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 Poli(2,5-dihidro-2,5-dimetoksifuran), pDMHF, diokzan içerisinde cis-

trans-2,5-dihidro-2,5-GLPHWRNVLIXUDQÕQ�� '0+)�� 6Q&O4 ile polimerizasyonu 

VRQXFX� HOGH� HGLOPLúWLU�� )7-,5� VSHNWURVNRSLVL� DQDOL]OHUL�� SROLPHUOHúPH�
HVQDVÕQGD� KDOND� DoÕOÕPÕ� JHUoHNOHúLUNHQ� S'0+)¶ÕQ� \DSÕVÕQGD�& 2��2−H ve 

−C(O)−2+� JUXSODUÕQÕQ� ROXúWX÷XQX� J|VWHUPLúWLU�� $GVRUSVL\RQODU� HVQDVÕQGD�
J|]OHQHQ� S+� G�ú�úOHUL� GH� UHoLQHQLQ� DVLW� JUXSODUÕ� LoHUGL÷L� EXOJXVXQX�
GHVWHNOHPLúWLU�� � 5HoLQHOHULQ�� WDUDPDOÕ� HOHNWURQ� PLNURVNREX� LOH� \DSÕODn 

DQDOL]OHULQGHQ�S�U�]O��ELU�\�]H\H�VDKLS�ROGXNODUÕ�J|U�OP�úW�U� 
 
 S'0+)¶ÕQ� &X2+ iyonu adsorpsiyonunda maksimum adsorpsiyonun 

S+ ���¶GH� JHUoHNOHúWL÷L� EXOXQPXúWXU�� 0DNVLPXP� GHQJH� DGVRUSVL\RQXQGD��
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adsorplanan her Cu2+� L\RQXQD� NDUúÕOÕN� o|]HOWL\H� \DNODúÕN� �� +3O
+ iyonunun 

(3H3O
+/Cu2+��YHULOGL÷L�KHVDSODQPÕúWÕU�� 

 
S'0+)¶ÕQ� DGVRUSVL\RQ� NDSDVLWHVL� IDUNOÕ� GHULúLPOHUGHNL�+2SO4, HNO3, 

NH3� YH� 1D2+� o|]HOWLOHUL� LOH� IRQNVL\RQODQGÕUÕODUDN� DUWWÕUÕOPD\D� oDOÕúÕOPÕúWÕU��
1D2+� LOH� PRGLIL\H� HGLOPLú� UHoLQHOHUGH� L\LOHúPH� J|U�O�UNHQ�  maksimum 

adsorpsiyon kapasitesinin de 2.5-����NH]�DUWWÕ÷Õ�EXOXQPXúWXU��)7-IR analizleri 

1D2+�PRGLILNDV\RQXQXQ�� \DSÕGDNL�−2+�JUXSODUÕQÕ� DUWWÕUGÕ÷ÕQÕ� YH�NDUERNVLOLN�
DVLW� JUXSODUÕQÕ� Q|W�UOHúWLUGL÷LQL� J|VWHUPLúWLU�� 1D2+�S'0+)¶ÕQ� &X2+  

adsorpsiyonunda  çözelti� S+¶ODUÕQÕQ� GH÷LúPHPHVL� GH� NDUERNVLODW� WX]ODUÕQÕQ�
ROXúWX÷X�EXOJXVXQX�GHVWHNOHPLúWLU� 
 

.LQHWLN� oDOÕúPDODU� DGVRUSVL\RQODUÕQ� LNLQFL� GHUHFHGHQ� ELU� DGVRUSVL\RQ�
PHNDQL]PDVÕ\OD� JHUoHNOHúWL÷LQL� J|VWHUPLúWLU�� $\UÕFD�� GHQH\VHO� YHULOHULQ�
/DQJPXLU�L]RWHUPLQH�X\GX÷X�J|U�OP�úW�U��� 
 

S'0+)¶ÕQ�oHúLWOL�RUWDPODUGDNL�GHVRUSVL\RQX�YH�&X2+ ve Cd2+�L\RQODUÕQD�
NDUúÕ�VHoLFLOLN�|]HOOLNOHUL�GH�oDOÕúÕOPÕúWÕU��(Q�\�NVHN�GHVRUSVL\RQ�����������0�
('7$�o|]HOWLVLQGH�HOGH�HGLOLUNHQ�S'0+)¶ÕQ�&X2+�L\RQODUÕQÕ��&G2+�L\RQODUÕQGDQ�
%70 daha fazla DGVRUSODGÕ÷Õ�EXOXQPXúWXU� 
 

Anahtar Kelimeler : Poli(2,5-dihidro-2,5-dimetoksifuran), Adsorpsiyon, 

 .DW\RQLN�SROLPHUOHúPH��$÷ÕU�PHWDO�DGVRUSVL\RQX 
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ABSTRACT 

 

ADSORPTION OF Cu(II) IONS ON TO  

POLY(2,5-DIHYDRO-2,5-DIMETHOXYFURAN) 

 

%,<,.2ö/8��0XWOXKDQ 

.ÕUÕNkale University 

Graduate School of Natural and Applied Sciences 

Department of Chemistry, M. Sc. Thesis 

Supervisor : Assoc. Prof. Dr. Gülsu AKIN ÖKTEM 

Co-Supervisor : Prof. Dr. Zeki ÖKTEM 

June 2005, 90 pages 

 

 Poly(2,5-dihydro-2,5-dimethoxyfuran), pDMHF, was obtained from the 

polymerization of cis,trans-2,5-dihydro-2,5-dimethoxyfuran, DMHF, with 

SnCl4 in dioxane. The FT-IR spectroscopic characterizations showed the ring 

opening and formation of C=O, O−H and −C(O)−OH groups in the structure 

of polymer. The observed decrease in the pH of the adsorption solution 

supported the presence of acidic groups in the structure of the resin also. 

The SEM analyses of the resins indicated a rough surface for the resins.  

 
The maximum adsorption of Cu2+ ions on pDMHF was found to take 

place at pH=5.0. It was calculated that for each adsorbed Cu2+ ion 

approximately 3 H3O
+ ion (ca. 3H3O

+/Cu2+) was released to the solution.  
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The adsorption capacity of pDMHF was intended to increase by 

functionalization with H2SO4, HNO3, NH3 and NaOH solutions with different 

concentrations. An increase in adsorption capacity, ca. 2.5-3.0 times, was 

observed for NaOH treatment. FT-IR analyses showed the increase in −OH 

content and neutralization of carboxylic acid groups by NaOH treatment. 

During adsorption, NaOH/pDMHF did not change the pH of the adsorption 

solution. This supported the formation and neutralization of carboxylic acid 

groups, also. 

 
The kinetic studies showed a second order adsorption mechanism 

which follows Langmuir isotherms with high correlations. 

 
The desorption properties of pDMHF was studied also. Maximum 

desorption (ca. 20%) was obtained in 0.1 M EDTA solution. Studies with Cu2+ 

and Cd2+ mixture (1:1) indicated 70% selectivity toward Cu2+ ions. 

 

Key Words : Poly(2,5-dihydro-2,5-dimethoxyfuran), Cationic polymerization, 

Adsorption, Heavy metal adsorption 
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7H]� oDOÕúPDODUÕP� V�UHVLQFH� GHVWHN� YH� LOJLOHULQL� HVLUJHPH\HQ�� ELOJL� YH�
WHFU�EHOHULQGHQ�KHU�NRQXGD�ID\GDODQGÕ÷ÕP�GDQÕúPan hocam Doç. Dr. Gülsu 

$.,1�g.7(0�YH�KRFDP�3URI��'U��=HNL�g.7(0¶H�WHúHNN�U��ELU�ERUo�ELOLULP�� 
 
'HVWHNOHULQGHQ�GROD\Õ�<UG��'Ro��'U��+DVDQ�1XU�7(67(5(&ø��$Uú��*|U��

+DNDQ�dø)7dø�YH�$Uú��*|U��0HWLQ�$56/$1¶D�YH�KHU�ELULQLQ�LVPLQL�EXUDGD�WHN�
WHN�\D]DPD\DFD÷ÕP�GL÷HU�DUNDGDúODUÕPD�WHúHNN�U�HGHULP�� 

 
6HQWH]OHGL÷LP� SROLPHU� |UQHNOHULQLQ� 6(0� IRWR÷UDIODUÕQÕQ� oHNLOPHVLQGH�

\DUGÕPODUÕQÕ� HVLUJHPH\HQ� <UG�� 'Ro�� 'U�� 6HOoXN� $.7h5.¶H� YH� 6(0¶GHQ�
VRUXPOX�RODQ�GL÷HU�DUNDGDúODUD�WHúHNN�U�HGHULP�� 
 

Son olarak bana her zaman destek RODQ�DLOHPH�WHúHNN�U�HGHULP� 
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 1. *ø5øù 

 

 
'�Q\D� �]HULQGHNL� KÕ]OÕ� Q�IXV� DUWÕúÕ� oHúLWOL� oHYUH� VRUXQODUÕQÕQ�

ROXúPDVÕQD� QHGHQ�ROPXúWXU��+Õ]OD� DUWDQ�Q�IXVXQ� LKWL\DoODUÕQÕQ� NDUúÕODQPDVÕ�
LoLQ� ROXúDQ� \R÷XQ� WDOHS�� GR÷DO� ND\QDNODUÕQ� KÕ]OD� W�NHQPHVLQH� QHGHQ�
ROPDNWDGÕU�� 'R÷DO� ND\QDNODUÕQ� LQVDQODU� WDUDIÕQGDQ� LúOHWLOPHVL� YH�
G�]HQOHQPHVL�� GR÷DO� GHQJHQLQ� ER]XOPDVÕQD� QHGHQ� ROPDNWD� YH� EXQXQ�
VRQXFXQGD�GD�oHYUH�VRUXQODUÕ�JLGHUHN�DUWPDNWDGÕU��dHYUH�NLUOLOL÷L�J�Q�P�]�Q�
HQ� |QHPOL� oHYUH� VRUXQODUÕQGDQ� ELUL� ROXS� EXQODUÕQ� EDúÕQGD� GD� VX� NLUOLOLNOHUL�
gelmektedir. 

 
MadeQFLOLN� oDOÕúPDODUÕ�� HQG�VWUL\HO� YH� HYVHO� DWÕNODU� oHYUHGHNL� PHWDO�

NLUOLOL÷LQLQ� DUWPDVÕQD� QHGHQ� ROPDNWDGÕU�� *HQHOOLNOH�� GR÷DGD� ER]XQDUDN� \RN�
RODELOHQ�WRNVLN�RUJDQLN�PDGGHOHUH�NDUúÕQ��PHWDOOHU�X]XQ�\ÕOODU�KLoELU�GH÷LúLPH�
X÷UDPDGDQ� GR÷DGD� NDODELOPHNWH� YH� \L\HFHN� ]LQFLUL� LOH� FDQOÕ� GRNXODUÕQGD�
ELULNHELOPHNWHGLU��$÷ÕU�PHWDOOHULQ�NRPSOHNV�ELOHúLNOHUL�VXODUGD��KLGUROL]��U�QOHUL�
ya da iyon olarak bulunabilmektedir. TRNVLN� � PHWDOOHULQ� oHYUH\H� YHUGL÷L�
]DUDUODU�DQODúÕOGÕNWDQ�YH�FLGGL�\DVDODUOD�oHYUH�YH�oHYUH�VD÷OÕ÷Õ�NRUXPD�DOWÕQD�
DOÕQGÕNWDQ� VRQUD�� DWÕN� VXODUGDQ� PHWDOOHUL� X]DNODúWÕUPD� \D� GD� JHUL� ND]DQPD�
oDOÕúPDODUÕ�DUWPÕúWÕU(1-4). 

 
Çöktürme, yükseltgenme-LQGLUJHQPH��L\RQ�GH÷LúLPL��V�]PH��PHPEUDQ�

YH� EXKDUODúWÕUPD� JLEL� JHQHO� \|QWHPOHU� VRQ� GHUHFH� SDKDOÕ� \|QWHPOHU�
ROPDODUÕQÕQ� \DQÕ� VÕUD�� �-���� SSP� o|]�QP�ú� PHWDO� LoHUHQ� VH\UHOWLN�
o|]HOWLOHUGHQ� PHWDOOHUL� X]DNODúWÕUPDGD� GD� \HWHUVL]� NDODQ� \|QWHPOHUGLU� Bu 
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 DPDoOD�� D÷ÕU� PHWDOOHULQ� VXODUGDQ� X]DNODúWÕUÕOPDVÕQGD� IL]LNRNLP\DVDO� \D� GD�
EL\RORMLN�oHúLWOL�\|QWHPOHU�JHOLúWLULOPLúWLU��%X�\|QWHmler içerisinde adsorpsiyon, 

DWÕN VXODUGDQ� D÷ÕU� PHWDOOHUL� X]DNODúWÕUPDGD� \D\JÕQ� RODUDN� NXOODQÕODQ� HWNLOL�
\|QWHPOHUGHQ� ELULGLU�� dHúLWOL� PDGGHOHULQ� DGVRUSVL\RQXQGD� NXOODQÕODQ� ELU� oRN�
EL\RORMLN�� RUJDQLN� YH� LQRUJDQLN� N|NHQOL� DGVRUEDQ� JHOLúWLULOPLúWLU�� $NWLI� NDrbon, 

]HROLWOHU�� NLOOHU�� PHWDO� RNVLWOHU�� L\RQ� GH÷LúWLULFL� UHoLQHOHU�� KLGURMHO� SROLPHUOHU��
SROLPHULN� OLIOHU��GR÷DO� SROLPHUOHU� YH�oHúLWOL� EL\RORMLN�PDGGHOHU� �VXOX�RUWDPGDQ�
D÷ÕU�PHWDOOHULQ�X]DNODúWÕUÕOPDVÕ�DPDFÕ\OD�DGVRUEDQ�RODUDN�NXOODQÕOPÕúWÕU(5)

. 

 

1.1. BakÕU�.LUOLOL÷L 
 
Cu2+�NLUOLOL÷L� LoHUHQ�DWÕN�VXODUÕ��EDNÕU�PDGHQOHUL��EDNÕU�YH�SLULQo�NDSODPD�

VDQD\L�� N|P�UOHULQ� \DQPDVÕ� VRQXFX� ROXúDQ� DWPRVIHULN� SDUWLN�OOHU� YH�
PDGHQFLOLN��ND÷ÕW��SHWURO�YH�ER\D�HQG�VWULOHUL�ROXúWXUPDNWDGÕU��(Q�|QHPOL�EDNÕU�
ND\QD÷Õ� NDONRSLULW� (CuFeS2��PLQHUDOLGLU�� 7RSUDNWD� RUWDODPD� EDNÕU� VHYL\HVL� ���
PJ�/� � NDGDUGÕU�� &X�� ��� YH� ��� \�NVHOWJHQPH� EDVDPDNODUÕQGD� EXOXQDELOLU��
.DUDUOÕ�\�NVHOWJHQPLú�KDOL���¶GLU��%DNÕUÕQ�WHPL]OHQPHVL��OHYKD�KDOLQH�JHWLULOPHVL�
gibi metal-SURVHV� HQG�VWULOHULQGH� DWÕN� VXODUGDNL� EDNÕU� L\RQX� GHULúLPL 100-120 

PJ�/¶\H� \DNODúÕU�� %X� GH÷HU� VX-QLWHOLN� VWDQGDUWODUÕQD� J|UH� oRN� \�NVHNWLU(6). 

%DNÕU� LúOHWPH�HQG�VWULOHULQLQ�DWÕN�VXODUÕQGDNL�EDNÕU�,,��NLUOLOL÷L� LVH�����PJ�/¶\H�
NDGDU� oÕNDELOPHNWHGLU�� 6WDQGDUWODUD� J|UH� LoPH� VXODUÕQGDNL� PDNVLPXP� EDNÕU�
GHULúLPL����–����PJ�/¶\L��VXODPD�VXODUÕQGD�LVH����-����PJ�/¶\L�DúPDPDOÕGÕU(7). 
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�������%DNÕU��ø\RQODUÕQÕQ�&DQOÕ�6D÷OÕ÷Õ�YH�dHYUH�h]HULQH�(WNLOHUL 
 
%DNÕU� L\RQODUÕQÕQ� G�ú�N�PLNWDUODUÕ� VD÷OÕ÷D� ]DUDUOÕ� GH÷LOGLU�� DQFDN� LoPH�

suyunda istenmeyen tat oluúXPXQD�QHGHQ�ROXU��9�FXWWD�ELULNHQ�DúÕUÕ�EDNÕU�LVH�
NDUDFL÷HUGH� WDKULEH�QHGHQ�ROXU(7). <�]H\�VXODUÕQGD�EDNÕU���PJ�/¶QLQ�DOWÕQGDNL�
GHULúLPOHUGH�GDKL�VXOX�RUWDPGD�\DúD\DQ�ELWNLOHU�LoLQ�WRNVLN�|]HOOLN�WDúÕPDNWDGÕU��
$\UÕFD� EDNÕU ve nikel, çinkonun zehir etkisinL� DUWÕUPDNWDGÕU�� %DNÕU�� |]HOOLNOH�
N�o�N� FDQOÕODU� LoLQ� \�NVHN� GHUHFHGH� ]HKLUOLGLU�� +DILI� DONDOL� VXODUGD� KLGURNVLW��
o�U�\HQ� RUJDQLN� PDGGH� LoHUHQ� VXODUGD� LVH� V�OI�U� ELOHúL÷L� úHNOLQGH� o|NHU��
%DNÕU��EDOÕNODU� LoLQ�GH� �NXYYHWOL�ELU�]HKLUGLU��gUQH÷LQ��DODEDOÕNODU� için toksisite 

VÕQÕUÕ������PJ�&X2+�/¶GLU��%DNÕUÕQ�VHUW�VXODUGDNL�]HKLU�HWNLVL�GDKD�D]GÕU��%XQXQ�
QHGHQL�VXGDNL�GL÷HU�WX]ODUÕQ�EDNÕUÕQ�]HKLU�HWNLVLQL�D]DOWPDVÕGÕU��øoPH�VXODUÕQGD�
en fazla 0.05 mg Cu2+�/� EXOXQPDOÕGÕU�� %DNÕU� L\RQODUÕ� J|UPH� ER]XNOXNODUÕQD�
neden� RODELOHFHNOHUL� JLEL�NDUDFL÷HU�VLUR]X� LOH�NDQ�KDVWDOÕNODUÕ�GD�NURQLN�EDNÕU�
zehirlenmeleri içinde yer alabilmektedir.  

 

�����$÷ÕU�0HWDO 8]DNODúWÕUPD�YH�.D]DQÕP�<|QWHPOHUL 
 
$÷ÕU� PHWDO� � NLUOLOL÷LQLQ� JLGHULOPHVLQGH� NXOODQÕODQ� \|QWHPOHU�� o|NW�UPH��

Q|WUDOOHúWLUPH�� HNVWUDNVL\RQ�� ILOWUHOHPH�� WHUV� RVPR]�� HOHNWUROL]�� L\RQ� GH÷LúLPL�
ve adsorpsiyon’dur. 

 
$GVRUSVL\RQ� YH� L\RQ� GH÷LúLPL� GÕúÕQGDNL� GL÷HU� \|QWHPOHU�� oRN� G�ú�N�

GHULúLPGHNL� NLUOHWLFLOHULQ� X]DNODúWÕUÕOPDVÕQGD� ELU� oRN� DoÕGDQ� \HWHUVL]GLU�� %X�
yöntemlerden çöktürme, d�ú�N� PDOL\HWL� YH� NROD\� X\JXODQPDVÕ� QHGHQL\OH�
\D\JÕQ� RODUDN� NXOODQÕOPDNWDGÕU�� $QFDN�� D÷ÕU� PHWDO� LoHUHQ� oDPXUXQ� LNLQFL� ELU�
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 NLUOLOL÷H�QHGHQ�ROPDVÕ�oHYUHVHO�DoÕGDQ�ELU�HNVLNOLNWLU��6ÕYÕ-VÕYÕ�HNVWUDNVL\RQX�
LVH� ]RU� ROPDVÕ�� \DYDú� JHUoHNOHúPHVL�� \�NVHN� GHULúLPOHUH� XODúPDPDVÕ� JLEL�
QHGHQOHUGHQ� GROD\Õ� NXYYHWOL� ELU� D\ÕUPD� \|QWHPL� GH÷LOGLU�� 1|WUDOOHúWLUPH��
HNVWUDNVL\RQ�� ILOWUHOHPH�� WHUV� RVPR]� YH� HOHNWUROL]� \|QWHPOHUL� LúOHQHQ� VXOX�
RUWDP� PLNWDUÕQÕQ� G�ú�N� ROPDVÕ�� LúOHWPH� PDOL\HWLQLQ� \�NVHN� ROPDVÕ�� G�ú�N�
GHULúLPOHUGH� LVWHQLOHQ� VRQXFXQ� DOÕQDPDPDVÕ� YH� oRNOX� PHWDO� L\RQX� LoHUHQ�
RUWDPODUGD� VHoLFLOL÷LQ� NRQWURO� HGLOHPHPHVL� JLEL� QHGHQOHUOH� \HUOHULQL�
DGVRUSVL\RQ�\|QWHPLQH�EÕUDNPÕúWÕU� 

 

1.2.1. Adsorpsiyon 

 
Adsorpsiyon, birçok fiziksel, biyolojik ve kimyasal sistemde 

uygulanabilen, aktLI� NDUERQ� YH� oHúLWOL� VHQWHWLN� UHoLQHOHU� JLEL� NDWÕODUÕQ�
NXOODQÕOGÕ÷Õ��HQG�VWULGH�YH�VX�YH�DWÕN� VXODUÕQ� WHPL]OHQPHVLQGH� \D\JÕQ�RODUDN�
X\JXODQDQ� ELU� \|QWHPGLU�� øON� GHID� ����� \ÕOÕQGD� 6FKHHOH� LOH� ����� \ÕOÕQGD� $��
)RRQWDQD� WDUDIÕQGDQ� NHúIHGLOPLúWLU�� $GVRUSVL\RQ� �zerine ilk sistematik 

DUDúWÕUPD�LVH�6DXVVXUH�WDUDIÕQGDQ�\DSÕOPÕúWÕU��$GVRUSVL\RQ�WHULPL�LVH�LON�GHID�
����� \ÕOÕQGD� .D\VHU� WDUDIÕQGDQ� LOHUL\H� V�U�OP�úW�U(8)

. Günümüzde birçok 

GR÷DO�� IL]LNVHO�� EL\RORMLN� YH� NLP\DVDO� LúOHPOHUGH� DGVRUSVL\RQXQ� |QHPL�
bilinmektedir. 

 
$GVRUSVL\RQ�� ELU� ID]GDNL� ELU� PDGGH\L� GL÷HU� ELU� ID]ÕQ� \�]H\LQGH�

GHULúWLUHUHN� \D� GD� WRSOD\DUDN� JHUoHNOHúWLULOHQ� D\ÕUPD� LúOHPLGLU�� $GVRUSOD\DQ�
ID]�� DGVRUEDQ� \D� GD� DGVRUSOD\ÕFÕ�� \�]H\GH� WRSODQDQ� \D� GD� DGVRUSODQDQ�
madde ise adsorbat ya da adsorplanan olarak DGODQGÕUÕOÕU�� 'ROD\ÕVÕ\OD�
DGVRUSVL\RQ��ELU�PDGGHQLQ�ELU� ID]GDQ�GL÷HU� ID]ÕQ� LoLQH�JLULS�o|]HOWL�ROXúWXUDQ�
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 DEVRUSVL\RQ� LúOHPLQGHQ� IDUNOÕGÕU�� 6RUSVL\RQ� WHULPL� LVH� KHU� LNL� LúOHPL� LIDGH�
HGHQ� JHQHO� WHULPGLU�� 6RUSVL\RQ� LúOHPOHUL� DUDVÕQGDNL� IDUN� ùHNLO� ���¶GH�
gösterilmektedir. Ce ve qe��ELU�PDGGHQLQ�LNL�ELWLúLN�ID]GDNL�GHQJH�GHULúLPOHULQL�
göstermektedir. qe�� NDWÕ� DGVRUEDQÕQ� ELULP� N�WOHVLQLQ� DGVRUSODGÕ÷Õ� PDGGH�
�DGVRUSODQDQ�� PLNWDUÕ� YH� &e LVH�� DGVRUSODQDQ� PDGGHQLQ� NÕVPHQ�
X]DNODúWÕUÕOGÕ÷Õ� o|]HOWLGHNL� NDODQ� PLNWDUÕGÕU�� ,�� YH� ,,,�� H÷UL� LVWHQHQ� YH�
LVWHQPH\HQ� DGVRUSVL\RQXQ� NDUDNWHULVWLN� OLQHHU� ROPD\DQ� GDYUDQÕúÕQÕ�
J|VWHUPHNWHGLU��,,��H÷UL�LVH�DEVRUSVL\RQXQ�NDUDNWHULVWLN�OLQHHU�D\ÕUPD�|]HOOL÷LQL�
göstermektedir. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�������'HQJH�VRUSVL\RQ�D\ÕUPD�W�UOHUL 
  
          qe���$GVRUSODQDQ�PDGGH�PLNWDUÕ���&e���d|]HOWLGHNL�PDGGH�PLNWDUÕ 

  

I.�øVWHQHQ��SR]LWLI�� 
   Adsorpsiyon   
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 �����d|]�QP�ú�0DGGHOHULQ�.DWÕODU�h]HULQH�$GVRUSVL\RQX 

 
d|]�QP�ú� ELU� PDGGH� \D� GD� o|]�F��� o|]HOWLGH� EXOXQDQ� ELU� NDWÕ�

WDUDIÕQGDQ� DGVRUSODQDELOLU�� d|]�QP�ú� PDGGHOHULQ� DGVRUSVL\RQX� LNL\H�
D\UÕlabilir; 

 
 
���<�]H\�JHULOLPGHNL�GH÷LúLNOLNOHULQ�QHGHQ�ROGX÷X�DGVRUSVL\RQ� 
����(OHNWURVWDWLN�NXYYHWOHULQ�QHGHQ�ROGX÷X�DGVRUSVL\RQ� 

 

�������<�]H\�*HULOLPL�'H÷LúLPOHULQLQ�1HGHQ�2OGX÷X�$GVRUSVL\RQ 

 
d|]�QP�ú� ELU� PDGGHQLQ�� o|]HOWLQLQ� \�]H\LQGHNL� YH� LoLQGHNL� GD÷ÕOÕPÕ�

IDUNOÕOÕN� J|VWHULU��:�� *LEEV¶H� J|UH�� \�]H\� JHULOLPLQL� D]DOWDQ�PDGGHOHULQ�� DUD�
\�]H\OHUGHNL� � GHULúLPOHUL� VÕYÕ� LoHULVLQGHNLQGHQ� GDKD� ID]OD�� \�]H\� JHULOLPLQL�
DUWWÕUDQ�PDGGHOHULQ�DUD�\�]H\OHUGHNL��GHULúLPOHUL�LVH�GDKD�D]GÕU��%LULQFL�KDOGH�
adsorpsiyon poziWLI�� LNLQFL� KDOGH� LVH� DGVRUSVL\RQ� QHJDWLIWLU� �ùHNLO� ������ %X�
GDYUDQÕú� KHP� LNL� VÕYÕQÕQ� KHP� GH� ELU� NDWÕ\OD� � ELU� VÕYÕQÕQ� WHPDV� \�]H\LQGH�
J|]OHQHELOLU��'ROD\ÕVÕ\OD� o|]�QP�ú�PDGGH�� |UQH÷LQ� VX� LOH� N|P�U�DUDVÕQGDNL�
\�]H\� JHULOLPLQL� G�ú�UG�÷�QGH�� o|]�QP�ú� PDGGH� N|mür-VX� VÕQÕUÕQGD�
WRSODQÕU�� %X� GXUXPGD� DGVRUSVL\RQ� SR]LWLIWLU�� %X� úHNLOGH� ROXúDQ�
DGVRUSVL\RQODUÕQ�JHQHO�|]HOOLNOHUL� 

 
a) $GVRUEDQÕQ� ELULP� N�WOHVL� WDUDIÕQGDQ� DGVRUSODQDQ� PDGGH� PLNWDUÕ�

o|]�QP�ú� PDGGHQLQ� GHULúLPLQH� ED÷OÕGÕU�� $GVRUEDQ� GR\GX÷XQGD�
adsorpsiyon durur. 

b) Adsorpsiyon iki yönlüdür. Ancak adsorpsiyon sonucu kimyasal 

GH÷LúPH�ROXUVD�ROD\�LNL�\|QO��GH÷LOGLU��gUQH÷LQ��N|P�U�Q�DGVRUSODGÕ÷Õ�
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 \XPXUWD� DOE�PLQL� SÕKWÕODúÕU�� %X� QHGHQOH� VDGHFH� o|]HOWLQLQ�
VH\UHOWLOPHVL�LOH�JHUL�DOÕQDPD]� 

c) Bir madde, yüksek yüzey gerilimli ELU�o|]�F�GH��G�ú�N�\�]H\�JHULOLPOL�
ELU� o|]�F�\H� RUDQOD� � GDKD� úLGGHWOH� DGVRUSODQÕU�� gUQH÷LQ� SLNULN� DVLW��
N|P�U� WDUDIÕQGDQ� VXOX� o|]HOWLGH� DONRO� o|]HOWLVLQH� RUDQOD� GDKD� ID]OD�
DGVRUSODQÕU�� 

d) $GVRUSODQDQ� ELU�PDGGH�� NHQGLVLQH� RUDQOD� GDKD� úLGGHWOH� DGVRUSODQDQ�
bir�EDúND�PDGGH�WDUDIÕQGDQ�DGVRUEDQ�\�]H\LQGHQ�X]DNODúWÕUÕODELOLU� 

 

�������(OHNWURVWDWLN�.XYYHWOHULQ�1HGHQ�2OGX÷X�$GVRUSVL\RQ 

 
(÷HU�IDUNOÕ�NLP\DVDO�\DSÕGD� LNL� ID]�ELUELUL� LOH� WHPDVWD�EXOXQXUVD��EX� LNL�

ID]�DUDVÕQGD�ELU�HOHNWULNVHO�SRWDQVL\HO�IDUN�PH\GDQD�JHOLU. Potansiyel fark, ara 

\�]H\LQ�ELU� WDUDIÕQÕQ�SR]LWLI��GL÷HU� WDUDIÕQÕQ� LVH�QHJDWLI� \�NO��ROPDVÕQD�QHGHQ�
ROXU�� (÷HU� ID]ÕQ� ELUL� NDWÕ� GL÷HUL� ELU� HOHNWUROLW� o|]HOWLVL� LVH�� ELU� oRN� \DSÕGD� oLIW�
WDEDND�ROXúDELOLU��%LU�oRN�NDWÕ��VX� LOH� WHPDV�HWWL÷LQGH�HOHNWULNVHO�\�N�ND]DQÕU��
gUQH÷LQ��VX-VLOLV�WHPDVÕQGD�VLOLV��-), su (+) olarak yüklenir. Böylece yüzeydeki 

EX�HOHNWULNVHO� \�N�� VXGD�EXOXQDQ�]ÕW� \�NO�� L\RQODUÕQ�DGVRUSODQPDVÕQÕ� VD÷ODU��
.ÕUPÕ]Õ� UHQNOL� ELU� GHPLU�,,,�� NORU�U� o|]HOWLVLQH� ELU�PLNWDU� VLOLV� WR]X� LODYH� HGLOLS�
kaUÕúWÕUÕOÕS��V�]�OG�÷�QGH�LVH�o|]HOWLQLQ�UHQNVL]OHúWL÷L�J|]OHQLU��%X���GHPLU�,,,��
L\RQODUÕQÕQ�VLOLV�WDUDIÕQGDQ�DGVRUSODQGÕ÷ÕQÕ�J|VWHULU� 

 
%LU� \�]H\GH� \D� GD� DUD� \�]H\GH� ROXúDQ� DGVRUSVL\RQ� E�\�N� RUDQGD�

atomlar, iyonlar ya da bir adsorban molekülü ile yüzey moOHN�OOHUL�DUDVÕQGDNL�
oHNLP� NXYYHWOHULQGHQ� GROD\Õ� JHUoHNOHúLU�� %X� oHNLP� NXYYHWOHULQLP� WHPHOLQL� LVH�
HOHNWURPDQ\HWLN�HWNLOHúLPOHU�ROXúWXUPDNWDGÕU(9). Adsorpsiyon, genel olarak yer 
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 GH÷LúWLUPH� �H[FKDQJH��� IL]LNVHO�� NLP\DVDO� YH� VSHVLILN� ROPDN� �]HUH� G|UW� DQD�
grubD�D\UÕODELOLU(10). 

 
<HU� GH÷LúWLUPH� \D� GD� L\RQ� GH÷LúLP� DGVRUSVL\RQX�� L\RQLN� WDQHFL÷LQ� ]ÕW�

\�NO�� DGVRUEDQ� \�]H\LQH� HOHNWURVWDWLN� RODUDN� ED÷ODQPDVÕQÕ� LoHULU�� %X�
ED÷ODQPD� HVQDVÕQGD� DGVRUEDQ� \�]H\LQGH� ED÷OÕ� EXOXQDQ� L\RQLN� WDQHFLNOHUOH�
\HU�GH÷LúLPL�JHUoHNOHúLU� 

 
)L]LNVHO� DGVRUSVL\RQ�/RQGRQ�GD÷ÕOÕP�NXYYHWOHUL� LOH�HOHNWURVWDWLN� oHNLP�

NXYYHWOHULQL� LoHUHQ� YDQ� GHU� :DDOV� NXYYHWOHULQLQ� HWNLVL� LOH� JHUoHNOHúHQ�
DGVRUSVL\RQGXU�� *HQHOOLNOH� G�ú�N� VÕFDNOÕNODUGD� JHUoHNOHúHQ� IL]LNVHO�
DGVRUSVL\RQ�G�ú�N�DGVRUSVL\RQ� ÕVÕOÕ� �� \DNODúÕk −20 kJ/mol ) ve tersinir olan 

WXWXQPDODUGÕU� 
 
Kimyasal adsorpsiyon ya da kemisorpsiyon, adsorplanan madde ile 

DGVRUEDQ�DUDVÕQGD�NLP\DVDO�ELU� WHSNLPHQLQ�JHUoHNOHúWL÷L�YH� WHSNLPH�VRQXFX�
ED÷ODQDQ� PDGGHQLQ� NLP\DVDO� |]HOOLNOHULQGH� GH÷LúLNOLNOHULQ� PH\GDQD� JHOGL÷L�
DGVRUSVL\RQ� úHNOLGLU�� %X� úHNLOGH� HOGH� HGLOHQ� ED÷ODQPDODU� JHQHOOLNOH� IL]LNVHO�
YDQ�GHU�:DDOV�NXYYHWOHUL�LOH�HOGH�HGLOHQ�ED÷ODQPDODUGDQ�oRN�GDKD�NXYYHWOLGLU��
Bu nedenle kimyasal adsorpsiyonun enerjisi yüksektir (−20 – +100 kJ/mol). 

Kimyasal adsorpsiyon geQHOOLNOH� WHUVLQLU� GH÷LOGLU�� %X� úHNLOGH� DGVRUSODQPÕú�
tabaka mono-moleküler bir tabaka olup adsorpsiyon aktif merkezler üzerinde 

JHUoHNOHúLU�� 'L÷HU� ELU� GH\LúOH�� DGVRUSVL\RQ� NDWÕQÕQ� E�W�Q� \�]H\LQGH�
JHUoHNOHúPH]� 

 
Adsorplanan moleküllerinin, kimyasal ve fiziksel özelliklerinde herhangi 

ELU� GH÷LúLPH� X÷UDPDGDQ� DGVRUEDQ� \�]H\LQGHNL� IRQNVL\RQHO� JUXSODUD�
ED÷ODQPDVÕ� VSHVLILN� HWNLOHúLPOHU� VRQXFX� JHUoHNOHúLU�� %X� W�U� HWNLOHúLPOHU�
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 ³6SHVLILN�$GVRUSVL\RQ´�RODUDN�DGODQGÕUÕOPDNWDGÕU��%D÷ODQPD�HQHUMLVL��IL]LNVHO�
adsorpsiyon eQHUMLVLQGHQ� EDúOD\ÕS� NHPLVRUSVL\RQ� GD� J|]OHQHQ� \�NVHN�
HQHUMLOHUH� NDGDU� oÕNDELOPHNWHGLU�� 'D÷ÕOÕP�� HOHNWURVWDWLN�� NHPLVRUSVL\RQ� YH�
IRQNVL\RQHO� JUXS� HWNLOHúLPOHULQLQ� W�P�� DGVRUEDQÕQ� VSHVLILN� ELU� DGVRUSODQDQD�
NDUúÕ�RODQ�LOJLVLQL�EHOLUOHU� 

 

1.3.3. Fiziksel ve KLP\DVDO�$GVRUSVL\RQXQ�.DUúÕODúWÕUÕOPDVÕ 
 

1. $GVRUSOD\ÕFÕ� LOH� DGVRUSODQDQ� DUDVÕQGDNL� NXYYHW�� IL]LNVHO�
DGVRUSVL\RQGD� \R÷XQODúPD� ROD\ÕQGDNL� NXYYHWOHUH�� � NLP\DVDO�
adsorpsiyonda ise kimyasal tepkimelerde etkin olan kuvvetlere 

benzerdir. Bu nedenle fiziksel adsorpsL\RQ� \�]H\� \R÷XQODúPDVÕ��
kimyasal adsorpsiyon ise yüzey tepkimesi olarak da 

DGODQGÕUÕODELOPHNWHGLU� 
 
2. <HWHUL�GHUHFHGH�G�ú�N�VÕFDNOÕNODUGD� IL]LNVHO�DGVRUSVL\RQ�KHUKDQJL�

bir adsorban-DGVRUSODQDQ� LNLOLVL� DUDVÕQGD� PH\GDQD� gelebilir. Bu 

ROD\� LNLOLQLQ� W�U�QH� ED÷OÕ� GH÷LOGLU�� .LP\DVDO� DGVRUSVL\RQ� ise ikili 

VLVWHPLQ�W�U�QH�ED÷OÕGÕU�YH�LNLOL�DUDVÕQGD�|]HO�ELU�NLP\DVDO�LOJL\L�gerektirir. 

%XQGDQ�GROD\Õ��NHPLVRUSVL\RQ�VHoLFLGLU� 
 
3. )L]LNVHO� DGVRUSVL\RQ� ROGXNoD� KÕ]OÕGÕU�� .LP\DVDO� DGVRUSVL\RQXQ� KÕ]ÕQÕ�

LVH�DNWLIOHúPH�HQHUMLVL belirler. 

 
4. 6ÕFDNOÕN� DUWWÕNoD� IL]LNVHO� DGVRUSVL\RQ� D]DOGÕ÷Õ� KDOGH� NLP\DVDO�

adsorpsiyon artar. 
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 5. Kimyasal adsorpsiyon sadece tek moleküllü tabaka biçiminde 

JHUoHNOHúHELOLUNHQ� Iiziksel adsorpsiyon  tek moleküllü ya da çok 

moleküllü tabaka ELoLPLQGH�JHUoHNOHúHbilmektedir. 

 

1.4. Adsorpsiyona Etki Eden Faktörler 

 
$GVRUSVL\RQD� HWNL� HGHQ� IDNW|UOHU� \�]H\� DODQÕ�� RUWDPGD� EXOXQDQ�

VDIVÕ]OÕNODU���S+��VÕFDNOÕN�YH�DGVRUEDQÕQ�FLQVLGLU� 
 
$GVRUSVL\RQ� ELU� \�]H\� ROD\ÕGÕU�� 'ROD\ÕVÕ\OD� |]J�O� \�]H\� DODQÕ\OD�

RUDQWÕOÕGÕU��g]J�O�\�]H\�DODQÕ��WRSODP�\�]H\LQ�DGVRUSVL\RQD�X\JXQ�RODQ�NÕVPÕ�
úHNOLQGH� WDQÕPODQÕU�� $GVRUSOD\DQÕQ� SDUWLN�O� ER\XWXQXQ� N�o�N�� \�]H\� DODQÕQ�
JHQLú�YH�J|]HQHNOL�\DSÕGD�ROPDVÕ�DGVRUSVL\RQX�DUWÕUÕU��$GVRUSOD\DQ�\�]H\L�LOH�
DGVRUSODQDQ� PROHN�OOHUL� DUDVÕQGDNL� NDUúÕOÕNOÕ� oHNLm kuvvetleri adsorpsiyonda 

|QHPOL� URO� R\QDU�� 3RODU� \�]H\OHU� SRODU� DGVRUSODQDQODUÕ�� DSRODU� \�]H\OHU� LVH�
DSRODU� DGVRUSODQDQODUÕ� WHUFLKOL� RODUDN� DGVRUSODU(11). Polar adsorbanlarda 

HOHNWULNVHO�NXYYHWOHU�HWNLOL�ROXUNHQ��DSRODU�DGVRUEDQODUGD�GD÷ÕOÕP�NXYYHWOHUL�Htkili 

olur. 

 
$GVRUEDQ� LoLQGH� EXOXQDQ� VDIVÕ]OÕNODU� GD� DGVRUSVL\RQX� HWNLOHU�� %X�

VDIVÕ]OÕNODU� DGVRUEDQÕQ� IL]LNVHO� YH� NLP\DVDO� \DSÕVÕQGD� GH÷LúLNOLNOHUH� VHEHS�
ROXUODU��%X�QHGHQOH�GH�DGVRUSODQDQ�PDGGH�PLNWDUÕQGD�GH÷LúPHOHU�ROXU� 
 

6X� ID]ÕQGD� JHUoHNOHúWLULOHQ� DGVRrpsiyonlarda hidrojen ve hidroksit 

L\RQODUÕ� JHQHOOLNOH� DGVRUEDQOD� WHSNLPH\H� JLUHU�� %X� QHGHQOH� GL÷HU� L\RQODUÕQ�
DGVRUSVL\RQX� o|]HOWLQLQ� S+¶VÕ� LOH� HWNLOHQLU�� $\UÕFD� S+�� DGVRUEDQÕQ� HWNLQ� RODQ�
DVLGLN� \D� GD� ED]LN� NRQMXJH� \DSÕVÕQÕ�� SURWROL]� \D� GD� L\RQODúPD� GHUHFHlerini 
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 GH÷LúWLUHUHN�HWNLOHPHNWH� YH� DGVRUSVL\RQXQ�G�úPHVLQH� QHGHQ� RODELOPHNWHGLU��
$VLGLN�S+¶ODUGD�DGVRUEDQ�\�]H\LQLQ�SR]LWLI�\�NOHPH�LKWLPDOL�DUWWÕ÷ÕQGDQ�\�]H\��
QHJDWLI�\�NO��L\RQODUÕQ�DGVRUSVL\RQX�LoLQ�GDKD�X\JXQ�KDOH�JHOPHNWHGLU��<�NVHN�
pH’larda ise pozitLI�\�NO��L\RQODUÕQ�DGVRUSVL\RQXQXQ�DUWPDVÕ�EHNOHQLU(12). 

 
(QWDOSL� GH÷LúLPOHUL�� \R÷XQODúPD� \D� GD� NULVWDOOHQPH� HQWDOSLOHUL�

büyüklüklerinde olan adsorpsiyon tepkimeleri, normal olarak ekzotermik 

WHSNLPHOHUGLU�� 'ROD\ÕVÕ\OD�� ELU� VLVWHPLQ� XODúDELOHFH÷L� GHQJH� QRNWDVÕ� \D� GD�
NDSDVLWHVL� JHQHOOLNOH� VÕFDNOÕN� G�úW�NoH� DUWPDNWDGÕU�� $QFDN� EX� GDYUDQÕúD� ]ÕW�
RODUDN�� DGVRUSVL\RQ� NLQHWL÷LQL� JHQHOOLNOH� GLI�]OHQHQ� PDGGH� WUDQVIHUL�
EHOLUOHGL÷LQGHQ��GHQJH\H�XODúPD�KÕ]Õ�VÕFDNOÕN�DUWÕNoD�DUWPDNWDGÕU(11). 

 

�����$GVRUSVL\RQ�ø]RWHUPOHUL 
 

%LU� PDGGHQLQ� ELU� ID]GDQ� GL÷HU� ID]ÕQ� \�]H\LQH� DGVRUSODQGÕ÷Õ� ELU�
VLVWHPGH�� VLVWHP� GHQJH\H� XODúWÕ÷ÕQGD� PDGGHQLQ� GD÷ÕOÕPÕ� WHUPRGLQDPLN�
RODUDN� WDQÕPODQDELOLU�� %X� GD÷ÕOÕP� \D\JÕQ� ELU� úHNLOGH�� DGVRUEDQÕQ� ELULP�

PLNWDUÕQÕQ�DGVRUSODGÕ÷Õ�PDGGH�PLNWDUÕQÕ��Te, çözeltiGH�NDODQ�DGVRUSODQPDPÕú�

PDGGH�PLNWDUÕQD�� &e�� ED÷OÕ� RODFDN� úHNLOGH� YHULOHUHN� LIDGH� HGLOLU�� %X� úHNLOGH�

LIDGH� HGLOHQ�GD÷ÕOÕP�� ³$GVRUSVL\RQ� ø]RWHUPL´� RODUDN�DGODQGÕUÕOÕU��$GVRUSVL\RQ�
L]RWHUPL�� VDELW� VÕFDNOÕNWD� o|]HOWLGHNL� DGVRUSODQDQÕQ� GHULúLPLQH� NDUúÕ��
adsorpVL\RQXQ� GHQJH� GD÷ÕOÕPÕQÕ� WDQÕPODU�� *HQHOOLNOH�� ELULP� PLNWDUGD�
DGVRUEDQÕQ�DGVRUSODGÕ÷Õ�PDGGH�PLNWDUÕ�GHULúLP�DUWÕNoD�DUWDU� 
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  %LU� DGVRUSVL\RQ� SURVHVLQGH� NXOODQÕOPDVÕ� JHUHNHQ� DGVRUSODQDQ� YH�
DGVRUSODQDQ� PLNWDUÕ� LOH� SURVHVLQ� NDSDVLWH� YH� IL]LELOLWHVLQLQ� |QFHGHn 

EHOLUOHQPHVLQGH� GHQH\VHO� L]RWHUPOHU� VRQ� GHUHFH� |QHPOLGLU�� $\UÕFD�� EX� W�U�
L]RWHUPOHU� NXUDPVDO� PRGHOOHPHQLQ� \DSÕODELOPHVL� YH� DGVRUSVL\RQ� ÕVÕVÕ� JLEL�
WHUPRGLQDPLN�SDUDPHWUHOHULQ�EHOLUOHQHELOPHVL� LoLQ�GH�|QHP� WDúÕPDNWDGÕU��%X�
amaçla, adsorpsiyon izotermlerini� WDQÕPOD\DQ� oHúLWOL� GHQJH� PRGHOOHUL�
JHOLúWLULOPLúWLU�� $QFDN� 9RLFH� YH� :HEHU¶LQ� EHOLUWWL÷L� JLEL�� EX� PRGHOOHU� ELU�
GHQH\VHO� YHUL\H� WDP� RODUDN� X\DELOLUNHQ� ELU� GL÷HULQGH� EDúDUÕVÕ]�
olabilmektedir(13). Genel olarak uygulanabilecek bir model henüz 

JHOLúWLULOHPHPLúWir. 
 

1.5.1. Langmuir Modeli 

 
/DQJPXLU�PRGHOL� JD]ODUÕQ� NDWÕODUD� DGVRUSVL\RQX� LoLQ� JHOLúWLULOPLú� RODQ�

ELU� PRGHOGLU�� 0RGHOGH�� DGVRUSVL\RQ� HQHUMLVLQLQ� VDELW� ROGX÷X� YH� \�]H\LQ�
NDSODQPDVÕQGDQ� HWNLOHQPHGL÷L�� DGVRUSVL\RQXQ� ORNDOL]H� ROPXú� EHOLUOL�
bölgelerde, adsorpODQDQ� LOH� KHUKDQJL� ELU� HWNLOHúLP� ROPDGDQ� JHUoHNOHúWL÷L� YH�
PDNVLPXP� DGVRUSVL\RQXQ�� DGVRUSODQDQÕQ� DGVRUEDQ� \�]H\LQL� WHN� WDEDND�
KDOLQGH� NDSODGÕ÷ÕQGD� JHUoHNOHúWL÷L� YDUVD\ÕPODUÕ� \DSÕOPÕúWÕU(14). Gaz 

PROHN�OOHULQLQ� ELULP� NDWÕ� \�]H\LQGHNL� \R÷XQODúPD� YH� EXKDUODúPD� NLQHWL÷L�
GLNNDWH� DOÕQDUDN� LOLúNL� JHOLúWLULOHELOLU�� 7HN� WDEDND� DGVRUSODQDQOD� NDSODQPÕú�
DGVRUEDQ�\�]H\LQLQ�RUDQÕ� �  olsun. Bu durumda gaz moleküllerinin yüzeyden 

EXKDUODúPDVÕ��’ya, ya da 
d

k � ¶\D�RUDQWÕOÕ�ROXU��%HQ]HU�úHNLOGH�ERú�NDODQ�\D�GD�

DGVRUSODQDQOD�NDSODQPD\DQ�\�]H\H�ELU�JD]�PROHN�O�Q�Q�\R÷XQODúPD�KÕ]Õ�GD�
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 (1-��¶\D� YH� PROHN�O�Q� \�]H\H� WHPDV� HWPH� KÕ]ÕQÕ� EHOLUOH\HQ� EDVÕQFD��

ak P(1 ��- � úHNOLQGH� ED÷OÕ� ROXU�� 'HQJHGH�� \R÷XQODúPD� YH� EXKDUODúPD� KÕ]ODUÕ�

HúLWOHQHFH÷LQGHQ� 
1.1 

\D]ÕODELOLU��
d

k ve ak � VÕUDVÕ\OD� EXKDUODúPD� YH� \R÷XQODúPD� KÕ]� VDELWOHULGLU��

(úLWOLN� ���¶L� JD]� PROHN�OOHUL� LOH� NDSODQPÕú� \�]H\LQ� RUDQÕQD� J|UH�
G�]HQOHQGL÷LQGH�� 
 

1.2 

 

 

HúLWOLN� ���� HOGH� HGLOLU�� $GVRUSVL\RQ� NDWVD\ÕVÕ� b , a

d

k
b 

k
=  RUDQÕQD� HúLW� ROXS�

DGVRUSVL\RQ�HQWDOSLVLQH�DúD÷ÕGDNL�HúLWOLNOH�ED÷OÕGÕU� 
 

1.3 

 

ob , entURSL\H�ED÷OÕ�ELU�VDELWWLU(15). 

.DWÕ-VÕYÕ�VLVWHPOHU�LoLQ�HúLWOLN�����JHQHOOLNOH�DúD÷ÕGDNL�úHNLOGH�\D]ÕOÕU� 
 

1.4 

 

eq �� ELULP� PLNWDU� DGVRUEDQÕQ� DGVRUSODGÕ÷Õ� PDGGH� PLNWDUÕ�� 4o,  adsorban 

PHUNH]OHULQLQ� WDPDPÕQD� NDUúÕOÕN� JHOHQ� NDWÕ� ID]� GHULúLPL� \D� GD� VÕQÕUOD\ÕFÕ�
adsorpsiyon kapasitesi ve 

eC ��NDODQ�o|]HOWLQLQ�GHQJH�GHULúLPLGLU��(úLWOLN������

ad
k �� �N 3�� ��-

a

ad

k P bP�� � � �
k + k P 1 + bP

= =

o
e

e

e

Q bC
q   

1 + bC
=

a

ad

k P bP�� � � �
k + k P 1 + bP

= =
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 SDUDPHWUHOHULQ� EHOLUOHQPHVL� DPDFÕ\OD� GHQH\VHO� YHULOHULQ� X\JXODQDELOHFH÷L�
oHúLWOL�OLQHHU�HúLWOLNOHU�KDOLQGH�\D]ÕODELOLU��%X�HúLtlikler, 

   

1.5 

 

1.6 

 

ve 

1.7 

 
 9HULOHQ� OLQHHU� HúLWOLNOHULQ� �o�� GH� ELUELULQH� HúGH÷HUGLU�� $QFDN�� HOGH�
HGLOHQ� YHULOHULQ� DUDOÕ÷ÕQD� YH� GD÷ÕOÕPÕQD� J|UH� HQ� L\L� VRQXFX� YHUHQ� HúLWOL÷LQ�
NXOODQÕPÕ�WHUFLK�HGLOLU� 
 

1.5.2. BET Modeli 

 
Brunauer, Emmett ve Teller’in bLUGHQ� ID]OD� WDEDND� ROXúXPX� LOH�

JHUoHNOHúHQ� DGVRUSVL\RQX� GD� NDSVD\DFDN� úHNLOGH� JHOLúWLUGLNOHUL� /DQJPXLU�
modelidir(16)�� 0RGHOGH� ELU� WDEDNDQÕQ�� DOW� WDEDNDODU� ROXúPDGDQ�

WDPDPODQPD\DFD÷Õ� YDUVD\ÕPÕ� \DSÕOPÕú� YH� EXQD�J|UH� LON� WDEDND\Õ� ROXúWXUDQ�
moleküllerin, tek tDEDNDOÕ� DGVRUSVL\RQ� HQHUMLVLQH� HúGH÷HUGH� ELU� HQHUML� LOH�
\�]H\H� WXWXQDFD÷Õ� YH� DOW� WDEDNDODUÕQ� \R÷XQODúPD� WHSNLPHOHUL� VRQXFXQGD�
ROXúDFD÷Õ� NDEXO�� \DSÕOPÕúWÕU�� øON� WDEDNDGDQ� VRQUD� ROXúDQ� WDEDNDODUÕQ�
DGVRUSVL\RQ�HQHUMLOHULQLQ�HúLW�ROGX÷X�NDEXO�HGLOGL÷LQGH�%(7�HúLWOL÷L�DúD÷ÕGDNL�
úHNLOGH�YHULOHELOLU� 
 

1.8 

e e
o o

e

C C1
    

q Q b Q
= +

o o
e e

1 1 1
    

q Q bQ C
= +

o e
e

e

q
q   Q   

bC
-=

o
e

e
e

e s

s

BC Q
q   

C
(C C )[1+(B 1)( )]

C
- -

=



15 

  

sC ��GR\PXú�o|]�QHQ�GHULúLPL��o|]�Q�UO�N�VÕQÕUÕ��YH�%��DGVRUSVL\RQ�HQHUMLVLQL�

DúD÷ÕGDNL�úHNLOGH�LIDGH�HGHQ�ELU�VDELWWLU� 
 
 

1.9 
 

 

1
E �� LON� WDEDNDQÕQ� RUWDODPD� DGVRUpsiyon enerjisi, 

2
E �� \R÷XQODúPD� ÕVÕVÕ� YH�

2 1

1 2

d C

d C
��JHQHOOLNOH�ELUH�HúLW�RODQ�EXKDUODúPD-\R÷XQODúPD�NDWVD\ÕVÕQÕQ�RUDQÕGÕU� 

/LQHHU�%HW�HúLWOL÷L�LVH�DúD÷ÕGDNL�úHNLOGHGLU� 
 

1.10 

 

 
 
 
 
 
1.5.3. Gibbs Modeli 

 
 Gibbs adsRUSVL\RQ� HúLWOL÷L(17,18)�� LNL� KRPRMHQ� ID]� DUDVÕQGDNL�

WHUPRGLQDPLN� GHQJH\H� XODúDELOPHN� LoLQ� \�]H\� GHULúLPLQGHNL� GH÷LúLPOHUL�
GLNNDWH� DOÕU�� %LUoRN� DSRODU� PDGGH�� ID]� VÕQÕUÕQGD� WRSODQDUDN� VX\XQ� \�]H\�
JHULOLPLQL�G�ú�UPH�H÷LOLPLQGHGLU� 
*LEEV�HúLWOL÷L�DúD÷ÕGDNL�úHkilde verilebilir, 

 

1.11 

 

1 2

2 1

1 2

(E -E )
d C

RTB   e
d C

=

e e
o o

s e e s

C C1 B 1
    

(C C )q BQ BQ C

-

-

  

= +
  

  

C d�e+� �
RT dCe

=
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 + �� \�]H\GH� DGVRUSODQDQ�PDGGH� ID]ODVÕ� YH� � , ise yüzey gerilimidir. Gibbs 

HúLWOL÷L� JHQHOOLNOH�� X\JXODQDELOPHVL� LoLQ� JHUHNHQ� |Oo�POHULQ�
JHUoHNOHúWLULOPHVLQGHNL� ]RUOXNODU� YH� |Oo�POHrdeki belirsizlikler nedeniyle 

NXOODQÕODPD]� 
 

1.5.4. Freundlich Modeli 

 
 /DQJPXLU��%(7�YH�*LEEV�PRGHOOHUL�WHRULN�|QHPOHULQH�UD÷PHQ�GHQH\VHO�
YHULOHUL� DoÕNODPDGD� VÕNoD� \HWHUVL]� NDOPÕúODUGÕU�� ����� \ÕOÕQGD� )UHXQGOLFK��
GHQJH� DGVRUSVL\RQ� YHULOHULQLQ� DúD÷ÕGDNL� HúLWOLNOH� GDKD� VÕN� YH� GDKD� L\L�
DoÕNODQDELOHFH÷LQL�EXOPXúWXU� 
 

1.12 

 
 

F
K  ve 

1

n
� HúLWOL÷LQ� NDUDNWHULVWLN� VDELWOHULQL� ROXúWXUPDNWDGÕU�� (úLWOLN� ����¶QLQ�

GR÷DO� ORJDULWPDVÕ�DOÕQGÕ÷ÕQGD� LVH�)UHXQGOLFK�HúLWOL÷LQLQ� OLneer hali elde edilir. 

Buna göre, 

 
1.13 

 
 
 

 Freundlich 
F

K  ve 
1

n
 parametrelerine önemli fiziksel anlamlar 

ND]DQGÕUPD\D� oDOÕúPÕúWÕU�� dR÷X� NH]� EDúDUÕVÕ]� ROPDVÕQD� UD÷PHQ��
F

K ’nin 

göreceli olarak adsorpsiyon kapasitesi ile ve 
1

n
¶QLQ�GH�WHSNLPH�úLGGHWL�LOH�LOJLOL�

ELOJL�YHUGL÷L�NDEXO�HGLOHELOPHNWHGLU (19). 

1

n
e eF

q  = K C

 e eF

1
lnq  = lnK + lnC

n
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 1.5.5. Lineer Model 

 
(úLWOLN������LOH�WDQÕPODQDELOHQ�HQ�EDVLW�L]RWHUP�PRGHOLGLU� 

 
1.14 

 
Kp��GD÷ÕOÕP�NDWVD\ÕVÕGÕU��%X�PRGHOLQ��DGVRUSVL\RQ�YHULVLQL�WHN�SDUDPHWUH��.p, 

LOH� DoÕNODQDELOHFH÷LQGHQ� YH� D\UÕFD�� E�W�Q� WHULPOHUL� NROD\FD�
o|]�POHQHELOHFH÷LQGHQ��PRGHOOHPH� NROD\OÕ÷Õ� JLEL� DYDQWDMODUÕ� EXOXQPDNWDGÕU��
Ancak, lineer model kuramsal temellere dayanmayan sadece matematiksel 

NROD\OÕN�VD÷OD\DQ�ELU�PRGHO�GH÷LOGLU��'DKD�|QFH�YHULOHQ�PRGHOOHU�LQFHOHQHFHN�
ROXUVD�� W�P�Q�Q� GH� |]HO� úDUWODUGD� OLQHHU� ELU� HúLWOLN� KDOLQH� VDGHOHúWL÷L�
J|U�OHELOLU�� gUQH÷LQ�� /DQJPXLU� L]RWHUPL� �HúLWOLN� ����� \HWHULQFH� VH\UHOWLN�
o|]HOWLOHUGH�� G�ú�N� \�]H\� GHULúLPOHULQGHQ�� Te<<Q°, ve daha fazla 

DGVRUSVL\RQXQ�NXOODQÕODELOLU� \�]H\�DODQÕQD�\DSWÕ÷Õ�GH÷LúLPLQ�|QHPVL]�ROGX÷X�
YH�WHSNLPHQLQ�VDGHFH�o|]HOWL�ID]ÕQD�ED÷OÕ�ROGX÷X�NRúXOODUGDQ�GROD\Õ��OLQHHU�ELU�
HúLWOLN� KDOLQH� VDGHOHúLU�� %HQ]HU� úHNLOGH� )UHXQGOLFK� L]RWHUPL� GH� �HúLWOLN�������
1

  1.0
n

= � ROGX÷XQGD� OLQHHU� HúLWOLN� KDOLQH� G|Q�ú�U�� 1
  1.0

n
= �� |]HOOLNOH� G�ú�N�

GHULúLPOHUGH�� |UQH÷LQ� RUJDQLN� NLUOHWLFLOHULQ� WRSUDN� \�]H\H� DGVRUSODQPDVÕQGD��
VÕNoD� UDVWODQDQ�ELU� NRúXOGXU��%X� J|]OHPOHULQ� \DQÕ� VÕUD��)UHXQGOLFK� YH�*LEEV�
PRGHOOHUL� DUDVÕQGDNL� LOLúNL� \D� GD� %(7� L]RWHUPLQLQ� G�ú�N� GHULúLPOHUGH�
/DQJPXLU� PRGHOLQH� G|Q�úPHVL�� E�W�Q� EX� PRGHOOHULQ�� G�ú�N� GHULúLPOHUGH�
OLQHHU� ELU� DGVRUSVL\RQXQ� V|]� NRQXVX� RODFD÷ÕQÕ� YXUJXODGÕNODUÕQÕ�
göstermektedir. 

 

 

e eP
q  = K C
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 1.5.6. AdsRUSVL\RQ�ø]RWHUPOHULQLQ�8\JXODQPDVÕ 
 
 $GVRUSVL\RQ� GHQJH� YHULOHULQLQ� GH÷HUOHQGLULOPHVLQH� JHQHOOLNOH� X\JXQ�
izoterm modelinin seçimiyle ve bu modele ait parametrelerin ya da sabitlerin 

EHOLUOHQPHVL� LOH� EDúODQÕU�� gUQH÷LQ�� E�\�N� ELU� DGVRUSVL\RQ� VLVWHPLQLQ� SLORW 
oDOÕúPDVÕ� LoLQ� PRGHO� VHoLPLQGH�� PRGHOLQ� PDWHPDWLNVHO� RODUDN� EDVLW� ROPDVÕ�
VRQ� GHUHFH� |QHPOLGLU�� %|\OH� GXUXPODUGD�� PRGHOLQ� VDGHFH� oDOÕúÕODQ� GHULúLP�
DUDOÕNODUÕQGD� DGVRUSVL\RQ� YHULOHULQH� X\JXQ�ROPDVÕ� \HWHUOLGLU��$QFDN��EDVLW�ELU�
sistem için dahi denge adsorpsL\RQ�NDSDVLWHOHULQLQ�PDWHPDWLNVHO�RODUDN�GR÷UX�
ELU� úHNLOGH� WDQÕPODQDELOPHVL�� DGVRUSVL\RQ� VLVWHPOHULQLQ� J�YHQLOLU� ELU� úHNLOGH�
PRGHOOHQHELOPHVL� YH� IDUNOÕ� DGVRUEDQ� VLVWHPOHULQLQ� IDUNOÕ� NRúXOODUGD� YH�
NDQWLWDWLI�RODUDN�NDUúÕODúWÕUDELOPHOHUL�LoLQ�JHUHNOLGLU� 
 
 ÖQFHNL� E|O�POHUGH� DoÕNODQDQ� oHúLWOL� GHQJH� PRGHOOHULQLQ� DGVRUSVL\RQ�
L]RWHUPOHULQLQ� JHQHO� úHNLOOHUL�� úHNLO� ���¶GH� YHULOPLúWLU�� dDOÕúÕODQ�
DGVRUSODQDQ�DGVRUSOD\ÕFÕ�o|]�F�� VLVWHPLQLQ� GHQJH� DGVRUSVL\RQ� YHULOHULQLQ�
qe−Ce H÷ULOHUL�� VLVWHPL� WDQÕPOD\DQ� HQ� X\JXQ� PRGHOLQ� KDQJLVL� ROGX÷XQX�
J|VWHUHFHNWLU�� ùHNLO� ���¶GH� LVH� KHU� L]RWHUP� PRGHOLQLQ� NDUDNWHULVWLN�
parametrelerini elde etmek için uygulanan grafik yöntemini göstermektedir. 
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 �����$GVRUSVL\RQ�+Õ]ODUÕ 
 

d|]�QHQOHULQ� o|]HOWLGHQ� J|]HQHNOL� ELU� DGVRUEDQ� WDUDIÕQGDQ�
DGVRUSODQPDVÕ�� N�WOHQLQ� ELUELULQL� WDNLS� HGHQ� �o� EDVDPDNWD� WDúÕQGÕ÷Õ� ELU�
LúOHPOH�JHUoHNOHúLU��%X�EDVDPDNODU�úHPDWLN�RODUDN�úHNLO����¶WH�J|VWHULOPLúWLU� 
 

 

 

 

 

 

 

 

 

ùHNLO������*|]HQHNOL�DGVRUEDQÕQ�DGVRUSVL\RQXQGD�N�WOH�WDúÕQÕP�EDVDPDNODUÕ 
 
 

øON�EDVDPDN�o|]�QHQLQ�o|]HOWL� LoHULVLQGHNL�WDúÕQÕPÕGÕU��%X�KDUHNHW�JHQellikle, 

o|]HOWLQLQ�NDUÕúWÕUÕOPDVÕQGDQ�GROD\Õ�KÕ]OÕGÕU��øNLQFL�EDVDPDN��³ILOP�WDúÕQÕPÕ´�LVH��
o|]�QHQLQ�KLSRWHNWLN�ELU�ILOPLQ�\D�GD�KLGURGLQDPLN�ELU�VÕQÕU�WDEDNDQÕQ�LoHULVLQH�
GLI�]OHQPHVLQL� LoHULU�� $GVRUEDQÕQ� GÕú� \�]H\LQH� D]� PLNWDUGD� o|]�QHQ�
WXWXQXUNHQ�� GL÷HUOHUL� DGVRUEDQ� J|]HQH÷LQGHQ� LoHUL� JLULS� J|]HQHN� GXYDUODUÕ�
ER\XQFD� LoHULGHNL� DNWLI� DGVRUSVL\RQ� PHUNH]LQH� \D� GD� PHUNH]OHULQH� GR÷UX�
GLI�]OHQLUOHU� �SDUWLN�O� WDúÕQÕPÕ��� d|]�QHQLQ�� SDUWLN�O� LoL� \�]H\OHUH�
DGVRUSVL\RQXQXQ�JHQHOOLNOH�oRN�KÕ]OÕ�JHUoHNOHúWL÷L�YH�WRSODP�DGVRUSVL\RQ�KÕ]Õ�
�]HULQGHNL�HWNLVLQLQ�|QHPVL]�ROGX÷X�NDEXO�HGLOLU(20,21). 

Çözelti
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TaúÕQÕPÕ

Çözelti    Yüzey
    SÕQÕU
TabakasÕ

Film
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22 

  
'ROD\ÕVÕ\OD�� J|]HQHNOL� ELU� DGVRUEDQÕQ� o|]HOWLGHQ� \DSWÕ÷Õ�

DGVRUSVL\RQXQ�KÕ]ÕQD�|QHPOL�GHUHFHGH�HWNL�HGHQ�IDNW|UOHU�o|]�QHQLQ�ILOP�YH�
SDUWLN�O� LoL� WDúÕQÕPÕGÕU�� +HU� LNL� KDUHNHW� GH� VÕUD\OD� JHUoHNOHúWL÷LQGHQ�� \DYDú�
RODQ�EDVDPDN�DGVRUSVL\RQXQ�KÕ]�EHOLUOH\LFL�EDVDPD÷ÕGÕU� 
  

1.7. Adsorbanlar 

 
0HWDOOHU� YH� SODVWLNOHU� GH� GDKLO� ROPDN� �]HUH�� ELU� NULVWDO� \DSÕ\D� VDKLS�

ROVXQ� \D� GD� ROPDVÕQ� E�W�Q� NDWÕODU� D]� \D� GD� oRN� ELU� DGVRUSODPD� J�F�QH�
sahiptir�� $GVRUSODPD� J�F�� \�NVHN� RODQ� ED]Õ� GR÷DO� NDWÕODUD� |UQHN� RODUDN�
N|P�UOHU�� NLOOHU�� ]HROLWOHU�� oHúLWOL� PHWDO� ILOL]OHUL�� VHQWHWLN� RODUDN� KD]ÕUODQPÕú�
NDWÕODUD�|UQHN�RODUDN�GD�DNWLI�N|P�UOHU��PROHN�OHU�HOHNOHU� �VHQWHWLN� ]HROLWOHU���
silika jeller, metal oksitler,� NDWDOL]|UOHU� YH� ED]Õ� |]HO� VHUDPLNOHU� YHULOHELOLU��
$GVRUSODPD� J�F�� \�NVHN� RODQ� NDWÕODU� GHQL]� V�QJHULQL� DQGÕUDQ� J|]HQHNOL� ELU�
\DSÕ\D�VDKLSWLU��*|]HQHN��JHQHO�RODUDN�NDWÕODUÕQ�LoLQGH�YH�J|U�QHQ�\�]H\LQGH�
EXOXQDQ� ERúOXN�� R\XN� YH� oDWODNODUD� YHULOHQ� DGWÕU�� 'R÷Ddaki gözeneklerin 

ER\XWX�ELU�PD÷DUD�LOH�ELU�DWRP�E�\�NO�÷��DUDVÕQGD�GH÷LúLU��*HQLúOL÷L���QP¶GHQ�
küçük olanlar mikro gözenek, 2-��� QP� DUDVÕQGD� RODQODU�PH]R-gözenek, 50 

QP¶GHQ� E�\�N� RODQODU� LVH� PDNUR� J|]HQHN� RODUDN� DGODQGÕUÕOÕU�� .DWÕQÕQ� ELU�
JUDPÕQGD� EXOXQDQ� gözeneklerin toplam hacmine özgül gözenek hacmi, bu 

J|]HQHNOHULQ�VDKLS�ROGX÷X�GXYDUODUÕQ� WRSODP�\�]H\LQH� LVH�|]J�O�\�]H\�DODQÕ�
GHQLU��*|]HQHNOHU� N�o�OG�NoH� GXYDU� VD\ÕVÕ� DUWDFD÷ÕQGDQ� |]J�O� \�]H\� DODQÕ�
GD� DUWDFDNWÕU�� %LU� EDúND� GH\LúOH�� |]J�O� \�]H\� DODQÕQÕQ� E�\�NO�÷�� |]J�O�
J|]HQHN� KDFPLQLQ� E�\�NO�÷�QGHQ� oRN�� J|]HQHNOHULQ� E�\�NO�÷�QH� ED÷OÕGÕU��
*|]HQHNOHULQ� E�\�NO�N� GD÷ÕOÕPÕQD� DGVRUSOD\ÕFÕQÕQ� J|]HQHN� ER\XWX� GD÷ÕOÕPÕ�
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 GHQLU�� %LU� NDWÕQÕQ� DGVRUSODPD� J�F��� EX� NDWÕQÕQ� GR÷DVÕQÕQ� \DQÕ� VÕUD� |]J�O�
\�]H\�DODQÕ��|]J�O�J|]HQHN�KDFPL�YH�J|]HQHN�ER\XWX�GD÷ÕOÕPÕQD�ED÷OÕ�RODUDN�
GH÷LúPHNWHGLU(22). 'L÷HU�\|QWHPOHUH�J|UH�GDKD�ID]OD�WHUFLK�HGLOHQ�DGVRUSVL\RQ�
\|QWHPLQGH�NXOODQÕODQ�DGVRUEDQODUGD�úX�|]HOOLNOHU�DUDQÕU� 

 
1. <�NVHN�VHoLFLOLNOHULQLQ�ROPDVÕ� 
2. Kolay elde edilebilmeleri, 

3. Tekrar geUL�ND]DQÕODELOPHOHUL� 
4. dHYUH�LoLQ�J�YHQOL�ROPDODUÕ� 
5. <�NVHN�DGVRUSVL\RQ�NDSDVLWHOHULQH�VDKLS�ROPDODUÕ� 
6. 'L÷HU�\|QWHPOHUH�J|UH�GDKD�HNRQRPLN�YH�SUDWLN�ROPDODUÕ� 

 
.XOODQÕODQ� DGVRUEDQODU� LQRUJDQLN�� EL\RORMLN� YH� RUJDQLN� DGVRUEDQODU� ROPDN�
üzere üç grupta incelenebilir. 

 

�������øQRUJDQLN�$GVRUEDQODU 
   

$÷ÕU�PHWDOOHULQ�DWÕN�VXODUGDQ�X]DNODúWÕUÕOPDVÕQGD�EHQWRQLW��]HROLW��SHUOLW��
DNWLI�NDUERQ��XoXFX�N�O��oHúLWOL�RNVLWOHU��0Q22, Fe2O3, Al2O3, TiO2, SiO2), bazik 

karbonatlar (ZnCO3 vb.), geotit, wollastonit, mantmosillonit gibi inorganik 

DGVRUEDQODU�NXOODQÕOPDNWDGÕU(23-25). 

 
%HQWRQLW� JLEL� NLOOHUOH� DGVRUSVL\RQ� LúOHPL� NROD\OÕN�� YHULPOLOLN� YH� G�ú�N�

PDOL\HW� DoÕVÕQGDQ� PHWDO� X]DNODúWÕUPDGD� J�YHQLOLU� ELU� \|QWHPGLU�� %HQWRQLW��
KHP�NLUOHWLFLOHUL�WXWPD�KHP�GH�JHoLULPVL]OL÷L�YH�oRN�ID]OD�úLúHELOPHVL�QHGHQL\OH�
DWÕN� VX\XQ� EDúND� E|OJHOHUH� WDúÕQPDVÕQÕ� HQJHOOHPH� |]HOOL÷LQH� VDKLSWLU��
øQRUJDQLN�UHoLQHOHUGHQ�ELUL�RODQ�XoXFX�N�O��NROD\FD�EXOXQDELOGL÷LQGHQ�ROGXNoD�
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 XFX]� ELU� DGVRUEDQGÕU�� %X� QHGHQOH� XoXFX� N�O�� DVNÕGDNL� SDUWLN�OOHULQ� YH�
çözünmeyen oUJDQLN� NDUERQXQ� X]DNODúWÕUÕOPDVÕ� LoLQ� VX�DUÕWÕPÕQGD� NXOODQÕODQ�
X\JXQ� ELU� DGVRUEDQGÕU�� $QFDN�� ELUoRN� LQRUJDQLN� DGVRUEDQÕQ� \�NVHN�PDOL\HWL�
QHGHQL\OH�� DUDúWÕUPDFÕODU� G�ú�N� GHULúLPOL� PHWDO� L\RQODUÕQÕ� \�NVHN� YHULPOH�
X]DNODúWÕUPD�NDSDVLWHVLQH�VDKLS��PDOL\HWL�XFX]�DGVRUEDQODUÕQ�JHOLúWLULOPHVLQH�
\|QHOPLúOHUGLU� 
 

1.7.2. Biyolojik Adsorbanlar  (Biyosorbanlar) 

 
$OJOHU�� IXQJXVODU� YH� EDNWHULOHUGHQ� ROXúDELOHQ� EL\RORMLN� DGVRUEDQODUÕQ�

NXOODQÕOGÕ÷Õ� DGVRUSVL\RQ� \|QWHPOHUL�� DWÕN� VXODUGDQ� WRNVLN� PHWDOOHUL�
X]DNODúWÕUPDGD�JHOHFHk vadeden yöntemlerden biridir(26-30).  

 
Biyosorpsiyon, biyolojik maddelerle sulu çözeltilerden kirleticilerin 

WRSODQPDVÕ� \D� GD� GHULúWLULOPHVL� LúOHPLGLU�� %L\RVRUSVL\RQ� PHWDO� L\RQXQXQ�
PLNUREL\DO� K�FUHQLQ� \�]H\LQH� GLI�]OHQPHVL� LOH� EDúODU�� +�FUH� \�]H\LQH�
difü]OHQHQ� PHWDO� L\RQX�� \�]H\GHNL� PHWDO� LOJLVL� WDúÕ\DQ�PHUNH]OHUH� ED÷ODQÕU��
%X� ED÷ODQPD� SDVLI� ELU� WRSODQPD� LúOHPL� ROXS� DGVRUSVL\RQ�� L\RQ� GH÷LúLPL��
NRRUGLQDV\RQ�� NRPSOHNV� ROXúXPX�� úHODW� ROXúXPX� \D� GD� PLNUR-çökelme 

içerebilmektedir. Genellikle bu tür bir metal iyonu adsorpsiyonu 

�EL\RVRUSVL\RQ��KÕ]OÕ�YH�WHUVLQLUGLU��%L\RVRUSVL\RQ�EDVDPD÷ÕQÕ�JHQHOOLNOH��GDKD�
\DYDú� ELU� PHWDO� ED÷ODQPD� EDVDPD÷Õ� WDNLS� HGHU�� %X� EDVDPDNWD� ED÷ODQPD��
NRYDOHQW� ED÷ODQPD�� \�]H\H� o|NPH�� LQGLUJHQPH-yükseltgenme, hücre 

yüzeyinde kristallenme ya da hücre içine difüzlenip hücre içindeki proteinlerle 

\D�GD�GL÷HU�PHUNH]OHUOH�ED÷ODQPD�úHNOLQGH�JHUoHNOHúHELOPHNWHGLU�� 
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 1.7.3. Organik Adsorbanlar   

 
2UJDQLN�DGVRUEDQODU�JHOHQHNVHO� L\RQ�GH÷LúWLULFL�UHoLQHOHU�YH�\HQL�úHODW�

\DSÕFÕ�SROLPHULN�DGVRUEDQODU�ROPDN��]HUH��LNL�EDúOÕN�DOWÕQGD�LQFHOHQHELOLU� 
 
*HOHQHNVHO� L\RQ�GH÷LúWLULFL�UHoLQHOHU�EX�J�QH�NDGDU�\D\JÕQ�RODUDN�D÷ÕU�

PHWDO�ND]DQÕPÕQGD�YH� L\L�NDOLWHGH�VX�HOGH�HWPHN� LoLQ�VX�DUÕWPD� LúOHPOHULQGH�
NXOODQÕOPÕúWÕU�� ø\RQ� GH÷LúWLULFL� UHoLQHOHULQ� DGVRUSVL\RQ� PHNDQL]PDVÕ�� L\RQ�
GH÷LúLPL� YH� úHODW� \D� GD� NRPSOHNV� ROXúXPX� úHNOLQGHGLU�� %LU� L\RQ� GH÷LúWLULFL�
UHoLQH� LoHUGL÷L� IRQNVL\RQHO� JUXSODUD� � YH� |]J�Q� |]HOOLNOHULQH� J|UH� EX� LNL�
PHNDQL]PDGDQ�ELULQL�\D�GD�GH÷LúLN�RUDQODUGD�KHU�LNLVLQL�GH�JHUoHNOHúWLUHELOLU��
Geleneksel iyon de÷LúWLULFL�JUXSODU��V�OIRQLN��NDUERNVLOLN�YH�DPLQ�JUXSODUÕGÕU�� 

 

1.7.3.1. Polimerik Adsorbanlar 

 
 øQRUJDQLN�DGVRUEDQODUÕQ�YH�JHOHQHNVHO�L\RQ�GH÷LúWLULFL�UHoLQHOHULQ�PHWDO�
DGVRUSVL\RQXQGD�\HWHUVL]�NDOPDODUÕ�QHGHQL\OH�úHODW�\DSÕFÕ�UHoLQHOHU�RODUDN�GD�
bilinen RUJDQLN� SROLPHULN� DGVRUEDQODU� JHOLúWLULOPLúWLU��dHúLWOL� UHDNWLI� SROLPHUOHU�
VX� \XPXúDWPDGD�� HQG�VWUL\HO� DWÕN� VXODUGDQ� D÷ÕU� PHWDO� L\RQODUÕQÕQ�
X]DNODúWÕUÕOPDVÕQGD�� GH÷HUOL� PHWDOOHULQ� ND]DQÕOPDVÕQGD�� D\UÕúWÕUÕOPDVÕQGD� YH�
VDIODúWÕUÕOPDVÕQGD�\D\JÕQ�ELU�úHNLOGH�DGVRUEDQ�RODUDN�NXOODQÕOPDNWDGÕU��$\UÕFD��
EX� W�U� DGVRUEDQODU� DPLQR� DVLWOHULQ� ]HQJLQOHúWLULOPHVLQGH�� HQ]LPOHULQ�
LPPRELOL]DV\RQXQGD� YH� oHúLWOL� RUJDQLN� WHSNLPHOHUGH� NDWDOL]|U� RODUDN� GD�
NXOODQÕOPDNWDGÕU��3ROLPHUOHULQ�oHúLWOL�IRQNVL\RQODQGÕUPD�\|QWHPOHUL�LOH�PRGifiye 

HGLOHUHN� IRQNVL\RQHO� JUXSODUÕQÕQ� DUWWÕUÕODELOPHVL� EX� PDO]HPHOHULQ� DGVRUEDQ�
RODUDN�NXOODQÕP�DODQODUÕQÕ�JHQLúOHWPHNWHGLU(31). 
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 3ROLPHULN� DGVRUEDQODU� LOH� D÷ÕU� PHWDO� L\RQODUÕQÕQ� X]DNODúWÕUÕOPDVÕQGD�
ROXúDELOHFHN�LNL�RODVÕ�WXWXQPD�PHNDQL]PDVÕ�YDUGÕU��%XQODr, 

 
1. .DW\RQ�\D�GD�DQ\RQ�L\RQODUÕ�LOH�GR\XUXOPXú�DGVRUEDQGD��NDW\RQ�\D�GD��

DQ\RQXQ�L\RQODUÕQÕQ�PHWDO�L\RQODUÕ�LOH�\HU�GH÷LúWLUPHVL�\D�GD�NRPSOHNV�
ROXúWXUPDVÕ� 

2. $GVRUEDQGDNL� IRQNVL\RQHO� JUXSODUÕQ� PHWDO� L\RQODUÕ� LOH� úHODW� \D� GD�
NRPSOHNV�\DSÕ�ROXúWXUPDVÕGÕU� 

 
Bu�PHNDQL]PDODUÕQ�KHU�ELUL�D\UÕ�D\UÕ�ROXúDELOGL÷L�JLEL�KHU�LNLVL�ELUGHQ�GH�

GH÷LúLN�RUDQODUGD�JHUoHNOHúHELOPHNWHGLU(32-34). 

 
6RQ�\ÕOODUGD�HQ�oRN�NXOODQÕODQ� L\RQ�GH÷LúWLULFL-úHODW� \DSÕFÕ�SROLPHUOHULQ�

NXOODQÕPÕQGD�� X\JXODPD� WHNQLNOHULQGH� YH� UHoLQH� |]HOOLNOHULQGe büyük 

JHOLúPHOHU�VD÷ODQPÕúWÕU��)RQNVL\RQHO�JUXS�DWRPODUÕ��KDOND�úHODW�ROXúWXUDELOHQ�
2��1�YH�6�JLEL�KHWHUR�DWRPODUGDQ�ROXúPDNWDGÕU��%X�JUXSODU�SROLPHUH�VHQWH]�
VÕUDVÕQGD�\D�GD�GDKD�VRQUD�oHúLWOL�PRGLILNDV\RQ�\|QWHPOHUL� LOH�HNOHQLUOHU��%X�
úHNLOGH�IRQNVL\RQODQGÕUÕOPÕú�SROLPHULN�PDWULNV�EHOLUOL�NRúXOODUGD�PHWDO�L\RQODUÕ�
LOH� úHODW� KDOND� ROXúWXUDELOPHNWH� YH� SROLPHULN� DGVRUEDQ� PHWDO� L\RQODUÕQFD�
]HQJLQOHúHELOPHNWHGLU�� 
 
 *RGMHYDUJRYD� YH� DUNDGDúODUÕ(35,36), akrilonitril-metilmetakrilat-2-

akrilamidometilpropen sülfonik asit ve akrilonitril-vinilimidazol 

NRSROLPHUOHULQGHQ� J|]HQHNOL� DGVRUEDQODU� KD]ÕUODPÕúODU� YH� EX� DGVRUEDQODUÕ�
hidroksilamin, sodyum hidroksit ve hidrazinhidroklorür ile modifiye ederek 

SROLPHUOHU� �]HULQGH� DPLGRRNVLP�� NDUERNVLOLN� YH� KLGUD]LG� JUXSODUÕ�
ROXúWXUPXúODUGÕU�� +D]ÕUODGÕNODUÕ� EX� DGVRUEDQODUÕQ�� &X�,,�� YH� 3E�,,�� L\RQODUÕQÕ�
DGVRUSODPD� |]HOOLNOHULQL� LQFHOHPLúOHU� YH� HOGH� HWWLNOHUL� PDNVLPXP� GHQJH�
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 DGVRUSVL\RQODUÕQÕQ�KHU�LNL�L\RQ�LoLQ�GH�\DNODúÕN����PJ�PHWDO�L\RQX�J�SROLPHU�
ROGX÷XQX� ELOGLULOPLúOHUGLU�� (URO� YH� DUNDGDúODUÕ(37) poli(etilen imin) immobilize 

HGLOPLú�SROL�PHWLO�PHWDNULODW���300$��PLNUR�N�UHOHULQL�oHúLWOL�PHWDO� L\RQODUÕQÕQ�
DGVRUSVL\RQXQGD�NXOODQPÕúODU�YH�LPPRELOL]DV\RQXQ�DGVRUSVL\RQX�DUWWÕUGÕ÷ÕQÕ�
EXOPXúODUGÕU�� %XQD� J|UH�� PRGLIL\H� HGLOPHPLú� 300$� N�Uelerinin maksimum 

denge adsorpsiyonu Cu(II) iyonu için 0.2, Cd(II) iyonu için 0.5 ve Pb(II) iyonu 

LoLQ� ���� PJ� PHWDO� L\RQX�J� SROLPHU� RODUDN� HOGH� HGLOGL÷LQL� YH� PRGLILNDV\RQ�
sonunda ise maksimum denge adsorpsiyonunun Cu(II) iyonu için 14.2, Cd(II) 

iyonu için �����YH�3E�,,��L\RQX�LoLQ�LVH������PJ�J�SROLPHU�GH÷HUOHULQH�oÕNWÕ÷ÕQÕ�
ELOGLULOPLúOHUGLU�� 1JDK� YH� DUNDGDúODUÕ(38), Cu(II) adsorpsiyonunu çitosan ve 

oLWRVDQ�SROLYLQLODONRO�� 39$�� LOH� LQFHOHPLú� YH� PDNVLPXP� GHQJH�
DGVRUSVL\RQXQXQ�oLWRVDQ�39$�LoLQ�\DNODúÕN����YH�çitosan için 30 mg Cu(II)/g 

SROLPHU�RODUDN�ELOGLUPLúOHUGLU� 
 
 3ROLPHULN�ILEHU�DGVRUEDQODUÕQ�JHQLú�\�]H\�DODQODUÕ�QHGHQL\OH�UHoLQHOHUH�
J|UH� GDKD� �VW�Q� |]HOOLNOHULQLQ� ROGX÷X� LOHUL\H� V�U�OPHNWHGLU(39-41). Bu tür 

DGVRUEDQODUÕQ�RUJDQLN�WHSNLPHOHUGH�HWNLQ�ELU�NDWDOL]|U�RODUDN�NXOODQÕOGÕ÷Õ(39,42), 

DWÕN� JD]ODUGDQ� &22, SO2, SO3, H2S, NOx, Cl2, NH3� JLEL� JD]ODUÕQ�
X]DNODúWÕUÕOPDVÕQGD(43) ve UO2

2−, Au3+, Pt4+, Pd3+ JLEL�GH÷HUOL�HOHPHQWOHULQ�DWÕN�

VXODUGDQ�YH�GHQL]�VXODUÕQGDQ�HOGH�HGLOPHVLQGH�NXOODQÕOGÕ÷Õ�ELOGLULOPLúWLU(39-44). 

 
 5HDNWLI� SROLPHULN� ILEHUOHULQ� KD]ÕUODQPDVÕQGD� ILEHU� �]HULQGH� EXOXQDQ�
IRQNVL\RQHO�JUXSODUÕQ�NLP\DVDO�\|QWHPOHUOH�PRGLILNDV\RQX�\D�GD� IRQNVL\RQHO�
JUXSODUÕQ� ILEHU� �]HULQH� DúÕODQPDVÕ� \|QWHPOHUL� NXOODQÕOPDNWDGÕU�� /LQ� YH�
Hsieh(31)  
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 akrilik asidi polipropLOHQ� ILEHUOHUL� �]HULQH� SOD]PD� \�]H\�DúÕODPD� \|QWHPL� LOH�
DúÕODGÕNWDQ� VRQUD� DVLW� JUXSODUÕQÕ� DVLO� NORU�UH� G|Q�úW�U�S� oHúLWOL� DPLQOHUOH�
PRGLIL\H� HWPLúOHUGLU�� 0RGLILNDV\RQODU� VRQXQGD� XODúDELOGLNOHUL� PDNVLPXP�
&X�,,�� GHQJH� DGVRUEVL\RQXQXQ� \DNODúÕN� ��� PJ� &X�,,��J� SROLPHU� ROGX÷XQX�
ELOGLUPLúOHUGLU�� 
 

<L÷LWR÷OX� YH� DUNDGDúODUÕ(45)� 3(7� OLIOHULQLQ� GHQJH� DGVRUEVL\RQODUÕQÕQ� ��

VDDW�VRQXQGD�&X�,,���&R�,,��YH�)H�,,��L\RQODUÕ�LoLQ�\DNODúÕN�RODUDN�VÕUDVÕ\OD������
2.0 ve 1.4 mg metal iyonu/g polimer olarak elde ettiklerini bildirPLúOHUGLU��
%DúND� ELU� oDOÕúPDGD� LVH(46), PET fiberleri 4-YLQLO� SLULGLQ� LOH� DúÕODPÕúODU� YH�

S+ �¶WH�&X�,,��PDNVLPXP�GHQJH�DGVRUEVL\RQXQXQ���VDDW�VRQXQGD�\DNODúÕN�
��� PJ� &X�,,��J� SROLPHU� GH÷HULQH� \�NVHOGL÷LQL� ELOGLUPLúOHUGLU�� &RúNXQ� YH�
DUNDGDúODUÕ(47) PET lifleULQL�PHWDNULOLN� DVLW� LOH� DúÕODPÕúODU� YH����¶OLN� DúÕODPD�

veriminde pH=5’te 2 saat sonunda  Cu(II) iyonu maksimum denge 

DGVRUSVL\RQXQXQ� \DNODúÕN� ����PJ�&X�,,��J� SROLPHU� ROGX÷XQX� ELOGLUPLúOHUGLU��
%HQ]HU�ELU�oDOÕúPDGD�LVH�0��.DUDNÕúOD(48)� �������¶OLN�ELU�DúÕODma verimi ile 3 

VDDW�VRQXQGD�&X�,,�� L\RQX�PDNVLPXP�GHQJH�DGVRUSVL\RQXQXQ�\DNODúÕN�����
PJ�&X�,,��J�SROLPHU�ROGX÷XQX�ELOGLUPLúWLU� 
 

1.8. Furan ve Furan Türevlerinin Polimerizasyonu 

 
)XUDQ� SROLPHUL]DV\RQX� LOH� LOJLOL� \DSÕODQ� LON� oDOÕúPDODU� IXUDQÕQ�NDW\RQLN�

olaUDN�� NRPSOHNV� NRQMXJH� ROLJRPHUOHU� ROXúWXUPDN� �]HUH� SROLPHUOHúWL÷LQL� YH�
�U�QOHULQ� VL\DK� o|]�QPH\HQ��U�QOHUH� G|Q�úHELOGL÷LQL� J|VWHUPLúWLU(49)�� øOHWNHQ�
SROLPHUOHULQ�VHQWH]L�JHUHN�ELOLPVHO�JHUHNVH�WHNQRORMLN�DoÕGDQ�DUDúWÕUPDFÕODUÕQ�
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 ilgisini çeken alanlardan biridir. Özellikle polipirol(50), politiofen(51,52) ve 

poliselenofen(53)� YH� EXQODUÕQ� W�UHYOHULQGHQ� ROXúDQ� SROLKHWHURVLNOLN� SROLPHUOHU�
Ñ�NRQMXJDV\RQX�ROXúWXUDQ�SROLPHUOHULQ�|QHPOL�ELU�JUXEXQX�ROXúWXUPDNWDGÕUODU� 
 
 

1.15 
 

 

(úLWOLN� ����¶GH� J|VWHULOHQ� \DSÕVÕ\OD� SROLIXUDQÕQ� Ñ-NRQMXJDV\RQX� ROXúWXUDQ�
SROLPHUOHU� DUDVÕQGD� |QHPOL� ELU� \HULQLQ� ROPDVÕ� EHNOHQLU�� $QFDN�� IXUDQ�
SROLPHUL]DV\RQXQGD� |QHPOL� PLNWDUGD� KDOND� DoÕOÕPÕ� JHUoHNOHúWL÷LQGHQ� HúLWOLN�
����¶GH� J|VWHULOHQ� NRQMXJH� \DSÕ� WDP� DQODPÕ\OD� ROXúPD](54,55). S. Glenis ve 

DUNDGDúODUÕ(56)��IXUDQ�SROLPHUL]DV\RQXQX�HOHNWURNLP\DVDO�RODUDN�oDOÕúPÕúODU�YH�
SROLIXUDQÕQ��|]HOOLNOH�\�NVHOWJHQPLú�KDOGH�NDUDUVÕ]�ROGX÷XQX�YH�Q�NOHRILOOHUOH�
KDOND� DoÕOÕPÕ� WHSNLPHVL� YHUHELOGL÷LQL� EHOLUWPLúOHUGLU�� 6SHNWURVNRSLN� EXOJXODUD�
dayanarak, su molekülü ile pozitif α–NDUERQ� DWRPX� DUDVÕQGDNL� Q�NOHRILOLN�
WHSNLPH�VRQXFX�HúLWOLN�����¶GD�YHULOHQ�\DSÕQÕQ�ROXúWX÷XQX�LOHUL\H�V�UP�úOHUGLU� 
 

 

1.16 

 

 

;�� :DQ� YH� DUNDGDúODUÕ(57), eter içerisinde gerçeNOHúWLUGLNOHUL� IXUDQÕQ�
HOHNWURNLP\DVDO� SROLPHUL]DV\RQXQGD�� IXUDQÕQ� \�NVHOWJHQPH� SRWDQVL\HOLQL�
ortama az miktarda ekledikleri borontriflorür, BF3�� LOH�G�ú�UP�úOHU�YH�NDUDUOÕ�

O 

O 

O O O 

H 2 O 

O  O 

H H 

H H 

O 

O 

O 

O 
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 DQRGLN� ILOPOHU� ROXúWXUGXNODUÕQÕ� ELOGLUPLúOHUGLU�� $\UÕFD�� VH\UHOWLN� PLNWDUGDNL�
BF3’üQ��IXUDQÕQ�NDW\RQLN�SROLPHUOHúPHVLQGH�HWNLQ�ROPDGÕ÷Õ�GD�ELOGLULOPLúWLU�� 

 
6�� 6SDQJH� YH� DUNDGDúODUÕ(58), 2-YLQLOIXUDQÕ� WULIHQLOPHWLO� NORU�U� LOH� VLOLND�

QDQRSDUWLN�O� V�VSDQVL\RQX� LoHULVLQGH� SROLPHUOHúWLUPLúOHU� YH� QDQRSDUWLN�OOHU�
�]HULQGH� o|]�QPH\HQ� oDSUD]� ED÷OÕ� SROL��-vinilfuran) ile çözünebilen 

ROLJRPHULN��U�QOHU�HOGH�HWWLNOHULQL�ELOGLUPLúOHUGLU� 
 
2-HWLOHQ� IXUDQÕQ� WULIORURDVHWLN� DVLW� LOH� PHWLOHQ� GLNORU�U� RUWDPÕQGD�

SROLPHUOHúPHVL� 5�� 0DUWLQH]� YH� DUNDGDúODUÕ� WDUDIÕQGDQ� oDOÕúÕOPÕúWÕU�(59) Bu 

oDOÕúPDGD� SROLPHUOHúPH� HVQDVÕQGD� DVLW� GHULúLPLQLQ� NDUDUOÕ� SROLPHULN� L\RQODU�
ROXúXPX� QHGHQL\OH� D]DOGÕ÷Õ� YH� SROLPHUOHúPH� ER\XQFD� DONLOOHQHELOGL÷L�
EHOLUWLOPLúWLU . 

 9LQLO� HWHU� YH� L]RE�WDQ� JLEL� HOHNWURQ� EDNÕPÕQGDQ� ]HQJLQ�PRQRPHUOHULQ�
katyonik polimerizasyonu, bu tür monomerlerin sadece katyonik olarak 

\�NVHN� PROHN�O� N�WOHOL� SROLPHULN� �U�QOHUH� G|Q�úHELOGLNOHUL� LoLQ� VRQ� GHUHFH�
önemlidir. 2,3-Dihidrofuran, DHF, bir siklik vinil eter monomeridir. Bu 

monomer ve türevlerinin borontriflorür(60), dietilalüminyum klorür(61), iyot ve 

asetil perklorat(62)�JLEL�NDW\RQLN�EDúODWÕFÕODUOD�SROL����-tetrahidrofuran), PDHF, 

ROXúWXUPDN��]HUH�SROLPHUOHúWL÷L�ELOGLULOPLúWLU��HúLWOLN������ 
 

1.17 

 

 

 

%DúODWÕFÕ 
  Katyonik 

O O 
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 F. Sanda ve M. Matsumoto(63), 2,3-GLKLGURIXUDQÕ�� ERURQWULIORU�U� YH�
etilalüminyum diklorür ile katyonik olaraN� SROLPHUOHúWLUPLúOHUGLU�� )DUNOÕ�
VÕFDNOÕNODUGD� HOGH� HWWLNOHUL� �U�QOHULQ� 7g� GH÷HUOHULQGHNL� IDUNOÕOÕNODUÕQ� SROL����-

GLKLGURIXUDQ�¶ÕQ� WDNWLVLWHVLQGHQ� ND\QDNODQGÕ÷ÕQÕ� LOHUL\H� V�UP�úOHUGLU�� %XQD�
J|UH� G�ú�N� VÕFDNOÕNODUGD� �a�−70oC) elde ettikleri ürünlerde eritro izomerinin 

GDKD� ID]OD� ROGX÷X� YH� 7g� GH÷HUOHULQ� \�NVHN� ROGX÷X� YH� \�NVHN� VÕFDNOÕNODUGD�
elde edilen ürünlerin treo izomerinin fazla ancak Tg� GH÷HUOHULQ� G�ú�N�
ROGX÷XQX�ELOGLUPLúOHUGLU� 

 
 7HWUDKLGURIXUDQ�oHúLWOL�EDúODWÕFÕODUOD�\�NVHN�PROHN�O�N�WOHOL��U�QOHUH�GH 

SROLPHUOHúWLULOPLúWLU(64, 65)�� %X� EDúODWÕFÕODU� oHúLWOL� /HZLV� DVLWOHUL�� ED]Õ� SURWLN�
asitler, triflorometan sülfonik asit(66) ve esterleri ya da anhidritleri 

RODELOPHNWHGLU�� %XQODU� DUDVÕQGD� HQ� XFX]� RODQODUÕ� ERURQWULIORU�U(67) ve 

fosforpentaflorürdür(65). 

 
 F. Cataldo(68)�� IDUNOÕ� 7+)�,2� � PRODU� RUDQODUÕQGD� 7+)¶Õ� NDW\RQLN� RODUDN�
SROLPHUOHúWLUPLúWLU�� +DOND� DoÕOÕPÕ� LOH� LOHUOH\HQ� NDW\RQLN� SROLPHUOHúPH�
VRQXFXQGD�YLVNR]LWH�RUWDODPD�PROHN�O�N�WOHOHUL���������LOH���������DUDVÕQGD�
GH÷LúHQ� \�NVHN� PROHN�O� N�WOHOL� �U�QOHU� HOGH� HWWL÷LQL� ELOGLUPLúWLU�� $\UÕFD�� ΙBr, 

ΙCl3 ve iyot-SLULGLQ� NRPSOHNVOHULQLQ� 7+)¶ÕQ� SROLPHUOHúPHVLQGH� HWNLQ�
NDWDOL]|UOHU�ROPDGÕNODUÕQÕ�EXOPXúWXU� 
 
 Spektral analizler iyotun THF’da çözünmesiyle okzonyum iyonunun 

ROXúWX÷XQX� J|VWHUPLúWLU�� 2OXúDQ� L\RW-THF kRPSOHNVLQLQ� LNL� úHNLOGH�
J|VWHULOHELOHFH÷L� EHOLUWLOPLúWLU�� %XQODU�� L\RW� DWRPX� NDUúÕW� L\RQ� WULL\RG�U� \D� GD�
SHQWDL\RG�U�L\RQX�RODFDN�úHNLOGH�GR÷UXGDQ�VLNOLN�HWHULQ�RNVLMHQLQH�ED÷ODQPÕú�
úHNOL�\D�GD�EDVLWoH�NDUúÕW�L\RQX�WULL\RG�U�\D�GD�SHQWDL\RG�U�RODQ�VHUEHVW�THF 
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 NDW\RQX� J|VWHULP� úHNOLGLU�� 2OXúDQ� EX� RN]RQ\XP� WX]ODUÕQÕQ� 7+)�
SROLPHUOHúPHVLQLQ� JHUoHN� EDúODWÕFÕODUÕ� ROGXNODUÕ� YH� EX� WX]ODU� ROXúXS�
SROLPHUOHúPH� EDúODGÕNWDQ� VRQUD�� LOHUOHPH� WHSNLPHOHULQLQ� KDONDVDO� DoÕOPD�
PHNDQL]PDVÕ�LOH�LOHUOHGL÷L�LOHUL\H�V�U�OP�úW�U��Húitlik 1.18). 
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 �����dDOÕúPDQÕQ�$PDFÕ 
 
/LWHUDW�UGH�IXUDQ�SROLPHUOHUL�LOH�LOJLOL�ELUoRN�\D\ÕQ�EXlunurken cis, trans-

2,5-dihidro-2,5-GLPHWRNVL� IXUDQÕQ��'0+)��SROLPHUOHúPHVL� LOH� LOJLOL��GDKD�|QFH�
ODERUDWXYDUODUÕPÕ]GD� JHUoHNOHúWLULOHQ� HOHNWURNLP\DVDO� SROLPHUOHúPHVLQGHQ�
EDúND�ELU�oDOÕúPD�EXOXQPDPDNWDGÕU��'0+)��KHP�HSRNVL�KHP�GH�YLQLO�EHQ]HUL�
oLIW� ED÷� \DSÕVÕ\OD�� KHP� KDOND� DoÕOÕPÕ� KHP� GH� oLIW� ED÷� �]HULQGHQ�
SROLPHUOHúHELOPH�|]HOOL÷L�ROGX÷X�G�ú�Q�OHQ�LOJL�oHNHQ�ELU�\DSÕ\D�VDKLSWLU� 

%X� oDOÕúPDGD� '0+)¶ÕQ� 6Q&O4� LOH� SROLPHUOHúPHVL� YH� HOGH� HGLOHQ�
polimerin Cu2+� DGVRUSODPD�|]HOOLNOHULQLQ� EHOLUOHQPHVL� DPDoODQPÕúWÕU��$\UÕFD��
SROLPHUH� oHúLWOL� IRQNVL\RQHO� JUXSODU� ND]DQGÕUDUDN� DGVRUSVL\RQ� |]HOOLNOHULQLQ�
JHOLúWLULOPHVL�GH�SODQODQPÕúWÕU��%XQODUÕQ�\DQÕ�VÕUD��HOGH�HGLOHQ�IDUNOÕ�UHoLQHOHULQ�
FT-,5� YH� WDUDPDOÕ� HOHNWURQ� PLNURVNREX� DQDOL]OHUL� LOH� NDUDNWHUL]DV\RQX� YH�
adsorpsiyonlaUÕQ� NLQHWLN� |]HOLNOHULQLQ� EHOLUOHQPHVL� GH� oDOÕúPDQÕQ� GL÷HU�
E|O�POHULQL�ROXúWXUPDNWDGÕU� 
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 2. MATERYAL VE YÖNTEM 

 

2.1. Kimyasallar 

 
 Monomer, cis,trans-2,5-dihidro-2,5-dimetoksifuran, DMHF, %99 

VDIOÕNWD� $OGULFK� &KHPLFDO� &R�� ILUPDVÕQGDQ� WHPLQ� HGLOPLú� YH� DOÕQGÕ÷Õ� VDIOÕNWD�
NXOODQÕOPÕúWÕU� 
 

+3/&�VDIOÕNWD�GLRN]DQ�YH�DVHWRQ��0HUFN�$�*�� ILUPDVÕQGDQ�DOÕQPÕú�YH�
DOÕQGÕNODUÕ�VDIOÕNWD�NXOODQÕOPÕúWÕU� 
 

$QDOLWLN� VDIOÕNWD� 6Q&O4, NaOH, EDTA, NaCl ve sodyum asetat Merck 

$�*��ILUPDVÕQGDQ�DOÕQPÕú�YH�DOÕQGÕNODUÕ�VDIOÕNWD�NXOODQÕOPÕúWÕU� 
 

$QDOLWLN� VDIOÕNWD� +2SO4, HNO3, HCl, NH3 ve asetik asit Merck A.G. 

ILUPDVÕQGDQ�VD÷ODQPÕú�YH�DOÕQGÕNODUÕ�VDIOÕNWD�NXOODQÕOPÕúWÕU� 
 

 2.2. Cihazlar 

 
�������dDONDOD\ÕFÕ 
 
 $GVRUSVL\RQ� o|]HOWLOHULQLQ� VDELW� KÕ]GD� oDONDODQPDVÕ� ELU� +HLGROSK�
marka��8QLPD[������PRGHO�oDONDOD\ÕFÕ�FLKD]Õ�LOH�VD÷ODQPÕúWÕU� 
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 2.2.2. pH Metre 

 
 pH ölçümleri WTW Series marka inolab pH=720 model dijital bir pH 

PHWUH� LOH� JHUoHNOHúWLULOPLúWLU�� 6ÕFDNOÕN� SUREOX� RODQ� FLKD]�� NXOODQPDGDQ� |QFH�
standart tampon çözeltilerle kalibrH�HGLOPLúWLU� 
 

�����S'0+)¶ÕQ�6HQWH]L 
 
 Poli(cis,trans-2,5-dihidro-2,5-dimetoksi furan), pDMHF, DMHF 

monomerinin diokzan içerisinde SnCl4� LOH� SROLPHUOHúWLULOPHVL\OH�
VHQWH]OHQPLúWLU��3ROLPHUOHúPHOHU������0�0RQRPHU�YH������0�6Q&O4� GHULúLPL�
LOH� RGD� VÕFDNOÕ÷ÕQGD� EDúODWÕOPÕú� ���-��� GDNLND�� YH� GDKD� VRQUD�� DOÕQDQ�
PRQRPHULQ� WDPDPÕQÕQ� SROLPHUOHúPHVL� DPDFÕ\OD� ��� VDDW� ��°C’da 

SROLPHUOHúPH�GHYDP�HWWLULOPLúWLU��3ROLPHUOHúPHOHU�VRQXQGD��-��PP�oDSÕQGD��
VL\DK�SDUWLN�O�KDOLQGH�SROLPHULN��ELU��U�Q�HOGH�HGLOPLúWLU��(OGH�HGLOHQ polimerler 

IDUNOÕ�V�UHOHUGH�ERO�PLNWDUGD�VDI�VX� LOH�\ÕNDQDUDN�VDIODúWÕUÕOPÕúWÕU��<ÕNDPDQÕQ�
SROLPHULQ� DGVRUSVL\RQ� |]HOOLNOHULQH� HWNLVLQLQ� EHOLUOHQPHVL� DPDFÕ\OD�� \ÕNDPD�
LúOHPOHUL� �-2 saat, 2-3 gün ve 40-���J�Q�V�UHOHUH�NDGDU� X]DWÕOPÕúWÕU��6X\XQ�
V�UHNOL� GH÷LúWLULOPHVL� LOH�JHUoHNOHúWLULOHQ�\ÕNDPD� LúOHPOHUL�VRQXQGD�SROLPHUOHU�
vakum etüvünde 30°&¶GD�NXUXWXOPXúWXU�� 
 
 $GVRUSVL\RQ� RUWDPÕQGD�� DVNÕGD� NDODUDN� o|]HOWLGH� EXODQÕNOÕ÷D� QHGHQ�
RODQ� G�ú�N� PROHN�O� N�WOHOL� YH� oDSUD]� ED÷ODQPDPÕú� SROLPHUOHU�� DVHWRQGD�
çözülerek u]DNODúWÕUÕOPÕúWÕU�� %X� PDGGHOHULQ� oRN� D]� PLNWDUODUGD� ROXúWX÷X�
DVHWRQ�o|]HOWLOHULQLQ�oRN�DoÕN�VDUÕ�UHQJLQGHQ�DQODúÕOPÕúWÕU�� 
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 <D\JÕQ�RODUDN�NXOODQÕODQ�RUJDQLN�o|]�F�OHUGH�o|]�QPH\HQ�VHUW�VL\DK�
SROLPHU��DGVRUSVL\RQGD�NXOODQÕOPDGDQ�|QFH�\�]H\�DODQÕQÕ�DUWÕUPDN�DPDFÕ\OD�
SDUWLN�OOHULQ�E�\�NO�NOHUL�ELU�KDYDQ�LoHULVLQGH�G|Y�OHUHN�N�o�OW�OP�úW�U� 
 

 
�����S'0+)¶ÕQ�0RGLILNDV\RQX 

 
 3ROLPHUOHúPHOHU� VRQXFX� HOGH� HGLOHQ� S'0+)¶ÕQ� DGVRUSVL\RQ�
NDSDVLWHVLQL� � DUWWÕUPDN� DPDFÕ\OD� RGD� VÕFDNOÕ÷Õ� YH� ��°&¶GD�� oHúLWOL�
GHULúLPOHUGHNL� +2SO4, HNO3, HCl, NH3 ve NaOH çözeltileri ile modifiye 

HGLOPLúWLU�� 0RGLILNDV\RQ� LúOHPLQGHQ� VRQUD� ERO� VX� LOH� \ÕNDQÕS� NXUXWXODQ�
PRGLIL\H�S'0+)� E|O�P� ���¶GD� DQODWÕOGÕ÷Õ� úHNLOGH� &X2+ iyonu 

DGVRUSVL\RQODUÕQGD�NXOODQÕOPÕúWÕU� 
 

2.5. Karakterizasyon 

  
Elde edilen pDMHF ve modifiye/pDMHF örnekleri FT-IR ve elektron 

PLNURVNREX�DQDOL]OHUL�LOH�NDUDNWHUL]H�HGLOPLúOHUGLU� 
 

2.5.1. FT-IR Analizleri 

 
 .%U� GLVNOHUL� KD]ÕUODQPÕú� SROLPHU� |UQHNOHULQ� )7-IR analizlerinde 

JASCO, FT/IR-���� 3OXV� PRGHO� )7,5� VSHNWURPHWUHVL� NXOODQÕOPÕúWÕU� 
0RQRPHULQ� VSHNWUXPXQXQ� DOÕQPDVÕQGD� LVH� '0+)� HPGLULOPLú� .%U� GLVN�
NXOODQÕOPÕúWÕU� 
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 2.5.2. Elektron Mikroskobu Analizleri 

 
 Poli(cis,trans-2,5-dihidro-2,5-GLPHWRNVL�IXUDQ�¶ÕQ��S'0+)��YH�oHúLWOL�DVLW�
YH� ED]OD� PRGLIL\H� HGLOPLú� KDOLQLQ� \�]H\� DQDOL]OHULQGH� -60� �600 model 

WDUDPDOÕ� HOHNWURQ� PLNURVNREX� �6(0�� NXOODQÕOPÕúWÕU�� 5HoLQHOHULQ� \DSÕODUÕQGD�
bulunan metallerin, özellikle kalay metalinin analizi IXRF, EDS2000 

PLNURDQDOL]�VLVWHPL�LOH�JHUoHNOHúWLULOPLúWLU� 
 

2.6. Cu2+�6WRN�o|]HOWLVLQLQ�+D]ÕUODQPDVÕ 
 
 %DNÕU�ELU�WHO�]ÕPSDUDODQDUDN�WHPL]OHQGLNWHQ�VRQUD��|QFH���0�1D2+�LOH�
GDKD� VRQUD� �� 0� +&O� LOH� \ÕNDQDUDN� WHPL]OHQPLú� YH� ERO� VX� LOH� \ÕNDQÕS�
NXUXWXOPXúWXU�� .XUX� EDNÕU� WHOLQ� WDUWÕODUDN� EHOLUOHQPLú� ELU�PLNWDUÕ� D]�PLNWDUGD�
DOÕQDQ� GHULúLN� +123� LoHULVLQGH� o|]�OP�ú� YH� o|]HOWL� ELOinen hacme 

VH\UHOWLOHUHN� VWRN�o|]HOWL� KD]ÕUODQPÕúWÕU��$GVRUSVL\RQ� GHQH\OHULQGH� NXOODQÕODQ�
bütün Cu2+�o|]HOWLOHUL�EX�GHULúLN�VWRN�o|]HOWLVLQGHQ�VH\UHOWLOHUHN�KD]ÕUODQPÕúWÕU� 
 

2.7. Adsorpsiyon 

 
 .HVLNOL� �EDWFK�� SURVHV� RODUDN� JHUoHNOHúWLULOHQ� DGVRUSVL\RQODU�� belirli 

PLNWDUGDNL� UHoLQH� �]HULQH� LVWHQHQ� GHULúLPGH� YH� EHOLUOL� KDFLPGHNL� &X2+ 

o|]HOWLVLQLQ�DOÕQPDVÕ�LOH�EDúODWÕOPÕúWÕU��$GVRUSVL\RQODU�VDELW�VÕFDNOÕNWD�YH�VDELW�
NDUÕúWÕUPD�KÕ]ÕQGD�JHUoHNOHúWLULOPLúWLU��$GVRUEDQ�PLNWDUÕQÕQ�\DNODúÕN�����J�YH�
NDUÕúWÕUPD�KÕ]ÕQÕQ�����GHYLU�GDN��ROPDVÕ�WHUFLK�HGLOPLúWLU��$GVRUSVL\RQ�|QFHVL�
o|]HOWL� S+¶ODUÕ� JHQHOOLNOH� S+ ���¶H� WDPSRQODQPÕúWÕU�� 7DPSRQ� o|]HOWL� RODUDN�
sodyum asetat-DVHWLN� DVLW� WDPSRQX� NXOODQÕOPÕúWÕU�� )DUNOÕ� S+¶ODUGD� LVH�
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 o|]HOWLOHULQ� LON� S+¶ODUÕ� 1D2+� \D� GD� +&O� LOH� LVWHQLOHQ� S+¶\D� D\DUODQPÕúWÕU��
Belirlenen adsorpsiyon süresi sonunda reçine çözeltiden, süratle süzülerek 

X]DNODúWÕUÕOPÕú�YH�&X2+� L\RQX�DGVRUSODQPÕú�o|]HOWLOHULQ� o|]HOWLGH�NDODQ�&X2+ 

PLNWDUODUÕ�� DWRPLN� DEVRUSVL\RQ� VSHNWURIRWRPHWUHVL� LOH� EHOLUOHQPLúWLU�� <DSÕODQ 

KHU� DGVRUSVL\RQ�� WHNUDUODQDELOLU� VRQXoODUÕQ� HOGH�HGLOPHVL� DPDFÕ\OD� HQ�D]��o�
NH]�WHNUDUODQPÕú�YH�VRQXoODU�HQ�D]��o�|Oo�P�Q�RUWDODPDVÕ�RODUDN�YHULOPLúWLU��
Adsorplanan Cu2+ PLNWDUÕ�LVH�HúLWOLN����¶H�J|UH�KHVDSODQPÕúWÕU� 
 
 

2.1                       

 
 
 

Q=Adsorplanan Cu2+�PLNWDUÕ��PJ�&X2+/g pDMHF 

C0 $OÕQDQ�&X2+�o|]HOWLVLQLQ�GHULúLPL��PJ�&X2+/L 

& $GVRUSVL\RQ�VRQUDVÕ�o|]HOWLGH�NDODQ�&X2+�GHQJH�GHULúLPL��PJ�&X2+/L 

9 $OÕQDQ�&X2+ çözeltisinin hacmi, L 

P .XOODQÕODQ�SROLPHU��DGVRUEDQ��PLNWDUÕ��J� 
 

2.8. Desorpsiyon ve Seçicilik 

 
 S'0+)¶ÕQ� DGVRUSODQDQ� &X2+� L\RQODUÕQÕ� oHúLWOL� o|]HOWLOHUH� YHUPH�
�GHVRUSVL\RQ��|]HOOLNOHUL�GH�LQFHOHQPLúWLU��%X�DPDoOD�&X2+�GHULúLPL�EHOLUOHQPLú�
o|]HOWLOHUGH� DGVRUSVL\RQODU� JHUoHNOHúWLULOPLú� YH� DGVRUSODQDQ� &X2+� PLNWDUODUÕ�
ölçülm�úW�U�� 0DNVLPXP� DGVRUEDQVÕQ� HOGH� HGLOGL÷L� �� VDDWOLN� DGVRUSVL\RQXQ�
VRQXQGD��UHoLQHOHU�o|]HOWLGHQ�V�UDWOH�X]DNODúWÕUÕOPÕú�YH�ERO�VX�LOH�\ÕNDQGÕNWDQ�
VRQUD�GHVRUSVL\RQ�RUWDPÕQD�DOÕQPÕúWÕU��'HVRUSVL\RQ�o|]HOWLVL�RODUDN����P/���
M HNO3, 5 M HCl, 5 M NaOH, 0.1 M EDTA ve 0.1 M NaCl çözeltileri 

0(C -C) V
Q = 

m
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 NXOODQÕOPÕúWÕU��'HVRUSVL\RQODU�VRQXQGD�HOGH�HGLOHQ�o|]HOWLOHULQ�S+¶ODUÕ�+&O�\D�
GD� 1D2+� LOH� ���¶H� D\DUODQGÕNWDQ� VRQUD� &X2+� |Oo�POHUL� \DSÕOPÕúWÕU��
'HVRUSVL\RQ�\�]GHVL�HúLWOLN����¶\H�J|UH�KHVDSODQPÕúWÕU� 
 

 

2.2                       

 

 

 

 

 

 

 S'0+)¶ÕQ�&X2+ ve Cd2+� L\RQODUÕQD�NDUúÕ�VHoLFLOL÷L�KHU� LNL� L\RQ�GHULúLPL�
GH����SSP�RODQ�o|]HOWLOHUGH�RGD�VÕFDNOÕ÷ÕQGD�JHUoHNOHúWLULOPLú�YH���VHoLFLOLN�
HúLWOLN����¶\H�J|UH�KHVDSODQPÕúWÕU� 
    

    2.3                       

 

   

  

 

 

2.���.DOLEUDV\RQ�(÷ULOHULQLQ�+D]ÕUODQPDVÕ 
  

$WRPLN� $EVRUSVL\RQ� |Oo�POHULQGH� FLKD]ÕQ� NDOLEUDV\RQXQGD� VWDQGDUW�
RODUDN�NXOODQÕODQ�o|]HOWLOHU��-���SSP�DUDVÕ�GHULúLPOHUGH�RODFDN�úHNLOGH��������
��� ��� �� YH� ��� SSP�� VWRN� o|]HOWLGHQ� KD]ÕUODQPÕúWÕU�� .DOLEUDV\RQ� H÷ULVLQin 

ROXúWXUXOPDVÕQGD�� OLQHHU� NRUHODV\RQX� �����¶GHQ� GDKD� G�ú�N� RODQ� H÷ULOHULQ�

n+M

Top

m
% Seçicilik =  x 100

m

n+
n+

M
m = Adsorplanan M  iyonu miktarÕ��PJ

n+
n+

M
m = Desorplanan M  iyonu miktarÕ��PJ

n+M

Top

m
% Desorpsiyon =  x 100

m

Topm = Adsorplanan toplam iyon miktarÕ��PJ

Topm = Adsorplanan toplam iyon miktarÕ��PJ
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 |Oo�POHUL� WHNUDUODQPÕú� YH� JHUHNWL÷LQGH� VWDQGDUW� o|]HOWLOHU� \HQLGHQ�
KD]ÕUODQPÕúWÕU� 
  

 
2.10. Atomik Absorpsiyon Analizleri 

 
+D]ÕUODQDQ�YH�DGVRUSVL\RQODU�VRQXQGD�HOGH�GLOHQ�&X2+ ve Cd2+�L\RQODUÕ�

o|]HOWLOHULQLQ� PHWDO� L\RQ� PLNWDUODUÕQÕQ� EHOLUOHQPHVLQGH� *%&� PDUND� ���$$�
PRGHO� DOHYOL� $WRPLN� $EVRUSVL\RQ� 6SHNWURIRWRPHWUHVL� NXOODQÕOPÕúWÕU��
$WRPODúPD� RUWDPÕ� RODUDN� KDYD�DVHWLOHQ� DOHYL� NXOODQÕOPÕú� YH� JD]� NDUÕúÕPÕQ�
DNÕú�KÕ]Õ�����/�GDNLND�RODUDN�D\DUODQPÕúWÕU��6RQXoODU��o�|Oo�P�Q�RUWDODPDVÕ�
RODUDN� DOÕQPÕúWÕU�� gOo�P� VRQXoODUÕ� FLKD]ÕQ� VWDQGDUW� o|]HOWLOHUOH� NDOLEUH�
HGLOPHVLQGHQ� VRQUD� FLKD]ÕQ� ELOJLVD\DU� SURJUDPÕ� WDUDIÕQGDQ� RWRPDWLN� RODUDN�
KHVDSODQPÕúWÕU�� 

 
Adsorpsiyonlardan elde edilen Cu2+ çözeltileriQ�DQDOL]L��FLKD]ÕQ�|Oo�P�

GDOJD� ER\XQX� GH÷LúWLUPHGHQ� o|]HOWLOHULQ� \DNODúÕN� �-�� SSP� DUDOÕ÷ÕQD�
VH\UHOWLOPHVL�LOH�JHUoHNOHúWLULOPLúWLU��*HUoHN�GH÷HUOHU�FLKD]GDQ�DOÕQDQ sonuçla, 

VH\UHOWPH� HWNLVL� GLNNDWH� DOÕQÕS� JHUHNOL� KHVDSODPDODU� \DSÕOGÕNWDQ� VRQUD�
EXOXQPXúWXU� 

 
&LKD]ÕQ�|Oo�P�SDUDPHWUHOHUL�DúD÷ÕGD�YHULOGL÷L�JLELGLU� 

 
%DNÕU�DQDOL]OHULQGH�NXOODQÕODQ�FLKD]�SDUDPHWUHOHUL� 

Element = Cu 

dDOÕúÕODQ�GDOJD�ER\X��QP� ������ 

Optimize edilen dalga boyu, nm = 324.7 

/DPED�DNÕPÕ��P$� ���� 
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 <DUÕN�JHQLúOL÷L��QP� ���� 

 

.DGPL\XP�DQDOL]OHULQGH�NXOODQÕODQ�FLKD]�SDUDPHWUHOHUL�� 
Element = Cd 

dDOÕúÕODQ�GDOJD�ER\X��QP� ������ 

/DPED�DNÕPÕ��P$� ���� 

<DUÕN�JHQLúOL÷L��QP� ���� 
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 3. ARAù7,50$�%8/*8/$5,�YH�7$57,ù0$ 

 

�����S'0+)¶ÕQ�.DUDNWHUL]DV\RQX 

 
 Poli(2,5-dihidro-2,5-dimetoksi furan), pDMHF, diokzan içerisinde cis-

trans-2,5-dihidro-2,5-GLPHWRNVL� IXUDQÕQ�� '0+)�� 6Q&O4 ile polimerizasyonu 

VRQXFX�HOGH�HGLOPLúWLU��(OGH�HGLOHQ�VL\DK�UHQNOL�VHUW�SROLPHU�ERO�VX�LOH�\ÕNDQÕS�
NXUXWXOGXNWDQ� VRQUD� NXOODQÕOPÕúWÕU�� 6XGD� KLoELU� úHNLOGH� o|]�QPH\HQ�
S'0+)¶ÕQ��RUJDQLN�o|]�F�OHUGH�o|]�QHELOHQ�YH��G�ú�N�PROHN�O�N�WOHOL�ROGX÷X�
G�ú�Q�OHQ� oRN� D]� PLNWDUGDNL� oDSUD]� ED÷ODQPDPÕú� NÕVPÕ�� SROLPHULQ� DVHWRQ�
LoHULVLQGH� \ÕNDQPDVÕ� LOH� X]DNODúWÕUÕOPÕúWÕU�� %X� NÕVPÕQ� VRQ� GHUHFH� D]�
PLNWDUODUGD� ROXúWX÷X�� DVHWRQXQ� VDGHFH� KDILI� VDUÕ� ELU� UHQN� DOPDVÕQGDQ�
DQODúÕOPÕúWÕU��(OGH�HGLOHQ��VX�LOH�\ÕNDQPÕú�YH�VX�YH�DVHWRQOD�\ÕNDQPÕú�S'0+)�
|UQHNOHUL� LOH� \DSÕODQ� DGVRUSVL\RQ� oDOÕúPDODUÕ�� KHU� LNL� úHNLOGH� HOGH� HGLOHQ�
|UQHNOHULQ� DGVRUSVL\RQ� NDSDVLWHOHULQGH� KHUKDQJL� ELU� GH÷LúLNOL÷LQ� ROPDGÕ÷ÕQÕ�
J|VWHUPLúWLU�� 
 
 S'0+)� YH� oHúLWOL� GHULúLPOHUGH� YH� IDUNOÕ� VÕFDNOÕNODUGD� +2SO4, HNO3, 

NH3�YH�1D2+�LOH�PRGLIL\H�HGLOPLú�S'0+)�|UQHNOHUL�)7-,5��WDUDPDOÕ�HOHNWURQ�
mLNURVNREX�YH�EX�FLKD]D�ED÷OÕ�('6�VLVWHPL�LOH�NDUDNWHUL]H�HGLOPLúWLU�� 
 
 '0+)¶ÕQ� )7-,5� VSHNWUXPX� ùHNLO� ���¶GH� YHULOPLúWLU�� 6SHNWUXPGD�
gözlenen karakteristik bandlar; 3092 cm−1’de =C−H gerilimi, 2992-2830 

cm−1’de alifatik C−H’lar, 1631 cm−1’de olefinik C=C bDQGÕ�� ����� YH� �����
cm−1’de simetrik C−H  ve −CH3 bükülmesi, 1280 cm−1¶GH� IXUDQ� KDONDVÕQÕQ�
düzlem içi gerilim-JHULQLP�EDQGÕ�������FP−1�FLYDUÕQGD�2−CH3�HWHULN�ED÷Õ�YH�
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 806 cm−1¶GH� LVH� KDONDQÕQ� ���PLNURQ� EDQGÕ� RODUDN� WDQÕPODQDQ� DEVRUSVL\RQ�
EDQGÕGÕU(69). 

 
 pDMH)¶ÕQ�)7-IR spektrumunda 1631 cm−1’de C=C gerilimine ait band 

J|U�OPHPHNWHGLU� �ùHNLO� ������%XQXQ�\HULQH������FP−1’de C=O gerilimine ait 

NXYYHWOL� ELU� DEVRUSVL\RQ� J|U�OPHNWHGLU�� 3ROLPHUOHúPH\H� JLUPH\HQ� & &�
ED÷ODUÕQD� DLW� EDQW� EX� EDQGÕQ� DOWÕQGD� NDOPÕú� ROPDVÕ� JHUHNWL÷LQGHQ� & &�
ED÷ODUÕQÕQ� WDPDPÕQÕQ� SROLPHUOHúPHGH� NXOODQÕOÕS� NXOODQÕOPDGÕ÷ÕQÕ� V|\OHPHN�
P�PN�Q�GH÷LOGLU��$QFDN��KDOND�JHULOLPLQH�DLW������YH�����FP−1¶GHNL�EDQGODUÕQ�
WDPDPHQ�ND\EROPXú�ROPDVÕ��SROLPHUOHúPHGH�KDOND�DoÕOÕPÕQÕQ�JHUoHNOHúWL÷LQL�
göstermektedir. 'DKD� |QFH� E|O�P�P�]GH� JHUoHNOHúWLULOHQ� ELU� oDOÕúPDGD� GD�
EHQ]HU� PHNDQL]PD� LOHUL\H� V�U�OP�úW�U(70)�� $\UÕFD�� ����� FP−1’de gözlenen 

JHQLú� DEVRUSVL\RQ� EDQGÕ� S'0+)� �]HULQGH� & 2� ED÷ODUÕQÕQ� \DQÕ� VÕUD� 2−H 

ED÷ODUÕQÕQ�GD�ROXúWX÷XQX�J|VWHUPHNWHGLU��& 2�YH��2−H gruplarÕQÕQ�ROXúXPX�
pDMHF üzerinde bu gruplarla birlikte −C(O)−2+�JUXSODUÕQÕQ� GD� ROXúWX÷XQX�
G�ú�QG�UPHNWHGLU��S'0+)¶ÕQ�\DSÕVÕQGD�NDUERNVLOLN�DVLW�JUXSODUÕQÕQ�ROXúXPX��
DGVRUSVL\RQ�HVQDVÕQGD�J|]OHQHQ�S+�G�úPHVLQH�GH�DoÕNOÕN�JHWLUPHNWHGLU��%X�
nedenle 1445 ve 1364 cm−1’de gözlenen bandlar bir karboksil ve bir alkol 

grubuna ait C−O−+� ED÷ÕQÕQ� G�]OHP� LoL� E�N�OPHVL� RODUDN� \RUXPODQPÕúWÕU��
$\UÕFD�� ����� FP−1¶GH� J|]OHQHQ� EDQGÕQ� GD� NDUERNVLO� JUXEXQD� ED÷OÕ� &−O 

JUXEXQXQ�JHULOPH�EDQGÕ�RODELOHFH÷L�G�ú�Q�OP�úW�U� 
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ùHkil 3.1.  Cis-trans-2,5-dihidro-2,5-GLPHWRNVL�IXUDQÕQ�)7-IR spektrumu 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�����  S'0+)¶ÕQ�)7-IR spektrumu 
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ùHNLO����� $VHWRQ�LOH�\ÕNDQPÕú�S'0+)¶ÕQ�)7-IR spektrumu 

 

3ROLPHUL� DVHWRQ� LOH� \ÕNDPDQÕQ� S'0+)¶ÕQ� VSHNWUXPXQGD� EHOLUJLQ� ELU�
dH÷LúLNOL÷H� QHGHQ� ROPDGÕ÷Õ� J|U�OP�úW�U� �ùHNLO� ������ 'ROD\ÕVÕ\OD� DVHWRQOD�
\ÕNDPD�� G�ú�Q�OG�÷�� JLEL� VDGHFH� SROLPHUGH� D]�PLNWDUGD� EXOXQDQ� o|]�QHQ�
NÕVPÕQ�X]DNODúWÕUÕOPDVÕQÕ�VD÷ODPDNWDGÕU� 

 

7DUDPDOÕ� HOHNWURQ�PLNURVNREX� LOH� \DSÕODQ�DQDOL]OHU� S'0+)¶ÕQ� S�U�]O��
bir \�]H\H� VDKLS� ROGX÷XQX� J|VWHUPLúWLU� �ùHNLO� ������ $\UÕFD�� SROLPHUGHQ�
organik çözücülerde çözünebilen küçük molekül kütleli ürünlerin aseton ile 

\ÕND\DUDN� X]DNODúWÕUPDQÕQ�SDUWLN�O� \�]H\OHULQGH�J|]OHQHELOHFHN�KHUKDQJL� ELU�
GH÷LúLNOL÷H�QHGHQ�ROPDGÕ÷Õ�GD�WDUDPDOÕ�HOHNWURQ�PLNURVNREX�IRWR÷UDIODUÕQGDQ�
J|U�OP�úW�U��ùHNLO������� 
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        A.                      B. 

 

 

 

 

 

 

 

 

 

 

 
ùHNLO�����  S'0+)¶ÕQ�WDUDPDOÕ�HOHNWURQ�PLNURVNREX�IRWR÷UDIODUÕ 
 A.  X100,  B.  X1500  

 

       A.                      B. 

 

 

 

 

 

 

 

 

 

 

 
ùHNLO����. $VHWRQ�LOH�\ÕNDQPÕú�S'0+)¶ÕQ�WDUDPDOÕ�HOHNWURQ�PLNURVNREX� 
 IRWR÷UDIODUÕ�����A.  X150,  B.  X1500  
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ùHNLO����� ('6�DQDOL]L�VRQXoODUÕ 
      

(OHNWURQ� 'D÷ÕOÕPÕ� 6LVWHPL�� ('6�� �(OHFWURQ� 'LVSHUVLRQ� V\VWHP�� LOH�
\DSÕODQ� DQDOL]OHU� IDUNOÕ� \ÕNDPD� NRúXOODUÕQGD� GDKL�� SROLPHUOHúPHGH� NXOODQÕODQ�
NDOD\ÕQ� SROLPHUGHQ� WDPDPHQ� X]DNODúWÕUÕODPDGÕ÷ÕQÕ� J|VWHUPLúWLU� �ùHNLO� ������
dDOÕúÕODQ�|UQHNOHUGHQ�S'0+)����-���J�Q�V�UH\OH�VDI�VX� LoLQGH�NDUÕúWÕUÕODUDN�
ve günde 4-�� NH]� VX\X� GH÷LúWLULOHUHN� \ÕNDQPÕúWÕU�� <ÕNDPD� Lúlemi sonunda 

|UQH÷LQ�ELU�NÕVPÕ�DVHWRQOD�\ÕNDQÕS�NXUXWXOPXúWXU��S'0+)¶ÕQ�EHOLUOL�PLNWDUODUÕ� 
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 ��0�1D2+�YH���0�+&O�o|]HOWLOHUL� LoHULVLQGH�\DNODúÕN���VDDW�NDUÕúWÕUÕOPÕú�YH�
ERO� VX� LOH� \ÕNDQGÕNWDQ� VRQUD� NXUXWXOXS� &X2+� DGVRUSVL\RQXQGD� NXOODQÕOPÕúWÕU��
Adsorpsiyon VRQXQGD� \ÕNDQÕS� NXUXWXODQ� SROLPHUOHU� ('6� DQDOL]LQGH�
NXOODQÕOPÕúWÕU�� 1D2+� YH� +&O� LOH� \DSÕODQ� \ÕNDPDODU� VRQXFXQGD� S'0+)¶ÕQ�
LoHUGL÷L� NDOD\� PLNWDUÕQGD� D]� GD� ROVD� ELU� D]DOPD� J|]OHQPHVLQH� UD÷PHQ�
|UQHNOHULQ�KLoELULQGH�NDOD\�WDPDPHQ�X]DNODúWÕUÕODPDPÕúWÕU� 
 

3.2. pH¶QÕQ�$GVRUSVL\RQD�(WNLVL 
 
 S'0+)¶ÕQ� &X2+� L\RQX� DGVRUSVL\RQXQD� RUWDP� S+¶VÕQÕQ� HWNLVL� IDUNOÕ�
S+¶ODUGD� KD]ÕUODQDQ� &X2+� o|]HOWLOHULQGH� \DSÕODQ� DGVRUSVL\RQODU� LOH�
EHOLUOHQPLúWLU�� d|]HOWLOHULQ� LON� S+¶ODUÕ� +&O� \D� GD� 1D2+� o|]HOWLOHUL� LOH�
D\DUODQGÕNWDQ�VRQUD�JHUoHNOHúWLULOHQ�|Oo�POHUGH��DGVRUSVL\RQ�VRQUDVÕ�o|]HOWL�
S+¶ODUÕQGD� EHOLUOL� PLNWDUODUGD� G�ú�úOHULQ� ROXúWX÷X� J|U�OP�úW�U�� %X� QHGHQOH��
PDNVLPXP� DGVRUEDQVÕQ� S+ ���¶GH� JHUoHNOHúPHVL�� G�ú�N� S+¶ODUGD�
DGVRUSVL\RQ� PHUNH]OHULQLQ� SURWRQ� DOÕS� S'0+)¶ÕQ� DGVRUSVL\RQ� NDSDVLWHVini 

G�ú�UHELOHFH÷LQL� G�ú�QG�UP�úW�U�� %X� QHGHQOH� |Oo�POHU� WDPSRQ� o|]HOWLOHUGH�
WHNUDUODQPÕúWÕU�� S+≤�� � RODQ�o|]HOWLOHUGH�.&O�+&O� WDPSRQX� NXOODQÕOÕUNHQ�GDKD�
\�NVHN� S+¶ODU� LoLQ� VRG\XP� DVHWDW�DVHWLN� DVLW� � � WDPSRQX� NXOODQÕOPÕúWÕU�� ùHNLO�
3.7’de tampon çözelti ile JHUoHNOHúWLULOHQ� DGVRUSVL\RQGD� S+ ���¶GD� HOGH�
HGLOHQ� PDNVLPXP� DGVRUEDQVD� J|UH� EHOLUOL� ELU� PLNWDUGD� � DUWÕú� ROGX÷X�
J|U�OPHNWHGLU�� 5HoLQHQLQ� EX� |]HOOL÷L� ]DPDQD� NDUúÕ� JHUoHNOHúWLULOHQ�
DGVRUSVL\RQ� GHQH\OHULQGH� GH� VÕQDQPÕú� YH� S+ ���¶H� WDPSRQODQPÕú� ��� SSP�
Cu2+ çö]HOWLOHUL� � NXOODQDUDN� \DSÕODQ� oDOÕúPDODUGD� GHQJH� DGVRUSVL\RQXQXQ�
\DNODúÕN���PJ�&X2+�J�S'0+)�GDKD�ID]OD�ROGX÷X�J|U�OP�úW�U��ùHNLO�������%X�
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 QHGHQOH� DGVRUSVL\RQ� oDOÕúPDODUÕQÕQ� WDPDPÕ�� DNVL� EHOLUWLOPHGL÷L� WDNGLUGH��
S+ ����RODQ�WDPSRQ�o|]HOWLOHUGH�JHUoHNOHúWLULOPLúWLU� 
 
 ùHNLO����¶GH�VRQXoODUÕ�YHULOHQ�DGVRUSVL\RQODU���VDDW�JLEL�X]XQ�ELU�V�UH�
V�UG�U�OP�ú�ROPDODUÕQD�UD÷PHQ��GHQJH�DGVRUSVL\RQXQD�XODúÕOGÕ÷ÕQGDQ�HPLQ�
ROPDN�LoLQ�ED]Õ�GH÷HUOHU�LoLQ���VDDWOLN���]DPDQ-DGVRUSVL\RQ�H÷ULVLQGHQ��ùHNLO�
3.8) 1 saat olarak beliUOHQHQ�PDNVLPXP�DGVRUEDQVD�XODúÕP�V�UHVLQL�VÕQDPDN�
LoLQ� GH� ED]Õ� GH÷HUOHU� LoLQ� �� VDDWOLN� DGVRUSVL\RQODU� JHUoHNOHúWLULOPLú� YH� HOGH�
HGLOHQ�VRQXoODUÕQ�ùHNLO����¶GH�YHULOHQ�VRQXoODUOD�X\XPOX�ROGX÷X�J|U�OP�úW�U� 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
ùHNLO����� d|]HOWL�S+¶VÕQÕQ�&X2+ adsorpsiyona etkisi 

 V=10 mL, C0=10 ppm Cu2+��7 2GD�VÕFDNOÕ÷Õ��W� ��VDDW 
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 �����$GVRUSVL\RQXQ�=DPDQOD�'H÷LúLPL 
 
 0DNVLPXP�DGVRUEDQVÕQ� S+ ���¶GD� JHUoHNOHúWL÷L� EHOLUOHQGLNWHQ� VRQUD��
WHPL]OHQPLú� &X� PHWDOLQLQ� D]� PLNWDUGD� +123 içerisinde çözülmesi ile 

KD]ÕUODQDQ�VWRN�o|]HOWLQLQ�DVLGLN�ROPDVÕ�QHGHQL\OH�o|]HOWL�S+¶ODUÕ�DGVRUSVL\RQ�
|QFHVL� VH\UHOWLN�1D2+�o|]HOWLVL\OH� S+ ���¶D� D\DUODQPÕúWÕU��'HULúLPL� ���SSP�
RODUDN� EHOLUOHQHQ� YH� ��� P/� RODUDN� NXOODQÕODQ� LON� o|]HOWLGH� &X2+� L\RQODUÕQÕQ�
WDPDPÕ�DGVRUSODQGÕ÷Õ� LoLQ��ùHNLO���������SSP¶OLN�LNLQFL�ELU�o|]HOWL�KD]ÕUODQPÕú�
YH� EX� o|]HOWL� LOH� JHUoHNOHúWLULOHQ� |Oo�POHUGH�� DGVRUSVL\RQXQ� ]DPDQOD�
DUWPDVÕQÕQ� \DQÕ� VÕUD� &X2+� GHULúLPL\OH� GH� DUWWÕ÷Õ� J|U�OP�úW�U�� $QFDN��
DGVRUSVL\RQ�VRQXQGD�o|]HOWL� S+¶ODUÕQÕQ�|Oo�OPHVL� LOH�DGVRUSVL\RQ�HVQDVÕQGD�
ç|]HOWL� S+¶VÕQGD� ELU� G�ú�ú� ROXúWX÷X� EXOXQPXúWXU�� '�ú�N� S+¶QÕQ� S'0+)¶ÕQ�
PDNVLPXP� DGVRUEDQVÕQGD� QHGHQ� RODFD÷Õ� G�ú�ú�� HQJHOOHPHN� LoLQ� &X2+ 

o|]HOWLVLQLQ� S+¶VÕ� ���¶D� WDPSRQODQGÕ÷ÕQGD�� PDNVLPXP� GHQJH�
DGVRUSVL\RQXQXQ����SSP�o|]HOWL�GHULúLPL�LoLQ���VDDW�VRQXQGD���� mg Cu2+/g 

pDMHF’dan 3.7 mg Cu2+�J�S'0+)�GH÷HULQH�oÕNWÕ÷Õ�J|U�OP�úW�U��0DNVLPXP�
denge adsorpsiyonunun Cu2+� GHULúLPL\OH� DUWWÕ÷Õ� GD�� ���� SSP¶OLN� o|]HOWLGH�
JHUoHNOHúWLULOHQ�DGVRUSVL\RQGD�DoÕN� ELU� úHNLOGH�J|U�OPHNWHGLU�� =DPDQD�NDUúÕ�
oDOÕúÕODQ�&X2+ adsorpsiyonu��GHQJH�DGVRUSVL\RQXQD����GDNLNDGD�XODúÕOGÕ÷ÕQÕ�
J|VWHUPLúWLU��%X�QHGHQOH�GHQJH�oDOÕúPDODUÕQGD�DGVRUSVL\RQ�V�UHVL����GDNLND�
RODUDN�DOÕQPÕúWÕU� 
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ùHNLO����� Cu2+�DGVRUSVL\RQXQXQ�]DPDQOD�GH÷LúLPL 
 9 ���P/��7 2GD�VÕFDNOÕ÷Õ��.DUÕúWÕUPD�KÕ]Õ ����GHYLU�GN 

 

d|]HOWL� S+¶VÕQGD� DGVRUSVL\RQ� HVQDVÕQGD� ROXúDQ� G�ú�ú�� IDUNOÕ� &X2+ 

GHULúLPOHUL� LoLQ� ]DPDQD� NDUúÕ� |Oo�OHUHN� L]OHQPLúWLU� �ùHNLO� ������ ��� YH� ����
SSP¶OLN�o|]HOWLOHUOH�JHUoHNOHúWLULOHQ�|Oo�POHUGH��o|]HOWL�S+¶VÕQÕQ�GHULúLPH�ED÷OÕ�
ROPDNVÕ]ÕQ���VDDW� LoHULVLQGH�\DNODúÕN���ELULP�G�úW�÷��YH���VDDWWHQ�VRQUD�GD�
GH÷LúPHGL÷L� J|U�OP�úW�U�� $GVRUSVL\RQODUGD�� PDNVLPXP� GHQJH�
DGVRUSVL\RQXQD� GD� �� VDDWWH� XODúÕOPDVÕ�� o|]HOWLQLQ� S+� GH÷LúLPL� LOH�
DGVRUSVL\RQXQ�LOLúNLOL�ROGX÷XQX�J|VWHUPHNWHGLU��%X�J|]OHPOHU�SROLPHUin asidik 

NDUDNWHUGH� ROGX÷XQX� LúDUHW� HWPHNWHGLU�� $QFDN� G�ú�N� S+¶ODUGD� DGVRUSVL\RQ�
NDSDVLWHVL��D]DOGÕ÷Õ�LoLQ���DGVRUSVL\RQ��GHYDP��HWWLNoH�G�úHQ��o|]HOWL��S+¶VÕQÕQ� 
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pH= 5.0, tam pon ç öz elti,
C o= 40 ppm

pH= 5.0, tam pon ç öz elti,
C o=150 ppm
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ùHNLO����� $GVRUSVL\RQ�VÕUDVÕQGD�o|]HOWL�S+¶VÕQÕQ�]DPDQOD�GH÷LúLPL 
 A. C0=40 ppm, ilk pH=5.0,  B. C0=100 ppm, ilk pH=5.2 

 9 ���P/��7 2GD�VÕFDNOÕ÷Õ 
 

 

DGVRUSVL\RQ� NDSDVLWHVLQL� HWNLOHPHPHVL� LoLQ� DGVRUSVL\RQODU� S+¶ODUÕ� ���¶H�
WDPSRQODQPÕú� o|]HOWLOHUGH� JHUoHNOHúWLULOPLúWLU�� S+ ���� RODQ� WDPSRQ�
o|]HOWLOHUOH� GDKD� \�NVHN� DGVRUSVL\RQ� GH÷HUOHUL� HOGH� HGLOPLúWLU�� $GVRUSVL\RQ�
HVQDVÕQGD� o|]HOWL� S+¶VÕQÕQ� QDVÕO� GH÷LúWL÷LQL� J|]OHPHN� YH� DGVRUSODQDQ� EDNÕU�
L\RQX� PLNWDUÕ� LOH� o|]HOWL� S+¶VÕ� DUDVÕQGD� ELU� LOLúNL� NXUPDN� LoLQ� \DSÕODQ�
GHQH\OHUGH��KLGURQ\XP� L\RQX�VDOÕQÕPÕ� LOH�&X2+�DGVRUSVL\RQX�DUDVÕQGD� OLQHHU�
bir iliúNL� EXOXQDPDPÕúWÕU�� $QFDN�� S'0+)¶ÕQ� VX\D� YHUGL÷L� +3O

+� PLNWDUÕQÕ� GD�
GLNNDWH�DODUDN�\DSÕODQ�KHVDSODPDODUGD��PDNVLPXP�GHQJH�DGVRUSVL\RQXQGD��
adsorplanan her Cu2+� L\RQXQD� NDUúÕOÕN� o|]HOWL\H� \DNODúÕN� �� +3O

+ iyonunun 

(3H3O
+/Cu2+��YHULOGL÷L�J|U�OP�úW�U��ùHNLO����0). 
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ùHNLO�������  Çözeltiye verilen H3O

+/adsorplanan Cu2+� RUDQÕQÕQ� ]DPDQOD�
GH÷LúLPL 

 C0 ���SSP��LON�S+ �����9 ���P/��7 2GD�VÕFDNOÕ÷Õ 
 

 

$GVRUSVL\RQ� HVQDVÕQGD� o|]HOWL� S+¶VÕQGD� J|]OHQHQ� G�ú�ú�� \HQL�
VHQWH]OHQHQ� SROLPHULQ� \ÕNDQPDVÕQGD� NXOODQÕODQ� \ÕNDPD� VX\XQGD� GD�
J|]OHQPLúWLU�� 6HQWH]GHQ� JHOHELOHFHN� VDIVÕ]OÕNODUÕQ� QHGHQ� RODELOHFH÷L� ELU� S+�
G�ú�ú�Q��LQFHOHPHN�LoLQ�VHQWH]OHQHQ�S'0+)�|UQHNOHULQGHQ�EHOLUOL�ELU�PLNWDUÕ�
40-45 gün süreyle, suyu günde 3-�� NH]� GH÷LúWLULOPHN� �]HUH� VX� LoHULVLQGH�
WXWXOPXú� YH� VDELW� S+¶\D� XODúÕOGÕNWDQ� VRQUD� GD� HQ� D]� �� KDIWD� GDKD� VX� LOH�
\ÕNDPD\D� GHYDP� HGLOPLúWLU�� 'DKD� VRQUD� |UQH÷LQ� EHOLUOL� ELU� NÕVPÕ� DOÕQÕS�
DVHWRQOD� \ÕNDQPÕú�YH�HOGH�HGLOHQ�KHU� LNL� |UQHNWH�NXUXWXOPXúWXU��%X�|UQHNOHU�
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 �����J��GDKD�VRQUD�S+¶VÕ�|QFHGHQ�EHOLUOHQPLú����P/�VX� LoHULVLQH�NRQXOPXú�
YH� VX\XQ� S+¶VÕ� ]DPDQ� ]DPDQ� |Oo�OP�úW�U�� �� NH]� WHNUDUODQDQ� NXUXWPD� YH�
|Oo�P�LúOHPL�VRQXQGD�KHU�LNL�|UQH÷LQ�GH�VX\XQ�S+¶VÕQÕ�\DNODúÕN����±0.1 birim 

G�ú�UG�÷�� J|U�OP�úW�U�� $\UÕFD�� GHQJH� S+� GH÷HULQH� ��� GDNLND� LoLQGH�
XODúÕOGÕ÷Õ�YH�EX�GH÷HULQ�]DPDQOD�GH÷LúPHGL÷L�GH�J|]OHQPLúWLU��$GVRUSVL\RQXQ�
o|]HOWL�S+¶VÕQGDNL�G�ú�ú��DUWWÕUGÕ÷Õ�LVH�ùHNLO����¶GD�J|U�OPHNWHGLU� 

 
d|]HOWLGHNL� S+� DUWÕúODUÕ� S'0+)¶ÕQ� DVLGLN� SURWRQD� VDKLS� ROGX÷XQX�

göstermektedir. FT-,5� DQDOL]OHULQGH� GH� J|U�OG�÷�� JLEL� SROLPHULQ� \DSÕVÕQGD�
NDUERNVLOLN� DVLW� JUXSODUÕ� EXOXQPDNWDGÕU�� %X� QHGHQOH� DGVRUSODQDQ� &X2+ 

L\RQODUÕQÕQ�ELU�NÕVPÕ�EX�NDUERNVLOLN�JUXSODUÕ� WDUDIÕQGDQ� WXWXOPDNWD�YH� WXWXOPD�
LúOHPL� JHUoHNOHúLUNHQ� DVLGLN� SURWRQ� KLGURQ\XP� L\RQX� RODUDN� o|]HOWL\H�
YHULOPHNWHGLU��HúLWOLN������ 

 

3.1 

 
 S'0+)¶ÕQ� VX� LOH� \ÕNDQGÕNWDQ� VRQUD�� S'0+)¶ÕQ� VX� LoHULVLQGH� DVNÕGD�
NDODQ� N�o�N� SDUWLN�OOHU� LoHUGL÷L� YH� EXQXQGD� DGVRUSVL\RQ� o|]HOWLOHULQGH�
EXODQÕNOÕ÷D�QHGHQ�ROGX÷X�J|]OHQPLúWLU��%X�EXODQÕNOÕ÷D�DVHWRQGD�o|]�QHELOHQ�
G�ú�N� PROHN�OO�� N�WOHOL� SROLPHU� SDUWLN�OOHULQLQ� QHGHQ� ROGX÷X�� SROLPHULQ�
DVHWRQOD� \ÕNDQGÕNWDQ� VRQUD� HOGH� HGLOHQ� EHUUDN� DGVRUSVL\RQ� o|]HOWLOHUL� LOH�
DQODúÕOPÕúWÕU�� 3ROLPHUL� \ÕNDPD� V�UHVL� LOH� N�o�N� PROHN�OOHULQ� DVHWRQ� LOH�
X]DNODúWÕUÕOPDVÕQÕQ� &X2+ adsorpsiyonuna etkisi, 2-�� J�Q� V�UH\OH� \ÕNDQDQ�
örnek ile çok uzun süre (40-���J�Q��\ÕNDQDQ�YH�\ÕNDPD�VRQXQGD�DVHWRQ� LOH�
HNVWUH�HGLOHQ�|UQHN�LOH�JHUoHNOHúWLULOHQ�DGVRUSVL\RQ�|Oo�POHUL�LOH�EHOLUOHQPLúWLU�
(Çizelge 3.1). 

COOH2 + Cu2+(aq) + 2H3O+COO OOCCu2+
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 Çizelge 3.1. )DUNOÕ�\|QWHPOHUOH�VDIODúWÕUÕOPÕú�S'0+)¶ÕQ�DGVRUSVL\RQ 

 ���GH÷HUOHULQLQ�NDUúÕODúWÕUÕOPDVÕ 
 

 

(a) Su ile 2-��J�Q�\ÕNDQPÕú�S'0+)� 
(b) Su ile 40-���J�Q�\ÕNDQGÕNWDQ�VRQUD�DVHWRQ�LOH�HNVWUH�HGLOPLú�S'0+)� 
Co(Cu2+)=40 ppm, Q=mg Cu2+/g 

 

(OGH� HGLOHQ� VRQXoODU�� S'0+)¶ÕQ� \ÕNDPD� V�UHVLQLQ� YH� DVHWRQOD� o|]�QHELOHQ�
N�o�N�PROHN�OO��� oDSUD]� ED÷ODQPDPÕú� SROLPHUOHULQ� X]DNODúWÕUÕOPDVÕQÕQ�&X2+ 

DGVRUSVL\RQXQGD� J|U�O�U� ELU� HWNL\H� QHGHQ� RODPDGÕ÷ÕQÕ� J|VWHUPLúWLU��
7DPSRQODQPDPÕú� o|]HOWLGH� DVHWRQOD� \ÕNDQPÕú� S'0+)� LOH� JHUoHNOHúWLULOHQ�
DGVRUSVL\RQODUGD�o|]HOWLOHULQ�LON�S+¶ODUÕ�����RODUDN�D\DUODQGÕ÷Õ�LoLQ�S+¶VÕ����¶D�
D\DUODQPÕú� o|]HOWLGH�� VDGHFH� VX� LOH� \ÕNDQPÕú� S'0+)� LOH� JHUoHNOHúWLULOHQ�
DGVRUSVL\RQ� VRQXoODUÕQD� J|UH�� GDKD� G�ú�N� GH÷HUOHU� HOGH� HGLOPLúWLU�� $\UÕFD��
KHP� X]XQ� V�UH� KHP� GH� NÕVD� V�UH� \ÕNDQPÕú� SROLPHUOHUOH� JHUoHNOHúWLULOHQ�
DGVRUSVL\RQODU�� o|]HOWL� S+¶ODUÕQGD� J|]OHQHQ� G�ú�ú�Q� SROLPHULQ� \ÕNDQPDVÕ��
VDIODúWÕUÕOPDVÕ� \D� GD� o|]�QHELOHQ� NÕVPÕQ� X]DNODúWÕUÕOPDVÕ� LOH� LOJLOL� ROPDGÕ÷ÕQÕ�
J|VWHUPLúWLU��%X�VRQXo��VHQWH]GHQ�JHOHELOHFHN�KHUKDQJL�ELU�VDIVÕ]OÕ÷ÕQ�QHGHQ�

t, dk Q(a) 

øON�S+ ��� 

pH 

 

Q(b) 

øON�S+ ��� 

pH Q(a) 

pH=5.0 tampon 

Q(b) 

pH=5.0 tampon 

0 0 5.0 0 3.5 0 0 

10 1.44 3.5 1.30 3.2 1.44 1.58 

30 2.12 2.8 2.05 3.0 2.70 2.62 

60 2.68 2.9 2.52 2.3 3.45 3.50 

120 2.72 2.9 2.58 2.2 3.66 3.56 
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 RODELOHFH÷L� S+� G�ú�ú�� G�ú�QFHVLQL� GH� X]DNODúWÕUPÕúWÕU�� 'ROD\ÕVÕ\OD� EX�
sonuçlar, polLPHULQ�NÕVD�V�UHOL�\ÕNDQPDVÕ�PDNVLPXP�DGVRUSVL\RQ�LoLQ�\HWHUOL�
ROGX÷XQX��DVHWRQOD�\ÕNDPDQÕQ� LVH�VDGHFH�o|]HOWLGH�DVNÕGD�NDOÕS�EXODQÕNOÕ÷D�
QHGHQ� RODQ�� o|]�QHELOHQ� N�o�N� PROHN�O� N�WOHOL� �U�QOHUL� X]DNODúWÕUGÕ÷ÕQÕ� YH�
DGVRUSVL\RQD�ELU�HWNLVL�ROPDGÕ÷ÕQÕ�J|VWHUPLúWLU� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 
ùHNLO������� Adsorpsiyon kapasitesinin Cu2+ GHULúLPL�LOH�GH÷LúLPL 
 pH=5.0 tampon çözelti, V=10 mL, Adsorpsiyon süresi=60 dk 

 T=25°&��.DUÕúWÕUPD�KÕ]Õ ����GHYLU�GDNLND 
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 �����0DNVLPXP�'HQJH�$GVRUSVL\RQODUÕ 
 
 S'0+)¶ÕQ� PDNVLPXP� GHQJH� DGVRUSVL\RQODUÕ� IDUNOÕ� GHULúLPOL� &X2+ 

o|]HOWLOHULQGH� oDOÕúÕOPÕúWÕU�� (OGH� HGLOHQ� VRQXoODU� �ùHNLO� ������ DGVRUSVL\RQ�
kapasitesinin Cu2+�GHULúLPL�LOH�DUWWÕ÷ÕQÕ�J|VWHUPLú�YH�PDNVLPXP�DGVRUSVL\RQ��
\DNODúÕN�����SSP�YH��VW��GHULúLPOL�o|]HOWLOHUGH�����PJ�&X2+/g pDMHF olarak 

HOGH�HGLOPLúWLU� 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 
 
ùHNLO������� H2SO4�PRGLILNDV\RQXQXQ�S'0+)¶ÕQ�&X2+ adsorpsiyonuna etkisi 

V(H2SO4� ���P/��<ÕNDPD�V�UHVL ��VDDW�� 
<ÕNDPD�VÕFDNOÕ÷Õ ���YH���°C, Co=30 ppm Cu2+, V=10 mL, 

.DUÕúWÕUPD�KÕ]Õ ����GHYLU�GN��$GVRUSViyon süresi=1 saat 
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VÕFDNOÕ÷Õ ��oC 

 1.2 
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 �����S'0+)¶ÕQ�0RGLILNDV\RQX 

 
 S'0+)¶ÕQ�DGVRUSVL\RQ�NDSDVLWHVLQL�DUWWÕUPDN�DPDFÕ\OD�S'0+)��oHúLWOL�
GHULúLPOHUGH�+2SO4, HNO3, NH3�YH�1D2+�LOH�RGD�VÕFDNOÕ÷Õ�YH���°C’da 5 saat 

V�UH\OH�NDUÕúWÕUÕOPÕúWÕU�� øúOHPOHU�VRQXQGD�ERO� VX� LOH� \ÕNDQDQ�PRGLIL\H�HGLOPLú�
polimer örnekleri kurutulduktan sonra Cu2+�DGVRUSVL\RQXQGD�NXOODQÕOPÕúWÕU� 
 

�������S'0+)¶ÕQ�+2SO4�øOH�0RGLILNDV\RQX 

 
 ùHNLO� ����¶GH� S'0+)¶Õ� +2SO4 ile modifikasyonun adsorpsiyon 

|]HOOLNOHULQH� QDVÕO� HWNL� HWWL÷L� J|U�OPHNWHGLU�� +2SO4� LOH� RGD� VÕFDNOÕ÷ÕQGD�
NDUÕúWÕUÕODQ� SROLPHUOHULQ� DGVRUSVL\RQX� S+ ���¶D� WDPSRQODQPÕú� o|]HOWLOHUGH�
JHUoHNOHúWLULOLUNHQ���°&¶GD�NDUÕúWÕUÕODQ�SROLPHUOHULQ�DGVRUSVL\RQX� LVH� LON�S+¶VÕ�
���� RODQ� WDPSRQVX]� o|]HOWLOHUGH� JHUoHNOHúWLULOPLúWLU�� ùHNLOGHQ� GH� J|U�OG�÷��
JLEL�EHQ]HU�úDUWlarda maksimum denge adsorpsiyonu 2.43 mg Cu2+/g pDMHF 

RODQ� S'0+)¶ÕQ� +2SO4 ile modifikasyonu adsorpsiyon kapasitesini 

G�ú�UPHNWHGLU�� $GVRUSVL\RQ� NDSDVLWHVLQGHNL� G�ú�ú� +2SO4� GHULúLPL� DUWWÕNoD�
DUWPDNWDGÕU�� 0RGLILNDV\RQ� VÕFDNOÕ÷Õ� DUWÕUÕOGÕ÷ÕQGD�� �-3 M H2SO4 dHULúLPLQH�
NDGDU� DGVRUSVL\RQ� NDSDVLWHVLQGH� ID]OD� ELU� HWNL� J|]OHQPH]NHQ� EX� GHULúLPLQ�
�]HULQGH�S'0+)¶ÕQ�&X2+�L\RQODUÕQÕ�DGVRUSODPD�|]HOOL÷L�V�UDWOH�G�úPHNWHGLU�� 
 

�������S'0+)¶ÕQ�+123�øOH�0RGLILNDV\RQX 

 
HNO3�LOH�JHUoHNOHúWLULOHQ�PRGLILNDV\RQODU�GD�+2SO4 modifLNDV\RQODUÕQD�

EHQ]HU� úHNLOGH� IDUNOÕ� DVLW� GHULúLPOHUL\OH� RGD� VÕFDNOÕ÷ÕQGD� YH� ��°C’da 

JHUoHNOHúWLULOPLúWLU�� %X� |Oo�POHUGH� GH� RGD� VÕFDNOÕ÷ÕQGD� PRGLIL\H� HGLOHQ�
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 SROLPHUOHULQ� DGVRUSVL\RQX� S+ ���¶D� WDPSRQODQPÕú� o|]HOWLOHUGH�� ��°C’da 

modifiye edilen polimerlerin aGVRUSVL\RQX� LVH� LON� S+¶VÕ� ���� RODQ� WDPSRQVX]�
o|]HOWLOHUGH� JHUoHNOHúWLULOPLúWLU�� +HU� LNL� VÕFDNOÕNWD� GD� PRGLIL\H� HGLOPLú�
SROLPHUOHULQ� DGVRUSVL\RQ� |]HOOLNOHUL� EHQ]HU� GDYUDQÕú� J|VWHUPHNWHGLU� �ùHNLO�
�������'�ú�N�+123� GHULúLPOHULQGH�G�úHQ�DGVRUSVL\RQ���0¶GDQ�GDKD�GHULúLN�
o|]HOWLOHUGH� DUWPDNWDGÕU�� $QFDN� EX� DUWÕú� S'0+)¶ÕQ� DGVRUSVL\RQ� GH÷HULQH�
(2.43 mg Cu2+�J�S'0+)��XODúDFDN�ELU�DUWÕú�GH÷LOGLU� 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
ùHNLO������� HNO3�PRGLILNDV\RQXQXQ�S'0+)¶ÕQ�&X2+ adsorpsiyonuna etkisi 

 V(HNO3� ���P/��<ÕNDPD�V�UHVL ��VDDW,  
<ÕNDPD�VÕFDNOÕ÷Õ ���YH���°C, Co=30 ppm Cu2+, V=10 mL, 

.DUÕúWÕUPD�KÕ]Õ ����GHYLU�GN��$GVRUSVL\RQ�V�UHVL ��VDDW 
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 H2SO4� LOH� PRGLIL\H� HGLOPLú� SROLPHUGHQ� IDUNOÕ� ELU� GDYUDQÕú� RODUDN� +123-

S'0+)� o|]HOWLOHULQLQ� UHQNOHQGLNOHUL� �VDUÕ-WXUXQFX�� YH� GHULúLN� +123 

çözeltLOHULQGH� UHQJLQ� NR\XODúWÕ÷Õ� J|]OHQPLúWLU�� ��°&¶GD� \DSÕODQ�
modifikasyonlarda ise 9 ve 12 M HNO3 çözeltilerinde polimerler tamamen 

o|]�QP�úW�U�� d|]HOWLOHULQ� UHQNOHQPHVL� YH� GHULúLN� +123 çözeltilerinde 

o|]�QPHVL� S'0+)¶ÕQ� QLWURODQGÕ÷ÕQÕQ� J|VWHUJHVL� RODUDN� NDEXO� HGLOPLúWLU��
$QFDN�� EX� LúOHP� S'0+)¶ÕQ� &X2+ iyonu adsorpsiyon kapasitesini 

DUWÕUPDPDNWDGÕU��ùHNLO������� 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
ùHNLO������ NH3�PRGLILNDV\RQXQXQ�S'0+)¶ÕQ�&X2+ adsorpsiyonuna etkisi 

 V(NH3� ���P/��<ÕNDPD�V�UHVL ��VDDW�� 
<ÕNDPD�VÕFDNOÕ÷Õ ���ve 50°C, Adsorpsiyon süresi=1 saat 

 Co=30 ppm Cu2+��9 ���P/��.DUÕúWÕUPD�KÕ]Õ ����GHYLU�GN 
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 �������S'0+)¶ÕQ�1+3�øOH�0RGLILNDV\RQX 

 
 $PRQ\DNOD� \DSÕODQ� PRGLILNDV\RQ� oDOÕúPDODUÕ� GD� RGD� VÕFDNOÕ÷Õ� YH�
50°&¶GD�ROPDN��]HUH� LNL� IDUNOÕ� VÕFDNOÕNWD�JHUoHNOHúWLULOPLúWLU��0RGLIL\H�HGLOPLú�
SROLPHUOH� \DSÕODQ� DGVRUSVL\RQ� oDOÕúPDODUÕ� GDKD� |QFHNLOHUH� EHQ]HU� úHNLOGH�
25°&¶GD�PRGLIL\H�HGLOHQOHU�LoLQ�S+ ���¶D�WDPSRQODQPÕú�o|]HOWLOHUGH����°C’da 

PRGLIL\H� HGLOHQOHU� LoLQ� LVH� LON� S+¶VÕ� ���� RODQ� WDPSRQVX]� o|]HOWLOHUGH�
JHUoHNOHúWLULOPLúWLU�� $PRQ\DNOD� PRGLILNDV\RQXQ� GD� S'0+)¶ÕQ� PDNVLPXP�
Cu2+�L\RQX�DGVRUSVL\RQX�NDSDVLWHVLQL�G�ú�UG�÷��ùHNLO�����¶WH�J|U�OPHNWHGLU��
$GVRUSVL\RQ� NDSDVLWHVLQGHNL� G�ú�ú�Q�� RGD� VÕFDNOÕ÷ÕQGD� PRGLIL\H� HGLOPLú�
SROLPHU� LoLQ�ROGXNoD� ID]OD�ROGX÷X�J|U�O�UNHQ����°&¶GD� LúOHP�J|UP�ú� LoLQ��EX�
G�ú�ú�G�ú�N�1+3�GHULúLPOHULQGH�ROGXNoD�D]�RODUDN�JHUoHNOHúPLúWLU�� 
 

�������S'0+)¶ÕQ�1D2+�øOH�0RGLILNDV\RQX 

 
 1D2+� LOH�PRGLILNDV\RQ� oDOÕúPDODUÕ� GD� GDKD� |QFHNL�PRGLILNDV\RQODUD�
EHQ]HU� úHNLOGH� KHP� RGD� VÕFDNOÕ÷ÕQGD� KHP� GH� ��°&¶GD� JHUoHNOHúWLULOPLúWLU��
1D2+� PRGLILNDV\RQX� S'0+)¶ÕQ� &X2+� L\RQODUÕQÕ� DGVRUSODPD� NDSDVLWHVLQL�
DUWÕUPDNWDGÕU�� '�ú�N� GHULúLPOL� o|]HOWLOHUGHQ� EDNÕU� L\RQODUÕQÕQ� WDPDPÕ�
DGVRUSODQGÕ÷Õ�LoLQ��1D2+�GHULúLPLQLQ�DGVRUSODPD�NDSDVLWHVLQH�\DSWÕ÷Õ�HWNLQLQ�
belirlenmesinde 10 mL 80 ppm deriúLPOL�o|]HOWLOHULQ�NXOODQÕOPDVÕ�JHUHNPLúWLU��
1-��� 0� DUDVÕ� 1D2+� GHULúLPOHULQGH� PRGLIL\H� HGLOHQ� UHoLQH� LOH� \DSÕODQ�
DGVRUSVL\RQODUGD� oRN� \DNÕQ� VRQXoODU� HOGH� HGLOPLúWLU�� 2GD� VÕFDNOÕ÷ÕQGD�
modifiye edilen polimerin adsorpsiyonunda 6.7-7.1 mg Cu2+/g pDMHF ve 

70°C’da modifiye edilen polimerin adsorpsiyonunda 7.6-7.7 mg Cu2+/g 

S'0+)� DUVÕQGD� GH÷HUOHU� HOGH� HGLOPLúWLU�� $GVRUSVL\RQGD� 1D2+� GHULúLPL� LOH�
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 oRN� ID]OD� ELU� GH÷LúLP� J|U�OPHPHVLQH� UD÷PHQ�� GL÷HU� GHULúLPOHUH� J|UH�ELUD]�
GDKD� ID]OD� DGVRUEDQV� J|VWHUGL÷L� LoLQ� |UQHNOHULQ 5 M NaOH ile modifiye 

HGLOPHVL� WHUFLK� HGLOPLúWLU�� gUQHNOHU� LVWHQLOHQ� VÕFDNOÕNWD� �� 0� 1D2+� o|]HOWLVL�
LoLQGH� �� VDDW� V�UH\OH� NDUÕúWÕUÕODUDN� PRGLIL\H� HGLOGLNWHQ� VRQUD� ERO� VX� LOH�
\ÕNDQPÕú� YH� NXUXWXOGXNWDQ� VRQUD� DGVRUSVL\RQGD� NXOODQÕOPÕúWÕU�� $GVRUSVL\RQ�
oDOÕúPDODUÕQGD��GDKD�|QFHNL�PRGLIL\H�HGLOPLú�UHoLQHOHUOH�\DSÕODQ�oDOÕúPDODUD�
EHQ]HU�úHNLOGH���°&¶GD�PRGLIL\H�HGLOHQ�|UQHNOHULQ�NXOODQÕOGÕ÷Õ�DGVRUSVL\RQODU�
S+ ���¶D� WDPSRQODQPÕú� o|]HOWLOHUGH�� ��°C’da modifiye edilen örneklerin 

NXOODQÕOGÕ÷Õ� DGVRUSVL\RQODU� LVH� LON� S+¶VÕ� ���� RODQ� WDPSRQVX]� o|]HOWLOHUGH�
JHUoHNOHúWLULOPLúWLU��$QFDN��GDKD�VRQUD�GDKD�\�NVHN�DGVRUSVL\RQ�GH÷HUOHULQH�
XODúÕODELOLU� G�ú�QFHVL\OH�� WDPSRQOX� o|]HOWLGH� JHUoHNOHúWLULOHQ� DGVRUSVL\RQOD�
WDPSRQVX]� o|]HOWLGH� JHUoHNOHúWLULOHQ� DGVRUSVL\RQ� VRQXoODUÕQÕQ� D\QÕ� ROGX÷X�
EXOXQPXúWXU�� %XQXQ� QHGHQL� RODUDN� GD�� E|O�P� ���¶GD� DoÕNODQDQ� 1D2+� LOH�
PRGLIL\H� HGLOPLú� S'0+)¶ÕQ� DGVRUSVL\RQ� HVQDVÕQGD� o|]HOWL� S+¶VÕQÕ�
GH÷LúWLUPHPHVL�ROGX÷X�LOHUL\H�V�U�OP�úW�U� 
 
 1D2+� LOH� PRGLIL\H� HGLOPLú� UHoLQHOHULQ� NXOODQÕOGÕ÷Õ� DGVRUSVL\RQODUGD��
Na2+�S'0+)¶ÕQ� DGVRUSVL\RQ� NDSDVLWHVLQLQ� \�NVHN� ROPDVÕ� QHGHQL\OH�� GDKD�
güvenilir sonuçlar elde etmek için çözeltilerin Cu2+� L\RQX� GHULúLPOHUL� ����
SSP¶H� oÕNDUÕOPÕúWÕU�� %X� GHULúLPOHUGH� \DSÕODQ� oDOÕúPDODU� 1D2+�
PRGLILNDV\RQXQXQ� S'0+)¶ÕQ�&X2+ iyonu maksimum adsorbans kapasitesini 

\DNODúÕN�����NH]�DUWÕUGÕ÷ÕQÕ�J|VWHUPLúWLU��ùHNLO����������°C’da modifiye edilen 

UHoLQHQLQ� DGVRUSODGÕ÷Õ� &X2+� PLNWDUÕQÕQ� ��°&¶GD� HOGH� HGLOHQLQ� DGVRUSODGÕ÷Õ�
Cu2+�PLNWDUÕQD�J|UH�ELUD]�GDKD�ID]OD�ROGX÷X�EXOXQPXúWXU� 
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ùHNLl 3.15.  NaOH PRGLILNDV\RQXQXQ�S'0+)¶ÕQ�&X2+ adsorpsiyonuna etkisi 

 9�1D2+� ���P/��<ÕNDPD�V�UHVL ��VDDW�� 
<ÕNDPD�VÕFDNOÕ÷Õ ���YH���°C, CNaOH=5 M, Co=150 ppm Cu2+, 

9 ���P/��.DUÕúWÕUPD�KÕ]Õ ����GHYLU�GN 

 

 
 ùHNLO� ����¶WH� S'0+)¶ÕQ� ��� YH� ���� SSP� &X2+ çözeltilerindeki 

DGVRUSVL\RQ� H÷ULOHUL�� 1D2+�S'0+)¶ÕQ� DGVRUSVL\RQ� H÷ULOHUL� LOH� ELUOLNWH�
NDUúÕODúWÕUPDOÕ� RODUDN� YHULOPHNWHGLU�� (÷ULOHUGHQ� 1D2+� LOH� PRGLILNDV\RQXQ�
S'0+)¶ÕQ�DGVRUSVL\RQ�NDSDVLWHVLQLQ�DUWWÕUGÕ÷Õ�EHOLUJLQ�ELU�úHNLOGH�J|U�O�UNHQ��
adsorpsiyon kapasitesinin Cu2+�GHULúLPL\OH�GH�DUWWÕ÷Õ�LúDUHW�HGLOPHNWHGLU� 
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  1D2+�LOH�PRGLIL\H�HGLOPLú SROLPHULQ�� 1D2+�S'0+)�� IDUNOÕ� &X2+ 

GHULúLPOHULQGHNL�DGVRUSVL\RQ�|]HOOLNOHUL�GH�oDOÕúÕOPÕúWÕU��ùHNLO��������6RQXoODU��
����SSP�YH��]HUL�GHULúLPOL�o|]HOWLOHUGH�����PJ�&X2+/g pDMHF olaUDN�ROXúDQ�
PDNVLPXP�GHQJH�DGVRUSVL\RQXQXQ�PRGLIL\H�SROLPHUOHUGH�\DNODúÕN�����SSP�
YH� �]HUL� GHULúLPOL� o|]HOWLOHUGH� ����� PJ� &X2+�J� S'0+)� GH÷HULQH� oÕNWÕ÷ÕQÕ�
J|VWHUPLúWLU� 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ùHNLO������� NaOH modifikasyonunun adsorpsiyon kapasitesine etkisi 

V(NaOH)=25 mL, CNaOH ��0��<ÕNDPD�V�UHVL ��VDDW��7 ��°C, 

 Adsorpsiyon süresi=60 dk, V=10 mL, T=25°C,  

 S+ ����WDPSRQ�o|]HOWL��.DUÕúWÕUPD�KÕ]Õ ����GHYLU�GN 
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 3.6. Modifiye Polimerlerin FT-IR Karakterizasyonu 

 
 1 M ve 12 M H2SO4� LOH� PRGLIL\H� HGLOPLú� S'0+)� |UQHNOHUinin FT-IR 

VSHNWUXPODUÕQGD�EHOLUJLQ�ELU�GH÷LúLNOLN�J|U�OPHPLúWLU��6SHNWUXPODU��ùHNLO������
ve 3.18) 1630 cm−1¶GH� J|U�OHQ� EDQG� KDULo� LúOHP� J|UPHPLú� S'0+)¶ÕQ�
spektrumu ile benzerdir. 1630 cm−1¶GH� J|U�OHQ� EDQG� & &� JHULOLP� EDQGÕQD�
X\PDNWDGÕU��$QFDN��ELU�oR÷X�SROLPHUOHúPHGH�oDSUD]�ED÷ODQPDGD�NXOODQÕOPÕú�
ROPDVÕ� EHNOHQHQ� & &� oLIW� ED÷ÕQÕQ� PLNWDU� RODUDN� D]DOPÕú� ROPDVÕ� YH�
VSHNWUXPODUGD�J|U�OG�÷��NDGDU�NXYYHWOL�ROPDPDVÕ�EHNOHQLU��$QFDN��+2SO4’in 

polimerin yüzeyindeki −OH, −C=O ve −20H� JLEL� JUXSODUÕQ� KLGUROL]� ROPDVÕ�
sonXFX� & &� ED÷ODUÕQÕQ� ROXúPDVÕQD� QHGHQ� ROGX÷X� GD� G�ú�Q�OHELOLU�� %X�
gözlem H2SO4� PRGLILNDV\RQX� VRQXFX� G�úHQ� DGVRUSVL\RQ� PLNWDUÕ� LOH� YH�
\�NVHN� GHULúLPOL� +2SO4� LOH� \DSÕODQ� PRGLILNDV\RQ� VRQXFX� DGVRUSVL\RQGD�
J|]OHQHQ�GDKD�E�\�N�G�ú�úOHU�LOH�X\XPOXGXU��ùHNLO������� 
 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO������ 1 M H2SO4�LOH�PRGLIL\H�HGLOPLú�S'0+)¶ÕQ�)7-IR spektrumu 
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ùHNLO������ 12 M H2SO4�LOH�PRGLIL\H�HGLOPLú�S'0+)¶ÕQ�)7-IR spektrumu 

 

 

 1 M HNO3� LOH� PRGLIL\H� HGLOPLú� S'0+)¶ÕQ� )7-IR spektrumunda da, 

H2SO4 ile modifiye edilen öUQH÷LQ�VSHNWUXPXQD�EHQ]HU�úHNLOGH������FP−1’de 

J|]OHQHQ� YH� & &� ED÷Õ� RODELOHFH÷L� úHNOLQGH� \RUXPODQDQ� EDQGÕQ� GÕúÕQGD�
KHUKDQJL� ELU� IDUNOÕOÕN� J|]OHQPHPLúWLU� �ùHNLO� ������� $QFDN�� ��� 0� +123 ile 

PRGLIL\H�HGLOHQ�S'0+)¶ÕQ�VSHNWUXPXQGD�\DNODúÕN������FP−1’de gözlenen ve 

C−O−+� WLWUHúLPLQH� DLW� ROGX÷X� G�ú�Q�OHQ� DEVRUSVL\RQ� EDQGÕ� ND\EROXUNHQ�
1557 cm−1¶GH� \HQL� ELU� EDQG� ROXúPXúWXU� �ùHNLO� ������� S'0+)� VÕFDN�� GHULúLN�
HNO3� o|]HOWLOHULQGH� o|]�QP�úW�U�� 'ROD\ÕVÕ\OD�� S'0+)¶ÕQ� o|]�QPHVL�
SROLPHULQ� QLWURODQGÕ÷ÕQÕ� G�ú�QG�UG�÷�QGHQ� ���7 cm−1’de gözlenen band 

1 2� JHULOLP� WLWUHúLPLQH� DLW� EDQG� RODUDN� \RUXPODQPÕúWÕU�� $QFDN� DGVRUSVL\RQ�
VRQXoODUÕ�� ����� FP−1� FLYDUÕQGDNL� DVLW� \D� GD� DONRO� JUXEXQD� DLW� RODELOHFHN�
C−O−+�JUXEXQD�DLW�WLWUHúLP�EDQGÕQÕQ�ND\EROPDVÕ��EX�JUXSODUÕQ�\RN�ROPDVÕQÕQ�
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 adsorpsiyoQX� ROXPVX]� HWNLOHGL÷LQL� YH� S'0+)¶ÕQ� QLWURODQPDVÕQÕQ� &X2+ 

DGVRUSVL\RQXQD�NDWNÕ�VD÷ODPDGÕ÷ÕQÕ�J|VWHUPLúWLU� 
 

 

 

 

 

 

 

 

 

 

 

 

  
ùHNLO������ 1 M HNO3�LOH�PRGLIL\H�HGLOPLú�S'0+)¶ÕQ�)7-IR spektrumu 

 

 

 

 

 

 

 

 

 

 

ùHNLO������ 12 M HNO3�LOH�PRGLIL\H�HGLOPLú�S'0+)¶ÕQ�)7-IR spektrumu 
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  70°&¶GD�+&O�LOH�\DSÕODQ�PRGLILNDV\RQ�VRQXFXQGD�GD�S'0+)¶ÕQ�)7-IR 

spektrumunda 1627 cm−1¶GH�JHQLú�ELU�EDQG�J|U�OPHNWHGLU��ùHNLO��������+&O¶LQ�
KLGUROL]L� VRQXFX�� ED]Õ� & 2� JUXSODUÕQÕ� LQGLUJHQPHVL� YH� ED]Õ� −OH ve −OMe 

JUXSODUÕQÕQ� oLIW� ED÷� ROXúWXUDUDN� NRSPDVÕ� P�PN�QG�U�� %X� J|]OHP� +&O�
modifikasyonu ile azalan adsorpsiyon kapasitesi ile de uyumludur. Ancak, bu 

NDGDU�JHQLú�YH�NXYYHWOL�ELU�EDQGÕ�WHN�EDúÕQD�ELU�oLIW�ED÷�JHULOLPLQH�ED÷ODPDN�
oRN�GR÷UX�J|U�OPHPHNWHGLU��%X�QHGHQOH�������FP−1’de gözlenen band faUNOÕ�
ELU� & 2� L]RPHUL� \D� GD� & 2� NRQMXJH� EDQGÕ� LOH� ELUOLNWH� J|]OHQHQ� ELU� & &�
ED÷ÕQÕQ�RODELOHFH÷L�G�ú�Q�OPHNWHGLU� 
 

 

 

 

 

 

 

 

 

 

 
 
 

ùHNLO������ ��0�+&O�LOH�PRGLIL\H�HGLOPLú�S'0+)¶ÕQ�)7-IR spektrumu 
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 �� YH� ��� 0� 1D2+� o|]HOWLOHUL� LOH� JHUoHNOHúWLULOHQ� PRGLILNDV\RQODr 

sonucu elde edilen NaOH/pDMHF örneklerinin FT-,5� VSHNWUXPODUÕQGD������
cm−1’de gözlenen ve −2+� WLWUHúLPLQL� J|VWHUHQ� EDQGÕQ� DEVRUSVL\RQ�
úLGGHWLQGHNL� DUWÕú� SROLPHUGHNL� −2+� JUXSODUÕQÕQ� PLNWDUODUÕQGD� ELU� DUWÕú�
ROGX÷XQX� J|VWHUPLúWLU� �ùHNLO� ����� YH� ������� %XQXQ� \DQÕ� VÕUD� ����� FP−1 

FLYDUÕQGD�J|]OHQHQ�&−2+�JUXEXQD�DLW�DGVRUSVL\RQXQ�ND\EROPDVÕ��EX�JUXEXQ�
1D2+�LOH�Q|WUOHúHUHN�NDUERNVLODW�WX]X�KDOLQH�G|Q�úW�÷�Q��G�ú�QG�UPHNWHGLU��
Bu nedenle, 1577 ve 1383 cm−1¶GH�ROXúDQ�\HQL�EDQGODU�DVLPHWULN�YH�VLPHWULN�
karboksilat,  ������� JHULOLPLQH� DLW� DGVRUSVL\RQ� EDQGODUÕ� RODUDN� \RUXPODQPÕúWÕU��
2OXúDQ� \HQL� JUXSODU�1D2+� LOH�PRGLIL\H� HGLOPLú� SROLPHULQ� DUWDQ� DGVRUSVL\RQ�
NDSDVLWHVLQL�GH�DoÕNODPDNWDGÕU 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO������ 1D2+�S'0+)¶ÕQ�&X2+�DGVRUSVL\RQXQGD�S+�GH÷LúLPL 
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 Karboksilik�DVLW�JUXSODUÕQÕQ�YDUOÕ÷Õ�YH�1D2+� LOH�Q|W�UOHúWLULOGL÷L�D\UÕFD�
\DSÕODQ�S+�|Oo�POHUL� LOH� GH�GHQHQPLúWLU�� S'0+)¶ÕQ� LoLQGH�EXOXQGX÷X� VX\XQ�
\D� GD� o|]HOWLQLQ� S+¶VÕQÕ� G�ú�UG�÷�� J|]OHPL�� )7-,5� VRQXoODUÕ� LOH� ELUOLNWH�
S'0+)¶ÕQ� \DSÕVÕQGD� NDUERNVLOLN� DVLW� JUXSODUÕQÕQ� ROGX÷XQX� G�ú�QG�UP�úW�U��
%X� GXUXPGD� 1D2+� LOH� PRGLIL\H� HGLOPLú� YH� � NDUERNVLOLN� DVLW� JUXSODUÕ�
Q|WUOHúWLULOPLú�UHoLQHQLQ�o|]HOWL�S+¶VÕQÕ�GH÷LúWLUPHPHVL�JHUHNLU��%X�DPDoOD���0�
1D2+�LOH�PRGLIL\H�HGLOPLú�UHoLQHQLQ��LON�S+¶VÕ����¶D�D\DUODQPÕú�����SSP�&X2+ 

çözeltLVLQGH�]DPDQD�NDUúÕ�DGVRUSVL\RQX�oDOÕúÕOPÕú�YH�EHOLUOL�V�UHOHUGH�o|]HOWL�
S+¶VÕ�|Oo�OP�úW�U��6RQXoODU�ùHNLO�����¶GH�YHULOPLúWLU��1D2+�S'0+)¶ÕQ�o|]HOWL�
S+¶VÕQGD� KHUKDQJL� ELU� GH÷LúLNOL÷H� QHGHQ� ROPDPDVÕ� S'0+)¶ÕQ� \DSÕVÕQGD�
NDUERNVLOLN� DVLW� JUXSODUÕQÕQ� EXOXQGX÷Xnu ve NaOH ile karboksilat tuzu 

ROXúWXUGX÷X�J|]OHPOHULQL�GHVWHNOHPHNWHGLU� 
  

'DKD� |QFH� GH� EDKVHGLOGL÷L� JLEL�� ����� FP−1¶GH� J|]OHQHQ� JHQLú� YH�
úLGGHWOL� EDQG� 1D2+� LOH� PRGLIL\H� HGLOPLú� S'0+)¶ÕQ� VSHNWUXPXQGD� GD�
J|U�OPHNWHGLU�� 1D2+� LOH� \DSÕODQ� PRGLILNDV\RQODUGD� & &� ED÷Õ� ROXúXPXQXQ�
EHNOHQPHPHVL�� KDWWD� & &� � ED÷ÕQÕQ�� −2+� � \D� GD� & 2� ED÷ODUÕQD�
RNVLWOHQHELOHFH÷L� LoLQ� PLNWDU� RODUDN� D]DOPDVÕQÕQ� EHNOHQPHVL�� DVLWOHUOH�
JHUoHNOHúWLULOHQ�PRGLILNDV\RQODUGD�\DSÕODQ�\RUXPODU�1D2+�PRGLILNDV\RQX�LoLQ�
LOHUL\H�V�U�OHPH]�� � �$\UÕFD��GDKD�|QFH�GH�\RUXPODQGÕ÷Õ�JLEL��EX�NDGDU�JHQLú�
YH� NXYYHWOL� ELU� EDQGÕ� WHN� EDúÕQD� ELU� oLIW� ED÷� JHULOLPLQH� ED÷ODPDN� GR÷UX�
GH÷LOGLU��%X�QHGHQOH��1D2+�LOH�PRGLIL\H�HGLOPLú�S'0+)¶ÕQ�VSHNWUXPODUÕQGDNL�
gözlemlere de dayanarak 1630-1640 cm−1�FLYDUODUÕQGD�J|]OHQHQ�EDQGÕ��IDUNOÕ�
ELU� & 2� L]RPHULQH� \D� GD� NRQMXJH� & 2� EDQGÕQD� ED÷ODPDN� YH� H÷HU� YDUVD��
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 & &� ED÷Õ� DEVRUSVL\RQXQXQ� EX� EDQGODUÕQ� DOWÕQGD� NDOGÕ÷ÕQÕ� \D� GD� EX�
EDQGODUOD�ELUOLNWH�J|U�OG�÷�Q��NDEXO�HWPHN�GDKD�GR÷UX�ELU�\DNODúÕP�RODFDNWÕU�� 
 

 

 

 

 

 

 

 

 

 

 

 
 
ùHNLO������ 1 M NaO+�LOH�PRGLIL\H�HGLOPLú�S'0+)¶ÕQ�)7-IR spektrumu 

 

 

 

 

 

 

 

 

 

 

 
 
ùHNLO������ ���0�1D2+�LOH�PRGLIL\H�HGLOPLú�S'0+)¶ÕQ�)7-IR spektrumu 
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ùHNLO������ 12 M NH3�LOH�PRGLIL\H�HGLOPLú�S'0+)¶ÕQ�)7-IR spektrumu 

 
 
  

NH3� LOH�\DSÕODQ�PRGLILNDV\RQODUGD�GD�1D2+¶LQ�\DSWÕ÷Õ�ROXPOX�HWNLOHULQ�
gözlenmesi beklenirken NH3¶ÕQ� S'0+)¶ÕQ� VSHNWUXPXQGD� EHOLUJLQ� ELU�
GH÷LúLNOL÷H� QHGHQ� ROPDGÕ÷Õ� J|U�OP�úW�U� �ùHNLO� ������� %X� J|]OHP� 1+3 

modifikasyonu ile azalan adsorpsiyonla uyumludur. 

 

�����$GVRUSVL\RQ�.LQHWL÷L 
 
 Cu2+ iyonunun pDMHF ve NaOH/pDMHF üzerine adsorpsiyonunun 

]DPDQOD� GH÷LúLPL� ùHNLO� ���� YH� ����¶WH� YHULOPLúWLU�� S'0+)¶ÕQ� \DSÕVÕQGD�
EXOXQDQ� YH� SD\ODúÕOPDPÕú� HOHNWURQ� LoHUHQ� −O−H ve C=O gibi gruplar Cu2+ 

L\RQODUÕ� LOH� �ED÷�ROXúWXUDUDN�&X2+� L\RQODUÕQÕQ�DGVRUSVL\RQXQX�VD÷ODPDNWDGÕU. 
1D2+�S'0+)¶ÕQ� DGVRUSVL\RQ� NDSDVLWHVL� S'0+)¶ÕQ� DGVRUSVL\RQ�
NDSDVLWHVLQGHQ� GDKD� ID]ODGÕU�� S'0+)¶ÕQ� 1D2+� LOH� PRGLILNDV\RQX�� ED]ÕODUÕ�
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 SROLPHULQ� \DSÕVÕQGD� GD� EXOXQDQ� YH� SD\ODúÕOPDPÕú� HOHNWURQ� LoHUHQ� −OH, 

−O−+Na, C=O, −C(O)−OH, −C(O)−O−+Na,  C−O−C ve −O−C(O)− gibi oksijen 

LoHUHQ�JUXSODUÕQ�PLNWDUODUÕQÕQ�DUWPDVÕQÕ� \D�GD�ROXúPDVÕQÕ�VD÷ODPDNWDGÕU��%X�
QHGHQOH�1D2+�PRGLILNDV\RQX�S'0+)¶ÕQ�&X2+ iyonu adsorpsiyon kapasitesini 

DUWÕUPDNWDGÕU� 
 
 %LU�DGVRUSVL\RQ�SURVHVLQGH�NRQWURO�PHNDQL]PDVÕ�N�WOH� WUDQVIHUL�\D�GD�
kimyasal� WHSNLPH� RODELOPHNWHGLU�� $GVRUSVL\RQ� PHNDQL]PDVÕ� DGVRUSVL\RQ�
NLQHWL÷L� LOH� EHOLUOHQLU�� 'ROD\ÕVÕ\OD�� DGVRUSVL\RQXQ� NRQWURO� PHNDQL]PDVÕQÕ�
EHOLUOHPHN�DPDFÕ\OD�DGVRUSVL\RQ�YHULOHUL� ELULQFL� YH� LNLQFL�GHUHFHGHQ� WHSNLPH�
HúLWOLNOHULQH� X\JXODQPÕúWÕU�� %LULQFL� GHUHFHGHQ� NLQHWLN� PRGHO� HúLWOLN� ���� LOH�
verilir(71-73). 

 
                             

      3.2 

 
qe ve qt�� GHQJHGH�YH� � W� DQÕQGD�S'0+)��]HULQH�DGVRUSODQPÕú�&X2+�PLNWDUÕ��
mg Cu2+/g pDMHF, ve k1�� ELULQFL� GHUHFHGHQ� DGVRUSVL\RQXQ� KÕ]� VDELWL�� GN−1. 

(úLWOLN� ���¶\H� J|UH� log(qe−qt�� ]DPDQD� NDUúÕ� oL]LOPLú� YH� HOGH� HGLOHQ� H÷ULOHULQ�
OLQHHU�HúLWOLNOHULQGHQ�KÕ]�VDELWL�N1�YH�NRUHODV\RQ�NDWVD\ÕODUÕ�EHOLUOHQPLúWLU��(OGH�
HGLOHQ� VRQXoODU� DGVRUSVL\RQ� YHULOHULQLQ� ELULQFL� GHUHFHGHQ� ELU� NLQHWL÷H�
NHVLQOLNOH�X\PDGÕ÷ÕQÕ�J|VWHUPLúWLU�� 
 
 øNLQFL� GHUHFHGHQ� ELU� DGVRUSVL\RQ� HúLWOL÷L� HúLWOLN� ���¶WH� YHULOGL÷L� úHNLOGH�
ifade edilebilir(71,74-76). 

 

                               3.3   

                                               

1
e t e

k
log(q  - q ) = log q  - t

2.303

2
t e2 e

t 1 t
 =  + 

q qk q
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 k2�� LNLQFL�GHUHFHGHQ�DGVRUSVL\RQXQ�KÕ]�VDELWLGLU�� J.mg−1.dk−1. Zamana kDUúÕ�

ROXúWXUXODQ� W�Tt� � H÷ULOHULQGHQ� KÕ]� SDUDPHWUHOHUL� HOGH� HGLOPLú� YH� LNLQFL�

GHUHFHGHQ� NLQHWLN�PRGHOLQ� GHQH\VHO� YHUL\H� X\GX÷X� J|U�OP�úW�U� �ùHNLO� �����
ve 3.27).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

ùHNLO������ pDMHF üzerine Cu2+�DGVRUSVL\RQXQXQ�øNLQFL�GHUHFHGHQ�HúLWOL÷L 
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t/q t , Ilk pH= 5.0, Co= 40 ppm
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t/q t , pH= 5.0 , tam pon çöz elti,
C o=150 ppm
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ùHNLO������ NaOH/pDMHF üzerine Cu2+�µQÕQ�DGVRUSVL\RQX 

 
  
 
Çizelge 3.2. Cu2+�DGVRUSVL\RQXQXQ�øNLQFL�GHUHFHGHQ�NLQHWLN�SDUDPHWUHOHUL 
 

Örnek Çözelti k2, 

g.mg−1.dk−1 

R2 

PDMHF øON�S+ �����&0=10 ppm 3.52x10−4 0.9870 

PDMHF øON�S+ �����&0=40 ppm 3.15x10−4 0.9979 

PDMHF pH=5.0 tampon, C0=40 ppm 1.68x10−4 0.9954 

PDMHF pH=5.0 tampon, C0=150 ppm 3.67x10−4 0.9987 

NaOH/pDMHF 1D2+�VÕFDNOÕ÷Õ ��°C 6.88x10−4 0.9993 

NaOH/pDMHF 1D2+�VÕFDNOÕ÷Õ ��°C 1.33x10−4 0.9996 
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 (OGH�HGLOHQ� OLQHHU� H÷ULOHUGHQ�KHVDSODQDQ� pDMHF ve NaOH/pDMHF 

üzerine Cu2+� L\RQODUÕQÕQ� LNLQFL� GHUHFHGHQ� DGVRUSVL\RQXQXQ� NLQHWLN�
SDUDPHWUHOHUL� LVH� dL]HOJH� ���¶GH� YHULOPLúWLU�� (OGH� HGLOHQ� YHULOHULQ� øNLQFL�
GHUHFHGHQ�DGVRUSVL\RQ�PHNDQL]PDVÕQD�X\PDVÕ��DGVRUSVL\RQGD�KÕ]�EHOLUOHPH�
EDVDPD÷ÕQÕQ� N�WOH� WUDQVIHUL� ROPDVÕ� \HULQH�� NLP\DVDO� DGVRUSVL\RQXQ� KÕ]�
EHOLUOHPH� EDVDPD÷Õ� RODELOHFH÷LQL� J|VWHUPHNWHGLU(74,76). Bu durumda, metal 

NDW\RQX� YH� DGVRUEDQ� DUDVÕQGDNL� HOHNWURQ� SD\ODúÕPÕQGD� GH÷HUOLN� \DSÕODUÕQD�
ED÷OÕ�NXYYHWOHULQ�NXOODQÕODELOHFH÷L�V|\OHQHELOLU�� 

 

3.8. AdsoUSVL\RQ�,VÕVÕ 
 
$GVRUSVL\RQ�ÕVÕODUÕQÕ�EHOLUOHPHN�DPDFÕ\OD�S'0+)�YH���0�1D2+�YH���

0� +&O� LOH� PRGLIL\H� HGLOPLú� UHoLQHOHUOH� IDUNOÕ� VÕFDNOÕNODUGD� DGVRUSVL\RQODU�
JHUoHNOHúWLULOPLú� YH� HOGH� HGLOHQ� VRQXoODUGDQ� DGVRUSVL\RQXQ� VÕFDNOÕN�
GH÷LúLPLQGHQ�HWNLOHQGL÷L�YH�VÕFDNOÕN�DUWÕúÕQÕQ�DGVRUSVL\RQ�PLNWDUÕQÕ�G�ú�UG�÷��
J|U�OP�úW�U��)DUNOÕ� VÕFDNOÕNODUGD� HOGH�HGLOHQ� DGVRUSVL\RQ� VRQXoODUÕ� �dL]HOJH�
���¶WH�YHULOPLúWLU� 
  

Çizelge 3.3’te verilen sonuçlar adsorpsiyonun lnQ –� ��7� JUDIL÷LQL�
ROXúWXUPDGD� NXOODQÕOPÕú� �ùHNLO� ������ YH� HOGH� HGLOHQ� OLQHHU� H÷ULOHULQ�
H÷LPOHULQGHQ� GH� DGVRUSVL\RQ� ÕVÕODUÕ� KHVDSODQPÕúWÕU�� $GVRUSVL\RQ� ÕVÕODUÕ�
dL]HOJH� ���¶WH� YHULOPLúWLU�� 1HJDWLI� DGVRUSVL\RQ� ÕVÕODUÕ� &X2+ adsorpsiyonunun 

HN]RWHUPLN� ELU� LúOHP� ROGX÷XQX� J|VWHUPHNWH� YH� VÕFDNOÕN� DUWÕúÕ\OD� J|]OHQHQ�
adsorpsiyoQ�PLNWDUÕQGDNL�G�ú�ú��DoÕNODPDNWDGÕU� 
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 Çizelge 3.3.  Cu2+�DGVRUSVL\RQXQXQ�VÕFDNOÕNOD�GH÷LúLPL 
 

PDMHF NaOH/ pDMHF HCl/ pDMHF 

6ÕFDNOÕN��°C Q, mmol.g−1 Q, mmol.g−1
 Q, mmol.g−1

 

20 0.0779 0.1723 0.1007 

30 0.0721 0.14208 - 

35 0.0675 0.1296 0.0789 

40 0.0656 0.1226 0.0727 

45 0.0625 0.1152 0.0688 

            
 C0=150 ppm, tadsorpsiyon=1 saat 
 

 

 

 

 

 

 

 

 

 

 

 

 

  
 
ùHNLO������ Cu2+ adsorpsiyonunun Ln Q –���7�H÷ULOHUL 

1 /T,  K -1

L
n

 Q

0 .00 3 1 4 0 .00 3 2 2 0 .00 3 3 0 0 .00 3 3 8
- 3 .0

- 2 .8

- 2 .6

- 2 .4

- 2 .2

- 2 .0

- 1 .8

pDM HF

NaO H/pDM HF

HCl/pDM HF
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 Çizelge 3.4.  $GVRUSVL\RQ�ÕVÕODUÕ 
 

 $GVRUSVL\RQ�ÕVÕVÕ��N-.mol−1 R2 

pDMHF −6.88 0.9910 

NaOH/pDMHF −12.54 0.9904 

HCl/pDMHF −12.00 0.9982 

 

 

�����/DQJPXLU�$GVRUSVL\RQ�ø]RWHUPL 
  

Langmuir ve Freundlich adsorpsiyon izotermleri, Cu2+� L\RQODUÕQÕQ�
S'0+)�YH�1D2+�S'0+)¶ÕQ��]HULQH�DGVRUSODQPDVÕQGDQ�HOGH�HGLOHQ�YHULOHUH�
X\JXODQPÕúWÕU��'HQH\VHO�YHULOHULQ�\�NVHN�Norelasyonlarla Langmuir izotermine 

X\GX÷X�J|U�OP�úW�U� 
  

%LU� DGVRUEDQÕQ� DGVRUSODPD� \HWHQH÷L� .b ve Ks� RODUDN� WDQÕPODQDQ� LNL�
SDUDPHWUH� LOH� WDQÕPODQÕU�� %XQODUGDQ� .b, metal iyonu ile fonksiyonel grup 

DUDVÕQGD� ROXúDQ� HWNLOHúLPLQ� NXYYHWL\OH� LOJLOL� ROXS�� GHQJH� ED÷ODQPD� VDELWL�
RODUDN� WDQÕPODQPDNWDGÕU�� .s� LVH�� IRQNVL\RQHO� JUXEXQ� L\RQD� \DNODúDELOPH� YH�
ED÷ODQDELOPH� \HWHQH÷LQL� ELU� |Oo�V�� RODQ� GR\JXQOXN� VDELWLGLU(77,78). Kb ve Ks 

VDELWOHUL�HúLWOLN����¶WH�YHULOHQ�OLQHHU�/DQJPXLU�HúLWOL÷LQH�J|UH�KHVDSODQPÕúWÕU� 
 

 

                         3.4   

 

 

e e
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 Ce ve qe�VÕUDVÕ\OD��o|]HOWLGH�NDODQ�&X2+�L\RQX�PLNWDUÕ�YH�GHQJHGH�DGVRUEDQ�
WDUDIÕQGDQ�DGVRUSODQDQ�&X2+�PLNWDUÕGÕU��ùHNLO�����¶GD�YHULOHQ�GHQH\VHO�YHULOHU�
Ce¶\H�NDUúÕ�&e/qe�H÷ULOHULQLQ�ROXúWXUXOPDVÕQGD�NXOODQÕOPÕúWÕU��(OGH�HGLOHQ�Oineer 

H÷ULOHU� S'0+)� YH� 1D2+�S'0+)¶ÕQ� DGVRUSVL\RQ� |]HOOLNOHULQLQ� /DQJPXLU�
L]RWHUPLQH� X\GX÷XQX� J|VWHUPLúWLU� �ùHNLO� ������� .b ve Ks� GH÷HUOHUL� LVH� HOGH�
HGLOHQ� H÷ULOHULQ� H÷LP� YH� NHVLúLP� QRNWDODUÕQGDQ� KHVDSODQPÕúWÕU�� 'H÷HUOHU�
dL]HOJH����¶WH�YHULOPLúWLU��6RQXoODU�S'0+)¶ÕQ�1D2+�LOH�PRGLIL\H�HGLOPHVL\OH�
KHP� GHQJH� ED÷ODQPD� VDELWLQLQ� KHP� GH� GR\JXQOXN� VDELWLQLQ� DUWWÕ÷ÕQÕ�
J|VWHUPLúWLU� 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

ùHNLO������ /DQJPXLU�L]RWHUPLQH�J|UH�ROXúWXUXODQ�&e/qe-Ce�JUDIL÷L 
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 Çizelge 3.5.  Adsorpsiyon parametreleri  

 
Polimer Ks, mmol/g Kb, mmol/L R2 

pDMHF 0.0958 17.31 0.9991 

NaOH/pDMHF 0.2052 28.05 0.9998 

 

 

������S'0+)¶ÕQ�'HVRUSVL\RQ�YH�6HoLFLOLN�g]HOOLNOHUL 
  

$GVRUSODQPÕú� &X2+� L\RQODUÕQÕQ� GHVRUSVL\RQX�� ���� SSP� &X2+ 

o|]HOWLVLQGH� �� VDDW� V�UH\OH� DGVRUSVL\RQGD� NXOODQÕODQ� S'0+)� |UQHkleri ile 

oDOÕúÕOPÕúWÕU��&X2+�L\RQODUÕ�DGVRUSODPÕú�S'0+)�|UQHNOHUL�GHVRUSVL\RQ�LoLQ�RGD�
VÕFDNOÕ÷ÕQGD�� ��� VDDW� V�UH\OH� oHúLWOL� GHULúLPOHUGHNL� IDUNOÕ� o|]HOWLOHUGH�
EHNOHWLOPLúWLU�� (OGH� HGLOHQ� VRQXoODU� dL]HOJH� ���¶GD� YHULOPLúWLU�� 'HVRUSVL\RQ�
VRQXoODUÕ� EX� NRúXOODU� DOWÕQGD� DGVRUSODQPÕú� &X2+� L\RQODUÕQÕQ� HQ� oRN� ���¶LQLQ�
���� 0� ('7$� o|]HOWLVL� LoLQGH� DOÕQDELOHFH÷LQL� J|VWHUPLúWLU�� %X� QHGHQOH�
S'0+)¶ÕQ�GHVRUSVL\RQ�|]HOLNOHULQLQ�GDKD�GHWD\OÕ�oDOÕúÕOPDVÕ�YH�GDKD�\�NVHN�
GHVRUSVL\RQXQ�JHUoHNOHúHELOHFH÷L�NRúXOODUÕQ�EHOLUOHQPHsi gerekmektedir. 

 
S'0+)¶ÕQ� &X2+ ve Cd2+� L\RQODUÕQD� NDUúÕ� VHoLFLOLN� |]HOL÷LQLQ� EXOXQXS�

EXOXQPDGÕ÷Õ� GD� KHU� LNL� L\RQ� GHULúLPLQLQ� ��� SSP� ROGX÷X� S+ ���� WDPSRQOX�
o|]HOWLOHUGH� �� VDDW� V�UH\OH� JHUoHNOHúWLULOHQ� DGVRUSVL\RQ� oDOÕúPDODUÕ� LOH�
GHQHQPLúWLU�� (OGH� HGLOHQ� �67.8 Cu2+ ve %32.2 Cd2+ adsorpsiyonu 

VRQXoODUÕ\OD� S'0+)¶ÕQ� &X2+� L\RQODUÕQÕ� DGVRUSODPDGD� &G2+� L\RQODUÕQD� J|UH�
\DNODúÕN�LNL�NDW�GDKD�ID]OD�LVWHPOL�ROGX÷XQX�J|VWHUPLúWLU��S'0+)¶ÕQ�EX�|]HOOL÷L�
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 GH�� GHVRUSVL\RQ� |]HOOLNOHUL� JLEL�� �]HULQGH� GDKD� ID]OD� DUDúWÕUPD� \DSÕOÕS�
JHOLúWLULOPHVL�JHUHNHQ�ELU�NRQXGXU� 
 

 
 
Çizelge 3.6. Cu2+�DGVRUSODPÕú�S'0+)¶ÕQ�GHVRUSVL\RQ�YHULOHUL 
 

Desorpsiyon çözeltisi 'HULúLP��0 % Desorpsiyon 

HCl 5.0 10.55 

HNO3 5.0   4.62 

NaOH 5.0   3.88 

EDTA 0.1 21.77 

NaCl 0.1   7.89 
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 4. SONUÇ 

 

%X�oDOÕúPDGD�� SROL����-dihidro-2,5-dimetoksi furan) diokzan içerisinde 

cis-trans-2,5-dihidro-2,5-GLPHWRNVL� IXUDQÕQ�6Q&O4 ile polimerizasyonu ile elde 

HGLOPLúWLU�� &X2+� L\RQODUÕQÕQ� DGVRUSVL\RQXQGD� NXOODQÕODQ� S'0+)¶ÕQ�
DGVRUSVL\RQ�NDSDVLWHVLQL�DUWWÕUPDN�Lçin pDMHF, H2SO4, HNO3, NH3 ve NaOH 

LOH� PRGLIL\H� HGLOPLúWLU�� gUQHNOHULQ� WDPDPÕ� )7-,5�� 7DUDPDOÕ� (OHNWURQ�
0LNURVNREX� YH� EXQD� ED÷OÕ� (OHNWURQ� 'D÷ÕOÕPÕ� 6LVWHPL� �HOHFWURQ� GLVSHUVLRQ�
V\VWHP��('6��LOH�NDUDNWHUL]H�HGLOPLú�YH�úX�VRQXoODUD�YDUÕOPÕúWÕU� 

 
− pDMHF örnekleri pürüzlü bir yüzeye sahiptir. 

− S'0+)¶GDQ� o|]�QHELOHQ� G�ú�N� PROHN�O� N�WOHOL� �U�QOHULQ�
X]DNODúWÕUÕOPDVÕ�� UHoLQHQLQ� \DSÕVÕQGD�� \�]H\LQGH� YH� DGVRUSVL\RQ�
|]HOOLNOHULQGH�ELU�GH÷LúLNOL÷H�QHGHQ�ROPDPDNWDGÕU� 

− )DUNOÕ� \ÕNDPD�NRúXOODUÕQD� UD÷PHQ�VHQWH]GHQ�JHOHQ� NDOD\ÕQ� WDPDPÕQÕ�
UHoLQHOHUGHQ�X]DNODúWÕUPDN�P�PN�Q�GH÷LOGLU� 

− S'0+)¶ÕQ� )7-,5� VSHNWUXPXQGD� J|U�OPH\HQ� IXUDQ� KDONDVÕQD� DLW�
C−O−&� ED÷ODUÕ� SROLPHUOHúPHGH� KDOND� DoÕOÕPÕQÕQ� JHUoHNOHúWL÷LQL�
göstermektedir. 

− S'0+)¶ÕQ� \DSÕVÕQGD� −2+� YH� & 2� ED÷ODUÕ� ROXúPDNWDGÕU�� dRN� J�oO��
göU�OHQ� & 2� EDQGODUÕ�� RODVÕ� & &� EDQGÕQÕ� EDVWÕUPDNWD� YH� & &�
ED÷ODUÕQÕQ� QH� |Oo�GH� SROLPHUOHúPHGH� NXOODQÕOGÕ÷ÕQÕ� WDKPLQ� HWPH\L�
J�oOHúWLUPHNWHGLU� 

− Asitler ve NH3� LOH� JHUoHNOHúWLULOHQ� PRGLILNDV\RQODU� VRQXFXQGD�
S'0+)¶ÕQ�)7-,5�VSHNWUXPXQGD�oRN�EHOLUJLQ�GH÷LúLNOLNOHr gözlenmezken 

S'0+)�VÕFDN�GHULúLN�+123�LoHULVLQGH�o|]�QP�úW�U� 
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− 1D2+�LOH�PRGLIL\H�HGLOPLú�S'0+)¶ÕQ�)7-,5�VSHNWUXPODUÕQGD�SROLPHU�

üzerindeki −2+� PLNWDUÕQÕQ� DUWWÕ÷Õ�� −&2+� JUXSODUÕQÕQ� Q|W�UOHúWL÷L� YH�
SROLPHU��]HULQGH�VRG\XP�NDUERNVLODW�\DSÕVÕQÕQ�ROXúWX÷X�J|]OHQPLúWLU� 

 
(OGH� HGLOHQ� YH� \DSÕVDO� DQDOL]OHUL� \DSÕODQ� S'0+)� YH� PRGLIL\H�S'0+)�

örnekleri üzerine Cu2+� L\RQXQXQ� DGVRUSVL\RQX� GD� oDOÕúÕOPÕú� YH� úX� VRQXoODU�
HOGH�HGLOPLúWLU� 

 
− Cu2+�L\RQODUÕQÕQ�S'0+)��]HULQH�DGVRUSVL\RQX�RUWDP�S+¶VÕQD�ED÷OÕGÕU��

Cu2+ adsorpsiyon pH ���¶GH�PDNVLPXP�GH÷HULQGHGLU� 
− S'0+)¶ÕQ�DVLGLN�\DSÕVÕ�QHGHQL\OH�DGVRUSVL\RQ�HVQDVÕQGD�o|]HOWL�S+¶VÕ�

G�úPHNWH�YH�PDNVLPXP�DGVRUSVL\RQ�PLNWDUÕ�HWNLOHQPHNWHGLU� 
− H2SO4, HNO3, NH3� YH� 1D2+� LOH� JHUoHNOHúWLULOHQ� PRGLILNDV\RQODU�

VRQXFXQGD� 1D2+� KDULo�� GL÷HU� PDGGHOHULQ� WDPDPÕ� S'0+)¶ÕQ� &X2+ 

DGVRUSVL\RQXQX�ROXPVX]�HWNLOHPHNWHGLU��$GVRUSVL\RQGDNL�G�ú�ú�\�NVHN�
VÕFDNOÕNODUGD�JHUoHNOHúWLULOHQ�PRGLILNDV\RQODUGD�GDKD�ID]ODGÕU� 

− 1D2+� S'0+)¶ÕQ� DGVRUSVL\RQ� NDSDVLWHVLQL� \DNODúÕN� LNL� NDW�
DUWÕUPDNWDGÕU� 

− 1D2+�S'0+)� LOH� JHUoHNOHúWLULOHQ� DGVRUSVL\RQODUGD� DVLW� JUXSODUÕQÕQ�
1D2+� LOH� Q|WUOHúWL÷LQGHQ� DGVRUSVL\RQ� HVQDVÕQGD� o|]HOWL� S+¶VÕ�
GH÷LúPHPHNWHGLU� 

− Adsorplanan Cu2+� PLNWDUÕ� ]DPDQOD� ELU� PDNVLPXP� GHQJH�
DGVRUSVL\RQXQD�NDGDU�DUWPDNWDGÕU� 

− Adsorplanan Cu2+�PLNWDUÕ��&X2+�GHULúLPLQH�ED÷OÕ�RODUDN�bir maksimum 

GHQJH�DGVRUSVL\RQXQD�NDGDU�DUWPDNWDGÕU� 
− $GVRUSVL\RQ� NLQHWL÷L� LNLQFL� GHUHFHGHQ� ELU� DGVRUSVL\RQ� NLQHWL÷LQH�

X\PDNWDGÕU� 
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− $GVRUSVL\RQODU� LoLQ�)UHXQGOLFK�YH�/DQJPXLU� L]RWHUPOHUL� GHQHQPLú�YH�
DGVRUSVL\RQXQ� \�NVHN� GR÷UXOXNOD� /DQJPXLU� L]RWHUPLQH� X\GX÷X�
EXOXQPXúWXU� 

− En yüksek desorpsiyon 0.1 M EDTA içerisinde maksimum %20 olarak 

HOGH�HGLOHELOPLúWLU� 
− pDMHF üzerine Cu2+�L\RQODUÕQÕQ�DGVRUSVL\RQX�&G2+�L\RQODUÕQD�J|UH�LNL�

NDW�GDKD�ID]ODGÕU� 
 

(OGH� HGLOHQ�PDNVLPXP� DGVRUSVL\RQ� VRQXoODUÕ� OLWHUDW�UGH� YHULOHQ� oHúLWOi 
SROLPHULN� DGVRUEDQODUOD� JHUoHNOHúWLULOHQ� DGVRUSVL\RQODUGDQ� HOGH� HGLOHQ�
VRQXoODUOD� PXND\HVH� HGHELOHFHN� VHYL\HOHUGHGLU�� gUQH÷LQ� SROL�HWLOHQ� LPLQ��
LPPRELOL]H� HGLOPLú� SROL�PHWLO� PHWDNULODW�� PLNURN�UHOHUL� LOH� HOGH� HGLOHQ�
maksimum adsorpsiyon kapasitesi 150 ppm Cu2+�GHULúLPLQGH�\DNODúÕN������
mg.g−1(79), PET fiberlerle elde edilen maksimum adsorpsiyon kapasitesi 65 

ppm Cu2+� GHULúLPLQGH� \DNODúÕN� �� PJ.g−1 (45)�� DNULOLN� DVLW� DúÕODQPÕú�
polipropilen fiberlerle elde edilen maksimum adsorpsiyon kapasitesi 250 

ppm Cu2+ GHULúLPLQGH� \DNODúÕN� ��� PJ.g−1 olarak (31)� ELOGLULOPLúWLU�� %X�
GH÷HUOHUH�NDUúÕOÕN�S'0+)�YH�1D2+�S'0+)�LoLQ�HOGH�HGLOHQ�DGVRUSVL\RQ�YH�
maksimum adsorpsiyon kapasiteleri 150 ppm Cu2+� GHULúLPLQGH� �� YH� ���
mg.g−1, 65 ppm Cu2+� GHULúLPLQGH� ���� YH� ���� PJ.g−1, 250 ppm Cu2+ 

GHULúLPLQGH� �� YH� ��� PJ.g−1� GH÷HUOHULQGHGLU�� (OGH� HGLOHQ� VRQXoODU� UHoLQH�
�]HULQGH� oDOÕúPD\D� YH� DGVRUSVL\RQ� |]HOLNOHULQL� JHOLúWLUPH\H� GH÷HU�
GH÷HUOHUGLU� 
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