODUO\OD &U 9, DGVRUSVL\RQXQGD RSWLPXP S+ GH+HUL

&U 9, PDNVLPXP JLGHULPOHUL S+ WHPDV VeUHVL \oDK3iysneIH F
JUXSODU )7,5 DQDOL]L\OH WDQOPODQPOUWOU $GVRUSVL\RQ GHQH\L G
ROGX+X EHOLUOHQPLUWLU .0. LoLQ &U 9, PDNVLPXP DGVRUSVL\RQ N
6RQX00DU &U 9, L\RQDOUA@OQ.HQORUSVKR DGVRUEDQ ROGX+XQX J|V\

Anahtar kelimeler: $GVRUSVL\RQ .LWRVDQ O0X] NDEX+X .URP @g]RWHUP

Chromium(VI) Removal From Aqueous Solutions by Chitosan Coated
Banan Peel Beads

“UHULDM BD\OFO
'"HSDUWPHQW RI &KHPLFDO (QJLQHHULQJ 6HOFXN 8QLYHUVLYV
[« E1(681>Z18u]]oX }u

Abstract

In this study, the performance of a crdis&ed chitosan coated banana peel (CBP), which hasdresslinked
with glutaraldehyde, has been investigated foatteorption of Cr(VI) ions from aqueous solutiofifie influence

of different experimental parameters; different concentration of Cr(VI), jpHs adsorbent amount and contact
time was evaluad. The concentration of Cr(VI) in residual solution wadentified by a UV-Vis
spectrophotometer using a diphenylcarbazide reagpht 2.0 was found to be an optimum pH for Cr(VI)
adsorption onto CBP bead$he maximum removal efficiencies were obtair®®.2 % for Cr(VI) by using CBP,
at a pH 2, contact time of 1h. Various active functional groups were identified by FTIR analysiadsorption
experimental equilibrium data was found to best fit to the Langmuir moaeinMim adsorption capacity of EB

was determined to be 102 mgResults showed that CBP is favourable adsorbent for the adsorption of Cr(VI)
ions.

Keywords:Adsorption, ChitosarBanana peel, Chromium, Isotherm.

1. *g5gu0 @ %D]O PHWDO ELOHULNOHUL NXQ
GLUHNW YH\D GR+DO MHRNLP\DVDO

. & A A & ofeXe H N +LQH VHI
ifou PHWDO L\RQODUOQO LoHUHQ Ag} QRN S&D%%%N WSD@D%PHOHUL(
HNRVLVWHP LoLQ FLGGL ELU WHKG LW RORXEWY u FBR W IEd UHS

Sorumlu Yazar: 6HOOXN hQLYHUVLWHVL .LPRD 0-KHQGLVOLNL YBHNOOWHVL
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41
u 3$5/%</RPJES6-1(2018) 4048

DWON VXDD® VYEQDER:GHUDUM HGLO ROPDPDVO GR e bdilefiried Rk HO G

|Q YH LNLQFLO ROPDN ¢]JHUH ELU ROPDPDVO NLP\DVDO YH IL]JLNVH

JHUOHNOHUWLULOPHNWHGLU $UDUGUEDNOPOQGDQ +VW+Q |[JHOODMOHUH \

DUOWOOPDVOQGD HQ X\JXQ V.UH(GRODN®S JLUDDW ND+OW YH WHNVWV

LoLQ ELUORN oDOOGPD®DM \eUsWPe¢]HUH GDKD ELU oRN oHULWOL HQG-V

NREDOW DUVMXQUNXQEDN®BW D+OU akademik DUDOGWOUPDOIMDUGD RODUDN

L\RQODUOQOQ DUOWKMmEaGD PHNXOODQOOPDNWDGOU

o| NW e UdtdH osmoz, indirgeme, filtrasyon,

o|]]*F* HNVWUDNVL\RQX JLEL oHULWOL \|QWHPOHU

N X O O D Q O O&). BiphoBeSidiitumaliyetinin

\*NVHN ROPDVO LNLQFLO NLUOLOL+H VHEHS ROPDVO

GeGsNPHWDO NRQVDQWUDV\RQODUO LoLQ HWNLOL

ROPDPDODUO JLEL GHIDYDQWDMODUO YDUGOU

subpawdOuprPDFOODU DUOWPD \|QWHPOHULQGH SDKDOO

sistemler yerine alternatif, ucuz ve etkili

\|QWHPOHU DUD\O a@sqpsiypbh blP LGUOHU G LU

PHWRWODUOD NDUGOOMilaNODUO0GO+d 1DPDQ D+OU PHW

DWON VXODUGDQ X]DNODuwWOUOOPDVOQGD GDKD HWNLOL YH

HNRQRPLN ROGX+X -10JSOPERWHGLU >

DGVRUSVL\RQGD NXOODQOODQ DGVRUEDQOQ GH XFX] YH

\*NVHN DGVRUSODPD NDSDVLWHVLQH VDKLS ROPDVO

gerekmektedir [11]% X VHEHSOH VRQ \OOODUGD Geu+N

maliyeti adsSRUEDQODUOQ DUDuwWOUOOPDVO \|Q+*QGH

oboOuPDODU DUWPOGWOU 3
UHNLO .LWLQ YH NLWRVDQOQ NLP\

*eQeP+e]GH OHYUH NLUOLOL+LQLQ JLGHUHN DUWPDVO N

VHEHEL\OH KHUKDQJL ELU GHNLOGHN B PRI NRPD®U PHWDOO

ED]® DWONODU oHUGLWOL LUGOHPOWHELY EHPHURDNWHNH Geu+N PDO

\HQLGHQ GH+HUOHGQ®er Uha@PHN «]RPGYRUEDQ RODUDN NXOODQOPO |QH

PDGGH\H GPPHWHMWL |QHP ND]DQPRQYEP O DOCODDSIRD®ODUGD ELWNLY

.LUOHWLFLOHULQ ELU NOVPO \DNGFOBMUBNWPPDD GVHREKRSODPD NDSDVL

HGLOHUHN X]DNODGWOUOOPDNWD-®6Q IDUNMHES NP RCGAXLNDW|UOHUOH PR

PHWRWODUOQ HNRORMLN VLVWHP kit U\ RUDI®®IQ HRENIRAHRYIL\RQ NDSI

EXOXQPDNWDGOU 6RQ \OOODUGD-9ER \BRERIWBXKYDIROLPHU RODUD

DGVRUSVL\RQ LUOHPOHULQGH DKiesgny Beh jekratayany ignigrinde  reaktif

NXOODQ®&O JHUL ND]JDQOOPDNWD JUXRIQRAYDBHYPELS ROPDVOQGDQ G

LUOHQPH\HQ NOVOPODUO YH\D EPRRLVHND VAMRQDHyUO\DELOPHNWHGL

LUOHQPHVL VOUDVOQGDGRYW®DD oBNYNLYHAGNDWON RODQ PX] NDEX=+

ERO PLNWDUGD $§XORQPDQ WD\ IUP LAPSF D] ED-OD\OFOOO0+0QGD NL

Geu*N PDOL\HWOL ROXUX |QHPOL ENBPSRIOWPHIYGWLEKRUHN ERQFXN |

QHGHQOHUGHQ GR 0dx\bitki@iG VRUEDKDIRMHPDQOODQ sobban Ned Qsblu DG N

DWONODUOQ NXOODQOOPDVSO JLWWILNGHWILAH B B 9wp L\RQODUOQ

YH OLWHUDWsUGH EX DODQGD \BPIDPdW® ULSLFEIMVHDWH u

DUWPDNWDGOU $+0U PHWDO JLGHULPLQGH SRUWDNDO

NDEX+X NDNWeV \DSUD=0 \HU 106\2w MABERVAIEVEMET®IU S D

VDPDQO KLQGLVWDQ FHYL]L NDEX=+X POVOU NRoDQO

oDPODDSQDNODUO D\oLFHN VD3 Mageryay| EL

PDOJHPHOHU DGVRUEDQ RODUDN NtQ QpH@@@PBEE®LYU >IPD $OGULFK ILUF

14]. edilen kitosan adsorba® DGGH KD]OUODQPDVQ
_ _ NXOODQOOPOGWOU 0X] NDEXNODU

Adsorpsiyon  prosesinde adsorban  olarak .RQ\DYGDNL \HUHO PDUNHWWHQ VDW

EL\RER]XQXU SROLPHULN SDUWLN 49D pX@OBDRE PPX ObDlodoPOawWOU  dD
\DNODuOPODUGDQGOU %L\RER]XQXY pSBPHBHAMDBERYRY DQDOLWLN VDI
NLWRVDQ ELOLPVHO\-NoDOOIIPDOQUGPpYE'QOGDQ VDWOQ DOBQPOIWAU
OHNPHNWHGLU .LWRVDQ NLP\DVDQc\D§ev® WhieoL RkBcr2o7, 1.5
EHQJH\HQ GR+DGD VHO-OR]GDQ VRYYELINDWENLW RNVDOLN DVLW Y
bulunan, NasetitD-glukopiranoz olup kitinin NXOODQ()OP@UWOU &U 9, VWRN o|]H
ERO EXOXQEDWER]XQ XakEkX + X
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2.2. Metot d/JHOWL ID]®QGD GHQJHGHNL &L

~ i 'b spektrofotometre
.LWRVDQ NDSOO PX] NDEX=+X El\"?*g UB% )
KD]JOUODQPDVOQGD NXOODQOOPD? {;y WPALQ HGLOPLAWLY

VDWOQ PXQORD®Q PH\YH NOVPO D asetonda

L? rgﬂ PD@
VRQUD NDEXNODUO HW e Y% .UDQE P/ &U 9, o JFOAWLVL P/
N

V. W e
NXUXWXOPXuWXU XUXWXODQ ND ; HEE%FVL H(Ellf?)m:IbQGHLNWPI-{Q
|+*WeOG+NWHQ VRQUD HOHN DQDO
PHVK ER\XWODQGOUOOPOUWOU

L%QH L%D. %9_ JHN QP GDOJD

IQFH _ 0 +&0 LOH GDKD VROUDLY kb QWUDVU\R>QO@DU$OGV|?LEJJLEV‘
\OND RO iMD]OUODQOODQ PX] NDEX WEJS%) LR

DVHWLN DVLWWH  VDDW USPY SOPSSRIM My 6 U

$VLWOH PXDPHOH HGLOPLG PX] NDEX<X PDYL EDQW

V+]JHo ND+OGOQGD V+]+OP+i VDI VX LOH ELUNDo NH] (1)

\ONDQPOG YH HW-YGH R&TGH NXUXWXOPXaGWXU

'L+HU WDUDIWDQ ¢tkWsRty D€aat TOLN D N

PDQ\HWLN NDUOUWOUDOFO LOH % XD WHOR) E®PROPWRIQo PHWDO NR
+D]OUODQOODQ NLWRVDQ MHOLQHHJIGNQWHR\DDQOL DGIXNL PHWDO NRQVI
NDE X+ X RUDQOQGD RODFDN OHMOMNWIHLOVKWORMLQL : LVH DGVRU
PXDPHOH HGLOPLGO WR] KDOLQGHNLIJPKWHNDEBRNXY HBLD)G OHWDO DGVRUS!
\DYDUG HNOHQPLUG YH VDDW ER\@wolickp DL@ngswir. NScathard ve -B

NDUOuW QUAWDEDORDUWOU (OGH HERWHOPRBUOQRSPQ (ULWOLN
0,5 M NaOH banyosuna peristaltik pompa ile 5 KHVDSODQPOuUwWOU

FP \eNVHNOLNWHQ GDPODODU KDOLQGH GDPODWOOPOUG YH

bir gece NaOH banyosunda bekletilerek @)

ERQFXNODU ROXUWXUXOPXUGWXU 20XUGWXUXODQ

ERQFXNODU VDI VX LOH S+ Q|WU RODQD NDGDU
\OND@PODUMWRVDQ LOH NRYDOHQW ED+ ROXUGUWXUXS ®3)

GDKD VD+ODP ELU \DSO ROXGWXUPDN D\QO ]DPDQGD

\DSOGD IRQNVL\RQHO JUXS vD\OVOQO DUWWOUPDN Lol
JOXWHUDOGHKLW LOH ERQFXNODU PXoFriHeH GcLOPLuWAU

UHNLO %RQFXNODU ¢«]JHULQH PO JOXWHUDOGHKLW YH
PO PHWDQR Oo HHNNHDUH QRAFIUN W D ge/ G= QKs 20e Ks (5)
R&TGH GN PXDPHOH HGLOPLUWLU +D]OUODQDQ

NRPSR]LW ERQFXNODU HW+YGH RRBGH RWEHURLRGWWB AN GHQJIH DQOC

JHOLQFH\H NDGDU NXUXWXOPXuwxBDGGH PLNWDUOQO TP DGVRUSVL\R
RUWDODPD VHUEHVW HQHUMLVL LOH

potansiyelini; R, ideal gaz sabiti (8,314 J/mol K),
7 VOFDNOO+O J|VWHUPHNWHGLU
DQDOL]JLQGHNL TH DGVRUEDQOQ EI
DGVRUSODQQD PHWDO L\RQX PLNWD
LOH GHQJHGH EXOXQDQ o|]]JHOWLQLQ
Qs; adsortbQOQ PDNVLPXP DGVRUS)
NDSDVLWHVLQL .V ED-ODQPD VI
etmektedir. Freundlich izotermindeki n sabit bir
GH+HUL N DGVRUSVL\RQ NDSDVLW
izotermindeki As adsorpsiyon kapasitesini, Kb ise
adsorpsiyon  enerjisiyle  ilgili  bir  sabiti

UHNLO .L~WRVDQ YH JOXWDUDQ%@}M&L@& oDSU D?

ED+ODQPDVOD

-RQVDQWUDV\RQ GH+LULPLQLQ &U G IRWEHYRUSVERINROH UL JUDILNOHULQ

etkisini aratWOUPD LolLQ SSPIOLN:- L WHRNLQGHQ KHVDSODQDUDN G

. &U 2 0o|]JHOWLVLQGHQ IDUNOO NR@RREWNOBURRPDEGD, DGVRUSVL\R

0|JHOWL VHULVL KD]OUODQPOUWO YR INGFENLOHYHWDUMEGPD E|O-P+Q

JUDP .0. ERQFXNODUO HNOHQLOLW@N@@M@E@GQS adsorpsiyon

RGD VOFDNOO+0OQGD VDDW ER\ Site 8 <0 dbbiPdd RIN/OIeNeHislyle ilgili
Dengeye gelen Cr(Vi). 0. NDU®@u&P]+OHUHN hir sabittir. ® ishe g

DGVRUEDQ YH o|JHOWL D\UGoOPOUWOU



43
u 3$5/%</RPJES6-1(2018) 4048

3. $5%07,50% %8/*8/%5, ED+OE3U(5 RUWD YH-5pD\é&41 RODUDN
DUDVOQGDNL E|OJHGH JJU*OPHNW
3.1. KMK Karakterizasyon ERQFXNODUO )7,5 VSHNWUXPXQGD L

GHNL SLN DPLQ IRQNVLARM2HO JUXSO
0X] NDEX=+X .0. YH .0. ERQFXNODM®IQ®L® WLWUHULPLgelen NdOWRVDQ \D
&U 9, \+NO+ KIR@®@RI\ERTEX 70) JUXSODUOQOQ &2+ WLWUekiVLPOHULC
VSHNWUXPX OHNLO fGH YHULOPL bakd e 1694-ck deRibBritldd aiidgpubundaki
PX] NDEX+XQXQ )7,5 VSHNWUXPXQGI++ JHAPLOLP WLWUHUGLPLQGHQ ND\C
RODQ JHQLU EDQW \PUK\SSOHNUO QO[9,20]. 1095 cml'de glutaraldehit formuna
JHULOPH WLWUHULPOHUIGHH LOVIWW ENQWIOOORP JHOHQ HWHU JUXE X!
alifatk C-+ JHULOLP EDQGODUO DOLIDWWHWUPHNWHELERQFXMODUO &U ,9
YDUOQ+-ONBBRDNODQPDNWRGOU LOHFR NOHQPHWEDQBO - 1GHR
DUDVOQGD &22+ JHULOPH WLWUH (32B00dhU 1.1 LNDD NPX&SWAMD LOPH EDQGO G
pikleri ve 1357 cm § FLY D UGHIZ) GIH3 2859 cml 'dan 2823 cmm fH ND\PO4RVOU )7
H+LOPH YH GHIRUPDV\RQ WLWUHULVPOHNWQXRGDUEQYGHGIMU GH+=LAGLNOL
1029cm FLYDUOQGD EXOXQDQ R OG X haddedel ihiGrdMf@nksiygonel grup ile Cr (VI)
2 WLWUHGLP SLNL LVHO OLJQL@®Q DradeisaiG R+-UXODPDNWDGOU
desteklemektedir [18]. Aromatik -&8 ve GC

UHNL®@X] NDEX+X .0.-€HVIOFRTIR spektrumu

32. d|JHOWL Ek&OQOQ

.0. ERQFXNODUO LOH VXOX 0|]HOWLOHUGHQ &U 9,

X]DNODuWOUOOPDVOQGD o|]JHOWL S+70Q0Q HWNLVL

LQFHOHPHN LoLQ OTOLN +&0O YH OJOLN 1D2+

0]]JHOWLOHUL LOH S+ GH+HUOHUL

f1\D D\DUODQPOuUwWOU $GVRUEDQODUOQ &U 9,

L\RQODUOR@®DPBVRHUIRUPDQVOQD RUWDP S+

O0Q0Q HWNLVL OHNLO 9YWH J|UsOPHNWHGLU .0. LOH

&U 9, DGVRUSODPD PLNWDUO o|]JHOWLQLQ S+T1vOQGDQ

HWNLOHQGL=+L J|U*sOP«GW=eU
UHNLO .0. ERQFXNODUO\OD
DGVRUSVL\RQXQD S+710Q HWNLVL
GaDUWODUO &U 9pu, NRQpBQWUDV\R
DGVRUEDQ GR]X J/ WHPDV VeUH
VO F DN OIOMN
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UHNLOGH GH J|UeOGe++ JLEL S+ V|NHUHN DGVRUEDQ \¢]JH\LQH NDWOC
PDNVLPLP &U 9, DGVRUSVL\RQX JIWDUDIWDQ &U 9, L\RQODUO RUWD]I
S+ GH+HULQGH GDKL &U 9, WX)\D kD Qurumlarda, HCro4 kompleksi

ouppH>3dH PHWDO WXWXQPDVO fUHNOLQGH EDVNOQ LNHQ - S+ 1GD
FLYDUOQD KO]JOD GeaPeaWeU +D]IRUPX GDKD EDVNOQGOU > @ :
NRPSRIJLWLQLQ \DSOVOQGD EXOXGH+HUOHULQGH DGVRUEDQ \DSOV

KLGURNVLO Juxsobub PHWD KLGURMHQ L\RQODUOQOQ \R+XQOX=+X
adsorpsiyonunda  etkilidir  [23].  Cr(VI) \eNO+« PHUNH]OHU DUWPOuUWOU &U
DGVRUSVLI\RQXQGD \¢]JH\ DGVRUESmekezlere anyonik formda bulunan Cr (VI)
GH+LUWLUPH sdidsiparD ¥eDkomke&s L\RQODUOQOQ HOHNWURVWDWLN RO
ROXUXP JLEL PHNDQL]PDODU GD R(DoONODQDELOLU

DVLGLN RUWDPGD &U ,,, TH G|Q«GHUHN DGVRUEDQGD

EXOXQDQ IRQNVL\RQHO JUXSODUOQGDNL SURWRQODUO

33. $GVRUSVL\RQ g]RWHUPL

UHNLO .0. DGVRUSVL\RQ LIRWHDBVYRYEWRUGRIARQ IDSWODWEPDV V-
V O F DN 010\

.0. LOH &U 9, DGVRUSVL\RQXQDHGHOPRPLUWLE® .0. ERQFXNODUO LOH &
HWNLVLQL EHOLUOHPHN LoLQ adsorpsiyd@ X UHNLO fGH .0. <]JHULQ

SSP GH+HUOHUL VHOLOPLUWLUDGVRWIVIGRQ LIRWHUPOHULQL J
KD]OUODQABRYDIQWNOORQODUGDNLSGMROSMIORQ LIRWHUPOHUL JUDP .0

J/ GR]GD .0. ERQFXNODUO LOHD PKPPHOB\DELOGL+L &U 9, PLNWI
HGLOHUHN DGVRUSVL\RQ RDWOBRPDCGDUADODQ &U 9, PLNWDU!
JHUOHNOHUOWLULOPLG YH o|]]JHOWLGHL ONHDODHDN) HRBH HGLOPLUWLU UOHNL
P LN W D U@iB WfekiBfotometresi ile tayin
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ERQFXNODUOQOQ &UROPDLVRQODWSD ELU

JIVWHUPHNWHGLU

$GVRUSVL\RQ LIRWHUP JUDILNRVU)SéEtchapdmbAeiL U E

45

JUHXQGC

DGVRUSVL\RQ X

%X oDOOUPD Lol

L=

DGVRI

HU WDU

BRQX00ODUGL

9, Jl

oDOOUPDODUGDQ

Langmuir model RODUDN E X O X €RP X izdtertinden
Onm b R2 hesaplanan adsorpsiyon enerjisi 11,32 kJ-inol
RODUDN EXOXQPXU YH
102 | 0.0823 0.952 geroHNOHUGPHVLQGH NLP\DVDO UHDNVL
Freundlich model ROGX+X V[\OHQHELOLU
R K - =% DQDOL]JL LOH EXOXQDQ GH+HUOHU /L
GHVWHNOHPHNWHGLU
0.108 | 10.33 | 1.837 0.937 Langmuir adsorpsiyon izoterminin daha uygun
D-R model ROGX=+X J|UsOPHNWHGLGDKOWE BB W
X K E R? IDUI}IO() DGVRUNEDQODUOD &U
m \DS®oDQ ED]O
0.0037| 0.0039| 11.32 0.875 DGVRUSVL\RQ NDSDVLWHOHUL 7DEO
Scatchard model <DSOODQ oboOuPDODUD EDNOODUDL
3 7 =2 LoLQ .0.9Q00Q \eNVHN DGVRUSVL\ROQ
s S VDKLSXRURBKX®HQHELOLU
126.07| 0.052 0.924
Tablo 2.
&U 9, L\RQOD U @d3dipsiyofu shrdidt Adsorban ge (mg/g) Kaynak
hesaplanan izoterm parametreleri Tablo 1. de .DNW-V |7,08 [12]
YHULOPLUWLU UHNLO 9\D J|UH /DQXErdemU DG ¥ARG3 SV L\R[T]
LIRWHUPL LoLQ .0. DGVRUSVL\RQ VDPEWEX YH
maksimum Cr (V1) adsorplama kapasitesi ise 102 Kitosan 35,6 [26]
PJ J RODUDN EXOXQPXUWXU . X O QAGf ®atbbrQ| 469U G L = HP6]
izoterm ise Freundlich izotermidir. Freundlich Nano demir| 69,8 [27]
LIRWHUPL LoLQ N YH Q S D UdksttHitaseinrH O HU L
KHVDSODQPOUWOU $GVRUSVL\RQ | MRFKINVHVL .1 LOH
NXOODQOOOUNHQ Q LVH VDELW ELEjikaH+EUAL1 %X [PRWHUP
KHWHURMHQ \*]H\OHULQ DGYVRXPNDR|QXQX
DoONODPDNWDGOU JUHXQGOLFK KMKLIRWHUWRLQGH® %X oDOA
KHVDSODQDQ Q GH+HULQLQ LOH DUDVOQGD ELU GH+HU
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3.4. Adsorban OLNWDUOQOQ (WNL

%DUODQJIDO DGVRUEDQ PLNWDUOQOOQ
belirlenebilmesinde 0,9; 1,2; 1,5; 2,0; 2,25; 2,50~
J/ GR]XQGD .0. ERQFXNODUO LoLQ SSP

&U 9, L\RQODUO DGVRUSVL\RQX LQFHOHQPLUWLU UOHNLO
f{GH DGVRUEDQ PLNWDUOQD NDUUd &U 9, L\RQODUOQOOQ
DGVRUSVL\PGXNWHG+W .0. PLNWDUO

DUWWONoD X]DNODuwOubODQ &U 9, PLNWDUO DUWPOU
EHOLUOL ELU GH+HUGHQ VRQUD ELU SODWR GH+HULQH
xobubdorPdbuwdu

UHNLO .0. ERQFXNODUO\OD &U
DGVRUSVL\RQXQGD WHPDV  VeUHYV
$GVRUSVL\RQ ubuwobDuUud &U 9, N
SSP S+ DGVRUEDQ GR]X J/
251 f&

UHNLO 9fGH J|UeOGe+e JLEL &U 9,

.0. ERQFXNODUO LOH -BOGIakR4 SV L\RQ X

DUDVOQGD KG]OGDNUWBMUDVOQGD |

\DYDUODPOUG YH GDNLNDGD GHQJH

UHNLO 0. ERQFXNODUO\OD $G&WRUYUSVLI\RQXQ EDUWD KOJ]OO RC
DGVRUSVL\RQXQGD DGVRUEDQ PUNR@UORDRO HWNKWXOPDVDO LolLQ

$GVRUSVLIRQ u4DUWODUQu, &U 9, DRRVOMWUBDY\RAUNH]JOHULQLQ LON

SSP S+ WHPDV VeUHVL VD@@\PDW@FDNQE&HLEIQ\O L\RQODUOQOQ

251 f& PHUNH]OHUOH NROD\FD HWNLOH

ND\QDNODQPDNWDGOU $GVRUSVL\R(

UHNLO TGD J|U+OG+++ JLEL &U 9, XDV U@OMOGDKD \DYDG JHUOHN

KMK ile adsorpsiyont60 dakika sonunda,9 g/L \e]H\GHNL PHUNH]OHULQ LUJDO HGL
LoLQ RUDQOQGD DGVRUSVL\RQ JHURHBBOUOIIONP Qo \¢]JH\H GDKD \DYI
DGVRUEDQ PLNWDUO J /T\H  odoébnyitCoRId + %®®DR UOL ELU WHPDV V
adsorpsiyon ¥ DQO GD D \*NVHO P L GsoMrdl mEkSimum Cr(VI) adsorplama kapasitesine

GH+HUGHQ VRQUD ID]OD ELUXOBGHODLBNOANoLQ WHPDV VeUHVLQL
J]JOHPOHQPHGL= dptDleIFl@dSGl’BG@D\O KHUKDQJL ELU GH=+LULNOL=+LQ ROP|
GR]X J/ RODUDN EHOLUOHQPINRXDGXUXOX J|IVWHULU dDOOUPDCGC

DGVRUSVL\RQXQGDNL EX DUWOWRQUIVRWSVEDRQ V.UHVLQLQ DUW\
SURVHVLQLQ ELU \-]H\ ROD\O ROGEEX¥RWSEQLWQGEFELQ ID]OD ELU |
\+]JH\ DODQOVED RGROWOOO ROPDMPOHIP@HQPHPLGWLU %XQGDQ GR
DoONODQDELOLU &U 9, JLGHULPRQEXNODUDUWLEBVRUEDQ RODUDN
DGVRUEDQ PLNWDUOQOQ DUWWOUQORDVR\RQEDGBKD JDPIEVRUSVLIRQ
\+]JH\ DODQO ROXUDFD+0QGDQ DGURWBOWQDQH&W 9, GN RODUDN EHO
PLNWDUOQOQ DUWOUOQD GD\DQGOGRORE VDH DY BUHVLQLQ DGVRUSVL
bLU GH*HUH NDGDU HWNLOHGL=LQL J
35. 7THPDV 6*UHVLQLQ (WNLVL
4. 6218d/$5
7HPDV V+UHVL@GYRUBSYL\RQ HWNLQOL=+L
*]JHULQH RODQ HWNLVL LoLQ %X oDOOUPDGD .0. NRPSR]LWL KD](
YH GN WHPDV V.UHOHUL ER\XQ&D D ANQFOUS VILERRUSVLI\RQXQGD DG\
UHDNVL\RQODUO LQFHOHQPLUWLU N%O®DQ&PRQAMUFAH@BQPLIUWLU  .0.1
WHPDV VeUHVLQH NDUUGO \+]GH DG RBOYVINRRXDODIOOHPOQGD HWNLQOL-
UHNLO TGH J|[U-OPHNWHGLU &U 9 L\RD@VRWBVL\RQ PHNDQL]PDOD!
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D\GOQODWPDN LoLQ /DQJPXLU )UHRKQGParlafd V.6BskAEWBKIE $YFO

ve D5 LJRWHUPOHUL oLJLOPLUG YH 33-DKUOCLARDWUAHGS Hehfomium (V1) using
GH+HUOHQGLULOPLUWLU @] R W H ddivatedP R G EahOddpphr@d@ctionalized
DGVRUSVL\RQ VDELWOHUL 7DEOR FDYER QY B D DRI Eem, vob,

.0. *]JHULQGH &U 9, T Qifo@rrll GV R U S Lpg)\ Bo&R63,2015

/IDQJPXLU PRGHOLQH GDKD X\GX+X]JU-®OWXWQU 6 3DUOD\OFO (¢
/IDQJPXLU LJRWHUP PRGHOL JHQHOGEN[HYEBBDQWOL FRURPLXP UHPRYD
EHQJHU \HUOHU LOHUHQ \+]H\OHU «]BIULIFHD WXWDWDEDWWH U\H KXVN~
DGVRUSVL\RQX LoLQ JHOHUOLGLU WaRNTreameRt, &Idl5, pp. 1774817756,

adsorpsiyon  kapasitesi 102 mg/g olarak 2016 N N
EXOXQPXUVEXU\RQGVLRRWHUPOHULQLGE \ DROQDOHK $ 6DUO O0- 7X]JHQ &
reaksiyon parametrelerinin optimizasyonu da modified vermiculite 6r As (lll) adsorption from

\DSOOPOUWOU 2SWLPL]DV\RQ D P Aduéou® BoluEdD:u Dilriutnp thermodynamic

&U 9, NRQVDQWUDV\RQX WHPDV shdkidetd stues,\) RVOIELDYOI. 219pp. 937+
PLNWDUO YH S+ GH+HUOHUL GH=+L9482006 OHUHN HQ HWNLQ
GDUWODUOQ EXOXQPDVO DPDoOPRPOIIVMOOHK=DFK® LQIOXHQFH RI
oDOGUPDODUO LQFHOHQGL+LQGH temperBxiné dhDhe MRl WDMWCNT oxidized
DGVRUSODQDFDN &U 9, PLNWDUOQRA G- 1D NRWD O RLYWXDWOR Appll2 + 62 ~
ilk5- GDNLNDGD DGVRUSODQGO=+0O Suyrl 86i.701.2%97 (7)pp. 77467751, 2011.
GDNLNDGDQ VRQUD LVH GHQJH GHUIDNT.RL G&8aH, |QAP@ISBEDGL 36XUIDFH
GH+LULNOLN ROPDGO+0 LoLQ GHQ JdHardctdrizadidhH aneU Kovption efficacy  of

dakika olarak belirl@ PLUWLU .0.9XQ &U %ireobtained carbon: experimental and
DGVRUSVLI\RQXQXQ DVLGLN 4GDUWODHBIDHBRBRNUGPBEO VIO®\ Rl UKRGDPLQ
ROGX+X UDSRU HGLOPLGOWLU 2SW LSuX AntBrfadé RAEEDIQ4 TG R)] pp. 785792,

J/ RODUDN EHOLUOHQPLGOWLU 2018RQX00ODUGDQ

KD]OUODQOODQ oHYUH GRVWX .0. NEPBRBRVDPIOH3YVMPRYDO RI &U 9,
RUWDPODUGDQ \¢NVHN YHULPOIDODMHRKY BO®XWLRQ E\ /RQGRQ SOI
L\RQODUID@HULOHELOHFH=L J|U+OP MW H&hrdl. Biotechol. vol. 78 pp. 66D4,

2003.
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Abstract

In this VW X G \Mn®2/Graphene/CNT nanocomposites were produced and characterized as electre@2for Li

batteries. Graphene was produced with Hummer method and carbon nano tubes were added to graphene as spacers
EHWZHHQ ODOR danorods were synthesizeD Q GMnO2/Graphene/CNT nanocomposites were
IDEULFDWHG E\ YDFXXP ILOWUDW LR QUNOH krakdpodd Were Bddeddto S@ntposlie & OH F W U
three different rates and electrodes were characterized by FESEM and XRD. The electrochemical zéiiwacteri

was carried out in EC@ir test cells.

Keywords: * U D S K HIQriD2 nanorods, composite, energy storage
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R\QDPDNWDGOU 7DGOQDELOLU HOWWDINAEDHRQDN O®HYQU HNAHUDVDO UHG-N
ELOJLVD\DU DNOOOO WWOHIRQ [IEOHPHUDRWREPRWX PLQLPL]JH HWPHN
HOHNWULNOL YH\D KLEULW DUDoODWURWMKGDPBEOBHQ GEKUOWBREDNN OD
JHOHFH+LQ HQHUML GHSRODPD VLUNS®POH UPRGH PO MIDNUEHRRQ QDQR W
GDUM RODELOHQ OLW\XP SLOOHULQNNIUER®D END UWR + WEOHRBIFWHLHWPH
bilinmektedir[1] /LW\XP SLOOHU \+NVHN MAQ@HEDWD®BU DUDVO PHVDIH\L DUWMW
Jeo \R+XQOX+XQXQ HUVL] NRPEPQDYNRPEXQDR LOHWNHQOL+LQL YH
VDKLSWLU %X |JHOOLN OLW\XP SDUOMOWOUPW\DIERDNDVWNDG VD+ODU
elektronik devreler, elektrikli aletler ve elektrikli Katalist olarak grafemetal oksit heterojen
veya KLEULW DUDoODU LoLQ WHUFLK REEA]GIHE EHU WHNRRORML UHDNVL\RC
\DSDU (OHNWULNOL DUDoODU SHWNRQW LNDHVILIQ DHO b OMIDORHGH \HC
\HULQL D O«ydh-pilep G efrisyonunu [12] .MnO; RNVLMHQ UHGe*NVL\RQ UHDN
|IQHPOL GHUHFHGH D]DOWDFDNWOWS55LWIXKG@ XPLOM MDD HWPHNWHGLU
\eNVHN HQHUML YHULPOLOL=L EX SIHOHDIOQVH{PDW L1*QHLUQ oDOOGUPDOL
jeotermeO  YH GL+HU \HQLOHQHELMHOHPHQWHMLEROOX+X DONDOLQ Lol
ND\QDNODUOQGDQ HOGH HGLOHQ VY HUMKQUQL NDROAMHAMIAQGDQ  |W:
DUWOUPDGD NXOODQOODQ H QHNWHNWHG 1QP N LQvDOH Qo HXHF L.
X\JXODPDODUOQGD GD NXOODQOOPRYOQONOHUQ R)RBHNoNIRE Ckbbalist L
%X \¢]GHQ OLW\XP SLOOHU KHP HEOBUMWUNISDBIOOWWDOOUPDGD JI
DNDGHPLN oDOOUPDO[RU LoLQ LOJL oY ®PHIWVRGX LOH sUHWLOPLGWLU
WDEDNDODUO DUDVO DJORPHUDV\RC
B3LOOHU LoLQGH HQ \*NVHN WHRUL N (A UM LH \RODXNAPXG B QR\IXQ DQ\RQLI

sahip (11.248 Wh k@) Li O pilleri olarak \e]JH\ DNWLI RXeepQhorPOuWdOU *UDI
bilinen Li KDYD SLOOHUL $EUDKDP W éhal QD&kIU GQNDUDVOQD ELU ERUGO:
RODUDN \OO O Q& .Di-NaXeQHIOP X UW XPDO]J]HPH RODQ NDUERQ QDQR W-S

JHQHOOLNOH ELU PHWDOLN /L DQRWG LEANWUBISIURWEDNND PBY DUDVO PHVD
LoLQGH 0|]*QP<i ELU OLW\XP WX]XQOBWNHQMGD:Q EHJI\«]H\ DODQO DUW\
HOHNWUROLW E LMir piDAVOK3BijehH SHUD W [MhOs HQODQR oXEXNODUO LOH JUDIHC
JHOLUHQ NDWRWWIMD RGP NW R Wetirilerek heterojen  elekyrotlati O

HVQDVOQGD NDWRWWD LQGLUJHQHQ FAWULMHQo LSO WMHNXEDNLOWUDV\RC

havadan gelen) ile Limetal anottan gelen Li cUHWLOPLUWLU YH NDUDNWHUL]H HG
iyonu L0, ROXUWXUPDN LoLQ ELUOHULU RNVLMHQ
UHG*NVL\RQ-ORRpNVL\RQX 2. '"(1(<6(/ d$/,00%/%5

2Li*+029 H /L0 1) Li O SLOOHUL LoLQ HOHNWURWODUOC

3 \Dsd6borPOuwobU L *UDIHQLQ VHQW
uDUM HVODY QW \H JHUL G|QHU MnO, QDQR o0XESeN&Pritds iii)
RNVLMHQ HYROQERBIUHDNVLI\RQX (OHNWURWODUOQ KD]OUODQPDVO
gUDIHQ VHQWH]OHQPHVL LoLQ +XP
Li2O;: /L*+0,9 H ) NXOODQOOPOUWOH,SCiUDHN® SXOFXNC
0|]JHOWLVLQGH VDDW NDUOuwOubO
Bir hekzagonal latiste pED+ODUO LOH ED=+ OHADROS NXUXWXOPX{®&IYEHHGDKD VRCQ
NDUERQ DWRPODUOQOQ WHN ELU & DEDNBGBY G VRODD Qo dHPIH DUX] EAUD
\eNVHN HOHNWURQLN LOHWNHQOLNL (O HPIOIL YHIR birhke HEsiiile birlikte
DODQO g WP+«NHPPHO \DSOVDO HVONKROWKN LNL VDDW NDUOUWOUOOP
YH \eNVHN \¢]JH\ KDFLP RUDQOQGD QO&R QB \ N HRMHW MG+ (1 + U2 QldvésHN .0Q 2
GHSRODPD DODQOQGD NXOODQOP\DSOAQP EPWOND $BB3&NDEDIHWOE DA DD
potansiyele sahiptir[6] 8] *UDIHQLQ \¢]J]H\L NDUOUWEHNDRDHGLOPLUWLU 2GD VC
kimyasal UHDNVL\RQODU LoLQ DNWLI infidikehtonfaOsaiédwé ;8 LODYH HGLOPLUGWL
JJUHY \DSDELOHQ oRN VD\OGD KDWHQda EH®HYJELOH NOIQPHW HGLOPHVLQLC
LoHULU %X NDUDNWHULVWLN |[]HO& LMNOW UG HU RI|H@LP HRHIU RODUDN E X (
GHSRODPD VLVWHPOHUL LoLQ oRN MNP GLOQIOM]HMEOVOQO PDQJIDC
yapar [9] %X DYDQWDMODUOQOQ \DQOQGWIJHAHNWQU (OGH HGLOHQ o]l
WDEDNDODUO LQGLUJHQGLNOHUL WRQDGDIUPFOEDWHD®REBHU PO TOXN -
:DDOV HWNLOHULPL YH DUWDQ KLGUBRHREIN®® N&HROGR @RNEa@G&DQ S +
JHUL G|Q+G+PVe] RODUDN DJUHJH \ROPVX H-OLBINDQOS VDQWULI*MOH
JIVWHULUOBHQ WX DIHQLQ HOGH HABGABHIQOHQ.-Q JUDIHQ RNVLW *
\+]JH\ DODQO LOHWNHQOLN YH VHEWDOEONDDPWINWDGOU
GH+HUOHUL EHNOHQHQLQ oRN DOWOQGD NDOOU *UDIHQ
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. MnO, QDQR OXEXNODUOQ sUHWLP PKRGGRG-U-QGHB'6 NDUW QXPDUDVO
3,16 gKMnO4 ve 5,07 g MnS® 80 ml saf su EHOLUWLOHQ NDUERQ SLNLQH YH
LoLQGH NDUOGWOUOODUDN o]0 R6é#werecededbd o] ISOMUQ ULGGHWLQLQ o
7HIORQ RWRNODYD DOOQDUDN Rp&L BWHO NDGRQWO JUDILW NDOPDGO
PLNURGDOJD VHQWH] 10U0QOQ@ES WRNWROEXGW XXQXODQ JUDIHQ R
$UGOQGDQ RWRNODY RGD VOFDNON60®QDRNWMRI®IDIOHQBDOUHWLQ ED]DO
VR+=XWXOPXUWXU d|NHOWL Ve]esOFELUBMH ONDEQ @ M@ EDNDR®KW D\UOOD!
kalmD\DQD YH S+ O Q|WU RODQD NDGE®UWONWQI VIXQEBH JUDIHQ RNVLW
GHIDODUFD \ONDQP Qlervauthiud|[ NHOHQ|U@WHUPHNWHGLU 0OHNnOe F VHQWH
HWeYGH f& GH NXUXWXOPXUGWXU ait XRD paternidir ve 0081-1947 JCPDS kart
QXPDUDOO 0DIDQIRIMVLWH X\XGPDN)
.RPSR]LW HOHNWURW -MiOWLP SURSHVLHHIKDQJIL ELU HPSLU<WH\H UL
.17 YH JUDIHQ RNVLW VDI VX LOLQIDWRQROPMrQrl® \+NVHN VDIOONW
XOWUDVRQLN SURVHV|UGH VRQLNDWYHURHNWHMNWL UHNLO G +QLIRL
PDGGH LODYHVL GH \DSOODUDN KRARMWH@DPUNIQFD -0DBE@DQYH \DNODGON
NDGDU VDDW VeUH LOH NDUOGYRQ O RQPOWMNENIQ DEXCXEXNODUOQD
SDUWLN<OOHULQ KRPRMHQ GD+0GPOVY|W-m\D-VRGUNWDQ
VRQUD o|]HOWL YDNXP ILOWUDV\RQ VLVWHPLQGH
P SRU ER\XWOX 39') PHPEUDQ pUHMWRGHQ JUDIHQ RADY IKWT *2 YH
Vel]sOP«UW+U 9DN XPsdrirdD3atheBtV\R Q G Rdvesi ile birlikte kompozit haline getirilerek

(free standing) ve esnek elektrot membran HOHNWURW <UHWLPOHUL JHUOHNOF

*]HULQGHQ VR\XOPXU YH YDNXPOX HWIH@HRNF&WH*2 YH .17 PLNWDUO

NXUXWXOPXOGWXU . MnO; PLNWDUOQD J|UH <0 IDUNOC
kompR]LWOHU sUHWLOPLUWLU

.RPSRJLWOHULQ ELOHUL~P,O~H uLQL . l\?(ntbzGleI@TololQU@lQQ/e 3:1:1 olacak
EHOLUOHPHN U®LRQDYXRQXUODHD ; uHNLOGH QXPX QNN 2 MOWe VO\0D
(Rigaku D/MAX2000)  difraktometresi MnO, GHNOLQGH NRGODQPOUWOU UH
NXOODQOQPRORRWDBRORMLVLQL I-Q':Hk@ B2t Neletloftra . ait XRD paternlerini
WDUDPDOO HOHNWURQ PLNURVN kteH“XOOlD@q]IQE%JL\& @WW\ES@HULQ

(SEM, JEOL  6335F). Elektrokimyasal SLNLQL J|V V\[H}JIP\,H N Weki @a pikler
NDUDNWHUL]DVARDY D o W V(& & K*FUHOH U £ Y Heki pikief)
DUJRQ LOH GROGXUXOPXU HOGWYy Eé(%m J|VWHUPHNWH
KDJjbuobQPOuwdu hUHWLOHQ NRPSFBF]bW]Q_W‘bNB MEX Ry VODVOQG
HOANWUROLW YH FDP 'LEHUOHURMUE'W §\Q’\NH RGP HNWHGLU 7D
NXOODQO OKDMDOW H YV&\& KPRIMHEO H U UL PH LGQHPL JHUOHNOHUGUWL =

GHUDUM LGOHPL A 9 DUDOO=+0O MD(#_ WrBNPEG L u

\R+XQOX+XQGD 07, %67 A0$ %DWWHU\ $ DO\]H ﬁJ '

FLKD]O LOH \DSOOPOmquq:V) |QetsPOs YROWD

ve elektrokimyasal empedans spektroskopisi

(,6 oDOOUPDODUO *DPU\ ,QVWUXPHQW 9HUVLRQ

FLKD]O LOH \DSOoOPOuwOU dHYULPVHO YROWDPHWUL

H+ULOHUL9 DUDOO+0d@mma P9V

KO]J]OQGD HOGH HGLOPLUWLU (PSHGDQV VSHNWUXPODUO
P9 ULGGBHWILKG@OL+LQGH ELU VLQ-V

GDOJDVOQDOQ X\JXODQPDVO LOH A N+] IUHNDQV

DUDOO+-06QGD DOOQPOUWOU

3. 6218d/$5 9( 7$57,008%

UHNLO VHQWH]OHQHWOI&ARIHQ RNVLW YH
XRD analizlerini ve alan emisyoniWDUDPDO O

HOHNWURQ PLNURVNREX )(6(0 JIZBI:{.% -% L}@L ~ o
YHUPHNWHGLU OHNLO D *UHWLOH N %P g&lﬁ? VT%%NWL%WODUOQ’S
;5" SDWHUQLQL J|VWHUPHNWHGLU GHUHFHGHNL
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(@) (b)

(c) (d)
UHNLO D *UDBHG@GIRWNUQ@LE *UDIHQ RNVLWMAO,) @BEQ RRIMNKEXWNDIBDUB Q. ;5
SDWHURMO,AQDQR oXEXNODUOQ )(6(0 IRWR=+UDIO

UHNLO D *UHWLOHQ HOHNWURWODWB YDULIW N NN PQR@ YW PHAQ L &9 H =L
VXQPDNWDADWOQORO+O0QGD +UHWL@Hhektetd HINWURWVHO YROWDPHWUL
KHUKDQJL ELU PHWDO DOWOON 15 HULR B hkDEo/EDVDUDPD KO]OQGD
JHUHNWLUHQ JHOHQHNVHO HOHNVOGRWABUORIDIWDNVLQWRGLN WDUD

*UHWLOGL+L KDOL\OH GLUHNW RO Bikldp N N_P(@ZODQ(OPDHUH-NJJ_@GHNL 25
VD+ODPDNWDGOU UOHNLO E F YUﬂDQvN\CleQ@\DQJ\(@@GDQ EHNOHQGL=L
1 MnO,, 2 MnO; ve 3 MnO; numunelerine ait UHDNVL\RQODUOQGDNL DQD UHDN\

FES(0 J|U*QW+ O HWRBHUHSROPD\D H+*LOHBANVL\RQ UHNOLQGHGLU .DWRGLN
JUDIHQ WD EDNNNODVE &ND ilazev O Q D GH+HULQGNWNL\RQHG*LNL VeSHU RN!
HGLOPHVL LOH DJORPHUDV\RQ R ®&R@XOXHN AWID UHMBir HeWwkEaehN WH G L U
WDEDNDODUOQ DUDVO. MiDY DIH D U Wanefér Ur€a@sénu Wi©@ 0l XU XPXQGD EDVNOQ
QDQR OoXEXNODUOQOQ KRPRMHQ RODNWWINRGOG X0 O P(DidD Uoyé /L2
ROGX+X J|JUsQW+OHUGHQ DQODUuO O BdxdinyoeSoit) Bu D, GHUDUM UHDNVL\RQ X
hUHWLOHQ HOHNWURWODUOQ HOHNWU R NQP REDUE NE/HM W-QHBHDNVL\R
ECCKDYD KeFUHVL LoLQGH \DSOOPO@)W BW reakdipohud pikk lnodik taramadaki

ELU HOHNWURWOApDI&inmUIKBV LOPLG /L 3,0 DUDOO+OQGDNL SLNOHUGLU
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(@) (b)

() (d)
UHNLO D (OHNWURW XQUNOH M DW NWWRWX @ X & ) (6 (MnDblekeRidtanon F
)(6(0 JJUeQWsWInGGHOHNWURWXQXQ )(6(0 J|UsQWeVe

(a) (b)

(©)
OHNLQL MnD;, b) 2 MnOzve ¢) 3MnO; NRGOX HOHNWURWODUD DLW &9 H-ULOHUL
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OHNLDMNO, 2 MnO; ve 3 MnO;, kodlu HGLOPLGOWLU .DSDVLWH ND\EO oHYU|
HOHNWURWODUD DLW VSHVLILN GHQEPWNVNDSDVUWHYHU Y@ ROXUPL
OHYULP VD\OVO JUDIL+LQL JJIVWHURHNQYBEQD QP DOHWBIGFOHULQGH oHYU
sonunda grafenl MnO,, 2 MnO; ve 3 MnO; |[PU- |IQHPOLOO*GH HOHNWUROL

NRGOX HOHNWURWODU-Larx) VOUDVEHBORPSRPSK\RQ¥RD ED-O0OGOU
mAh g1, 484 mAh gl'lik kapasiteler elde

UHNLO (OHNWURWODUOQ VSHVLILN NDSDVLWH H+ULOHUL

€Y (b)

(c)
UHNLO MnDs b)2 MnO;ve c) 3MnO, NRGOX HOHNWURWODUD DLW oHYULP |[QFHVL
H+ULOHUL
0HNLMNO,, 2 MnO2ve 3 MNO; NRGOX HOHNWURWODUD DLW oHYULP |QFHVL YH
LPSHGDQV VSHNWURVNRSLVL DQDOL]JL LOH HOGH HGLOPLUG 1\TXLVW H=U]
LNL WPDEQHPHHIODJI|[U*OPHNWHGLU <« NWRIOIL MJ H 9 Bl GHVONHINWILULROMW D BIDWHMNQVG D N L
gNLQFoHPEKU LVH GDUM WUD@9IHU GLUHQFL LOH LOJLOLGLU
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TEU(..hb5 [10] < :LPDODVLUL DQG / =R X 3&
<D]DUODU EX o6 0 u%wd(h-09.Q nanotube/graphene composite for enhanced
QXPDUDURMH NDSVDPOQGD GHVWHBRSUBPEWDYBPIQGHLRQLTAMhRQ SHUIRU
%LOHFLN UH\K (GHEDOL hQLYHUYVIWSHI\6R, pp.HOEV ] 2QL8:-

%LOLPVHO $UDGWOUPD 3URMHOH U [11]IR Brng, LR ZhanpgU® Huan@ H. Wang, X.

WHUOHNNeU HGHU 'X < 4LQ DQG / :DQJ B3)UHHVW
MnO2@carba papers air electrodes for
.$<1%5.d3 rechargeable Li2 E D W WIHRdWeét Bolrces
vol. 261, pp. 31116, 2014.
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. UHVHO OVOQPDQOQ HQ |QHPOL QHGHQOHULQGHQ ELUL DWPRVIHL
NDUERQGLRNVLWLRUPID@OWWO RHAQIGRDUDYVDO HNRVLVWHPOHUGLU 2U
PDGGH *UHWLPL \DSDUDN ELRN*WOHVLQL DUWWOUOUNHQ D\QO |DPDQG
ELRNeWOH PRGHOOHUL NXOODQOODWDRNWBHUOWODO DE-O HD+HUODHUEH LG HS |
PLNWDUODUO YH «UHWWLNOHUL RNVLMHQ PLNWDUODUO EHOLUOHQPLGW
(Pinus brutia Ten.)6 D U Q(BiBuB silvestris L.),. D U D ¢@rRs nigra Arn.), sedir (Cedrt LEDQL / YH J|NQD
$ELHV ERUQP<«OOHULDQD ODWII -200LQFRDBNO/O® BRQOWBWOHWPGHDS I
JHUOHNOHUOWLUGLNOHUL *UHWLP PLNWDUODUO KHVDSODQPOuUWOU 2UW
JHUOHNOHUGPHVNVEBIB®BINH@ WHDODPD GH+HUOHU ELRNeWOH LoLQ vVOUL
WRQ KD WRQ KD WRQ KD RODUDN KHVDSODQPOuwOU

Anahtar kelimeler % LRN*WOH NDUERQ WXWPD RNVLMHQ UHWLPL ELRNeWOH C

Contribution of Forest Biomassto Atmosphere

N *1BirsenDurkaya?Ali Durkaya
1%DUWOQ 8QLYHUVLW\ 'HSDUWPHQW RI )RUHVWU\ (QJLQHHULQJ
adurkaya@bartin.edu.tr

Abstract

Rapid population growth, deterioration of natural resources and adverse impatugifialization 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
photosynthesisalso 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 Am. & HGDU &HGUXV OLEDQL / DQG ILU $ELHV E
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 6f01% cm in diffeent 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 middéxsite i

Keywords:Biomass, carbon stock, oxygen produce, biomass equation.

1. *g5@0 'H+LGLNOL+L dHUOHYH 6|]OHUPHVLYTQ
NeUHVHO LNOLP GH+LULPLQLQ
+0]100 Q«IXV DUWOGO YH VDQD\LOHIPHIK® ED:VWOURODEDRELU ELU |[DPDQ
KO]JOD DUWDQ NDUER&&GIRNVLW MKRAMDAQNOLP GH+LGUNHQOLNOHUL LO
GHQJHQLQ ER]XOPDVOQD QHGHQ R®B DDN\DRDQWOIDEAD GRYUXGDQ \D GD
\DUDPOQO WHKGLW HGHFHN ER\Xd@risdd) HYONDLUPOUNEHUL VRQXFXQGD
%LOLQoVL] GR+DO ND\QDN NXOODGAPOILNOLQDMODQOEIWQ+" ELOLPLQ
WDKULS HGLOPHVL YH DUD]L NXOOMTDQQIrP GBI LM NOD&OQGHRAD+0O <«]J]HUH
\DUDQDQ VONOQWOODUGD EX ROGHMXIOPUG@LQNIVWERKHSOHULQGHQ ELU
VD+-ODPDNWBGBIUG QLA@HWOHU pNMDQAP\HWOHULQLQ DWPRVIHU <]JHUL
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ROXPVX] HWNLOHUGLU @gQVDQ HWNHFILDEOQ INDAQD MODPDQNXODQDOP (¢
YH 3<DSD\ @gNOLP 'H=LUGLPL RG®RDPDRQFOMION LoLQ NO\DVODQDELOLU
QLWHOHQGLULOHQ EX V.UHFLQ W+PXEXYDO® YHQNID@WH bWOINUWHKD]OUODPD
LoLQ JHUL G|QeGesPe Jeo SRWDQVL\BEBUWRIGQAINN HOBIDWBHIN J*QFHOOHPHN
GROX ROGX=XQD LQDQOOPDNWDGMRDKKE@DDOMNOBU > @ 7+<UNL\H

\OOODUGD EDUOD \Dr@denVd@d\L GHBURWRNRO-TQ- 1GD LPIDODP(
DWPRVIHUGHNL VHUD JD]ODUOQOQPFIDWNMDHORGGDQ| GH®IP HWWL~+L G|Q
DUWOUODU EHOLUOHQPLUWLU $WPRYPDP®NNLQ &D QP LANRNOIU O 7TDDKKe)\

\O00oOQGDQ |QFH SSP VHYL\H20082E )\ N Hr@rhangi bir emisyon
\®O LWLEDUL\OH SSP VHYL\HWIOQHO X ODQmUWOINI OPDVO YH DJDOWOP
RUDQOQGD DuwObOu JIVWHUPLUWLWHGL@PHPLUWERUU BDLOOHWOHU @ N (
'"H+LULNOL+L .RQIHUDBQOV® ON.DVOP
*UHVHO HNIQILMNGL+L * ]JHULQGH HQ | @BPOKGHUD DUDVOQGD .DWDUYTOQ

sahip olan karbondioksitin (COZ2) etkisi Nordhaus JHUOHNOHUOWLULOPLU YH NRQIHUDQV
> @D J|UH _ S5HWQRZDWL > @ YBURVDRINRO-®Q'ROOODUOQO NDSVD\D
JJUH - DUDVOQGD RODUDN LIDGH HIDLKKP-NWNVEHGHBPBL NDEXO HGLOPLUW

&2 fLQ HPLV\RQ ND\QD=+0 GD IRVLO'|\QHBMWY X0 OBQKIP@IL ELU VD\OVDOC
YH RUPDQVO]ODUPD\D NXGBQRQ®RJID]O HPLV\RQ D]JDOWOP KHGHIL EX
GH+LULNOL+LGLU > @ )RVLO \DNOWDNRBQDQGOPO@OQ KWRODSURWRNRO -«
DUWPDVO\OD RUWD\D oONDQ EX WDEOR+tQRFHOHUL Ns@BI®EBGDQ LWLED
OvoQorPD\O |QOHPH\H NDUUO ELUBANDNKORLRPOHBEB YH 6HUD *D]O (
DUD\OUODUOQD LWPLUWLU %X ROXPINPJO®N QP DDQEDIMDRPOIWOU  7.Ul
DPDFO\OD oHULWOL DQODGUPDODU\O®NM WPOHFRHOMKWHLILPOHULQLQ
JHUOHWDWLOPLGUWLU 6WRFKROPTGHDOOUPODOOQGD JHUOHNOHUWLULOP]|
%LUOHUPLGO OLOOHWOHU NRQIHUDQOVOQO®W O QIGINHFHNVXWXODQ NDU
NXGDNODU LoLQ \DubPOQ oRN JRUERODBOHQPHWXIQXQNPHWOHU $UDVO
DuOOPDVOQOQ DQFDN XOXVODUDUBVNQHIM\QEWOH EPNHOLIWLULOHQ
RODFD+O EHOLUWLOPLGUWLU \HODM|Q G DX OM\DQOM QMHG LULNOL+L YH
%UXQGWODQG 5DSRBRXGD \D\®O@OMBDINODPDODUDO NOODYX]XQGD EHOLU
300 dHYUH YH .DONOQPD .RQIHUDQPNOWDPQ@ED aN®QPPDNWDGOU WRSUDN
'H+LGLNOL+L dHUOHYH 6|]OHUPHVL REX® LPOD\PUW+s YH RUJDQLN WRSL
DoboPOuUWOU YH 0oD\OV WDUKKVQSABDRPDNNWIDGOU > @ $VDQ WI
WDUDIOQGDQ GD LP]IDODQPOUWOU SNOOOMNDGD WDULKOQGRWGDQ \Oc
ARWR 3URWRNRO+ LP]D\D DoOOPOUWOWNIMH RURDODBEERQIHW NDUERQ EI
protokole UXEDW WDULKLQGH LP]Dnily @8idv @od dan 15 milyon 645 bin tona
Ge]HQOL ELU DUwWOUG J|[VWHUPLGWLU
5LR EHOJHOHULQGHQ RODQ 32U PPWQAFIDODNU G@B® OH WPILO\RQ ELQ W
EDGOONOO GRN«PDQOQ E PPBIGUHAMARGNHWRGLU > @ <DSOODQ K
2UPDQ ND\QDNODUO® YH DODQODNROODPHGEOLNQ XBWVDeORmMUOQ EHO
gelecekteki nesillerin sosyal, ekonomik, ekolojik, WLSOHULQGHQ \DUDUODQOOPDNWD
NeOWe«UHO YH UXKVDO DWD@®BS WHSOKWILODQO\*NVHOWL EDVDPDNOD
NDUUGOOD\DELOPHN LoLQ VeUG+U+GHNNDWWH EQOQP®HPOUG YH []J*O0 \R=+X
LIOHWLOPHOLGLU ~ gIDGHVL \HU DE&PBARWDRBO&XQO XN BHEPMHMYOHUL \HULQ
HNRVLVWHPOHUL N¢UHVHO NDUERQ%»X|@AbPWs EHHWAHWGCHsH KDWDOO VR
DWPRVIHULN &2 L WXWXS YHMHWIBV\RQ YH WRSUDN
LOHULVLQGH GHSRODPDODUO VD\HVLQGH EDVNOQ ELU URO
oynarlar [9,D,11,12]. Karasal ekosistemlerde hONHPR@ODUOQOQ NDUERQ VWRN
WRSUDN ¢JHULQGHNL VWRNODQDQ WHWERMX@PDVGHIUNOO EDNOUG Dc
IDJODVO RUPDQ HNRVLVWHPOHULQGMHOBXPRX PP DVRQX @OPXUWXU %X
RUPDQ HNRVLVWHPOHULQL GDKD DGO UGH-NOUDLREDOBN RUPDQ HQYD
JHWLUPHNWHGLU 7+<UNL\H WHGAEIKOHQWHEURQWHGDQ ELRN«WOH JH
\XNDUOGD LIDGH HGLOEg®RHHQL JHOLOPHOBIUSIOD@W DN ELRN«WOHQNDUER
GHNLOGH G*]HQOHQHQ 3(NRVLVWHFDUIDERGRQ® KDFPLQGHQ \DUDL
JRQNVL\RQHO 30DQODPD (7)23 ~ LOGH RUPDQO®@UORWOND\D YG > @ WEC
SODQODPD\D EDuODPOUWOU (7)28XQ20BQ RWPOQGL+HU PHWRW LVH \I
HQYDQWHUL \DSOOOUNHQ RUPDQO®UNXP XNQIELDE RBL RWNeWPM PRGHOOHU
PLNWDUODU®O RNVLMHQ *UHWPH PLNWDU@UO YBSORDWRMNWPD KHVDSO
PLNWDUODUOQOBUEHM®HWNWHIGAHV L GIB\DQPDNWDGOU
LPIDVO RODQ We<P WDUDIODUO VHUD HWNLVL \DSDQ JD]
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%X oDOOURDGHIQLY HQ |QHPOL %WIRN+WOH <UHWLPL \DSDUNHQ W-U
\DSUDNOO D+Do WeU+ LOLQ ELRNWOEFR QP VGHRNOHDWBGIO+O YH DWPRVIHI
NXOODQOODUDN FPOLN oDS DUWOR®DUOH UPHG DN DGDOFD KHVDSODQP:
ELRNeWOH *UHWLPL JHUOHNOHUWLUGL+L EHOLUOHQPLUWLU
2. MATERYAL VE METHOD NXOODQOODUDN GLNLOL J|]YGH KDFF
YH DOWO NDUERQ GH+HUOHUL KHVDS
dDOOUPD LoLQ 7¢UNL\HTJGH \D\OYXHUL ROPQUOUGXUXPXQGD ELRN-«V
EDNOPOQGDQ |QHPOL L+QH \DSUDN®X O OND-QUONOHPOLOP LUMPHULOPHNWHGLU

%X WeUOHU iganh &lathaH Q ID]OdJDOOﬂPDGD BEXHOLWPHNML QGH NDSODC
VDKLS RODQ .0]O00DP 3LQXV EUXWLMDTHD® QOQGD GDKD |QFH EX WeUOF
ha alan ile. D U D ¢RbnBAs nigra Arn.), 1 518 929 RODQ ELRN*WOH PRGHOOHULQLQ EX
ha alana sahigs D U Q(BiBuB silvestris L.), 584 VOQOUODQGOUOFO XQVXUX ROPXUW)

KD DODQ LOH *|NQDU $ELHV VVS YH
KD LOH 6HGLU &HGUXV OLEDQL / 1$Db>W@OHUL LoLQ W+P D+Do WRSU
PLNWDUODUO We<UOHUH DLW WRS
13&& > @ "$UD]JL .XO00DQOPO $U DriddellHXOD QMPOODQOODUDN EHOLUOH
'H+LGLNOL+L YH 2UPDQFOOON LoMRDPUBDHXOQRDIODH NXOODQOODQ PRC
5HKEHUL" LVLPOL EHOJH WDUDIVOYMHUHOIDUGWH UX\#P@OuPD NDSVDPOQC
\|QWHPOHU NXOODQOODUDN \DSQGR® WPUEF® oWBRNUWOPOQOQ JHU«
GH+LULPL KHVDSODPDODUO LVWHEHNXPK®RIGD 2Q0RDQNDGDU ELRNeWC
HQYDQWHULQH GD\DOMSBIOD NDODNNERDHKIEMEBPBA GCWLULOGL+RPRGHW OHU LC
\D ELRNe¢WOH JHQLUOHWPH IDNW|UOHUL % ()

7DEOR $+Do WeUOHUL LoLQ NXOODQO®ODQ ELRN+WOH PRGHOOHUL
$+Do 7+U 7TRSUDN hVW+ %LRN*WOH PRGHOL

.O]O0O0DF 7h%$-16.7957+(0.4921 @y ,) (32]
6DUOODP 7h%$-16.4154+(0.4909 @y ) (32]
.DUDODP 7h%$2.969+(0.4060 @y ) [32]
Sedir Th%$ -8.08322.@y ) + (0.644812@y ) [33]
*INQDU Th%$ @y ) [34]

FP oDS DUWOPO LOH JHUOHNOFKHVDSODQPOUGU YH DUGOQGDQ DUDGH
*sUHWL Patmadsfertlen ne kadar karbonun EHOLUOHQPLUGRYLBuU hesdpaddrar
OHNLOHUHN ELWNL E*Q\HVLQGH GIVRQXFXQGD FP oDS DUWOPO LOH
GH+HUOHULQLQ NDWVD\OVO WRSUDN «VWe ELRN*WOH GH+HUOHUL
EHOLUOHQPLUWLU &DQOOODUDOQ 'D-DFOQ FP oDS DUWOPO \DswO+0Q
FDQOO RUJDQLN PDGGHQLQ ELULNHQ PLNWDUODUO ELUELULQH
ROXUWXUPDNWDGOU $\UOFD DWFYHUPHNWHGLU 7DEOR LQFHOHQC
sonucu ne NDGDU RNVLMHQ VDO LHULVLQGHQ KHU +*0 oDSWD HQ \eN
JHUOHNOHUOWLULOGL+LQL EHOLUOHUHWLPL NJ NJ NJ Yt
DUWOPO LOH ROXUDQ WRSUDN «VWED+OO RODUDN WD ED+-ODQDQ NDUE
VDELW oDUSDQO LOH oDUSOOPOUWNIJ NJ YH RNVLMHQ *UHWLPL Do

NJ NJ NJ eVWeQOe=+Q *|
3. BULGULAR WeU*QGH ROGX=+X JFP-QBLIQN6WHGLU
NJ ELRNeWOH <UHWLPL N.
.01606DP OveDPUDOMR Q 'XUND\D YGED+ODPDVO YH NJ RNVLMHQ ED-
> @ WDUDIOQGDQ VH@EBWeLoLQ 'XNeo*N GH+HUOHUL YHUPLGWLU 'L=HL
JINQDU LoLQ 'XUNDVIDUDPEGOQSD® .DUDOWFU+s WRSUDN *VWe ELRN«WOH -«
JHOLOWLULOHQ WRSUDN <«VWe E NJ NJ NDUERQ ED+ODPDVO
NXOODQQWMPsxMve 181- FP LolLQ NJ YH RNVLMHQ sUHWLPL NJ
oDS LoLQ WRSUDN «VWe ELRN*W+UOHU DUDVOQGD HQ Ge+G*N sUHWLF
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Tablo2.$+Do W+UOHU Lo@$ JUWOPH LoLQ WHN D+DoWD WRSUDN «VWe ELRNeW
YH *UHWLOHQ RNVLMHQ PLNWDUODUO®

FP LoLQ FP LoLQ FP LoLQ
$+Do %LRN Karbon Oksijen %LRN Karbon Oksijen %LRN Karbon Oksijen
WeU«  (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg)

.0]00 1526 763 1831 2018 1009 2421 2510 12.55 30.12
6DUOC 1520 761  18.26 20.13  10.06 24.15 25.04 1252  30.04
.DUDo0 1259 6.29  15.10 16.65 8.32  19.98 20.71  10.35 24.85
Sedir 1191 595  14.29 18.35  9.18  22.02 2480 12.40 29.76
*INQD  16.31 8.15  19.57 2157 10.78 25.88 26.83 1341 32.19

7HN D+Do LoLQ EX KHVDSODPDODU WDEOREDNWD ERRQWEW LoLQ G+]HQC
KHNWDUGDNL JHUOHNOHGPHVL EHROWRDNQ SPHEPGOHUEBH-HUOHQGLUPI
XOoDuOOPOUWOU %X DEDUOd® NPDOWDEOYEBD D+DoeR WWIDO WL Q@ L\
LoLQ $086BRGDRPUDA®RQ .DOOSVO] > EFRQLWHWOHUL HVDV D@0zsPOuwoOU

VHGLU LoLQ (YFLPHQ > @ YH JINQIFP LRUQVPDUDBR+OIXQ PHUFHUHGHNL
> @ WDUDIOQGDQ \DSOODQ KDVOKImDW Qe O BEHRWYGDGD NL  <UH
\DUDUODQ.OOPOIFWOVHGLU WeUe LPLWDUODUO ED+ODQDQ NDUERQ Y
NXOODQOODQ KDVOODW WDEORVX PLER@DWO-DNV OYHIH®RISFGH YHULOPLG!
VOQOIO NOJOOLRPNXI® OMHBAODIQ KDVOODW

7TDEOR $+Do WeUOHULQH J|UH FP oDS DUWOPO LoLQ KHNKabahGD WRSU
YH - UHWLOHQ RNVLMHQ PLNWDUODUO
g<g %21g7(7

FP LoLQ FP LoLQ FP LoLQ
(ton/ha) (ton/ha) (ton/ha)
$+Do W %LRN<« Karbon Oksilen %LRN¢« Karbon Oksijen % LRN¢+« Karbon Oksijen
.01000 2212 11.06 2654 1872 9.36 2247 1551 7.76 1861

6DUOOI 41.83 20.92 50.20 30.71 15.36 36.86 21.28 10.64 25.54

.DUDoD 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

*INQDU 24.36 12.18 29.23 41.79 20.90 50.15 55.66 27.83 66.80
ORTA %21a7 (7

FP LoLQ FP LoLQ FP LoLQ
(ton/ha) (ton/ha) (ton/ha)
$+Do W %LRN« Karbon Oksilen %LRN¢« Karbon Oksijen % LRN¢+« Karbon Oksijen
.0]1000 2186 1093 26.23 1818 9.09 2181 14.86 7.43 17.83

6DUOOI 56.09 28.05 67.31 47.26 23.63 56.71 35.55 17.78 42.66
.DUDoD 3581 17.90 4297 2958 1479 35.50 24.04 12.02 28.85

Sedir 19.67 9.83 2360 19.95 9.98 2394 19.97 9.98 2396
*INQDU 1256 6.28 1507 2260 11.30 2712 30.69 1534 36.83
.g7h %21a97(7
FP LoLQ FP LoLQ FP LoLQ
(ton/ha) (ton/ha) (ton/ha)
$+Do W %LRN« Karbon Oksilen %LRN¢« Karbon Oksijen % LRN¢« Karbon Oksijen
.01000 2070 10.35 2484 16.67 8.33 20.00 1355 6.78 16.26
6DUDOI 55.15 27.57 66.18 44.24 22.12 53.09 31.02 1551 37.22
.DUDoD 3071 1535 36.85 22.85 1143 2743 16.38 8.19 19.65
Sedir 2156 10.78 2587 21.20 10.60 2544 1910 9.55 2292
*INQDU 6.49 324 7.79 12.36 6.18 14.83 17.17 8.58 2060

$+Do W:UOHULQLQ IDUNOO ERQLWHRWNOWDUHOLQDUHIKHNWDERBDDS LolLQ
EL\RN-WBWLPL NDUERQ ED+ODPD NYCHJ RRY ENDHQDPDY® R O H FP oDS
*UHWLPL LQFHOHQGL+LQGH (X VRQKolO® U RN IDdmnhd a0 83Wdd/ba ile ilk
VOUDGD EXOXOUmmWWDGIOU ERQLWHW
g\L ERQLWHW LoLQ D+Do WeUOHULQKRBUED 0B GGHN:-HWUOLNDYERQ WRQ KD
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WRQ KD GH+HUOHUL LOH LNL(ELUELULQH \DNOQ GH+HUOHUGH R
ED-ODPDNWDGOU KHNWDUGD D+Do VD\OODUOQOQ IDL
D+Do WeUOHULQLQ WRSUDN «VWe EI
2UWD ERQBDUIOWMRBEQ:Q KHU +0 o[ELUELULQGHQ |QHPOL IDUNOOOONOD
GH+HWHKHEHUDVO\OD WRQ KD WRQ KD
YH WRQ KD NDUERQ ED=+0ODPDWG3 DD W-QUNBMUMBERIRUWD 0DS GH+HU
EXOXQPDNWDGOU 7DEOR 9fGH J|lUrIOHKHHEUL o] EFRPLWHWWH KHVDSODC
6DUOWBR.Q - FP YH.DUPRIBH GH+HUOHULQLQ RUWDODPDVO DOC
FP GH LVH J|NQDU WDNLS HWPHNWHEROHGRXLYWRX0o$+Do WeUOHULQLQ
Durkaya [41] WDUDIOQGDQ uWBOODQ obEO®DUOQD J|UH \DSOODOWRRO\DVODI
EHQJHUOLN JJVWHUPHNWHGLU LON VOUDGD6\BHWOBER Qtawwiis s D
FP oDS DUWOPO \DSDUNHQ WR
JWe ERQLWHW LoLQ GXUXP LQFHOHQGUPIL QG oRNWBIWLUPHNWHGLU
ERQLWHWWHNL GXUXPD EHQ]JHU HBUWDoGRUXNMRQVKID RNVLMHQ *UHWLPL
konusudur.6 DU OWPP®Ps KHU *0 0DS GH+HUVNOGBGHGOU FED R OWDPoQ < L QQ
LON VOUD\O DOPDNWDGOU %X W-.UDQOND WHRQL FOOV¥ODPD WRQ KD RNV
PLNWDUODUO KHNWDUgR2,YXDUDVO\@gri2 .DUD&BRQ K FP RUWD oDS LoLQ
WRQ KD WRQ KDTYGOU .|We ER@HWHNUMWHUYH FP oDS DUWOPO Vv
FP oDS.DuID@ARI5 ton/ha ve 11,43 ton’ha ERQLWHWWHQ KHVDSODQDQ GH=+HU
LOH NDUERQ ED+ODPDGD LNLQFL VOWHGD JAMRARHKD HHOMMLMHQ *UHWLPL
FP oDS LoLQ LVH VHGLU WeU- WRWDHIOP ILIOHMLUNLQRRDUOQ HQ \DNOC
VOUDGIBAO 2 ve Tablo 3 birlikte KHNWDUGD VétRryleRANDVAIRMAH Q U
GH+HBIOH@GL-LQGH WHN D=+Do WeHW IRFOTPHKUI MUY

7TDEOR $+Do V\RUWNIEDU\LIQ}[\QV\L-\LENRQLWHWOHULQ RUWDOD~PDODUC)QD J|UH
ELRNWOH ED=+OBGUINIODAUNORNDOERNDVYMHQ PLNWDUODUO
FP RUWD oD 20cmortaoD S FP RUWD oD

%L RN« Karbon  Oksijen %L RN« Karbon  Oksijen % LRNe« Karbon  Oksijen

(ton/ha)

.0]000C 2156 10.78 25.87 17.86 8.93 2143 1464 7.32 1757

6DUOo0D 51.03 25.51 61.23 40.74 20.37 48.88 29.28 14.64 3514

.DUDoDF 3423 1712 41.08 28.25 1412 33.90 2185 10.93 26.22

Sedir 20.20 10.10 2425 19.96 9.98 23.96 1920 9.60 23.04

*INQDU 1447 7.23 17.36 2558 1279 30.70 34.51 17.25 41.41

7*UNL\H gVWDWLVWLN . XUXPX YHU66 243 209,08 ton; sedir 4 554 545,663 ton;

\O0d LoLQ *ONHPL]GH NDUERQGLRJ|NQDU LVH WRQ ND
EDUOQD WRQ NLGUL R@MPUDN KHGHSRODPBXWILGIGWDUODU LOH NO]OO
%X oDOOUPDGD oHULWOL ERQLWHW NLGLEDUDoDP N L GLOIUWEDo D P

\DSWO+O GXUXPGD D+Do WeUOHULC NLULQLQ VHGLU NLGI
WXWPDH®H+HINHGHNL WeP DODQD .JINQDU LVH NLGLQLQ NDUE

GXUXPGD NDUERQ ED20TRD PLNWDVDOOQOPOQO DWPRVIHUGHQ oHNPH
oDS EXOXQDQ GH+HUOHULQ RUWDV|] NRQXVX FWfmims DUWOPO \DSWC
NDGDU NDUERQ ED+0ODQGO+0 YGXUXPGD RUWDODPD RODUDN
NDUERQGLRNVLWLQL DWPRVIHUNDUERQGLRNVLW VGOQQORDKOHNDW
EHOLUOHQPLUWLU E*Q\HVLQGH EDUOQGOUPDNWDGOU

og\L ERQRWWIWOWMHPD RODUDN NO]O6Cc2uwD ERQLWHWWH LVH RUWDODPD R
376,89 ton;6 D U (28 P93 055,12 ton, DUD oD P 388,74 ton;6 D U (B6 @3 742,68 ton, DUD O D P
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63 268 267,98 ton; sedir 4 790 566,614 ton; QVDQ IDDOL\HWOHUL VRQXFX DWPR"
JINQDU LVH WRQ N&2 YH GL+HU VHUD JD]ODUOQDOQ VHI
GHSRODPBNXWILGBIOMD JOO®AWD POH NO GH=+LGLNOL+L G+Q\D LoLQ HQ |QHPC
NLUBEU®oODP N L (G..DQUDP D P ELULGLU B8OXVODUNWBVYOFBQGDKBD
NLGULQLQ VHGLU NLULQ\DUDQOODELOLU ELU G+Q\D LoLQ $V

LVH NLULQLQ NDUERQGLRNIJD]JODUOQGDNL DUWOUDOQOQ |Q*QH J
DWPRVIHUGHQ DRISIGPBRGMHELUNRQX%X NRQXGD \DSOOPDVO JHUHNHQ |
WeUe@BPTOIINS DUWOPO \DSWO+O X\IJXODPDODU PHYFXWWXU 6HUD JD]

ortalama ®®WDUDN NLULQLQ NDU Eetkiye sahip olan karbondioksitin atmosferden
VDOOQORPRYIHUGHQ oHNHUHN EoHMUBN GHSRODQGO+O \HUOHU RN\I
EDUOQGOUPDNWDGOU ELWNLOHUGLU @gNOLP GH=+LULNOL=L

ELWNLOHU LoHULVLQGH GH RUPDQ HI
JWe ERQLWHW LoLQ WRSODPGD +0 IE*Q\HVLQGH X]XQ V*UH GHSROD\DELC
DUWOPO \DSPDVO GXUXPXQGD RU|Q SODQD o®DNPINNWDGOU

NLGLQLQ NDUERQGLRNVLV7«UNL\H LoLQ |QHPOLsUGQ-2DH \DSUDN

DWPRVIHUGHQ OENG\WHWNQGH YH FP oDSODUOQGD FP oDS DUWO
EDUOQGOUPDNWDGOU $+Do W+UO sUHWLP \DSWONODUO EX oDOOUPE
.DUDoDP WRQ WeU*Q+*Q NDROXUWXUPDNWDGOU dDOOGPDGD LQ
ED-O0DGO+0 R@X6MANEDODD P KD RUPDQOON DODQ VDK
6 D U Q@3m0r3 434,72 ton) ,sedir (4 973 316,15 7¢«UNL\HYGH \D\OOOU DODQO LWLEDUI
WRQ YH JINQDU WRQ WeU+Q+Q L]Oorana sahiptir. tUHNLO fGH &mJOo6DBP

EHOLUOHQPLGUWLU .DUDODPVHGLU YH J|NQDU LoLQ

RUPDQODUOQGDNL RUDQVDO GD+0O0(
4. 7$57,00%6218d

o LOHULVLQGH IRWRVHQWH]OH DWPRV
=.0]0O0¢ PLNWDUODUO EHOLUOHQPLGWLU dL

2« 6DUBO * ]HULQGHQ HOGH HGLOHQ VRQXo
GH+HUOHULQH G|Q+G+*POHUL KHVDSC

.DUDo LoLQ D+Do WeUOHORQ@®D DO W XDOYDQDT

‘680% Sedir L\L RUWD YH N|W2EFQiWriaW OHUGH

G ’ oDSODUO LoLQ KHNWDUGDNL D=+D

0 = *INQDU \DUDUODQOOPOUWOU +HNWDUGD D=

= 'L=HU obS DUWOPO \DSWONODUOQGD «UFH

2,62% | 2,16% ED+-ODGONODUO® NDUERQ YH DWPR

UHNLO 7*UNL\H RUPDQODUO LoHsis RINWRGPPHYED KHVDSODQPOUIWO!L
6DUQ0DRIDODPHGLU YH J|NQDU WHPOMRS ¢oLQ RUWD YH N|We ERQLWH
DODQODUOQOQ GRRUDIMWDO GD=+ LoLQ FP oDS DUWOPOQGD KHNWDUG
ED+ODQDQ NDUERQ YH6VDD@®OGQRPQ RN
UHNLO 1GH J|U«€DWGWPPHWDODQVDOSEL+HU WeUOHUGHQ GDKD \+NVHN C
RODUDN vVOUDGD ROPDVOQD UD=-PRPBORX oOEERREWBS LoLQ J[NQDU
\DSOODQ KHVDSODU VRQXFXQGD WHNWIHHEDBN LyH FHWINWOH PLNWDUO
EL\RN*WOH NDUERQ ED-ODPD YH VOMA®rHD RNWAHQ PLNWDUO LOH L
RODUDN KHU *0 oDS LoLQGH RUWD (YaRlog)we ERQLWHWWH
VOUDRIQLWEHWWH LVH FP oDS LoLQ LON vOUDGDGOU
Bunun sebebi olarak D U OWPW+ Q+Q RUWD YH NIBMOUPD\D NRQX HGLOHQ WeUOHUL:
ERQLWHWWH GL+HU W+UOHUH J|uHFRHQW@@MVQ;FD@(ESDW@%B@mGXUXPGD
D+Do LKWLYD HWPHVLGLU g\L ERQIDWPR UQE IPENI®OD R NLULQLQ

6DUGCH@P YH FP oDBOD&DRoLQ NDUERQGLRNVLW vDOoOQbrPOQO DW
WeU:QGHQ GDKD bikey aldpdd GD E*Q\HVLQGH EDUOQGOUPDNWDGOU
EXOXQPDNWDGOU vD\O ROXUNHQ D+DoODUOQ N

EXOXQGXNODUO YDUVD\OOGO+OQGD
7*UNL\HYGH LEUHOL W+U LoLQ ELPNROH RREMOOHDDUERQGLRNVLW
NXOODQG®HOMNS DUWOPO LOH WHRVHWRHNWHGLUOHU <bsO0ODQ EX
ED]OQGD QH NDGDU WRSUDN «VW WRSR/N-MW OPOCBIMKMGPHUWOGH YH RUP
JHUOHNOHUGOWLUGL=L EHOLUOHQPWRWUD+OQGROHWHBRODQDQ NDUERQ
ELRN*WOHQLQ \*]JGH fVLQLQ NDUEROOGI®P:O0UHVDYOQIFD WRSUDN «VV
GD\DQDUDN FPYOLN oDS DUWOPEROPDOWRR WIHWERHH GH+-HUOHQGLUL
OHNLOHUHN D+DFOQ E*Q\HVLQGH RBRBOQNOUROEPREODQ YH VHUYH
mktDUODUO EHOLUOHQPLGWLU S\UOFOLPERGNGUEYWo %XQXQ VRQXFXQ
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NDUERQX E*Q\HOHULQGH WXW D E LJODPHOHbUGhtOrH L. DIgitAIKiI® [B.Lim, K.
EXOXQXODFDNWOU OHYFXW R U P D QTrBadtbnQl OMautdafy QyBonduk, DA (SRggghn
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g]

*]O YH EDUDMODUD JHOHQ YH EXUDGDQ oONDQ NLUOHWLFL \eNOHULQ R
oONPDNWDGOU 6X RUWDPODUOQGD NLUOHQPH\L EHOLUOH\HQ EHOOL E
%LU VXGD \D0GDBMLQREIRMILNOGHIA G OLOLN EHVLQ JLQFLUL VX NDOLWHVL
JLEL IDNW|UOHU DoOVOQGDQ E+\eN ELU |QHPL ¥NUB®WY D 6RI|QHIDLONIDHG
LQFHOHQGL+L oboOuPDODU DUWOU J|[VWHUPLGWLU

%X oDOOUPDGD 6LYDV NHQWLQLQ LoPH VX\X LKWL\DFOQOQ NDUUDOODQG
ELU QXPXQH DOOQPOUWOU %X QXPXQHOHUGH VOFDNOON (& (OHNWI
EXODQONOON PDQJDIQ OQDLWEPMLUYHHRUJIJDQLN PDGGH DQDOL]JOHUL \DSO
EDUDMGD VHYL\H\H ED+O0O VX NDOLWHVL EHOLUOHQPLUWLU (OGH HGLO
.ULJLQJ HQWHUSRODV\RQ \|QWHPD Q@ QB UND-H GRINQ QDU NOPILIL @ 8 HENDLUD X1
GD+O0OOP KDULWDODUO ROXUWXUXOPXuWXU dDOOGUPDGDQ HOGH HGLO
DUWWO+0O )H GH+HULQLQ LVH |[QHPOL ELU GH=LUIPNGMWD U|ZQMHYRHBLGH |
ID]JOD LNHQ EHOOL ELU GHULQOLNWHQ VRQUD oRN ID]JOD GH=LGUPHGL=L

JIVWHUPHGL+L EHOLUOHQPLUWLYU ¢gPb/OBQDYDQGH+BHOHIUIWNHQ o0]|]*C
GH+HUOHWPIOQGHLUQBH+LULNOLN J|JOHQPHPLUWLU %XODQONOON J|0-Q
GH+HULQLQ LVH GHULQOLNOH |QHPOL ELU GH+LULP J|JVWHUPHGL=+L J|O
JJUH GDKD \¢eNVHN GH+HUOHUGH ROGX+X EHOLUOHQPLUWLU

Anahtar Kelimeler: goPH VX\X E DANDMQ WHHYQLMNLVL &%6 RUJDQLN PDGGH (&

Mapping of Water Quality-/ HYHO 5HODWLRQ RI 6LYDV (\O-!
Geographic Information System (GIS)

*16D\LWHU&DIPB®OPHQW .DUDNXU
tUniversity of Civil EngineeringDepartment of Environmental Engineering, Faculty of Engineering, Sivas
sayiteryildiz@gmail.com
2Computer University, Department of City and Regional Planning, Faculty of Architecture, Sivas
sayiteryildiz@gmail.com

Abstract

The effect of pollutant loadsoming 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 cleagdim of water from the biological side are all important
factors in living an aquatic life. In recent years, the studies on the pkoltsgcoical properties of dam lakes have
increased.

In this study; a sample was taken every 5 m from 12 different poitite dth 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 analyzegualdter

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 damene created. According to the results obtained without working; It was determined

*Sorumlu Yazar: & XPKXUL\HW hQLYHUVLWHVL dHYUH O*KHQGIWA®OL+L %|O<Pe+ O
sayiteryildiz@gmail.com

Doi: 10.21541/apjes.337111
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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 doehange 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 N@Bgedifesm

0.1 to 0.3 mg / L, but no significant change in dissolved oxygen valas®bservedlhe turbidity has increased
considerably towards the bottom of the lake. It was determined that the EC d@lusst show a significant

change and the EC valuasthe edge of the lakes were higher than the middle part of the lake.

Keywords:Drinking water dam, levefjuality relation, GIS, organic matter, EC

1. *g5guU Su kalitesinde meydana gelen mevsimsel ve
PHNkQVDO GH+LULNOLNOHU RUWD\D
goLOHELOLU V X ND\QDNODUO QA PHOREGNPNVX]FE QHGHQ RODQ HWPE
NLUOHWLOPHVL JHUL G|Qe<G+Pe ROEGDNVOHYREMROPWEGQGLU 6X RUWDP
\DUDQPDVOQD JHPLQ KD]OUODPDNVEBP®QUORDKP LEHIHOL EDGOO NULWHU!
DUWDQ VX LKWL\DFO LOH JLGHUHBKL\R®DFRONDIN WOHNPAL[URKUGLU %LU VXG
ND\QD+O H+ULOHULQLQ \OOO GEADROIRIMLMHEH&GILWDLOLN EHVLQ ]LQ
JIVWHUPHNWHGLU =alt@natifsd \+]GHQuyun bL\RORMLN \|QGHQ WHPL]JOHQP
ND\QDNODUOQOQ EHOLUOHQPHVL YIH NWR UXDHPW \DO® ROBXBDOQ E+«\eN ELU |C
|QHPOLGLU \OOODUGD EDUDM -Hi9aB3dULQLQ
[JTHOOLNOHULQLQ LQFHOHQGL=+L o
<e¢]H\ VX\X ND\QDNODUOQ NXOODQQOPVWKUP HOWEU® PBXNB@®DoOD ED] DO
VX ND\QD+O0QOQ ILJLNVHO NLP\DVROEHOHNBIL\RIQORNNMHO SDUDPHWUHO]|
[JTHOOLNOHULQL ELOPHN oRN |QHPPDGGWHO%NX DAPROPDGGHOHU NROOF
*ONHPL]GH ELUORN oD@@uPD \DSOOPXOIIMDGBNOAWON UHQN WDW VOFDN
1HKLU EDUDMO WDUNOQ NRQWURO L OWX\ONDHR@O LINd RKD D/YXDX VOUDODQDELC
WHPLQL YH KLGURHOHNWULN «UHWLPL GH GDKLO ROPDN
* ]JHUH |QHPOL WRSOXPVDO YH HNRGQFRRILND\D\GBHNVWHNOL YHUL DQDOL
VD+OD@ >$QFDN GR+DO QHKLU HNRYDRYWMHPDHU LV X ND\QDNODUOQOQ
* ]JHULQGH FLGGL HWNLOHU \DUDW O UH® I@i WILFHUK_LOPGHH/UL P YHE MUPBIMG_ P L| QHDROAE
J|O DOmMQQQ@PHVL ILILNVHO GH+LILRO®LROGDMDNWDGOU gJHOOLNOH
WHUPDO WDEDNDODUGPD\D YH N+OWIMMDHPWOURILNRWER QWRQ \0OOODUGD
QHGHQ RODELOHFH=L JLEL KLGURRRMLNN WK OHONDRICRWVPLINNWDGOU % X C
GH+*L4ULNOLNOHUH GH QHGHQ RODEINQUWEO@+L L]JOHPH oDOOUPDODUDQ
DQDOL] HGLOPLUO PHNkQVDO GD=+000
*]OOHU ROGXNoD E<«\eN DUD]L S D UkoRuDriDU 0 GO@ O®OWHP@mW OU > @
VXODUOQO DOGONODUBRQKABQ J|O YH J|O oHYUH
DUDVOQGD V<UHNOL ELU DOOUGYHU%LX YDDUGEDIPD&NOH\ 6L YDV NHQWLQLC
\¢]JH\ DOWO DNOUWODUO J|OH JLUHU IYKWdONPWQ X MNDU@DNQGO+0O  (\O-
GD OHUGULWOL ILJILNVHO NLP\DVDQRNWDEDWRDRGOD.Q® YH IDUNOO GHULC
ELOHGUHQOHUL RUJDQLN PDGGHOHWIO MWW X Y BDRID-MGEDSNMNMYL\H\H ED-
oRN PDGGH\L EHUDEHULQGH V.UNEHAULGO@QPHVLYHDPDoODQmMOUWOU $
baralDUD JHOHQ YH EXUDGDQ o0ONDQ INQDOHWLRQ XolDDHWDL R %6TQLQ DQDO
ROXUWXUDFD+0O HWNL X]XQ ELU |RPD® GLOLPULQLOLYPGWHUSRODV\RQ
RUWD\D oONPDNWDGOU GH+HUOHQGLULOPLU YH EDUDNM
GHULQOLNOHULQGHNL VX NDOLWH\
<e¢]H\ VXODUOQGD J|]JOHQHQ NLUOIGD:N CQRN WDYVDWD®BUO ROXUWXUXOTF
\D\OOO ROPDN *¢]JHUH LNL\H D\UOOPDNWDGOU 1RNWDVDO
ND\QDNOO NLUOLOLN DWAKNNMXMXQ WHNgAZUYOQRNWDGDQ G
HGLOPHVL LOH ROXUGXU > @ <D\OOO NLUOLOLN LVH
PHWHRURORMLN ROD\ODUD YH DUDAXQbQODOSHIY GBQ ¥ DED NHQOWIAQLOPH V)
RODUDN IDUNOO |DPDQ GLOLPOHULROBWIOEIAOBODQADAr®D DUDMOTQG
JHOHUHN DOOF®O RUWDPD XODUGUBQYDNLUQHWOFLOKWDML 6LYDV NHQV
ROXUWXUGX+X NLUOLOLN WeU*G+U KVWL\BPO@®O MDUDLODPDN <«]HUH 6
ROXUWXODQOY \DSOVO LNOLPH \eNN]JHHNRGXYKXQGD <XNDUO .0]600UP
KLGURORML\H DUD]JL NXOODQOPOOBPOH® ,WPDSWD +«HQYWLQGH \HU DODQ
\DSOVOQD ED+0O ROGX+XQGDQ \D\BDWDMAKBI W L%EWHRMDWS DWMPQO QD VD
YH NRQWURO+ oRN GDKD JRUGXU > %@DUDMO EHVOH\HQ 0O0VPOO ,UPDN)
dereler de mevcuttur. Bu derelerden gelen sular,
EDUDM J|]O DODQOQO EHVOHPHNWHG]
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NRUXPD DODQODUO YH EHVOHQLP RODWVIM® WUMNGEEN\GH 7DYUD KDY]D
YHULOPLUWLU > @ GLKYIBAMANHQW LQNR\XOBK &DQ fOLN NOVPO GD
VX\X LKWL\DFOQOQ \DNOBEON  TOKNUDINMPIRGDQ NDUGOODQPDNWD RC

PHYVLP aDUWORUOQDWIVYWHDUDVOQG
GH+LGUPHNWHGLU

UHNLO

oboOuUPD NDSVDPOQGD

D ) (\0+Q X PO MEO GQDUDN DQDOL]JOHU JH
DODQOQGD W+P EDUDMO WHPVLO H @HDFUHDNM G BINOWDoODH & IQHMD@GH QXPXQH
QRNWDGD \*]JH\GHQ YH KHU

P GUHHUNLIQGD LNGAHH ) L@ PHNWHGLU

(\O+O0 %DUDMO YH EHVOHQLP DODQO
% X

UHNLO (\O+O EDUDMO +]JHULQGH QXPXQH DOOQDQ \HUOH

%X QXPXQHOHUGH VOFDNOON

ENQWRAOSRONV\RIQ2 \|QWHPL LOH GH=+
organik madde, pHEC, Mn, Fe ve NO3 analizleri EDUDMOQ
\DsSOoPOuwOU

IDUNOO GHULQOLNOHULQC
JLILNVHO YH NLP\PWDNRQMNOQDOIGDHWOUR KDULWDODUO
DQDOL]JOHULQGH JHoHUOL PHWRVWORDND@MONG6BDYPBRRWO0+POHUL oRNC
OHWRWODU' D > @ J|UH \DSOOPO®NWOODQG@FrwmNMONHULQGH

\DSOOP
EXODQONOON d 2 YH RUJDQLN PDG6HUDPHWMY WRIOQX cEBHWOQGEGDUDPHWUH
&%6TQLQ DQDOL] \|QWHROHULQGHQDRO®®Q]AHUL LVH ODERUDWXDU RUWLI
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21. .ULJLQJ (QWHUSRODV\RQ <|QWHBIRNDV\RQ 1 |[O0sOHQ GH+HUOHULQ

.ULJLQJ oRN Je0O+¢ YH KDVVDV RODUD® L(PWHUBRAIPARGD HOGH HGLOH
VD+OD\DQ ELU \|QWHPGLU %LOLQRNRMQ@ EDWOGHEOHR®wE RUWDPOQGD D
KHVDSODUNHQ We+P |UQHNOHPOHYHQ GBHHUHOBBAGLQLOHELOPHVL Lol
NXOODQ@RQJ WQWHPL oRN DuDPDOO\PIOOSBAOWXWDODODQOOPOUWOU dDO
|QFHOLNOH |UQHNOHP QRNWDODURQ&EQ RHmMUDN.YWOQLED NDSVDPOQG
DUGOQGDQ EX |UQHNOHP QRNWDODINMUHOQOHX\JIX® @ENRRINGVEDBON VL
WDKPLQL ELU \¢]H\ PRGHOIL EHOLUGHQtWWYH+BR\\MHU 1XPXQHOHUGH \H
GH+HUOHQGLUPHN UHWHNLWOHP® LNDSOODQ S+ YH (& SDUDPHWUHOHUL |
DUDPDOO RODU DN HLOHNDOGD L YH U(p@athsiypi@etrik) HACH HQ30 D marka cihaz
PHNkQVDO \DSOVDO KHVDSODQOU YHNXADOQRIODOLMNMHED LOBERUDWXDUGD
WDKPLQ HGLOHQ ELU \+¢]JH\ ROXUuVWBEXODOIRXAINOMNIEQUDPHWUHVL LoLQ W
\|QWHPL EHOOL ELU NRQXP LoLQ21B0 G Qdrka\ldiaz;E E&) Mn ve NG3
GH+HUL WDKPLQ HWPHN LoLQ PHNkQDBDO PHWWWHGHUWN LWL HLVH VSHNWU
WDKPLQ HGLOHQ NRQXP HWUDIGQGDNDUNEDORIKDQ NXOODQOOPOUWLE
NnRNWDODUOQ GH+HUOHKrgh®L NXOODQOU > @
\|QWHPL |O0*OPHPLG ELU NRQXP L2L%Q8FPIBUSWDKPER7,U0%$
ROXGUWXUPDN LoLQ oHYUHVLQGHNL |O0*OHQ GH+HUOHUL
D+OUOONODQGOUGO+0 LoLQ YHULO%DUQ M 0@ ENDID 6 D) W R SIDNPG®O Q
RODUDN HULWOLN 9GH LIDGH HGLO@XHNWHEOHUSH@ OFDNOON RUJDQLN

d 2 S+ (& QL We& DaNgarGardhizldyi

(1) \DSOOPOU ROXS VRQXoODU 7DEOR

muOFDlDUNoO GHULQOLNOHUGHNL
BUUDGD = 6L L ORNDVIRQXQGDNLE {2 gBHNB%OVO%éDSHS;Ol
L L ORNDVI\RQXQGDNL |Oo- OHQ ﬁ) Vi 5068OP KDULWDODU® R
ELOLQPH\HQ ELU D-OUOON 6 d1

7TDEOR I1XPXQH DOOQDQ QRNWDODUGD GHULQOL=+H ED-O0O VX NDOLWH
Parametre/ 1 2 3 4 5 6 7 8 9 10 11 12

Derinlik (m)
60FDN®O
<e]H\ 175 19.2 16.7 172 196 174 18 19 18.1 186 20.1 20.3
5 161 183 164 173 181 171 176 173 168 17.7 173 17.3
10 159 178 16.3 158 - 165 165 16.8 173 176 - -
15 153 - 151 155 - 152 157 - 16.7 155 - -
20 15.7 - 153 151 - 15 143 - 157 141 - -
25 14 - 147 149 - 13.8 139 - - 126 - -
30 - - 136 - - 12 11.3 - - 114 - -
35 - - 10.6 - - 104 108 - - - - -
40 - 10.1 - - 10.2 - - - - - -

%XODQONOON 178
<e]H\ 157 183 145 183 126 202 151 183 47 166 4.7 58

5 38 182 14 18 193 179 135 182 3.89 213 41 47
10 245 213 223 21 - 165 135 212 143 13 - -
15 23 - 3.04 113 - 135 1.06 - 242 101 - -
20 142 - 146 138 - 14 137 - 137 143 - -
25 154 - 171 175 - 148 159 - - 142 - -
30 - - 148 - - 167 18 - - 3.17 - -
35 - - 158 - - 212 3.08 - - - - -
40 - - 129 - - 158 - - - - - -
d 2 PJ/

<e]H\ 745 84 778 94 55 784 492 94 745 793 94 091
5 538 6.73 7.63 7.73 543 754 517 6.73 538 804 773 7.2
10 595 71 741 71 - 8.27 511 7.1 495 819 - -
15 6.62 - 728 7.82 - 8.32 6.09 - 562 867 - -

20 7.03 - 7.74 8.08 - 768 6.31 - 6.03 8.74 - -
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25 7.65 - 796 84 - 799 64 - - 8.65 - -
30 - - 8.35 - - 8.62 8.02 - - 852 - -
35 - - 8.84 - - 8.26 7.75 - - - - -
40 - - 8.39 - - 8.45 - - - - - -
Organik madde (mg/L)
<e]H\ 08 12 09 06 08 07 08 1 08 07 15 13
5 05 09 06 08 09 08 09 08 06 08 12 12
10 04 1 06 07 - 08 08 1 06 07 - -
15 06 - 06 04 - 08 09 - 06 05 - -
20 06 - 04 0.7 - 08 08 - 08 04 - -
25 06 - 08 06 - 07 08 - - 06 - -
30 - - 0.7 - - 06 07 - - 1.1 - -
35 - - 06 - - 09 11 - - - - -
40 - - 1 - - 1 - - - - - -
pH
<e]H\ 774 771 75 767 779 797 778 76 779 784 7.74 7.69
5 768 7.77 752 782 765 795 785 792 79 782 7.97 7.93
10 763 759 747 79 - 783 776 799 7.71 7.76 - -
15 773 - 773 T7.73 - 772 7.72 - 77 765 - -
20 757 - 764 7.68 - 765 7.63 - 758 758 - -
25 759 - 752 76 - 764 75 - - 783 - -
30 - - 754 - - 7.67 7.79 - - 753 - -
35 - - 75 - - 7.68 7.64 - - - - -
40 - - 753 - - 7.72 - - - - - -
(& —V FP
<e]H\ 171 1v5 182 181 185 190 1v8 1v5 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)
<e]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)
<e]H\ 0.01 0.01 001 001 0.02 002 001 O 0.02 0.01 0.01 o0.01
5 0.01 0.01 002 001 002 001 0.01 001 0.01 0.01 0.01 o0.01
10 0.02 0.03 0.03 0.01 - 0.03 0.01 0.01 0.01 o0.01 - -
15 0.01 - 0.02 0.02 - 0.01 o0.02 - 0.02 0.02 - -
20 0.03 - 0.01 0.03 - 0.02 0.02 - 0.01 - -
25 0.02 - 0.01 o0.01 - 0.02 0.02 - - 0.02 - -
30 - - 0.02 - - 0.01 o0.01 - - 0.02 - -
35 - - 0.02 - - 0.05 0.01 - - - - -
40 - - 0.04 - - - - - - - - -
Nitrat (mg/L)
<e]H\ 02 04 03 02 02 02 02 03 02 03 03 04
5 02 03 02 02 02 02 02 02 03 03 03 0.2
10 02 02 02 02 - 02 02 01 02 02 - -
15 01 - 01 01 - 01 02 - 01 02 - -

68
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20 01 - 02 02 - 02 02 - 02 02 - -
25 02 - 02 02 - 01 02 - - 0.2 - -
30 - - 01 - - 02 01 - - 0.2 - -
35 - - 02 - - 02 01 - - - - -
40 - - 0.1 - - - - - - - - -
7DEOR GH J|U+OGe+++ JLEL EDWEHOAQOHPUNWAU > @ %X oDOOGPL

QRNWDVOQGD YH IDUNOO GHULQOGMGHUIQAGHYDHDWVWQQGH GH+LUPHNWE
12 GH+HUOHUL oRN GeG+N ROXS |Q@BuL1E (UHBINMFULLNPHO LOHWNHQOLN

JIVWHUPHPHNWHGLU 12 OHYUHGNXBR3>DMWORPOWUDN DNOPOQDO LOHWEH
EXOXQXU YH |QHPOL ELU ELWNL EWNMIGMIEQ URODUDNW VDIP GHR/Q XGAQD UKX
IDDOL\HWOHUGHQ O QWav OV XmWwOR® QE¥BQLOLUNHQ PLNURVLHPHQV FP —¢6
HQG«VWUL\HO GHUDUMODUGDQ YH DNVMLOWIFKXDMOONWDAL L®H+HUL KHVDS
VHSWLN WDQNODU GD GkKLO ROP®XOPHOA HQWINQ WINVHO LOHWNHQ
KD\YDQ GOuUNOODUOQGDNL D] RYWOLO O ~HWQON ODRIOHAMDP GHULUWLPLQH
RNVLGDV\RQX VRQXFX \HU+VWe+ YH MRE DOWMH VXZHDHUQ@DNOHELQH J|UF
XODUDELOLU > @ VOFDNOO+D ED+0OGOU 6OFDNOON

elektriksel iletkenlikleri de artar [25]. Sudaki

1LWUDW Y+FXW LOLQGH VOLWULW L\RWROMIDO GREHULILPL DUWWONOD HO
VD+00+D ROXPVX] HWNLVL RODELOHWDN LGERONDLNPWDIHD® HOHNWULNVH
UHDNVL\RQD X+UD\DELOLU g]J]HOOWVNXGHNROWERSDDPON\R® GHULULPL KI
GDKD Ne¢o*N EHEHNOHUGH PDYL EHENNVYNHRGURWPXDXOU > @ 'R+DO KDC

(methemoglobinemia) ve nitrosamit/nitrosamin VXODUOQOQ HOHNWULNWHOFPOHWNH
IRUPODUOQD G|Q+UHUHN PXKWHPHDNVOD@QGHUBMHRLIN > @ gOHWNHQ
etkiye sebep olabilir [2]. *]JHULQGH LoPH VX\X WeNHWLPL \RO

ELU HWNLVLQLQ ROGX=+XQD GDL
'R+DO WDWOO VX ND\QDNODUOQGD E KX QN QNFRICPVLDNQWMDUEDOM RXQ X@

0,5 PJ/ DUDVOQGD GH+LOHQ GH+HUOHUGH

EXOXQDELOLU > @ g0oPH VX\X ND\@QIXNOPDO®EG D &GBPREBULQGH GH |QH
,, WX]obud NDUDUVO] \DSOGD R®KSLULDPl-QRPHIRBGO+0 J|U*OPHNWHG
GHPLU ,,, KLGURNVLW IRUPXQD JHQHOKBNNS®DY (BHQGH+HWLQDBUHW ELU
VLOW UHNOLQGIHLAIN |JHOOLNOH GHRLAHQPRPLUWLAH sidal RidRojen iyonu

RNVLW GXUXPXQGD\NHQ LQVDQ Y+RRQGXDQWQ DWRHNO|Oo*VeG+U YH VXGI|

elementlerden biridir. DUDVOQGDNL GHQJH\L HrMeNHULU 6 X¢
L\RQX *UHWHQ YH\D ROXUWXUDQ ELI
'"HPLU PJ/ YH ¢ ]HULQH oONPDGO4®\DADING LWHDNVL\RQODU WDUDIOQ(

LQVDQ VD+00+0QD ROXPVX] HWNLVR D0 XKWPDEW B WXEDW 0 D ROKED O
$QFDN WDW HULN GH+HULQLQ EX GEHHHUWILEY oW DO WHQEDO VXODUGD G
NDOPDVEL\OHEHQVDQ VD+00+0 DoQVYO@O-D@HEQ OQUPLW
GH+HU |[QHUDODOPHBRUWHUN<UH \DSOVOQGD
HQ oRN EXOXQDQ PHWDOOHUGHQ .EUWHJIRHPILHQWRGER N O® DYONIDGDGOU
GHPLUOH ELUOLNWH J|U+O-U PQF@ N<HUXBGWNEX .DOLVBMabIbo <|QHWPH
NRQVDQWUDV\RQODUO GHPLUH RUDQ®ID GDK® G+ ¥MW-QHQ 3.O0WDLoL <
.D\QDNODUOQOQ *HQHO NLP\DVDO Yl
Ham suda genellikle 0,001 PJ / DUDOO+0OQGIDUDPHWUHOHU DoOVOQGDQ 60Q0I
EXOXQPDNOD ELUOLNWH PJ.UIMWHWAUMWLQGH \HU*VWes VX NeW
NRQVDQWUDV\RQODUGD PDQJDQUOQOPOQHGQRUOBGHUBB\- HUEQLQ
RNVLMHQVL] RUWDPGD VX\OD WHPDIWVWDNWO@GEDNWHWLOBBE® UH VDKL
DNWLYLWHVL V|]] NRQXVXGXU > @ JHUPNWGH:BHOIQUUWLOPLUWLU %X ol
DUDQ NRQVDQWUDV&ERQ#DDIGD LVWBQORHQGDNL WP QRNWDOYDQGD S+
ERUXODUGD YH oDPDGOUODUGD OHM-+ORPYHWOHGSH@ RDROS0oO YH DUN
PJ/ JLEL G+GsN NRQVDQWUDV\RQODUGD VX
ERUXODUOQGD WDEDND ROXUWXUD)BIWNAKO ERRGIVDIODOLGDD |00+ OHQ V
VL\DK o|[NHOWL KDOLQGH ELULNPHRBSEREYDOU GHEMNORIPVO GHNLO !
*ONH UHQN GH=+LULPL\OH ELUOLNWH<ORBNQ@HBGRUXQODU
sebebiyle, P DQJDQ LoLQ PJ/ VWDQGDUW GH=+HU
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UHNLO YDUNOO GHULQOLNOHUGHNL VOFDNOON GH=+LULPL P]



S YILDIZ/APJESG6-1 (2018) 6475 70

UHNLO YJDUNOO GHULQOLNOHUGHNL EXODQONOON GH=LG4LPL
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JHNLO )DUNOO® GHULQOLNOHUGHKRULWBWAELAGLPL PHNKQVE
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UHNLO YDUNOO GHULQOLNOHUGHNL RUJDQLN PDGGH GH=LULP
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60FDNOON RUJDQL]PDODUOQ VXOWMD\®DNNLO DRP-DNNWIPEMO .LUOHQPHPL
HWNLOHPHNWHGLU deQN- VOFDINOEPN G RWYAMASYDNIN dRaeVeQLO
RUJDQL]PDODUOQ We+P \DUDPVDOPIDNWLYDWEQEDGQOU 2NVLMHQ NRC
HWNLOH\HUHN IL]\RORMLOHULQLQ PGHYRLRHVLDGIWOKRYBHS GeliW+++QGH
olur. WRSOXOXNODUOQ \DUuDP IRQNVL\R
HWNLOHQPHNWHGLU %DUDM J|O DC
6X RUWDPOQGDNL ILILNVHO EL\ROrRlshaN? YPJ MLPUDWBD@MGD |O0*OPsGWsU
VeUHoOOHU VOFDNO®IODRG HWNKYNVEBH:-HU EBQUHPWDODU LOH X\XPOXGXU :
VOFDNOON ELUORN NLP\DVDO ELOHUGL+LQ 0|]*Q+UOe++eQ-
DUWWOUDUDN NLUOHWLFLOHULQ &/o®GDNNVXPO@) NoFRWPO LOH GH]H
* ]JHULQGHNL HWNLOHULQL o R + Difalvetan (THBIX GeDhdléagetiksit (HAA)
PLNUREL\RORMLN NDUDNWHULVWINBIHUEH]HQOHFDWOROOQODQ +U+QOHU
PLNURRUJDQL]PDODUOQ E«\¢PH YH RIDMOIXP ¥QDHQHGHQ ROPDNWDGOU >
* ]JHULQGHMWURNR QHGHQL LOH VEEDNQOGR+DO RUJDQLN PDGGHOHU
ED-OPOOGOU 6OFDNOON DUWO GO RO XPXO DLWDQX\RROUQDELU |QFe E
GHJHQIHNVL\RQXQ HWNHQOL+L DUWDIHQPH®WHBXU .ORUODQPOU Lo
oDOOUGPDGD EDUDM \«J\CQGH VORDNGOR GR+DO RW DLW ®G 6 G/HO HY H
DUDVOQGD GH=+=LUPLGWLU "HULQ:GHUYGIHULQLOGHNGHQ EHUL HQ ID]OI
VOFDNOONWD D]DOPD J|]JOHQPLU RONOQFBHUBMHQ SHEWDIE)®H®PH |JHOOL=L
SOFDNOOB f\H GeUP«uW+U %X GXUXRBeSKHIOUL J|U*OHQ '<h WeUOHULGLU
oDOOUPDODU LOH EHQJHUOLN J|VMHSMHANIMICEDLWUDSO@DQ DQDOL]JOHUG
dbodbuPD \D] D\OQGD JHUOHNOHUWLAWDRUBD/ BDUDVOQGD EHOLUOHQPL!
VX\XQXQ VOFDNOO+0QOQ \NVHN RPPODRCEAN EHQHOHIULQGH YH GDl
GXUXPGXU $\UOFD VOFDNOON EDWDWO® ONDHI@IUEDD ROQGQOLN PDGGH Pl
RUWD NOVPD RUDNQEN GBKBUGHGDKD \*NVHN EXOXQPXUWXU UOHNLO
|O0sOPUW-U %XODQONOON GH+HUOHULQGH LVH
EXOXQPDPOUWOU 6DGHFH EDUDMOQ
YJDUNOO GHULQOLNOHUGHNL EXOD QIHNDDONQ @ 2 PWH ROHDQQNEXIODQONOO
PDGGH SDUDPHWUHOHULQH DLW BHNKQBHO -NBMHNMOORPOUWOU %DUDN
KDuULWDODUO vOUDVO\OD UHNLO NAWLRO QYWD NGINGCON TG \XNDUOVOQC
YHULOPLUWLU DUWOPD WHVLVLQH DOOQDQ VXGD E.
ROXUWXUPDPDNWDGOU 'LSWH ROXU
goPH VX\XQXQ d2 NRQVDQWUDV\ROXUHNBWOQONRHEXODQONOON GH=+HC
yeterlidir ancak derin depoDUGDQ OoHNLOPHVL
UHEHNHGH ND\GD GH+HU RUDQGD4PBRUFRIRUJIDQL]PD
JHOLULPLQLQ ROPDVDO \D GD X]XQ VeUHOL \«NVHN VX
VOFDNOO+0QOQ V|] NRQXVX ROPDWX KDOD@BBGDLOPH.YDV NHQWLQLCG
VX\XQGDNL RNVLMHQ NRQVDIKWUDYERQOQUADUGOODQGO=+0 (\C
G*UHELOPHNWHGLU IDUNOO QRNWDVOQGD KHU PIGF
DOOQPOUWOU %X QXPXQHOHUGH V.«
'eGeN RNVLMHQ NRQVDQWUDV\RQGHUEXOBQRONBOIN 0Q )H 12 YH RU
anoksik NRUXOODUGD LVWHQPH\HQ D@IM®HORBILN\DSOOP @ubMiKtd) %X DQ
PLNURRUJDQL]PD JHOLGULPL VHEHELEOHDM®B\X QY HYMHWLED+0O VX NDOL)
NDOLWHVLQLQ ROXPVX] HWNLOHQPHVE®LAGD®MHQOVOQD EIRUXRQXo0ODUOD
Y H WHVLVDWODUGDNL NRUR]J\RQQWEPOHDU®®HIQ RODQ .ULJLQJ
JIVWHUPHNWHGLU %X PLNURRUIDR@WIHPDODHGBH+HUOHQGLULOPLG
mangan indirgeyen bakteriler siyah mangan GHULQOLNOHULQGHNL VX NDOLWH\
totuODUO +UHWHUHN ERUXODUGD G DELQQ & MHKD YRIOWOIAV XUXOPXUWXU d
oDPDUOUODUGD OHNHOHQPH\H VHEHS RO DEQ OPGIDNQMHGED \«]H\GHQ GHL
[33]. PDQJDQ GH+HULQLQ DUWWO=+0O )H Gt
ELU GH+LGULNOL+LQ J|U<OPHGL EHO
%X oDOOGUPD GD EDUDM J|O DODQOWVGRQGIHIURQODOHNEPBGGH PLNWDUO \
RODUDN d 2 DoOVOQGDQ |QHPOLkerEbeli I@rHedridlikien sonD oRN [1D]OD
J|JOHQPHPLGUWLU '"HULQOHUH L@H-GURHHPHNWHGLU S+ GH+HULQLQ C
GH+HULQGH ELU PLNWDU$S\DOWD U0 JRI@MHWQIPNGVBIH+LULP J|VWHUPHGL=+L
EDUDMO EHVOH\HQ GHUHOHULQ EDBRGDNIL U220 NEH-HR@HWADRGDVOQGD
d 2 GH+HUL EDUDMOQ RUWD NOVO®PWHULIOQNHIL WH]*@PKD RNVLMHQ GH+H
\eNVHNWLU OHNLO %X GXUXP RMVIUMEBFHIINQLNQJI|JOHQPHPLGUWLU !
GHUHOHULQ EDUDMD WDUOG@@+O-HU LW @®G@O@ QD GR+UX ROGXNoD [
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GH+HUL LVH J|O NHQDUODUOQGD RUWD NO*RMRBRPJH DXRBEXODU %DUDN
\eNVHN GH+HUOHUGH |O0+OP«GW+U %RGUXP Q6.QP\)DYDNMR g]HOOLNOHU
Ekoloji 13 (50), pp. 14L7. 2004.

. $<1%$.d$ > @ $0ODU $ 3.D\DER=WDK\DDYUDQ(
) %DUDM *|O+QGH <DGD\DQ /HXFLVFX
> @ g )DNOR+OX 0 $WDPDQDOS I1LAMBPLvE TiNeD trda (L. QOQ- %L\R

*]OOHULQGH 7RNVLN ODYL <HULO {0 RORWMLVIONBWRQH %LU $UDGWOUP
hQLYHUVLWHVL dHYilOit: $%bc®L POHUL *BUULYQLYHUVLWHVL )JHQ %LOLPO!
Pp. 6571, 2011. Ankara.1998.

> @ $ .XUQD] ( OXWOX 8QFXPX[¥4 RP:TO rinitasan, and T. Viraraghavan,
S'HWHUPLQDWLRQ RI :DWHU 4XDOLW&KDUDPWMWHIUDWIOREQ DQG &RQFHQV
+HDY\ OHWDO &RQWHQW LQ 6XUIDF Aluniinthid durkhy OtinkBgHPWHU 7UHDWPHQW’
3RQG .DVWDPRQX 7XUNH\ =~ 7XUN IWakr SR 2801) ppO99R6, 2002.

Agriculture - Food Science and Technoigg > @ 6 6DYFO 0& %D-GDWOO 3goP
4(10), 907913. 2016. %D]O $+OU OHWDOOHULQ 1L 0Q
> @ 1 3RODW 7 $NNDQ 3$VVHVVRPQGWORIOVYGID YOHNDQVDO $QDOL]JOHL
Metal and Detergent Pollution in Giresun Coastal $QDGROX %|OJHVLQGHQ gUQHN %L
=RQH 7XUNH\’ JUHVHQLXV (Q BIOUXROTHYWDNHPOL 0K YB )HQ %LO
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Sn&X .17 .RPSRILW .DSODP DO DhRgM8iOVH (OHNW
hUHWLPLQH $NOP <R+XQOX+XQXQ (WNLV
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[harungul@duzce.edul tr
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g]

Li L\RQ SLOOHU J+Q+P+]GH DUWDQ ELU LOJL LOH WDUOQDELOLU HOHNWUF
Jeo ND\QD+0O ROPD\D EDUODPOUODUGOU $QFDN WLFDUL SLOOHUGH D¢
performans sergileyememesinddaROD\O DOWHUQDWLI DUD\OuOoDUO GHYDP HWPHNW
NRPSR]LW DQRWODUOQ NXOODQOPOQD \|QHO L NCouMma@GliukNT GakviyeiDSOOPDN
NRPSR]LW DQRWODU SXOVH HOHNWUR XQOXNXMQX@ HH WOIH FCLUHKWYIE B 0 H® RIOD
NRPSRJLWOHUL SLURIRVIDW EDQ\RVXQGD EDNOU DOWOON ¢«]JHULQH SXO\
hUHWLOHQ NRPSR]LW PDO]JHPHOHU &5 EXWRQ SLOLQGHKt&@MRW RODUD
$QRW PDO]JHPHOHULQLQ ILJLNVHO YH HOHNWURNLP\DVDO |JHOOLNOHU
6RQX00ODUD JJUH NHVLNOL DNOP 3& HOHNWURNRPSR]LW NINS®PDPDGD
\R+XQOX+X LOBUKURWIRFPHS®G® DQRW J|VWHUPLGWLU

Anahtar kelimeler: /LW\XP L\RQ SLO DODGOP NRPSR]JLW NDSODPD SXOVH HOHN\

Effect of Current Density on Production of SRCu/CNT Composite
Coatings By Pulse Electrodeposition

*1+DUXQ Mehmet Uysal,
!Gumusov@Vocational High SchoglDuzceUniversity, Duzce
harungul@duzce.edu.tr
2Sakarya University, Faculty of Engineering, Department of MetallurgicaMatdrials EngineeringSakarya
[mehmetu@sakarya.edy.tr

Abstract

Li ion batteries have started to become the main power source as batteries that can be recharged for portable
electronic devices with @ncreasing 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 compositedas. In this study, composite anode withGGnmatrix is

fabricated by pulse electrodeposition and the effect of current density is investigated./SNT composites

were prepared by electroplating on a copper substrate in a pyrophosphate bath.it€amgtesials 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 result§uh€IShH
composite ande showed the best cycle performance in the pulse current (PC) electrocomposite coating with a
current density of 80 mAcH.

Keywords:Li-ion battery, alloy composite coating, pulse electrodeposition, current density.

*Sorumlu<D]DU *XPXVRYD OHVOHN <eNVHN 2NXOX '¢]FH hQLYHUVLWHVL '°]
|harungul@duzce.edul tr

Doi: 10.21541/apjes.336125
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Tablol .HVLNOL DNORX3&8 7LORIPG®]LW NDSODPD sUHWLPLQGH NXO00ODQOO
NRUXOODUOG

.DOD\ NORYML) 6Q&0 50 50 50 50
%DNOU V.Q)I@/LY &X62 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
.DSODPD V-UHVL GDN| ¢ 5 5 5
S+ * 45 4,5 4,5 4,5
3LN $NOP \R+XQ9X=X 20 40 60 80
60FD!CPON 30 30 30 30
g0 dHYULPL 50 50 50 50
Frekans Mhz 100 100 100 100

%DNOU DOWOON a GDNLND ER\XQMAX/2200/P€ Bodel XOuOQO FLKD]O LOH ;
VRO*V\RQXQGD GD DNWLYH HGLOPQOWLUL \DBSiapRenaxitdndlzemeler
EDQ\RVX VeUHNOL RODUDN PDQ\HV&5N Y HEHXX\WORQUBNVBRIQQEH DQRW RODUD
RODUDN NDUOuUWOUOOGO 80WUD \eRKrakhnyasal Blardk kestedidi.O awWw O U P D
LOOHPL 83 @& GHKD]I+] YH : Jeo

GDUWODUOQGD JHUOHNOHUWLULOGL %8HABURB® 19 ( I$OP, I B
NXOODQOODUDN JHUOHNOHUWLULOHQ NRPSR]JLW NDSODPD
oDOOUPDODUOQGD DNOP \R+XQODOB@MXQIGHWNIOHUGLPL YHULOHQ HOF

LQFHOHQPLG ROXS  -20lmakYH P$EPQ\RVXQGD GL+HU SDUDPHWUHOHLI
*]JHUH <0 IDUNOO DNOP \R+XQOX+NGEDNORPSRPPAV B&IDYRWE PELE DNO
kaplamaODU «UHWLOGL .17 OHULQ\R-NDES@ONPO®DUOQGD *UHWLOHQ DQRYV

WDEDNDVOQGDNL GD+000OPOQO IIDUMNVAHGDU PIHMD O LINR UL Q GH=LULPL 1
.17 OHULQ \¢]JH\ LUOHPL ELU QLWUSN ®VYW $ WRGUXNDQ\RODUGD GH=+
DVLW o|]JHOWLVL NDUOUOPO NXOODYOODUONOHUOHNOHUMHLUL®SGEP ROD
$UGOQGDQ .17 OHU HOHNWUROLWG |UW QGOHNGD-EWN ®B@®P \R+XQOX=+X
Elektrolitik  kaplamadan  sonra, kompozit JDUNOO SLN DNOP \R+XQOX+XQGD
NDSODPDODUOQ \¢]H\ PRUIRORMLVISXL.LDFNRPERNWoIDQRWODUD 6(0
WDUDPDOO HOHNWURISGMBIAOURVNRSOSH@POU YH HOGH HGLOHQ PLNUR
/19 NXOODQOOGO hUHWLOHQ NRPISRNWO DDRAVOBUD@P LD W LU
\DSOODUOQD LQFHOHPHN LolLQ 5LJDNX PDUND
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UHNLO  .HVLNOL DN GRCUKKT ko@pozit Wapimad @ONOP \R+=XQOX+XQXQ HWNLV
JJUsQWsOHUL ][ 6(, D P$ FP E P$ FP F P$ FP YH G P$ FP

UHNLO 9YGH YHULOHQ YH SLN DN ®c&utuRiaXRienmnekeQu@NOP \R+XQOX+XQXC
etkisi incelenen SICU/KNT kompozitanotlara ait Duwbub LOH DIDOPDNWDGOU <
6(0 JJU*QW*OHUL LQFHOHQGL+*LQGHRBYQYORNSDN ODNOP WDQHFLNOHULC
\R+XQOX+X LOH ELUOLNWH NDSODPRD\WGEDNBQQ LMUQNERM ROXUXPX
JLUHQ .17 PLNWDUOQOQ DUWWO+OH ODRHONDWAGPDNWDG@U $\UOFD GLIe]
$UWDQ .17 PLNWDUOQOQ DODUOPSPRWHMIOUGHL7ROXUDQ WDQHFLNOI
WDNYL\HOL HOHNWURWODUOQ HORG®X-RNLPAOVQPHNROBEDGK> @ 7DC
SHUIRUBDHWKRIQH\HFH+L ELOLQPHNWBPGPDQOQ ELU EDGUND QHGHQL G
$UWDQ DNOP \R+XQOX+X LOH NDSOREXMOXKBEKDNDWOGQDVSHUVH .17f0OHL
JLUHQ .17 PLNWDUOQOQ DUWPDVDODUWPBWWORURUBWOQRPD WDEDNDVOC
JeFeQ DUWPDVOQGDQ ND\QDNODQRBWWDRMHWQ HBLUGHNOH\LFL RODU
$\UOFD DUWDQ DNOP \R+XQOX=+X L QalayrHDNDONWBIHWDLESGBRNDHULQLQ \+]H
WDEDNDVOQD ELULNHQ LQGLUJHQB]® CPMEVDION NHR REDFRS\DYMOW D QdFH NLU G H N
EDNOU PLNWDUODUOQGD GD DUWORIUKUIRRYRDYPOGXRO DoPDNWDGOU $«

NRPSR]LW DQRWWD &X 6Q PHWDOO!
$UWDQ DNOP \R+XQOX+X LOH ELU®RIOVWIMPXRW LJI|WDKWEGRHHN DPDFO\OD Nt
RODQ NDOD\ PLNWDUOQOQ DUWRPQWMIHRIOBH YUHW IFRGEHFEP SLN DNOP \R-
HOHNWURWODUOQ HOHNWURNLP\DYDBOWS EWKRTERINOZO BldkitbtaGXIRD
GLUHNW RODUDN HWNLOHQPHNWHG&KIEL BsQO@ODyE ;36DQRDOL] VRQXF;
DUWDQ DNOP \R+XQOX+X LOH DODYBHPLOEPWMUNNULQ WDQH
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UHNLO .HVLNOL D~N(~)F: 3& ~\TCQSWNPED_NCGDI-W YR+ X QROBX FRUKED kernpd2W LOHQ 6Q
elektrottan elde edilenXOU O QO NOUOQOP |UJsOHUL ;5

UHNLO 9YGH J|U*OGe+e+ JLEL P$ FFHSPRNODROPDUGD DUDUWOUPDFOODL
\R+XQOX=+X LOHCWKNTWkbrGpdz2 6Q oDOOUPDODU J|[VWHUPLGWLU NL VDI
elektrottan elde edilen XRD pikleri nhumunede YH GHUDUM HVQDVOQGD KDFLPVHO
kalayve DNOU \DQOQGD &X 6Q ID]JOQORGPDWIUOMADQWRSDNOMRDODUOQCG
RUWD\D NR\PXUWXU .RPSR]LW DQRWHWEMHG OWORD@ ;SROD\O G0N HO
DQDOL]LQGH .177H DLW SLNH UD V WRib@nams PsdrgilahizkiedivieX @& Q Saf kalay
QHGHQL LVH \DSO LOHULVLQGH \HHVDYD® EHOHOWMPRYW®DUOQ EX W
\DGD ELOHULNWHQ D+OUOONOD PHHOR GEEKQVODUIQOQ GelGs*N oHYULF
PLNWDUGD ROPDV® @&XikiXPXQGD ;ROPDVOQGDQ GROD\O EX W-eU
WHVSLWLQLQ oRN NROD\ ROPDPDV&GEOURY P@Q WIDINOIL@O Dielk\Vgak OUPDN D
SLN GLGGHWLQLQ \*NVHN ROPDVOoRNGIHFHO NDIBE WDPPQGHQ YH VRQ \0«
WDEDNDVOQGD \HU DODQ EDNOU LNRODX IEDGOOQ NHLOQIB RO ELUL DODUG
]JDPDQGD powob6+0Q GD EDNOWDNOPHOD BGPOR]LW DQRWODUOQ -
ND\QDNODQPDNWDGOU YH fOLN %X oDOOUPDGD GD EX DPBPFD \|QHO
GH+HUOHBRQGIYVENUPHWDOLN ID]OQRQISLNQRWIODU NHVLNOL DNOP 3§
JJUsOPHNWHHLUDOBPQOPODUOQGD ®&XHBWQLOPILIN YHNOF \R+XQOX+XQXQ |
EHQ]JHUL ELOHULNOHU GH ROXUDEIDIPHNWHOPOIDWHDW $UWDQ SLN D
HOHNWURNLP\DVDO SHUIRUPDQV EDNRESPOOCDWREDNDVO LoHULVLQH
ELOHGL+L GDKD \*NVHN SHUIRUPDQFRLWAMDILOBO6ANWHELW OUD DODUOP
%LOLQGL+L JLEL &X 6Q LQWHUP&EXWBHQLNQWHO®EQYDOLN ID]JOQO GD
00 XU XPX-Cu/klNJ kompozit elektrotun GROD\O HOHNWURWXQ SLO SHUIRUPE
NDSDVLWH NRUXQXPXQX YH dkDDUDHPBOOPORKO ELU G+G*QFH RO)
DUWWOUPDNWDGOU @gQWHUPHWDOUMWIDQHQOXNRPZRJLGMH HOHNWURW:
NDSDVLWH NDUDUOOOO+0Q0O YH NRREXIXPXQQDUBRMWOOPRODUDN VHU
\|QHOLN \DsO6oPOu DODGOP PDWHONNOWURNIHPNBAMIROW SHUIRUPDQVO W
oDOOUPDODUO V|] NRQXVXOROXS Radiki RaPadied WDOIOPH VDUOVO JUDIL+L OH
ELOHUGL+LQ V|] NRQXVX DYDQWDMWGIDUOPIQIWLRUWD\D

NRQPXUWXU > @
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UHNLO .HVLNOL DNOP 3& \|QWHPL\OH YH IDUN-OUKNTLKdm@mntOP \R+XQ
HOHNWURWODUOQ HOHNWURNLP\DYBODUSRUIRYPD@MVORIQ JIVWHUHQ .DSD

.HVLNOL DNOP 3& \|[QWHPL\OH «UNDO\DQY HEBEBEHENOHUPHVLQL |[QOHPHC
DNOP \R+XQOX+XQXQ WKNIVL LQFHOHBMWMQ 68 J|JUHUHN NDSDVLWHQLQ C
kompozitanotlardan elde edilen kapasiteH Y U L P JHOPHVLQL VD+ODPDNWDGOU > @
VD\OVO H+ULVLQH JJUH DNOP \R+XQOX+XQXQ DUwOubQD

ED+OO RODUDN HOHNWURW SHUIRBPIVDVO REOPOWRN XD X+X LOH NDSDVL
ELU L\LOHGPH ROGX=+XQX V|\OHPHNH®RRIMNDGH NDWNHQ RODQ ELU G|
DNOP \R+XQOX+XQGDNL DUwWOUGUD EDOMHROBWDID IND SDIVRWMNUXPXGXU Ul
GH+HUOHULQGHNEQMVXGWOUG M|y DNO®PDQDOL]LQGHQ &X 6Q LQWHUPHW
\R+XQOX+XQXQ HWNLVL NDSDVLWIDXIGHXHUOQHUWPRHRWHGLU /LWHUD
DUWOUOQOQ \DQOQGD HOHNWUR W X300 DDI@PLP DRYRMWXKLY GID YHIDHINOWMURW RO X
RODUDN GDKD NDUDUOO KDOH JHORBABQGDH. QVMWHWGAHMW DOLN ID] ROXU
JIVWHUPHNWHGLU g]HOOLNOH Y HN D UPD$U B OIDN@®P VD+ODQPIDIVO J|VWH
\R+XQOX+X LOH *UHWLOHQ DQRWOOH\G DONMHIMULDWHQ LEEL erdktratii R O X G
kapaVLWH NDUDUOOOO+0Q0Q GL+HNOHDUQW®W+®|YH oGIYKDP-12°27s DUWOUO
\eNVHN ROGX+X DQODUOOPDNWDGOU@3LOXRXQD RUHFDHIMORODUDN \DSOGI
GH+HUOHQGLUPHGH VDGHFH \+NREGWD ROSDVQWH KRPRMHQ GD+0O0OD
GH+HUOHULQLQ |QHPOL ROPDGO4OLQGHNR-MmBAHD\OQ /L LOH UHDNVL\I
EXOXQGXUXODFDN ROXUVD KDWWWDHUENHWHN NDDPD D LWBHabd 20 GO0+ 0 QG
GH+HUOHULQGHQ ]L\D @&+ @ DRI W 6 INDQDWDRODP-DO VOUDVOQGDNL KDF
|QHPOL ELU GDYUDQOU ROGX+X G«IWQRFE>RYEDPDWDQGIHLNRO DOPDVOQG
DNOP \R+XQOX+XQXQ SLO SHUIRUPDQWOQDVIQHPHELBILW %X VRQXoODU
HWNL \DSWO+0 DQODUOOPDNWDGOWNBDRURGEQ XDUHNEBWANDHRUOO HOH
NDUDUOO HOHNWURW GDYUDQOuOVHWHHUSQBHIHROBUDONQDH®WDQ LQWHU]
\eNVHN DNOP \R+XQOX+X RODQ (CUBSAE? WILONMDSODPD WDEDNDVOQD JL
«UHW L-@HKNT6KOmpozit elektrottan elde PLNWDUO JI[VWHULOHELOLU
HGLOGL+L QHW RODUDN DQODUOOPDNWDGOU %XUDGD DUWDQ

DNOP \R+XQOX+X LOH NDUDUOO HUWIMNWHEWSGBEBYUBQOGOGDQQUWDQ DN
DUWPDVOQOQ ELUNDo VHEHEL V|INNBQRVRQP@DWIDAH ER\XWX GD D]D
$UWDQ DNOP \R+XQOX+X LOH UHNL®EDSTIOH VGHGHMOEPB @LNWDU DUWOUG V
GH ROVD J|U*OG+~WDEBDINDNDSQDPILUBQH ER\XWXQXQ N+0o*OPHVLQH EI
.17 PLNWDUO ELU PLNWDU DUWPQOHDEXLRDEDIWHQQHY ELU \«]H\ DODQC
DODUOPODPD YH GHDODUOPOD VOUONHQGORNGIXDFIGIWHDO IDJOD NDOD\
DUWOU YH D]DOPDODUGD LKWL\DoUBNXLOGBHQ/IKRERMMHBABDNVLI\RQD JLUH!
SRUR]JLWH GD+0006POQO VD+0ODQRDIU DD OHOMMNIDURWXHQ@QLQ HOGH H(
ER]XOPDVOQOQ |Q*QH JHOLOPLUWLBOPWNWDG.QUIOHWOFD DUWDQ DNOI
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LQGLUJHQHQ PHWDO PLN¥a&DUO GD |[HHGDALLNNGDHH DNOMHMYMURLP VRQXQGD
RODQ 6Q DUWWO+-0QGDQ GROD\O WDGEDWLWEHGPDUWROBDW® NRPSR]L\
NRQXVX ROPDNWDGOU HOHNWURNLP\DVDO NDSODPD LOH =L
\HWHUOL DNWLI PDGGH PLNWDUOQ
.HVLNOL DNOP 3& \|QWHPL\OH +UHMWIHMHQ YNDSENRQ QDQRW+S.Q \D
DNOP \R+XQOX+XQXQ HWKWIVL LQFHIHG@HWO &GIQ-LQH \D GD NDSDVLWH
NRPSR]LW DQRWODUOQ HOHNDWORNDLPLDWEFEN Ge]J]H\GH LQWHUF
SHUIRUPDQVODUOQO GDKD QHW ROXDIPDGERIDEQOPHIN+ODQDELOLU 7.
DPDFOW@NDYRIVLWH H+ULOHUL YHUIGCRROAB\ G OKSG Ge<G+N SLN DNOP \R=XQC
P$ FP SLN DNOP \R+XQOX+X LOH RYHWLCGHR BYOP \R+XQOX+XQGD G-
Cu/KNT kompozit anota ait voltaNDSDVLWH H+UL&H+HUOHUL YH Geu+N Nded@UOOOO=+D
UHNLO YGH J|[VWHULOPHNWHGLU HGLOPLUWLU %LU GL+HU SLN DN
SDUDPHWUHVL RODQ P$ FP SLN DN
LOH «UHWIKEHOMAEZIt anota ait voltaj
NDSDVLWH H+ULOHUL oHYULP VD\O
UHNLO YGH YHULOPLUGUWLU

UHNLO .HVLNOL DNOP 3& \[QWHPL\OH YH
P$ FP SLN DNOP \R+XQOX+X LOH *UHWLOHQ 60Q
Cu/KNT kompozit elektrota ait Voltalapasite
H+ULVL 5
UHNLO "HVLNOLntemipe ve 80 \|

.RPSR]LW DQRWODU NXOODQOODUDN KBjo®ldhb N B L\ WRPRF+ X LOH !
KeFUHOHUL9 DUDVOQGD oHYULP EWKN %ﬁmpozﬂeektrota ait Voltafapasite
VDELW DNOP \R+XQOX+X LOH WHNWLYELOPLUOHUGLU
.HVLNOL DNOP 3& \|QWHPL\OH YH P$ FP SLN
DNOP \R+XQQOH <UKWKNITHQ 60Q UHNLO TGH YHNDSBI‘QLW’PFRON\ED.NLVL
kompozit elektrota ait votaNDSDVLWH H+ULOHRUE GBH SLN DNOP \R+XQOX=+X LOH

Y H OHYULP GH+-HUOHUINRBEBIkWUNMOMNWURWD DLWWLU $U
GHUDUM NDSDVLWH GH+HUOHUL J|BPcPONREEM)YHyPHUQPUM NDSDVLWE
LQFHOHQGL+LQGH DUWDQ oHYULP NB18GH Lo WNHRWWIQuHDUWDQ oHY
GH+HUOHULQLQ DIDQGB¢®0@BWWRABRBEINVLWH GH+HUOHULQLQ G-UuPHVL
gON OHYULP VRQUDVO HOGH HGLC%Q‘PQ;%Q)RJWWB@@VLWHWDQ OHYULP

GH=HUL P$K J RODUDN WHVSLWGCHEDPYM NRED YW HG GH+-HUOHUL
OHYULP vD\OODU®QD ED+00 RODUDNK JHuD Wig’s PGP oHYULP
GH+HULQLQ YH OHYULP VR&R@é@G\R)UD\P&"oé YH OHYULP VR

YH P$K J GH+HUOHULQH NDGDLB$GK0 wRODUDN HOGH HGLOPLGW
DQODUOOPDNWDGOU gON GHubDUMVDIEMP WéBDQ@%@@%@M NDSDVLWF
\eNVHN RUDQGD /L L\RQODUOQOQ KhiYWEL ROPP oHY!
temel nedeni anot elektrotun kristallerinin NDSDVLWHVL XQXPX GH~- HUOHU'—
ER\XWXQXQ Ge+G*N YH \¢]JH\ DODQ®EQOVH \eNVHN RODUDN KHVDSODQPOI
ROPDVOGOU > @ %XUDGDQ KDUHNMRXPOQWGPRPGHOAQODUOODELOHFF
OHYULP DUDVOUGML  GNDHWOHYR\OVO LOH NDSDVLWH NRUXQXPX D
NDUGOODUWOUOOGO+OQGD G H DM L P IRIXQG By MR ODGON GH=+
NRUXQXPXQXQ ROGX+X DQODU@EBHNWHEBY P$ FP SLN DNOP \R

Y H OHYULP GH+HUOHUL LoLQUBWW® QodeWWURWR@XQGDNL N D
VD\OVO LOH VOUDVO\OD NDSDVLWHNREYX¥KPXBNGDUON RODUDN L
YH RODUDN HOGH HGLOGIHVY y@HR L)(HﬁNOLP$ FP SLN DNOP \R=

D]DO G-I DOPDNWDGOU .DSDVLW UK EMLQO N@ HYWURWXQ OHYULP
NRUXQX LVH fGLU 3LN DNOP
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DoOVOQGDQ P$ FP SLN DNOP L\®H%QBW+XOHQ HOHNWURWODUGDQ G
GHYHQGHQ P$ FP SLN DNOP \RREDODXNMX DQODUOOPDNWDGOU .DSI
GH+HULQH oONOODUDN \DSOODQ HDHROWDOR®&DQ HEWNBLEEH-OQGD LVH

OHYULP VRQXQGDNL NDSDVLWH NRRERIABRQXWWEQUoHYULP vD\OVOQD
PLNWDU DUWWO+0 DQODGOOPDNWDNDSBWD VW HMLWNRIUX Q M PXDLG™H £ BIIU@ H U L

GeGN ROPDVO GD DNOP \R+XQOX+XQXHYULP LoLQ YH oHYL

P$ FP NDSDVLWH DUWOQO@D \HWHUOL NDWAKEF X WHVSLW HGLOPLGW

ROPDGO+O0QO RUWD\D NR\PDNWDGOGABH+HUOHU 0O6ub+0QGD P$ FP :
\R+XQOX+XQGDQ P$ FP SLN

%X DoOGDQ GDKD \HWHUOL DUWQARO6XQUR+XQOD DBINKDIGO+OQGD NDSD
GDUWODUO J|UPH DGOQD DNOP \R+GROXNXOBWIWIN GDKBnGH +4640HULQG
DUWOUOODUDN P$ FP oDOOUPDGBUYHDOSABOPOHMWNODLGDU oONWO=+O J|U
P$ FP DNOP \R+XQOX+CUKNIH *UHWLM®RHXBQX+XQXQ NDSDVLWH NRUXQXP
kompozit anota ait VoltakaSDVLWH H=ULVL OHWINQVL ROGX+X J|]JOHQGL+LQGHQ |
fGD YHULOPLUWLU P$ FP DNOPWRUERQGORSDH o OGOODQ DNOP \R+XC
*UHW L OHQ/KNT6Q kompozit anot DUWOUOOPDVD KXVXVXQGD ROXUDQ
HOHNWURNLP\DVDO SHUIRUPDQV RP® BPN DENOBHRMIG BRI +HULQGH GH H
GeU*N RODQ SLN DNOP \R+XQOX=+¥XUHW k6 ®IOIHULLLY H

NO\DVOD GDKD «VW+Q ELU SHUIRUPDQV J|VWHUGL=+L HOGH

edilen voltajkapaVLWH JUDIL-LQGHQ QHWQ RONDWHIW DNOP \R+XQOX+X GH=HL
DQODuUOOPDNWDGOU P$ FP DNOPS$S\RPXEALX+PNOPM \R+XQOX+X LOH -l
* UHW L-OUAKQIT&k@mpozit elektrotun voltaj Cu/KNT kompozit elektrota ait voltd§apasite
NDSDVLWH H+ULVL GLNNDWOL ELU HHNLWQIG & HNLFH OTMHGL|VIVDHBIHL OPHN W H
DUWDQ oHYULP VvD\OVO LOH NDSDVLWH GH+HUOHULQLQ

GeGWe+e IDNDW PH\GDQBkipHOHQ G+lG+G+Q |Q

DNOP \R+XQOX+X GH+HUOHULQH RUDQOD oRN GDKD

GeG*N RUDQGD NDOGO=+0 J|JUsOPHNWHGLU

UHNLO .HVLNOL DNORe 89& \|QWHI
P$ FP SLN DNOP \R+XQOX+X LOH -l
Cu/KNT kompozit elektrota ait Voltakapasite

. H+ULVL
UHNLO .HVLNNOL DNOP 3& \|[QWHPL\OH YH
P$ FP SLN DNOP \R+XQOX+X LOH (y HWNOHN BROP \R+XQOX+X GH=HL
Cu/KNT kompozit elektrota ait Voltaapasite P$ FP SLN DNOP \R+XQOX+X LOH -l
H-ULVL Cu/KNT kompozit elektrota ait volté§apasite

o _ H=ULVL J|VWHUPHWNMWHGLSLNLDNOP
$UWDQ oHYULP VD\OVOQD ED+0O0 ROXYOK-HOGBHHIGCUAWROHQ HOHNWLU
NDSDVLWH GH+HUOHUL VOUDVO\OR+XQ®RKXQGDNL DUWOUD ED+0O
mAh/g, 471 mAh/g ve 346 mAh/g olarak elde ND\OSODUOQGD |QHPOL |Oo0+GH D]DO
HGLOPLUWLU (OGH HGLOHQ EX GHpISOOMDY IHAROGHPH VRQXFXQGD
DOOQGO+0QGD OHYULP VRQXQGDN®HPGCHRAKIQDKR@ X LGG/KNIUHWLOHQ
P$K JTOON NDSDWOWEDQHQRHNQLBEMNRPSRILW DQH WP DUDNOQOQDY ED+OO F
DNOP \R+XQOX+X SDUDPHWUHVLQRHBODWBIHVH*NMHEND \DGaDPDNWD IDNDW
ROGX+X J|[U-OPHNWHGLU OHYULPN®RQ X QRE XHYDKH X SDUDPHWUHOQ
HGLOHQ GHUDUM NDSDVLWHVL Da®WU@06DbQwRSEHODFONQGD oRN GDK
NDUUOODUWOUPDGD P$ FP SLN QNGR WGX@PX-EXHGDUM NDSDVLWHVL
LOH <UHWLOHQ NRPSR]JLW HOHNMOINDIOECDH:-BOEDVIWMDQ oM YULP VD\(
GH+HULQLQ@®$ PPH SLN DNOP \R+XQOHWULP VRQXQGD HOGH HGLOHQ GHU
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P$K J OHYULP VRQXQGD P$K JNDUCHNMWJA PGDYUDQOUOQO |QHPOL |O
VRQXQGD P$K J YH OHYULP VRMXMIGDVUWH ROGX+X DQODGOOPDN
P$K J RODUDN HOGH HGLOPLUWLNRUXQEHAXHWDOBYEHGDQ \DSOODFDN
JIVWHUPHNWHGLU NL DUWDQ DN O metifesiXd® Q0X 40{ g0DveEBBD m@ O SLN DNOP
RODUDN VRHYWUI®D HQ \*NVHN GR&XQM®MX+X GH+HUOHUL LoLQ OHYL
NDSDVLWHVL GH+HUL P$ FP SLN BROPHA+XDR®OX¥XWH NRUXQXPX GH=+H
LOH «UHWUIKAHK@MAEIt elektrottan elde 27, % 30, % 46,4 ve % 60,6 olarak elde
HGLOPLUWLU .DSDVLWH NRUXQXPXHBoOPERWBHGQGLDS®XDG@H+HUOHUGH
LQFHOHPHGH LVH DUWDQ oHYULP VDUGAEQ D NEOPR O\® -R@MIOUOG-XQD ED+00
OHYULP VRQXQGD Hép8siesH G L O H Qomtind thmakb GOU  (OGH HGLOHQ NC

NRUXQXP X OHYULP VRQXQG®H-HUOMHUL DoOVOQGDQ ELU NDUGUG(
OHYULP VRQXQGD LVH R OFDAQSOUN DV HMEBH. W UWDQ DNOP \R+XQOX
HGLOPLUWLU OHYULP VRQXQGDNL NDSDVLWH Gl

202, 227, 346 ve 444 mAh/g olarak ortaya
(OGH HGLOHQ VRQXoODUGDQ GD DOePDAWPENWDGDONE GR fGH IDUN
DUWDQ DNOP \R+XQOX+X HOHNW URWXXQQIOHMN § D 5 D QIGIKNULIDMHoHQ 6Q
KHP GH NDSDVLWH NRUXQXPXQX DDQRWODWMD MWD GGHUDUM NDSDVLWH
SoQXoODU GLNNDWOL ELU GHNLOGH NRFXQXR &[] 6 HOGH ID UVWMDROPDNWDG G
SLN DNOP \R+XQOX+XQXQ NRPSR]JLW HOHNWURWXQ

7DEOR .HVLNOL DNOP 3& LOH IDUN O O-QUIKNTXoh{PEZit\dD-HNWORWOO D OO
NDSDVLWHOHUL YH NDSDVLWH NRUXQXP GH+HUOHUL

Sn Teorik 6SHVLILN 'HUDUM .D% D" Kapasite Korunumu (%)
Cu/KNT Kapasi
te
SLN $N dHY dHY dHY| dHY|l 2. 15. 30.
\R+XQO m m m m dHY| dHYl dHYU
m m
20 mAcn? 745 550 439 202 73,8 | 58,9 27,1
40 mAcnT? 755 565 448 227 74,8 | 59,3 30,06
60 mAcnT? 746 572 471 346 76,6 | 63,2 46,4
80 mAcm? 732 561 488 444 76,58 | 66,7 60,06
Grafit 330
Kalay 990

7DEOR 9YGHNL VRQXoODUD JHQHO .ESNVIODHDGEHRBXYOWDL |JHWOHQGL=+
DUWDQ DNOP \R+XQOX+X LOH GDKDR ¥ NY®X+XDOMHVHOGEH HGLOHQ NDSDV
GH+HUL YH GDKD \eNVHN NDSDVDWBAP NRUYXQRKXX P$ FP LolLQ
GH+HUOHUL HOGH HGLOHELOPHNWHRQXQGHXUDGPS$SIQHGHNHQ HQ \eNVF
GDKD \eNVHN DNOP \R+XQOX=X GRH-HUOOHXIQEDH P$K J ROPXUWXU
oDOOUPD \DSOOPDGO=1Ov&GH DNOD DNORELPRtXQOX+X SDUDPHWUHVL LC
OHYULP VRQXQGDNL GHGUDUM NDS D WD/ \GLHW-H USOHHHLWLQL QD NODUON ND W
GDQ P$ FP o0ONOOGO+0OQGD G-.DERDVHWHMLRRUXQXPX DokrtvOQGDQ
JIVWHUPHVL QHGHQL LOHGLU (OGEHXHEBROHRNRQXDX ROXE GH=+HL
HOHNWURW GDYUDQOUOQOQ VHEHSOHUG HROMDUDN YWDR OLNOBUWO G V
\R+XQOX+XQD ED+0O RODUDN +UHGDLIOMHQDHWONKOWUERWWIDHNWURW GDY
atanabW LI PDGGH 6Q PLNWDUO \DSO LoHULVLQH JLUHQ

.17 PLNWDUO \HWHUOL &X 6Q LUWHRPPHWIBOLN ID]

ROXUXPX YH D]DODQ WDQH ER\XWX J|VWHULOHELOLU

$NWLI PDGGH PLNWDUOQGDNL DWNHEXODN7 GNREPBRIDMMDNDSODPDODUOD |
UHDNVL\RQ YHUPHVL QHGHQL LOH\RDSQPWXWGODGE-MXYQQDQOODUDN NH)\
DUWWOUPDVO JD\MDW ERRY: DOD RROWED SODPD \|[QWHPL LOH EDuDUOOO
PLNWDUOQOQ YH &X 6Q ID]OQOQ ~RGMNIXPXLQUX\LUSD hUHWLOHQ NDSOD
HOHNWURW NDUDUOOOO+-0Q0 HWN NRHKIQNP R LWHUIDNPYG AHW S OOBIQ DL
oDOOUPDODUOD RUW-DI\R9BARQPDNWBX06)Q>ID]O HOGH HGLOPLGUWLU .DSD
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DUWDQ DNOP \R+XQOX+X LOH DU WEectrodhamical pePfarmariR® of Bb+Cu film

HOGH HGLOHQ NDBDRVIGWiH NG B-NHWPanodes

\R+XQOX=+X P$ FP LoOLQ

prepared by layby-layer

o HY U kelectiddedXit@®s DApplied Surface Science,

P$K J LNHQ HQ \+NVHN DNOP \R 25638546858(0G1D.

P$K J ROPXUWXU

.DSDVLWH [IRJRNORIQUKP, X., RYUJI, O., MASAHISA,

DoOVOQGDQ GD EHQ]HU ELU G XUXPFVYSHNRR XMRUK,XXX BUO Y., Study on

GH+HUOHULQGHQ

G H + H U th® EnodeDbgagor B1L.%h and-Sao alloy thin

DUWOU VD-0ORINQBOKDYWDUDUOO EL fimH@eirbiddsU R Wower Sources, 10758
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Abstract

Traditionally process planning, scheduling, and-date assignment functions aapplied sequentially and
VHSDUDWHO\ 6LQFH WKHVH WKUHH IXQFWLRQV DIIHFW HDFK RWKHU DQ
for downstream and overall performance will be poor. In this competitive erausebe 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 andafly, we integrated these two functions WIWATC (Weighted Apparent
Tardiness Cost) Dispatching. In this study, we observed that as integration level increases the solution becomes
better. Integrating dudate assignment or scheduling with process planimiproves overall performance and if

we integrateWATC 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
duedate assignment functions are applied
consecutively and individually. Hence the output
of upper stream becomes input to downstreaen,
should not ignore effects of the upper stream and
relations between them. If process planning
applied individually then it doesot consider
about downstream and can select the repeatedly
same desired machine. It would not produce
alternative procesdgns 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 mayt e
followed on the shop flooBecause opoor input

to scheduling and dugate assignment, overall
performance can be poor. If we want to improve
overall performance in a competitivearket,we
need to integrate these functions. A study
focusing on oveall 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 WWPATC
dispatching, later we integed duedate
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 pooinput 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 floowéd and 20% to
30% plans are not followed at shop floor level
according to surveys. Repeatedly selected
machines becoma bottleneckand unselected
machines become idle.

37TKH VFKHGXOLQJ SUREOHPV LQYROY

of permanent interest. In a tradit@ production
environment, a job is expected to be completed
before its due date. In a jusktime environment,

a job is expected to be completed exactly at its due
G D\MHi.e. completion of any task before the
due date is also a resource allocation problem in
the justin-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 gact 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 tHieerature,we

can see heuristic solutions to find a better solution
to the problem. Sinceob shop scheduling
problem is NPhard problem, the integrated
problem is even more complex. That's why some
researchers splithe probleminto loading and
scheduling subproblems. Initially, they select one
of thealternativeprocess plans and decides tado
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 worprocess,
average mache 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 operation
management concepts and methods such as just
in-time production and supply chain management.
In traditional schedulingsystem 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 performan{d.
Some researchers investigated single machine
scheduling with the dudate assignment
(SMSWDDA) and some other researchers studied
multiple machine scheduling Wit 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 théater case, starting time and size
of the window ae 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 integratiof
process planning,scheduling, and due date
assignment (IPPSDDA), we see few works on the

integration of these threfinctions 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 comparthese
solutions with an ordinary solution and with each
other. They tried to minimize weighted earliness
and tardiness penaltyCeven and Demir [5]
integrateddue 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 andKhoshnevis [6]
presented a good litdtae survey on IPPS. As a
beginning, it will be useful to see a survey on
IPPS. We can also give Li et @] 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 betterdue date assignment method and
WATC dispatching rule with better parameter and
a better route for each job to gebetter overall
solution.

For the earlier works on IPPS we can list
following researchesNasr and Elsayed10],
Usher [11], Jiang and Hsiad12], 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 intelligenttechniques such as
genetic algorithms, evolutionary algorithms,
multi-agents and neural network are some widely
used solution techniques. Morad and Zal#a8j
used genetic algorithms in IPPS problem. Moon
et al. [14] formulated IPPS as a mathematical
model and used genetidgorithmbased heuristic
approach to obtain good approximate solutions
for the problem inhe multiplants supply chain.
Kim et al. [15] presented aartificial intelligent
search technique called symbiotic evolutionary
algorithm to handle the IPPS problem. Lee and
Kim [16] used the simulaticbased geetic
algorithm in IPPS problem. Leung et &l7]
presented an ant colony optimization in an agent
based system to integrate process planning and
shop floor scheduling. Moon and Se€a8]
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formulated IPPS as a mathematical model and
developed evolutionary algorithm to solve the
model. Shao et aJ19] studied IPPS problem and
used modified genetic algorithbased approach
for this purpose. Li et al20] 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 eeal places
about the benefit of flexible and alternative
process plans. Now it is easier to prepare process
plans by using computers and comptiered
process planning (CAPP) has been developed.
Kumar and Rajoti§27] discussed the integration

of scheduling with CAPP.

The second part of the problem is SWDDA. This
part of the problem studied extensively 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 rpblem. If due dates are
determined externally we try to improve
scheduling performance to minimize the sum of
some cost objectives. If we can determohee
date internally integrated widthedulingwe can

get improved overall solution. Dtoate
determiration methods used commonly in
literature. Recent years many works are done on
SWDDA. A survey of these works is givémthe
following part of this section. To be more
competitive firms should make use of every new
idea and technological developments avidely
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
tardinessstill the major component in digate
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 penalizedveighted earliness,
tardiness, and dugate costs.

If we look at the literature on SWDDA we can list
mainly following researchedf we look at works

in this area we can see that some works are
conductedon single machine environments and
some works are done on multiple machine
environments. Machine environments t&nflow

shop, job shop, two machines, identical machines,
different machines and n machines etc. In our
research, we have n different machined 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 o&searchesn the
literature assign a common due date for the jobs.
We can consider this cases as when finished or
semiassembled parts should beady at the same
time for finalassembly. This time is the common
due date for the seraissembled 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], Nearchoy31],

Xia et al.[32], Gordon and Strusevi¢B3] studied
single machine d$wduling with due date
assignment with some variances.

Following literature are some examples of
multiple machine problems. Cheng and Kovalyov
[34], and Lauff and WerndB5] studied multife
machine problems. In this investigation, we have
multi-machines and muljpbs 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
duedae and penalize earliness or tardinessiout
the latter case, we assign a dui@dow 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
machinecase literature following works are also
on scheduling with due date assignment. Li et al.
[36], Zhang and W{37], Yin et al.[38] tried to
assign due dates with scheduling.

Lately, numerous works are done on SWDWA
where due windows are assigrnedobs instead

of duedates. If jobs are completesithin 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 dua/indow 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 ratedifying
activity, learning and forgéng effect,
controllable processing times, stochastic or fuzzy
processing times, job dependent or job
independent earliness and tardiness, batch
delivery, single machine case, muitachine case
and problems with maintenance activity.
Following literatue are about variations of
SWDDA and SWDWA problems. Yang et al.
[43], Yin et al.[38], Cheng et al[39], are some
variations for SWDDAand SWDWAproblems.

3. PROBLEM DEFINITION

We tried to integrateV AT C dispatching rule with
process planning and dukate assignment. There
are alternative routes to improve overall
performance and different dlate assignment
methods are used to find better due dates. Instead
of random schedulingwe integratedWATC
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 usefive different duedate
assignment methods which arBWK (Total
Work), SLK (Slack), PPW rocessing 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 duedate assignment rule is used
for external dualates. By comparing internal
duedate assignments with external eiletes we
observed the benefit of integration of edate
assignments with other two functions. With
different multipliers and constants, we totally
used nineteen different dukate assignments.
Here we used mainly two sfyatching rules which
are WATC dispatching and SIRO (Service in
Random Order) dispatching rulesWATC
dispatching rule is selected as a powerful
dispatching rule and compared with SIRO
dispatching rule which sequence jobs randomly.
By selecting??ATC and SRO 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 tohs are
explained in section five.

We studied three shop floors as we mentioned
these shops are small, medium and large shop
floors. Forinstance 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.

Tablel. 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 MG1 =10+(Z) *5, MG2 = 12+(Z) *6, MG3 = 14+(Z) *7
# of op. per job 10 10 10

Table 2. Probabilityof Selectingviachine Groups
SF RWMG [ MG1 | MG2 | MG3
R1 0,8 0,1 0,1
R2 0,6 0,25 0,15
SF1,SF2| R3 0,33 0,33 0,34
R4 0,2 0,3 0,5
R5 0,1 0,2 0,7
R1 0,7 0,2 0,1
SF3 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 groupsEvery job has 10 operations and

operation time changes according to the machine
groups. Machine Groufp (MG1) represents
relatively new (modern) machines whereas MG2
represents average machines and MG3 represents
relatively old machines.

We penalized earliness and tardiness with alfixe
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 withthe weight of given job times
constant coefficient 8 times dulate. Earlinesis
punished with a fixed cost 5 plugithes earliness
and multipliedwith the weight of the given job.
Tardiness is punished with a fixed cost 10 plus 12
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times tardiness in tens of the day are occurred
and multipliedwith the weight of the given job.
Penalty functions of dudate, earliness and
tardiness are given below:

1)
@)
®3)
(4)
(®)

Where,

D; = Duedateof job j

E; = Earlinesf job j

T; = Tardines®f job j

PD = Penalty for DueéDatefor job j

PE = Penalty for Earlines®r job j

PT; = Penalty for Tardined®sr job j

W, = Weight of Job j

P, = Total penalty occurred for a job

TP = Total penalty occurred fail the jobs totally

4. SOLUTION TECHNIQUES

In this research, we compared genetic, random,
and hybrid searches. For small shop floor we
made 200iterations, 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 undirectedearch
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 brad 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 mutatioroperator. 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

Table3. DueDate Assignment Rules

found and can get the benefit of earlier iterations,
it is called directed seeln and scans solution
space around best solutions found.

At every iteration (generatiorsix new offspring
(chromosomes) are produced using crossover
operator anddur new off springsare 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 diate
assignment, the second gene is for dispatching
rule and rests are for routes of each n jobs.

DD DR Ry Ry . . . Ry

Where
DD: Due date assignment gene
DR: Dispatching rule gene

Figurel. 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 theresults 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 g TWK rule
wheretotal processing times are multiplied by 1
or 2 or 3 to find the duelate of given job. SLK
stands for slack and dgate are found by adding
some constant to the total processing time of given
job. Slack constants are used as Gl/2P}=P.y,
0s=3*Pa/2. Py (mean processing time of all job
waiting), PPWtechngueis a hybrid of TWK and
SLK techniques, NORechniqueassigis due-date

as multiplying total processing time with a
predetermined number. Finally, RDMue date
assignment ruleassigis duedates randomly.
According to RDM techniquethese dates are
found by using normal distribution ([N (3*Pay,
(Pa/2 Y)]) with mean 3P,y andvariance (R/2)>.
Due date assignment rules are given in T&ble

Method Multiplier k Constant g Rule no:

TWK k=123 1,2,3

SLK O« = O, O, G 4,5,6

PPW k=1,2,3 Ox = 0, Gp, O 7,8,9,10,11,12, 13,14,15
NOP k=1.,23 16,17,18

RDM 19
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According to theTable4, Fourdispatching rules

are given. We have mainly two dispatching rules
and with different multipliers, wedve fourrules

and the second gene in a chromosome takes one
of these four values.

Table4. Dispatching Rules

Method Multiplier Rule no
WATC kx=1,2,3 12,3
SIRO 4

5. SOLUTIONS COMPARED

WATC -DUE (Random, Genetic, Hybrid): In

this solution, three functions, process planning,
scheduling and dudate 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 ighe 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
dateassignmentbut sequencing and scheduling
performed randomly.

WATC-RDM (Random, Genetic, Hybrid):
HereWATC 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 eddate
assignment. Jobs are sequencaddomly, 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 integion level increases
solution becomes better. Totally integrated level

found as the best level and totally unintegrated
level foundasthe poorest level. We also observed
that directed search outperforms undirected
searchSo,we propose to integrate three functions
as much as possible and to use genetic or hybrid
searches to find satisfactory solutian

6. EXPERIMENTS AND RESULTS

We integrated three functions, process plan
selection, scheduling and ddate assignment.
We appied 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 onotebook
with 2 GHz processor. For three shop floors, we
applied givenseveralgenetic, random or hybrid
iterations.

We integrated three functions step by step and
observed solutions. Solutions became better as
integration level increased. First, we tekte
unintegrated cases, afte¢hat we integrated
WATC dispatching with process plan selection,
later we integrated dudate assignment with
process planning and finally, we integrated three
functions.

We tested three shop floors for twelve cases and
obsewed the folloving results given itable5 and
Figure 2, 3, and 4. If we look at the results
directed,and hybrid searches gave best results
compared to the random searbtost of the time
genetic search is found best, sometimes hybrid
searchs outperformedyenetic search amdndom
searchis found the poorest.

Performance measure hereTiable5 is the total
penalty occurred forall the jobs in terms of
weighted earlinessardinessand due date related
costs.
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Table5. Comparison offwelve Types of Solutiongor 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 | 5449 | 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 geneticrsesiltglgave
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the best results. Sometimes hybrid search gave best results in intermediate integrated levels and best result for the
largest shop floor fothe fully integrated level.

Figure2. Small shop floor results

Figure 3. Medium shop floor results

Figure3. 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 ue-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 sketwo
functions with scheduling using WATC
dispatching.

As we mentioned earlier we tested different
integrations on each level and we integrated these
three functions gradually. Initiallywe tested
unintegrated combinations. When we observed
the results we identified that unintegrated
solution is the poorest solution. Aftéhat we
integratedWATC dispatching with process plan
selectionput due dates are determined randomly.
Later we integrated dugate assignment with
process plan selection and stike 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 processplanning and scheduling
increases overall performance and has many
benefits according to unintegrated solutions.
There are numerous studies has been doties
area. Also there are numerous studies on
scheduling with the dudate assignment. And
concurent duedate 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 oftegration and results
showed that integrating these thriemctionsis
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 searchs 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 sear¢hthe smallest and
medium shopfloors, generally genetic search
gave the best result for titermadiate anéully
integrated level Hybrid search is found a
promising search techniquand gave better
results for some intermeate levelsand at the
largest shogloor, generallyhybrid search gave

beter resuls compared to the genetic searth.
we do not integrate thedenctions,then each
function tries to get local optima arabes not
focus on overall optimum. Since earlier functions
are input to later functions unintegrated solution
produce poomputs to downstream functions.
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Toxic - Hazardous Substances Found in Plants in a Natural Pasture
Protectedfrom Grazing and Their Effects on Animals
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Abstract

The study was conducted to determine plants possibly-t@dardous 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 puince, on which studies were carried out between the years2(¥93 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 liod belong to 19 families and 36

genera were recognized as possibly tdxazardous to animal health and products due to the chemicals they
contain. The weight of toxibazardous plants in the total dry herbage y{@RL025 kg hél) of the study area
was12% in total (approximately 1.44y hal), 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, teki@zardous plants, aloid, glycoside, other chemicals.
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$UDGUWOUPD X]XQ \00oODUGOU RWODWPDGDQ NRUXQDQ GR+DO ELU P}
zehirl-zararOO® RODELOHFHN ELWNLOHULQ EHOLUOHQPHVL DPDFO\OD \eU+W
JDUQL]JRQXQGD EXOXQDQ YMOQGDUQAGHUDVOQGD oDOOUPDODU \DSOOD!
$UDUWOUPD DODQOQOQ | OFR Udmilyll eN13R Rifs8 Rif QYR QUWNIG B/ +Us WHVSLW HG

%XQODUOQ vD\OVDO RODUDN fLQL ROXUWXUDQ IDPLO\D\D YH |
GROD\O KD\YDQODUOQ VD+OOuDOQODX RODEQOMEFHGH FHIOUQUOBHEDAN LI WVIRLS C
NXUX RW YHULPL N J- KCDU DWWoQ @ GEHNAN LIDKHLULA@L D+ OU00+0Q 0 Q X
EDNODJLO IDPLO\DVOQOQ fVLQL LVH GL=+HU IDPLO\D\D DLW

ROXUWXUGX+XrrKHVDSODQPOuwWO

Anahtar kelimeler: Korunan mera, floristik kompozisyon, zehiiDUDU OO ELWNLOHU $ONDORLG JC
maddeler.

1. INTRODUCTI ON SHVWLFLGHY DUHQIYW XVHG WKH\ DUF
child of the soil to which they hold on and belong.

Ecologically, natural pastures are the most

LPSRUWDQW QDWXUDO UHVRXUF RI WKH HDUWKYV VXUIDFH
X o - n terms of vegetative and ‘animal “production,
and as organi@areas where artificial fertilizer or .
pastures are the most economic spaces to meet the

need for quality roughage for animals. However,

*Corresponding  Author. 'Sakarya University, Pamukova Vocational School, Turkey
[mustafayilmaz@sakarya.edy.tr
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due to years of excessive and uncontrolled grazing,
their.
2. MATERI AL AND METHODS

The study was conducted on area protected from
grazing of approximately 30 hectares with a 23%
slope, located within the borders of the Tokat
BURYLQFH WK ,QIDQWU\

i "1 f 1 ~ ( DQG
level). The research includes the period betwe
19932012 (19 years).

The total annual amount of precipitation for long
years of the survey area is 445.5 mm, average
WHPSHUDWXUH f& DQG WKH
62.2% [27].

Soil samples taken from-40 cm depths of the
research area were anadglzat the Tokat Soil and
Water Resources Research Institute. The soils were
slightly alkaline (pH: 7.37.7), medium saline
(0.0720.084%), medium limey (CaCO3: &2 kg
hal), phosphorus deficient (P205: 11.3.2 kg
ha1), potassium sufficient (K20: 58861 kg hal)

and at a medium level (16.€11.61% kg hel) in
terms of organic substances [28].

Identification of plants that create floristic
composition was carried out on the field, in the

98

laboratory and at the Faculty of Sciences in Ankara
Gazi Univerdiy.

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

% U L J pa@itulaNy ki the) $pvihB &hd sumrfier months when
P D Hd&weérihg\amtiBeeding increased. As all plants could

not be identified at the pasture, samples taken from
plants were carried to the laboratory after being
assigned a humber and name, their herbariums were
made and they were rendered ready for
identification. All plants were identified at the
Gatiocnmanphsd H UKveRityG Agidulturé 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 belaging 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 pastes in the ecological conditions
of Tokat and these were listed in Table 1.

Table 1. Toxieharmful plants identified in the research area and chemicals they contain

Latin names

Contains chemicalsubstances

Asteraceae (Compositae)
Anthemis altissima L.
Anthemis tinctoria var. tinctoric
L.
Artemisia santonicum L.
Centaurea depressa Bieb.
Centaurea
Trev.&Sprengel
Centaurea virgata Lam.
Cichorium intybus L.
Senecio vernalis Walds&Kit
Xeranthemum annuum L.

iberice

Taurisin (Glycosid)
Santaurin, Sianin, Sikorin (Alkaloid)
Santaurin, Sianin, Sikorin, Pelargonin (Alkaloid)

Alkaloid, Flavonoid
Alkaloid, Flavonoid

Santaurin, Sianin, Sikorin, Pelargonin (Alkaloid)

For milk bitter substance

Pyrrolizidine, Yakobin)Yakonin, Silvasenesin (Alkaloid)
Xanthostruman (Alkaloid)

Boraginaceae

Anchusa leptophylla Saponin
Roem.&Schul.
Cerinthe minor L. Saponin

Brassicaceae (Cruciferae)

Capsella bursa pastoris (L Bursin (Alkaloid),Kolin, Astilkolin, Hiposin (Glycosid), Saponin
Medik.
Descurania sophia (L. Kumarin, Flavonoid
Webb&Pra.
Fibigia eriocarpdDC.) Boiss. Glycosid
Caryophyllaceae
Dianthus orientalis Adams Saponin

Convolvulaceae
Convolvulus lineatus L.

Konvolvulin (Glycosid)
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Cuscutaceae
Cuscuta
Beyrich&Engelm.

arvensi: Konvolvulin (Glycosid)

Euphorbiaceae
Euphorbia helioscapi L.

Resin, Resinoid, Hemidin, Tanen

Fabaceae (Leguminosae)

Astragalus brachypterus Fischel

Astragalus coodei Chamb
Astragalus hamosus L.
Astragalus
Freyn.&Sint.
Astragalus leontinus Wulfen
Astragalus lycius Boiss.

Astragalus nitens Boiss.&Heldr.

Coronilla orientalis Lois
Coronilla varia L.

Melilotus alba Desr.
Melilotus officinalis (L.) Dest.
Psoralea bituminosa L
Trifolium repens L.

humillinus

Saponin
Saponin
Saponin
Saponin

Saponin

Saponin

Saponin

Coronillin (Alkaloid)
Coronillin (Alkaloid)
Alkaloid, Kumarin
Alkaloid, Kumarin
Alkaloid, Kumarin
Siyanojenik (Glycosid)

Hypericaceae (Guttiferae)
Hypericum
J&Spa.
Hypericum perforatum L.
Hypericum sp. L.

aviouloriifolium

Hypericine (Light sensitive pigment), Flavon heterozit

Hypericine (Light sensitive pigment), Flavon heterozit
Hypericine (Light sensitive pigment), Flavon heterozit

Liliaceae
Colchicum autumnale L.

Ornithogalum alpigenum Stapf

Ornithogalum sp. L.

Colchicine (Alkaloid), Colchamine (Glycosid), Saponin
Colchicine (Alkaloid)
Colchicine (Alkaloid)

Papaveraceae
Fumaria officinalis L.
Fumaria parviflordam.
Papaver dubium L

Fumarin, Kriptokavin (Alkaloid), Fumar acit

Fumarin, Kriptokavin (Alkaloid), Fumar acit

Antochianin, Rhoadin Rhoesin (Alkaloid), Morfin, Tebai
Isoquiroline

Polygonaceae
Polygonum aviculare L.
Rumex acetosella L.

Light sensitive pigment in cows
5XPLVLQ + OMddd BYEesHE). Potasyum oksalat acit

Primulaceae
Anagallis arvensis L.

Cyclamen (Glycosid), Saponinli, bitter substance, Primveraz enzin

Ranunculaceae
Adonis aestivalis L.
Adonis vernalis L.
Ranunculus arvensis L
Ranunculus isthmicus Boiss

Adonitoksin, Simarin (Alkaloid), Adonin (Glycosid), Saponin
Adonitoksin, Simarin (Alkaloid), Adonin (Glycosid), Saponin
5DQXQNXOLQ RLO 3URWRDQHPRQLQ Xo»
5DQXQNXOLQ RLO 3URWRDQHPRQLQ Xo»

Rubiaceae
Galium verum L.

Saponin

Scrophyllaceae
Digitalis lamarckii lvan

Solanaceae
Hyoscyamus niger L.

Digitalis, Digitoxin, Digoxin, Gitoksin (Glycosid)

Hyosiyamin, Atropin, Skipolamin (Alkaloid), Solanidine (Glycosid)

Umbelliferae (Ammiaceae)
Artedia squamata L.

Saponin

Zygophyllaceae
Peganum harmala L.
Tribulus terrestris L.

Alkaloid, Saponin, Flavonoid
Floeretrin pigment (Glycosid), Resin
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3.1. Plants Harmful to Animal Health

Plants which cause bithemical or physiological
changes in animalsvhen eaten are scientifically
and technically called toxibazardous plants.
Because these plants poison and kill animals, they
are defined as the most important weed encountered
in pastures [3].

Classifying plants as toxicontoxic 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 tenderoydefecate 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
Poisonousto 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 mia
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
propeties. 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 ax@nd 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 im, 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 respation [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 arused 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 suffodah [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 potassiumvitamin 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 indzardous 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 spiements 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.

ResinsResinoids: The  best known s
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.) pecies. 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 Tablel.
Photosensitizing agents: These substances are
pigments which cause toxic reactions &ds 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 npigmented skin
fragments exposed to sunlight in animals who eat
these plants [9]. Hypericum species and Polygonum
aviculare, plants containing photosensitizing agents
in the researh 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 acidghlounoids, 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 flanoids 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
compaunds 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 sophand 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 causepoisoning 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 (amorpha) 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]. Fhorbia helioscapi was

determined as a tanngontaining plant in the
research area (Table 2).
3.3.2.

For animals to develop healthily and be profitable,
mineral substances in the feed they consume should
be sufficient. Asmany 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 overabundancer 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 2500 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 diverseegative effects on animal
metabolism and organism, and cause nalil
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]. Furtherreor 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 usagesome 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 specially the plant covers of
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pastures to divert from their original composition,
besides giving rise to plant communities containing

WR[LF FKHPLFDOV ZKLFK DQLPDO ec@dr«3 | ViniddasQ \dhould DeH given

difficulty eating and which could also harm humans
if consumed or contactedA 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 asedch 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 (1.443/1250kg
ha1l) 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.
KDWYV PRUH
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 plantén 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 toxiehazardous 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.
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- If plants in the vegetation weaken due to drought
or similar reasons and green grass cover

feed
supplements.

- So that animals do not graze on roadside plants
poisoned by poisonous gasses emitted by vehicle
exhaustswhile 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 shouldithout 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 easial. 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 aridnear 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 smallesysiems.

Keywords: buffer, throughputate, 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 failuresThe 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 firstprocess
buffer, then these sermianufactured parts move
through thesecond 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 ansfer 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). Intlas
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
armalyzing the transfer lines. Examples of studies
using approximate analytical method, most of which
use decomposition methods in performance

*Sorumlu Yazar: 2VPDQL\H
2VPDQL\H [Aurigdém@osmaniye.edy.tr

Doi: 10.21541/apjes.332681
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evaluation of transfer lines, are Hany and Baki
(2014), Borisovsky et al. (2012), Xia et al. (2012),
Colledani et b (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)iu 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). Simation 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 andDeler (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
systens 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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summiae the basic assumptions processing times, which are exponentially

and notations used in this paper. In Sections 3 and 4, distributed with ratedy, and have the density

we respectively

give the analytical (theoretical) functionB:P, L &A &

derivations of the single stage system, which consist The first buffer of the line is assumed to have
of a unique machine, and twoachines system zero capacity. So, new parts arriving to the system
separated by with one -processbuffer. Then we when the machinis busy are assumed to return into
summarize our conclusions in the last section. their source. The last buffer is considered to have

infinite capacity. No batching and setup times are

2.BASIC ASSUMPTIONS AND NOTATIONS considered. All machines are reliable. The output

We model the transfer lines as a serial arrangement

process is not necessarily stationary. The system is
assumed to benia transient state. Thus, steastgte

of a finite number of machines and-1 in-process distribution for the output may not exist. The

buffers. Each machine can operate on one unit of

production line assumes idle and empty initial

produgtt ?t a:hu{ne, .tandl ha_ll_sh an |'nte|rnal stora_ge conditions. The arrival and service rate are assumed
capacity for that unit only. 1h€ arrival process 1S to be different. In this paper, buffers are shown by

assumed to be
machines/ v(j=1,

Poisson, having the rateThe triangles, and mchines by rectangles. The notations

.nhave mutually independent used in this paper are listed in Table 1.

Table 1.Notations

Oy:PR, number of parts that have left machjng to timet, M « 1
L number of parts leaving the system at an instance in time
N number of machines in the system
> capacity of buffef, M « Q
arrival rate
ay service rate of machirje M « Q
6 Y arrival time of pari
GOU service time of paiton maching, M « Q
6, U departure time of pait
Bag P density function with parametersaand &y
(agP cumulative distribution function with parameterand &y
"04:PR expected number of output leaving the system at time
8 =MN);:P? variance of output leaving the system at time

3.THE SINGLE MACHINE SYSTEM, ATOMI C MODEL

105

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,  processing times,6 Y and GG%re random. Té

name]ym_puts, arrive to the system with ra}ta‘ the distribution function of the output of the atomic
machine is empty, inputs enter the machine and are ., J4q| leaving the system at tiris derived as:

processed with

rateé; L 44 The arrival and
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raEB QPOG6°E6 °

o ) )

A SaEB°E6 ° QPOAlGk6 "E6 ‘0

O t4aE Bigk6 "E 6 % Q PO Algk6 VE 6%
Os:R L _ 2834 (1)

O s A@5p U 0 KR L@ U g

AHF saB Ajggk6 "E6 "0Q PO Aigk6 "E6 0

O HEBGk6 "E6 %oQPOA%EKke "E6 Y%

O . daaaa
Based on equation (1), we can analyze the exponentially distributed random variables 6f,
distribution function of the OUtpUt for the atami time passes until the first part arriveS, w_dg’éime

model in two parts as follows: passes until the first part is processed in the machine.
Part1: 2:05:R L r;if r QPO6°E6 *&hus, The sum of these two random variables have hypo
2:0s:PLr;L2k6°E6 °P PR :t; exponential distribution with parametersand &,

In equation (2), we have a random variablesof E where & Mé& Based on these, eafion (2) is

6 ° which is the sum of two independent rewritten as:

2:0s:P Lr;L2k6°E6 *PRLSF2k6°E6 >QRLSF(; -, -:P

LSF@F— A SE— A AL AN F—A¢ (3)
The limiting value othe distribution function given in equation (3) is derived as:
Q\ZQ:OS:P,Lr;L—? F—?LséQ\Zﬁ-Z:OS:P,Lr;Lr 4)

Using equation (4), we conclude thatQ 2:05:B L r; Qs
Part 2: For any number of outputs, excluding O, the general formula is derived as:
2:05:P L HL 2KAEzk6 "E6_"0QPO ALK "E6 Yo HL sa & (5)

In equation (5), we have two new random variablesA8§sk6 “E 6 “oand A%2k6 “E 6 "0 Since,l is an
integer, these can be defined as random variables having Erlang distribution with respective parameieédi
and :4 E &4 HE s; We define5as sum of sequential phases of exponential distributions with parameses (
&5 ; and define5;. 5 as I1+1 sequential phases of exponential distributions with paramété&rsd).

In this second part, regarding equation (5), we have two dependent exeQtfand 5.5 P PThese events are
dependent, since the total time which passes until{ipat leaves the system depends exactly on the amount of
time that passes until th& part leaves the system. Thus, we can rewrite equation (5) as:

2:0s:PLHL 2:55 PP 5QP U2:5QPR L 2:55 PP 5QP U(,,:P (6)

In equation (6), the difference between the random varigiesd 5. sis the arrival and processing time Bfi)"
part which are respectively denoted @§*°and 6 ®°4.et assume, which is smaller thay denotes the time
until I'" part leaves the system, then the conditional probability is derived as:
2:05:PRLHL if]gli B 6-.; % QB V@ Q@hz& F (i s s PEVGB V@VT)
We now substitute the cumulative distribution and density functions of the random vatdbfes 6 *°and
5:in place in equation (7), to obtain:

> _;x|'x7'Q7: 6

. . ~ G - 2 c?i: 2 c2i- _ia
2.05.P,LHL|4ESF@F—7A ¢ TE—A - AC o5e @V (8)

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 wilidenequation (8), and ignore the first case
given in equation (3) fol=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 excluding 0, is given as:

1

"5:R?L 1 HU2:05:PR LHL
L@

~ ~ . . . - . Xe X - © 6 _A
RgHN BF @F— & @i E— K -@ipg 202 0 D gy )
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Similarly, the variance of number of throughputs for the atomic model is derived as:

8=M5:P?L ' 05:P®?F :' 05:P72°6 L

S s TG 6

AWl O, BF@F— A @ E— K -@liAC
° e?i: 7 i pn > TG i D
o N TR ARG ‘@58 @VK

8 A1 L ©
T @VF Nl H\/BF @F

(10)

3.TWO MACHINES ONE | N PROCESS BUFFER SYSTEM

This system has two machines processing in turn,
with one inprocess 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 ntage is idle when the

In this system, number of sources of variability are
greater than in the ormaachine 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
behavor of the system. The first event occurs when
the buffer is empty, the second, when the buffer

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.

contains items.
Event 1: Denoting the random variables of this

system as,6 Y 6_Uand 6 U'we can represent the
first event as6"E6 Y «6 Y° The number of

output for this first event, using the symbol dfGUé
is derived as follows:

raEB QPO6°E6 °E6 °

O . .

A SAEB°E6 °E6 °QPO6 °EAlGke "E6 "o
o, O tAaEB *EALLK6"E6 QP06 T EAlgke "E6 %
O iR L o a&ada

(11

AHF saEB ¥° EARRK6 "E6 QP06 "E Afgke "E6 0
8 HEB “EAfgke "E6_0QPO6 ®°EA%RK6 "E6_ ‘0

o o

44aa

As in the single machine, the distribution functians analyzed in two parts.

Part 1: 2:060:P, Lr;if r QPOB6°E6 °E6 ° Thus,2kO6U:F3 LroL 2:6°E6 °>E6 °>P P.Thenew
random variables ®> E 6 ° E 6 ° is the sum of three independent exponential random variables. The distribution

of this new random variable based on the assumptiod féas M &g is obtained as given in Amari and Misra
(1997). The coefficients of this random variable is represented as:

#Hs L ——

_?

& L

_.é#‘sl‘?_?'_ 2 2

(12)

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

4

> >

(i > > P. LsF4 - s R

. AT A? - . ? . ? -

i

(13)

_?

(14)
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Then;
2k0g:P L roL 2k6*E6 *E6 *ProLsF(; -, -5y -:PL
— ;_)A?QE 7A‘°"?E - (15)

? . ? _?

As seen in (15), whehgoes to 0, the distribution function of the random variabRE 6 ° E 6 °takes the
value of 1, whereas it is 0 whégoes 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:

2k05R L HL 2k6 "E Afgke "E6 0QPO6 ~° E AfZk6 "E 6 ‘o (16)

The random variables on the left side of equation (%ke UE 6 ) Yoand 6 have Erlang distribution with

parameters:8 E & a4, and exponential distribution with paramet&g , respectively. Similarly, the random
variable in the right side of (16) contains thel(™ level of the same random variables of the same distributions.

We can rewrite equation (16) in terms of conditional probabilities as:

2k0s P L L 2k6 *° E AfZk6 VE6 0P P6 "E Afgk6 "E6 “0QPoU2k6 "E Algke UE
6 QR (17)

Assuming that the time passes uhtilth part has left the systemzswhich is smaller thaty we can rewrite the
conditional probability given iequation (17) as:
. 5 > > B L
2k0g :P L WL 2k6"° E 6% E 6®° F 6° P PF \o(; SRy O VL
1§ @F (josporsiepix (PEVADR g o V@V (18)

Denoting the random variables as. 6 "E Afzk6 "E 6 Yoa L Afgzk6 "E6 Y04; L 6 Bwhere<L : E
7, We use convolution to find the density function of the random var&plB,: Vias:

aéeA? _:i?é;@T (19)

> _;xéx7.!27; 6 _;
‘?5;e

VL BT OB VET @T 1
BV LI, BTUBRVFT@TI,

In order to find the distribution function of the random varials&> E 6™° E 6®° F 6° ave also use the
convolution theorem of differences. Denoting the randomabies as9 L 6> E 6 E6™° F 6 & L
6*° E6®°E6™°8 L 6°where9 L 7 F 8 we have:

1
(,:PFV L+ ((:PFVERB:R@R
4
T - . ? G?i>é;
|4 @F N ¢1>e E,)—

_? ?

N _ig?i>é; E,)— N _:(;?i>é;Aé6A? ,é@ R (20)

? . _?

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

2ko6U:P, L oL iks F (5 :PF ViOB:V, @ \ if@Fij @F—— A @& E
a6A'7 .:i?é;@}x@v

’ _;'xéﬂ-d: 6 ..;a
‘?5e

¥ @6 C L C?1>é a8 AN L€ i >
A QI>eE?_ A G|>eAaﬁA e@R@4

? ? .

1)

_?
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Event 2: The number of output for this event, using the symbolOgfas derived as follows:

raEB QPO6°E6 °"E6 °
SAEB°E6 SE6 *QPO6SE6 °EAGk
tAEBSE6 *EAlGk6 0QPO6°E6 °EAjGKe %
A aaaa ) (22)
~HF SAEB° E6 ° EAfRk6 “0QPO6°E6 ° E Ak ‘o
O HMEB°E6 *EAlGke QPO6°E6 SEARKE Y%
8 . .

) D

0&P L

2 o

adaa

For any number of output except 0, we have the following:
2:08P LHL2k6°E6 5 EAfzke oQPO6°E6 5EARIKE Yo (23)

The random variablesk6 ® E 6 _°oand Afgk6 “odn the left side of the inequality (23) have Hyprponential
distribution with parameterséa & ; and Erlang distribution with parameter&@respectively. The right side of
the inequality of tk distributions of the random variables are the same Wﬁ%@l@ . Yohas the parameter of
(8 &E s;. We rewrite this inequality in terms of conditional probabilities as:

2:08P LHL2k6°E6 SEARIK6 YoP P6°E6 °EAlGke YQRU2ke® E6 ° E Algké Y0 Q
R (24)

We similarly assume that the time passes uhtil) th part leaves the systemziswhich is smaller thah Then,
we rewrite equation (24) as:

2:08RLHL2ke " PPFVOU(; o1 .20 ¢ VLI @F (; » :PF VAU
Bf'>i ARG K Q)V:@V (25)
In order to obtain the density function of the random variabfeE 6 ° E A¥zk6 Y% we similarly use

convolution formula. Denoting® E 6 ° E Alzk6 Yoasz, 6° E 6 ‘asX, and Algk6 “oasy, B:Viis derived
as:

X289 g ATE
(R@5e

. o g, . R S

BV, Li, R TBVFT.@Ti,— k& *FA -°o @T (26)

Besides, the random variable ®5in equation (24) has exponential distribution with cumulative distribution

function (; »s-:P L sF A - ¢ Substituting these functions in equation (26), we have:

- X8 g AT
P58

“epev (27

208RLHLIJR @i, — k& ¢ FAR -¢o

So far, we have calculated all required probabilities in order to calcRldtg: P L Hwhere HL r &4 8 We now
investigate the occurrence probabilities of the two events represented under Event 1 and Event 2. Ifithre condit

of 6 YE 6 ) U ' Sis satisfied then the first event occurs with the corresponding probability of:

2k6"E6 YR6 "%0L 2k6 Y"E6 F6 PO RroLsFi @F— A i E
R -EHAGK T@U (28)

_?

Clearly, the probability of occurrence of the second evéntE 6_[%6 _ @5 s simply the complementary
probability of the first event. Thus:

2k6 "E6 Y06 "%0oL 2k6VE6_"F6 Y*OroL i, @F— A #TE— A #liAgK T @U
(29)
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We finally derive the expected value and variance of number of output imaebinesone inprocess buffer
system as:

' 306:P?L Al HI2:06:P L H L Alg HURKOZ:P L H2k6 Y"E6 YR 6 YS0E2:02R L HGF
U U >®5 X ™ ¢ T - R ? c?i>6é;

2k6 "E6 YR 6 “0ACL Al HO\B @ F i, @F—— A @ E—

y'Y; ,:§?|'>é;Aé6A? -é@R@;: >

_;xéX7-®7: 6 _;& .
_ R eAg R T @CE de? ie?0; |i4"_7- KX € FE N -¢o

A’? _ig?i>é; E

?

®5e A T @QAQWBFI, @F—A U E
X267 YA ~

' Ioe:ms;é @H@MB“H GF

AR E—,} A _:é>‘|;Aé6A? i @0 (30)

? ?

_?

8=M0:P?L ' 305:PO?F ' 05:RP L Aly HORKOY:P L H2k6 "E6 "R 6 PS0E2:02P L H@F

2k6"E6 "R 6 "SoACL Al B O\d/ @ F 1, BF—— A ¥4 E—
2 c?i>é; s ? A i >

e K PPN R R,

2 el s A2 ] A7 g0y e 8 2 &
R ELAGR T @CEd, R P, — kR EF A -¢o

N _ig?i>é; E

_ 7 ?

_;xéX7-®7: 6 _;a
58

L o v 1 N eI
&N 17 @ R@MIB F i, @FTA &>l E
lx:lf?é;x7-d 1474 ~ 1

‘58 @epes, @F
REHE— R -ETARR | @QOF\AlgHIBS BF 1) @F—— & @6 E
e 6 N
PR . ‘?5e
| E RS ? €>1an A2 T S LA E RN Vi
i, @F— A ®UE— AN “©liAGN T@CEd,N I i,— KN ¢ F

. XoaX-g ATE ~ (&> 8> L -
R o8l @F@NB, @F— K @ E— A ~©iAgA 1 @O0
(31)
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4.CONCLUSIONS operated by a CONWIP/finite buffer hybrid control
S RO L mtérnational Journal of Production
In this paper, the throughput analysis of short Research38, 28452869
transfer lines was examined using an exact analytical  Buzacott, J.A., and Shanthikumar, J.G. (1993).
approach. We derived the distribution, expected  Stochastic models of manufacturing systems
value, and variance functions of throughput for the  Englewood Cliffs, NJ: Prentice Hall
single machine (aatomic model) system, and the Borisovsky, P, Dolgui, A., and Kovalev, S. (2012)
two machines system with one-pmocess buffer. S30RGHOLQJ WUDQVIHU OLQH GHVLJQ
These results allow the evaluation of the SDUWLW LR Q IOftimiBatioR Eafid4g8, 915
performance of short transfer lines, in other words, 926
manufacturing systems. It is difficult to evaluate the &ROOHGDQL 0 HW DO 3$QDO\WL
exact analytical methods, us, for longer transfer VXSSRUW FRQWLQRXV LPSURYHPHQ

lines, it is not possible to obtain the closed form  |nternational Journ& of Production Researgh
expressions for these performance evaluation 48(7), 19131945

functions, such as expected value and variance. Dallery, Y., David, R., and Xie, X.L. (1989)
Nevertheless, using decomposition methods, it is 3$SSUR[LPDWH DQDO\VLV RI WUDQV

possible to decompose long system® istnaller XQUHOLDEOH PDFLQHV [EGE ILQLWH
subsystems; taking this approach, the results derived  Transactions on Automatic Contr@4(9), 943953
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7 UNL\HYGH 7DUOQPD] '"H+HUOHPH $0DQOQGD <DS
goHULN $QDOL]L

*INuri Erdem
2VPDQL\H .RUNXW $WD hQLYHUVLWHVL O¢KHQGLVOLN )DNeOWHVL +DU
|[nurierdem@osmaniye.edy.tr
*HOLUO 7D @084 Kabul Tarihi: 20B-01-30

g]

$NDGHPLN DODQGD ELOLPVHO oDOOuPDODUOQ WDUDQPDVDO LOH LOJLO
DUDUWOUPD\D UDVWODPDN P+«PNeQG+U $QFDN WDUOQPD] GH+HUOHPI
\DSOOPDPOUWOU %X oIOOLPBGRXO DGBHOPDPHPHVL DODQOQGD \DSOOL
LQFHOHPHVL \DSOOPOuUWO W O D® DloodH LVLQGH 7+UNL\HYGH WDUuOQPD
OLVDQVeVWe WH]JOHULQLQ JHQHO SURIINDQH EHONVIOMN|GRHWL R D XQXDXF
'RN«PDQWDV\RQ ‘DLUH %DUNDQOO=+0O 80XVDO 7H] OHUNH]LQLQ
KWWSV WH] \RN JRY WU 80XVDO7H]OHUNH]L VLWHVLQGHQ NRQX\OD 1
HGLOPLGW MWD KDBHODW VR QXF X \OodQD NDGDU WDudOQPD] GH+HUOH|

\eNVHN OLVDQV YH GRNWRUD WH]L GH+HUOHQGLUPH\H DOOQPOUW

Anahtar kelimeler: 7DUOQPD] GH+HUOHPHVL /LVDQVsVWes WH] goHULN DQDOL]L

The Content Analysison Graduate Theses in the Field of Real Estate
Valuation in Turkey

*INuri Erdem
Osmaniye Korkut AtdJniversity, Faculty Of Engineering, Department Of Map Enginee@gmaniye, Trkey,
[nurierdem@osmaniyeda.tr|

Abstract

With regard to the screening of scholarly studies in the academic field, it is possible to come across many researches
that analyze pogiraduate dissertations. However, in the field of real estate valuation has not been carriedaut such
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 ni  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 anbyyzemtent 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, Cortealysis.

1. *g5@0 .LWDEOQGD WDUOQPD] P*mMWB]LIFHILP
D+DoODU PDGHQOHU JLEL DUD]LQLQ
7DUOQPD] ©QJLOL]FH 5HDO (VWDWHIU MHADDL \DH) O] WOIUDPGENQDODU YH L
ELQDODUD ELU E+*W+:Q RODUDNIJLYHUL@QW@QOBGEOWDUWD@IQGDQ \DSOC
7DUOQDMDWM@UVD DUD]L WDUODUGHENDL QEHKWH QBPODPDNWDGOU > @
ELQD JLEL YDUOONODUOQ JHQHO DGOGOU 7DudOQPD] \HULQH
VONOONOD JD\ULPHQNXO NDYUDRDQEDINXOOPH OPRDNWDGOUWDULK
7¢UN 'LO .XUXPX 7'. WDUuOQPD] NIIMNUDPOROX HHGHQLVLQGH 3JD\ULPI
WDUOD YE WDUOQDPD\DQ P+ON NXDWDREBQRERAW RO B QDN WDULI
WDQOPODPDNWDGOU > @ VD\OOO \HGHQLUNQNQXTQGD 3WD!
NHOLPHVL NXOODQOOPD\D EDUODQPC
80XvVODUDUDVO 'H+HUOHPH 6WDh@MXMXWODU K D\RPOW.BPXODIWAOUPD
8'6. 80XVODUDUDVO 'H+HUOHPHWWDOQGD.DWDDWORS. D& XQX 7DSX .

*Sorumlu Yazar: 2VPDQL\H .RUNXW $WD hQLYHUVLWHVL O*KHQGLVOLN )DNe
2VPDQL\H |fAuriégndémi@osmaniye.edy.tr

Doi: 10.21541/apjes.332681



N ERDEMAPJES6-1 (2018) 112-126 113

|QHPOL PHY]XDWWD GD 3WDGuOIQPBY DWHONOG®HRDODU DODQOQGD N
NXOODQOOPDNWDG O KaddstrdHEGen&d DUDDWOHQ@PDDBOXN OQ |JHOOLNOHULQL VD\(
0¢GeUO*+¢7Q+*Q VRUXPOXOX+XQGDNIH 7D\WWYDYWH. VIVE NV WURQ X0ODU YHUPH
ORGHUQL]DV\RQ 3URMHVL 7.03 J/QWHP'H+- WROMP® ELOLPOHUGH \C
%LOHUHQL 3*D\ULPHQNXO "H+ NXODHOAH O ORDWOQPN UD+PHQ IHQ ELC
DGODQGOUOOPOU YH 3JD\ULFaI@ NP W O DNMYOPMROQ ELU oDODOGUPD
NXooDQdoPrPOuwbU 6HUPD\H SL\DVBHVO| UMUK XIQRQL]LQLQ WHPH
G*]JHQOHPHNWH ROBXV¥ROQXERQEO ¢IZLO®PMQ YHULOHUL DoONODPDN YH
oLvDQVOQ EDu0O+O GD \LQH 3*DNVWUPBINNXE "WRUXNPODHDADNWOU %X
8]PDQOO+0"'GOU > @ G*]HQOHQHUHN NRGODQOU WHPDQ
G*]JHQOHQLOHMOBXOHA®EQDU GBRHUOHQ
'«Q\D GH+HUOHU VLVWHPLQLQ EL[WM.DUDFO RODQ WDuUOQPD]
VDGHFH *ONHPL] LoLQ GH+LO WP G+Q\D KDONODUO LoLQ
HNRQRPLN YH VRV\DO DoOGDQ |@HPOaDBIOWPNDBYUDPWBDODWOQPD] GH=HI
'«Q\D Q+IXVXQKQHN DUWPDVO WDHOPWNOHDWIOULBWQ OLVDQVeVWe W
DODQODUOQOQ DIDOPDVO N|\GHQ QWHKRLH NX 6 OYH) EXROWDN DVO QO 10D Q(
ED+O00 RODUDN PH\GDQD JHOHQVRQPM®»® DNHGQGWOHWOHQGUEILOPLG |QH!I
HWNHQOHU WDUGOQPD]ODUOQ GH-Kedruyaigille @ UVD YV NOW+ GBKPOBDLQL W
DUWWOUPDNWDGOU JJUPH\H LPNkQ YHUHQ EX oDoOOuP
*eQePe]GH WDUOQPD] VHNW]|U+ YHobxd®mPH:0L DROVOIRKEDQ |QHPOL E X!
JHOKRQI WDUOQPD] GH+HULQLQ EHOYHOHQ POWQGOORVODWDUPWOIDSDFDN
NeUHVHO HNRQRPLN LOLUNLOHUL@LWDHIHANVDP HROBIED -X0Q8@ XA+ OPHNWH
ROPXGUWXU 'H+HUOHPH IDDOL\HWOHUL HNRQRPLN VLVWHPGH
ELU E*WeQ+Q LOLQGH JHQLUO ELU AHYS MNXVEPBNW xguH (0BUNOO
DPDoODUOD NXOODQOOPDNWDGOU 7DuOQPD] GH+HUOHULQLQ
bHOLUOHQPHVL LGL YH EX GH=+HWIDIR LOLKNNGQW BHH URHONDQID NELOJLOH!
SL\DVDGD LGOHP J|UHELOL\RU ROPPOX® MD+ODNOQ EHU'RN<PDQWD\
HNRQRPLN \DSOQOQ HQ |QHPOL X Q¥XWNDQMEBGEU 80@BVDO 7H] OHUNH]LTQ
https://tez.yok.gov.tr/UlusalTezMerkezi/ web sitesi ve
*HQHO RODUDN WDuOQPD] JD\UIGBdgi®,N XahdexG HitaVista, H BiRgV Lgibi  arama
SELU WDuOQPD]OQ WDUOQPD] SURPRMMRLOYDUDE G DOVODX O RERGPDN R Q X V X
ED+O0O0 KKDNM\GDODUOQ GH+HUOHPH LWHDGHNIG RODWWYDPD PRG+0+*QH |Q
GH+HULQLQ ED+OPVO] WDUDIVOW DY QRPEDM H NW QIX WO oNW O HRHHOH UL D\U
GD\DQDUDN NHVWLULPL" RODUDN::D-HOUPMHPEDEGEEHU> @H=>H@®L  NHOI
$\UOFD WDUOQPD] GH+HUOHQGLUPHVQDUBNJU R WW DO RDNmMQ e« DUNC
NOVPHQ YH\D WDPDPHQ QLWHOLN & H +®IURH-ORHN ONHRIQ BAY MyiiPaln@eRtel) X G
ifade edimHVLGLU > @ *eQeP+]GH LQ¥BIOHPPDH DOOQPOUWOU 7«UNL\
GH+HUOHPH\H YHUJLOHQGLUPH+Q-PNHPXDGDWODBDODQ WRSODP
|JHOOHGUWLUPH DUD]JL YH DUVD Ge+]HQONWPHIN DUV D YWV F LORNWRDND WH]L
LGOOHPOHU JLEL NDPXVDO X\JXODPP@AEON Q WO YO DD VEHMPHVUKHPH D
SL\DVDVO EDQNDFOOON YH VLIJRIDWDEOHOWOIHUILELRIQPQ VEHWAD\H 3L\
X\JXODPDODU®E@ZEQ EDU UHNLOGYRtHUKOLDIDNd (WeW 7H]JOHUL LOH 0DOL
GX\XOPDNWDGOU > @ > @ (PODN *HQHO 0¢GeUOe+e O0LOOL (POI
7H]JOHUL GH+HUOHQGLUPH\H DOOQPDI
%LOLPVHO ELOJLQLQ *UHWLOPHVNOYAWSDO®m ORIV T £EDOWWNH] %DQ
*QLYHUVLWHOHULQ ROPDN ¢]HUH OG> UHGW WDNRUX®GDQ (RIXQ@W XU XOD
HQ |QHPOL J|JUHYOHULQGHQ ELUdz&rLUGH%UXQFHEDHPBPGOUOQGD WXWXO
*QLYHUVLWHOHU OLVDQVeVWe HEXWLP NXWXELBGNHYDOGBDROXIWXU
DUDUWOUPDODU LOH NXUXOXUG DFPODODN ER®DPU RIOPDMO RD MN@ U GO Q
DUDRW OWSPDN YH \HQL WHNQRORRIQDAU <gUHWPWDNQYVIEW+s WH]OHULQGH
JJUHYOHULQLQ |QHPOL ELU E|O*P-@DUNOOQ®NEBDUUPINMMHBHMWH YH Lc
> @ /LWHUDWe<UGH \+NVHN OLVD/QWH \DBHN\PDOBREWRILDLPVHO oD0O
WH]J]OHULQL DQDOL] HGHQ ELUORNPBEBPONRWHEO DLDUDGWOUPD\D
UDVWODPDN P«PNeQG+U %X WeU oDOOUPDODUDQ VRQXFXQGD
hem ilgiL ELOLP GDOOQOQ JHOHQ TéblHGH ]ORN IQUAILSOOGO+O (QVWLWe)\
JHOLGULP EHOLUOHQHELOLU KHP GHQRWYRRQX®X@DN® DVUDRD
DODQO KDNNOQGD ELOML.OHU HOGH HdghifhkiLeL U > 73.02

Sosyal 31 24.60
Bilimler
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0-KHQGL ROXL’JWXUPNDN)NDGOUN 7DEOR % X
ve Fen 2 1.59 g|UH GD+-OOOPODUO GD 7DEOR ¢9YGH
Bilimleri

(+LWLP 3. $5%07,50%1,1 %8/*RN$

. . 0.79

Bilimleri 3

Toplam 126 100.00 hONHPL]GH WDUOQPD] GH+HUOHPH LT

OLVDQVeVWe WH]JOHULQ *QLYHUVLWH
$UDGUWOUPDQOQ |UQHNOHP JUXEXQMN GPHQ@QO®BPOLPDEHOR 9YGH YHULOF
(QVWLWeVe WDUDIOQGDQ NDEXO H®IRSH@P DGBHIWNOO 'HYOHW YH\D 9DN(
6RV\DO %LOLPOHU (QVWLW+VeQH DRDUWOOD GRHWEIDRKRQERUOQRKED WDUOQF
YH )HQ %LOLPOHUL (QVWLW+V.QG®HYDQDNW WH]QHUNLRDEXO HGLOP
%LOLPOHUL (QVWLWeVe E+«Q\HVLQGH]ONDD PDRAN@PO U RD®KW \eNVH
DGHW ROPDN ¢]JHUH WRSODPGD oDIDGHWDYIOVDQM-¥Wr 'WW]BEOLQOHU $L

\DsOorPOuwbU

7DEOR 7HJOHULQ hQLYHUVLWH YH gOJLOL $QDELOLP 'DOOQD *|UH 'D=¢
Doktora <*NVHN /L Toplam
hQLYHUVLV $QDELOLP 'DOO <D\O 2UD' <D\O 2UD' <D\O 2UD:
(Adet) (%) (Adet) (%)  (Adet) (%)

Afyon Kocatepe Harita 0 2 185 2 1.59
Anadolu Maliye 1 5.56 0 1 0.79
Ankara 3H\]DM OoLPDUOO=+ 1 5.56 1 0.79
Ankara 7D0©QHED]LGWLUPF 1 5.56 4 3.7 5 3.97
Ankara 7DUOP (NRQRPLVL 0 2 1.85 2 1.59
$WDWeUN 7DUOP (NRQRPLVL 0 1 0.93 1 0.79
%DKoOHUHKI guOHWPH 0 1 0.93 1 0.79
%DKoHUHKI gegtgegwésdsgeg"eilQH"i 0 3 278 3 2.38
Bilkent Ekonomi 0 1 093 1 0.79
%DOONHVL gQUDDW 0 3 278 3 2.38
%R+D]LoL 80XVODUDUDVO 7 0 1 093 1 0.79
%OHQW (F Harita 0 1 093 1 0.79
dXNXURYD @UOHWPH 0 1 0.93 1 0.79
dXNXURYD Ziraat 0 1 0.93 1 0.79
dXNXURYD 8]DNWDQ $0JOODI 0 1 093 1 0.79
'RNX] (\O+<C $YUXSD %LUOL=+L 1 5.56 0 1 0.79
'RNX] (\O«C sNWLVDW 0 1 093 1 0.79
'RNX] (\O«C OLPDUOON 0 1 093 1 0.79
"RNX] (\O-C Bilgisayar 0 1 093 1 0.79
Ege 7DUOP (NRQRPLVL 0 1 093 1 0.79
Ege gQuUDDW 0 2 1.85 2 1.59
Erciyes Harita 1 5.56 0 1 0.79
Gazi UHKLU YH %|OJH 3 0 1 093 1 0.79
Gazi gNWLVDW 0 1 0.93 1 0.79
Gazi gUOHWPH 0 3 278 3 2.38
Gazi gUOHWPH (+LWLPL 0 1 093 1 0.79
*HE]H <ol

Teknoloji Harita 0 2 18 2 1.59
(QVWLWeVe

Gediz Kentsel Yenileme 0 1 093 1 0.79
*«Pe1KDQH Harita 0 1 0.93 1 0.79
gVWDQEXO Orman 1 5.56 0 1 0.79
gVWDQEXO Maliye 0 1 093 1 0.79
gVWDQEXO guUOHWPH 1 5.56 0 1 0.79
gVWDQEXO guUOHWPH 0 1 0.93 1 0.79
gVWDQEXO 80XVODUDUDVO )I 0 1 093 1 0.79
gVWDQEXO g¢g]HHDkuk 0 1 093 1 0.79
gVWDQEXO Hukuk 0 1 093 1 0.79
gVWDQEXO sQuDDW 0 1 093 1 0.79
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g7h Geomatik 1 556 6 556 7 5.56
g7h UHKLU YH %|OJH 3 0 1 093 1 0.79
@7h 'LVLSOLQOHU $UD 0 13 12 13 10.3
g7h *D\ULPHQNXO *HO 0 5 463 5 3.97
g7h gQuDDW 0 2 185 2 1.59
@7h %LOLULP 8\JXODP 0 2 1.85 2 1.59
K. Mehmet Bey gNWLVDW 0 1 093 1 0.79
. Siyaset Bilimi ve Kamu
Kocaeli <|QHWLPL 0 1 0.93 1 0.79
.7h Harita 3 167 5 463 8 6.35
Marmara 6HUPD\H 3L\DVDV( 0 1 0.93 1 0.79
Marmara Ekonometri 0 1 0.93 1 0.79
Marmara gUOHWPH 1 556 1 093 2 1.59
Mersin gUOHWPH 0 1 0.93 1 0.79
Mimar Sinan <DSH 0 1 0.93 1 0.79
2'7h OLPDUOON 0 1 093 1 0.79
2'7h gNWLVDW 0 1 0.93 1 0.79
2'7h UHKLU YH %|OJH 3 0 1 0.93 1 0.79
2'7h "HRGHJL  YH &R+, 5.56 0 1 0.79
Teknolojileri
2QGRNX] 0l Harita 0 3 278 3 2.38
Pamukkale GUOHWPH 0 1 0.93 1 0.79
Sakarya gUOHWPH 0 1 093 1 0.79
6HOO0OXN Harita 1 556 4 3.7 5 3.97
6HOO0OXN Kamu Hukuku 0 1 093 1 0.79
6HOOXN gNWLVDW 1 5.56 0 1 0.79
Elektronik Bilgisayar
6HOO0OXN 6LVWHPOHUL (=LW 0 1 093 1 0.79
7HNLUGD+ 7DUOP (NRQRPLVL 0 1 093 1 0.79
<7h UHKLUFLOLN YH % 0 2 1.85 2 1.59
<7h Harita 2 111 6 556 8 6.35
<7h OLPDUOON 1 5.56 0 1 0.79
Toplam 18 100 108 100 126 100

$QDELOLP GDOODUO\OD LOJLOL GD3IO0EPD L O 6 DHQIGIPH GHD BROILP GD
IDUNOO DQDELOLP GDOODUOQGD GMRE® X\®DHDP H ONNRQX VXDGDI WIHQOHU NDE
\DSOO0GO+O JJU*OPHNWHGLU 7DEQWWODQQ GREMHL o D@d BERP@0Q.P) GDB®ODUOD
adet tez (%20.6) ile Jeodezi ve Fotogrametri anabilim DUDVOQGD GH+LUHQ VD\OODU(
GDOOQGD NDEXO HGLlherlitlwadet g NLBFAHWOUDBD QODQPOUWOU 7DuUdOQP
WH] LOH 'LVLSOLQOHU $UDWD uIDQ@PB]ODR OED 0@ YHOWLNOH DUWI
gUOHWPH DQDELOLP GDOO JHOPHNWHPGEQWE HI QRO VDU BGE D LISSOH QOHU D
DGHW WH] LOH +DULWD 0+REBRGLW R U+ L ¥DXQIXEL OH IPUO NHRRILX BX NR O
GDOO \HU DOPDNWDGOU %XQODULMDuOMGPHWODU G-WHIJVIOOBD LOJLOL I
gQUDDW O0+KHQGLVIDASBLWDQLEL 6MRPRENW WALUWD QPD] GH+HUOHPH DODQOC
$\UOFD fHU DGHW WH] LOHWWADBOKR HWRQRWLVYL 7DEOR
*D\ULPHQNXO *HOLUWLUPH gNWLVDW 7DUOP (NRQRPLVL YH

7DEOR $QDELOLP 'DOOQD *|UH8 7HI*DADLPOIDRWXQOG 3.97
'DHOOPO 9 *HRPDWLN O0+Kt 1 0.79
601 , . Tez  Oran 10 +DULWD 0+KHQ 10 7.94
No PQDELOLP 'DOC gh\¢ o 11 Hukuk 1 0.79
1 $YUXSD %LUOL 1 0.79 12 @NWLVDW 5 3.97
2 %LOJLVD\DU 0+ 1 0.79 13 @QuDDW 0+KHQ 8 6.35
3 %LOLGLP 8\JXO 1 0.79 14 @UOHWPH 12 9.52
4 'LVLSOLQOHU § 12 9.52 15 @UOHWPH (LW 1 0.79
5 Ekonometri 1 0.79 16 -HRGH]L YH &R 1 0.79
6 (NRQRPL %|O-F 1 0.79 Teknolojileri '
7 Elektronik ve Bilgisayar 1 0.79 17  Jeodezi ve Fotogrametri 26 20.6

6LVWHPOHUL (- 18 Kamu Hukuku 1 0.79
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19 Kentsel Sistemler ve g 538 D\UO JUXED LQGLUJHQHELOPLGWLU
8ODUWOUPD <| ' WDUOQPD] GH+HUOHPH NRQXVXQXQ

20  Kentsel Yenileme 1 0.79 KHU DODQGD LKWL\Do GX\XOGX+XQX J

21 Maliye 2 1.59

,, OHGHQL 8vXOo 0.79 7H]JOHUGH HQ oRN LQFHOHQHQ NRQXO
g1ODV +XNXNX ' LOH <|QWHPOHU 6WDQGDUWO

23 OLPDUOON 3 2.38 27  adet tez ile  (%21.43)  Genel

24  MuhasebetFinansman 1 0.79 %LOJL OHY]XDW 'H+HUOHPH 8]PDQOO+

25 2UPDQ 0:KHQG 1 0.79 BRUXQODU d|]*P gQHULOHUL 0

26  g]HO +XNXN 2 1.59 konulDUOGOU %X DODQGD HQ oRN LG

27 3H\]DM OLPDUO 1 0.79 <|QWHPOHU 6WDQGDUWODU )DNW|U

,g BHUPD\H 3L\D 0.79 *ONHPL]GHNL WDGOQPD] GH+HUOHP
Borsa ' NXOODQOODQ \|QWHP X\JXODQDQ V\

g Siyaset Bilimi ve Kamu 0.79 HWNL HGHQ IDNW|UOHULQ EHOLUOHC

<|QHWLPL
30 OHKLU YH %|0J
OUHKLUFLOLN

HNVLNOLN@MXU WE®X:XQ oDOOUPDOD!
2.38 GXUXPXQ JLGHULOPHVL DGOQD EL
EXOXQPDN DPDFO\OD \DSOOGH+0Q0H

3l Planlama 1.59 VOUDGD *HQHO %LOJL OHY]XDW 'H=|
32 7DUOP (NRQRP 3.97 NRQXVXQXQ LQFHOHQL\RU ROPDVO
33 7DUOQPD] *HOL 3.97 sistemindeki mevcut durumu asta koymak ve

34 80OXVODUDUDV/ 0.79 GH+HUOHPH X]PDQODUOQOQ NDUUO

<|QHWLPL
35 80XVODUDUDV:
8]DNWDQ $0J

0/]*P |QHULOHUL JHWLUPHN DPD0OO(
0.79 6RUXQODU d|]*P gQHULOHUL ORGHO g
LQFHOHQPLU ROPDV® GH-HUOHPH V

RPRR B B P ga N W e

36 &R+UDIL %LOJL 0.79 VRUXQODUOQ WHVSLWL QALDVDIQePNXU:
37 <DSO 0.79 |[QHULOHUL JHOLUOUWLULOPHVL WRSOX
38  Ziraat 0.79 PRGHO |QHULOHUL VXQPDN DPDo0o0OO o
Toplam 26 100 JIVWHUPHNWHGLU 7DEOR

7H] NRQXQIHWO QD@D KWDU NHOLPHOHD] EXO®XEGDU WHH VOUDVO\OD DGH!
VRQXo E|O*POHUL GLNNDWH DOO QGRODN LRD \DD WD P\ HQ HWKLIHED TuHU
LQFHOHQPHVL JHUHNWL=L G+6LQRURMVDWHWBHGHOAX +DVDU 2UDQO YF
JUXSODQGOUPD \DSOOOUNHQ NRQUMRODUDING <ADUDP%LQED NRQXO
(NRQRPLVL .DSLWDOL]DV\RQ 2UMEDRVMH\OUHPODKD WH]J]OHULQ ELUGH
VergisiEE'HYOHW $YUXSD WEWOLOH MDBNOGXREX J|UsOP«GWeU %XQD J|UH

RODQODU Pe¢PN¢Q ROGX+XQFD ERWX\WXS DOAWOQHIDLNL NRQX\X D
WRSODQPD\D oDOOUGOOPOUWOU %XQ DDGB YW W@ ] DGH BNURQNBRQW\X DUD G\
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Kaynak

.DSLW
$YUXS
)LQDQ
5HNUH
+DVDU
$UD]

8]DNWDQ $0 b D

6WDQGDUWO
.RQXW )L\DWODUDO

<O
.DPXODUWOUP
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7H] 7+Us 'U
<|QWHPOHU

7DUOP (NRQRPLVL
UHKLU 30DQODPD
6LJRUWD
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$UDJL 3ROLWLNDVO

Genel Bilgi / Mevzuat/H-HUOHPH 8
&%6

Emlak Vergisi/ E'HY OHW

$UVD '+ ]HQOHP H¥lan-'| BV R

gUWLIDN +DNODU

+XNXN

80DUO|

gVWLKGDP

leIXV

d|]JeP §REHDOJ

6RUXQODU

9DNOI 3\

+D]LQH

2UPDQ

'"H+HUOHPH (QHUM

<HUOLO

$OLHIHQ

%DUGR+|

Dr

YHNLUR

Dr

%RVWDQ

Dr

Boza, 2015

Dr

dD+DWD)

Dr

dD+GDuU

Dr

dHWH

Dr

dRUXKO)

Dr

Erdem, 2016

Dr

(UWDuU

Dr

+DFEON|\{

Dr

+HSUHOQ

Dr

.DEDWD {

Dr

.DUDND\

Dr

1DOEDOQ

Dr

1L 0D QGo8|

Dr

<DOSOU

Dr

(Nas)

Yl

$NEDUG

Yl

Akkaynak,

Yl

Albulak, 2016

Yl

Amca, 2016

Yl

Armut, 2016

Yl

Arslan, 2016

Yl

$VIXUR=

Yl

$WOOJID|

Yl

Bahar, 2007

Yl

% DU

Yl

%DuHU

Yl

%DUaW-eU]

Yl

Bayram, 2010

Yl

Birinci, 1993

Yl

%JUHNoOL

Yl

Bulut, 2011

Yl

%e\eNEDI

Yl

&DQGDU

Yl

Ceylan, 2007

Yl

dD+-GDuU

Yl

dDNOU

Yl

dHOLN

Yl
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dHYLN Yl
dOoDU [V
'‘DONOULYI
'H-LUPH]YI
'HULQSQ[VI
Deveci, 2007 | YI
'R+-UXO ]YI
'|lOHU YI
Er, 2015 YI
(UGR+=GXYI
(UHHU YI
Eren, 1998 |YVI
Ergin, 2013 | VI
(UWDU YI
Gemici, 2008] YI
*GXU YI
*OEDuO]YI
*QeODOJ|YVI
*e QO YI
*«OQHU YI
**QGR=GlYI
Hasanova, Yl
Hayta, 2007 | YI
Hurma, 2000 | VI
gO\DVR-+YI
.DEDWD{YI
.DUDEDU VI
Karaca, 2008] YI
.DUDJ|O]YI
.DUDN XU YI
.DUDWD (VI
.DUD\.OQ(YI
Kaya, 2011 |VI
Kaynar, 2014]YI
.HSoHOL]YI
Keskin, 2007 | YI
Keykubat, Yl
.OuDU YI
.JVH YI
.0 YI
Kurt, 2004 YI
.»0*NGR4YVI
Leylek, 1993 | VI
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