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ÖZET

%X� WH]�� KHWHURMHQ� YH� IDUNOÕ� S�U�]O�O�N� GHUHFHOHULQGHNL� SROLPHU� \�]H\OHULQ�

sentezi ve bu yüzeylere L1210/lökosit ve Saos-2/HGF hücre çiftlerinin seçimli 

WXWXQPD� GDYUDQÕúODUÕQÕQ� LQFHOHQPHVL� DPDFÕ\OD� JHUoHNOHúWLULOPLúWLU�� /����� O|VHPL�

hücrelerini, VD÷OÕNOÕ� lökositlere nazaran seçimli olarak tutan polimer yüzeylerin 

VDSWDQPDVÕ� LOH� NDQÕQGD� O|VHPL� K�FUHVL� WDúÕ\DQ� ELUH\OHULQ� VD÷OÕN� VRUXQODUÕQÕQ�

çözümüne NDWNÕGD�EXOXQXOPXú ROXQDFDNWÕU��$\UÕFD�6DRV-��K�FUHOHULQLQ�ID]OD�\DSÕúWÕ÷Õ�

YH�+*)�K�FUHOHULQLQ�LVH�D]�ED÷ODQGÕ÷Õ seçimli tutunma gösteren yüzeylerin tespiti ile 

GLú�LPSODQWODUÕQGD�\HQL�PDO]HPHOHULQ�JHOLúLPLQH�NDWNÕ�VD÷ODQDFDNWÕU��

dDOÕúPDPÕ]GD�� IDUNOÕ� NLP\DVDO� IRQNVL\RQHO� JUXSODUD� YH� KLGURIREOXN�

GHUHFHOHULQH� VDKLS�� G�]� YH\D� S�U�]O�� YH� D\UÕFD� PLNURGHVHQOL� S�U�]O�� KHWerojen 

kaplama yüzeyleri, CO2 RUWDPÕQGD� VHQWH]OHQHQ� NRSROLPHUOHU�� WLFDUL� SROLPHUOHU� YH�

SROLPHU�NDUÕúÕPODUGDQ��GDOGÕUPD�\|QWHPL\OH�ID]�GD÷ÕOÕPÕ�SURVHVL�LOH�ROXúWXUXOPXúWXU��

CO2 RUWDPÕQGD� VHQWH]OHQHQ� NRSROLPHUOHULQ� 0w¶ODUÕQÕQ� NRQWURO� HGLOPHVL� DPDFÕ\OD�

gerçekOHúWLULOHQ� SROLPHUL]DV\RQODU� VRQXFXQGD� NRSROLPHU� 0w¶QÕQ� NRQWURO�QGH�

CO2�PRQRPHU� RUDQÕQÕQ� HWNLQ� SDUDPHWUH� ROGX÷X� YH� EX� RUDQÕQ� GH÷LúLPL� LOH� 0w’in 

OLQHHU� RODUDN� GH÷LúWL÷L� EHOLUOHQPLúWLU�� 3ROLPHU� NDUÕúÕP� ELOHúLPL�� NDSODPD� VÕFDNOÕ÷Õ��

SROLPHU� NRQVDQWUDV\RQX�� GDOGÕUPD� KÕ]Õ� YH� o|]�F�� FLQVL� JLEL� SDUDPHWUHOHULQ� ROXúDQ�

LQFH� ILOPLQ� PLNURGHVHQ� oDSÕ� YH� PLNURGHVHQOHU� DUDVÕ� PHVDIHQLQ� NRQWURO�QGH� HWNLQ�

ROGX÷X� VDSWDQPÕúWÕU�� .DSODPD� |]HOOLNOHULQLQ� GH÷LúLPLQH� ED÷OÕ� RODUDN� +'3(�36��

PPPE/PS ve (TAN-00$��36� SROLPHU� NDUÕúÕPODUGDQ� PLNURGHVHQ� oDSÕ� ���-40 m

DUDVÕQGD� GH÷LúHQ� YH� ��-170o WHPDV� DoÕVÕ� DUDOÕ÷ÕQGD� YH� IDUNOÕ� KLGURIREOXN�

derecelerinde olan heterojen yüzeyler konWUROO��úHNLOGH�KD]ÕUODQPÕúWÕU��

øQ�YLWUR�EL\RORMLN�LQFHOHPHOHUGH��/�����O|VHPL�K�FUHOHULQLQ��]HULQGH�WXWXQPD\Õ�

WHUFLK� HWWL÷L� YH� EXQD� NDUúÕQ� VD÷OÕNOÕ� O|NRVLW� K�FUHOHULQLQ� �]HULQGH� D]� WXWXQGX÷X� YH�

D\UÕFD� 6DRV-2/HGF hücre çifti için de olumlu seçimlilik gösteren PS/PPPE 

PLNURGHVHQOL� \�]H\OHUL� VDSWDQPÕúWÕU�� /�����O|NRVLW� YH� 6DRV-2/HGF hücrelerin 

WXWXQPD� SHUIRUPDQVODUÕQD�� \�]H\� ÕVODWÕODELOLUOL÷LQLQ�� KHWHURMHQOL÷LQLQ�� PLNURGHVHQ�

oDSÕ�YH�PLNURGHVHQOHU�DUDVÕ�PHVDIH�GH÷LúLPLQLQ�HWNLOL�ROGX÷X�EHOLUOHQPLúWLU�

Anahtar Kelimeler: Mikrodesen, L1210 Lösemi Hücreleri, Lökosit, Seçimli 

Hücre 
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SUMMARY

The objectives of this thesis are the synthesis of polymeric surfaces having the 

different roughness degree and chemical heterogeneity and the examination of 

selective adsorption behaviors of L1210/leukocyte cells on the synthesized surfaces. 

If the separation of L1210 cells from leukocytes can be achieved by the synthesized 

surfaces, this may be useful in finding new treatment options for people with 

leukemia. These surfaces were also tested with Saos-2 and HGF cells, seeking to 

achieve more selective adhesion to Saos-2 cells compared to HGF cells in order to 

develop new dental materials. 

Polymer films having flat/rough/micropatterned surface, different function 

group and hydrophobicity were prepared with phase-separation film formation 

method by using commercial polymers, polymer blends and synthesized copolymers 

in CO2 medium. Mw of synthesized copolymers in CO2 medium was controlled by 

varying the ratio of CO2/monomer. Type of polymer blend, dipping temperature, 

polymer concentration, dipping speed and solvent type were determined to be 

effective parameters in controlling the micro pattern diameter and the distances 

between micropatterns. Heterogeneous surfaces having micropatern diameters of 0.5-

40 m, giving contact angles of 90-170o and different hydrophobicities were 

prepared using HDPE/PS, PPPE/PS and (TAN-MMA)/PS polymer blends by varying 

the coating conditions. 

Micropatterned PPPE/PS surfaces were found to have positive selectivity to 

L1210 leukemia cells in comparison with the healthy leukocytes when in vitro 

biological tests were applied. In addition, these surfaces show positive selectivity to 

Saos-2 cells in comparison with HGF cells. It was found that wettability, surface 

heterogeneity, micropattern diameter and distances between micropattern are the 

effective parameters on the adsorption performances of L1210 cells/ leukocytes and 

Saos-2/HGF cells.

Keywords: Micropatterning, L1210 Leukemia Cells, Leukocytes, Selective cell 

adhesion, Contact Angle, Polymer Surface.
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Doktora H÷LWLPLP� V�UHVLQFH�bilgi ve tecrübelerini hiçbir zaman esirgemeyen, 

oDOÕúPD�D]PL�YH�EDúDUÕVÕ� LOH�|Q�P�]H� ÕúÕN� WXWDQ��KHU� ]DPDQ� \RO� J|VWHUHQ� YH�GHVWHN�

RODQ�� VD\ÕQ� KRFDP� 3URI�� 'U�� +�� <ÕOGÕUÕP� (5%ø/’e HQ� LoWHQ� GX\JXODUÕPOD� VRQVX]�

WHúHNN�UOHULPL�VXQDUÕP�

DoktRUD� H÷LWLPLPGH� WH]� L]OHPH� M�ULPGH� \HU� DODQ� 3URI�� 'U�� 0DKPXW�

%$<5$02ö/8�YH�3URI��'U��6H]DL�6$5$d�KRFDODUÕPD�YH�WH]�VDYXQPD�M�ULPGH�\HU�

DODQ�3URI��'U��0XUDW�g='(0ø5�YH�3URI��'U��+D\DO�%h/%h/�6g10(=�KRFDODUÕPD�

YHUGLNOHUL�NDWNÕODUGDQ�GROD\Õ�WHúHNN�UOHULPL�VXQDUÕP�

+D\DWÕP boyunca maddi, manevi her türlü desteklerini ve sevgilerini benden 

esirgemeyen, annem Atiye ATALAY, babam øVPHW� $7$/$< YH� NDUGHúlerim Ali

RÕ]D�$7$/$<�Ye Emre ATALAY’a J|Q�OGHQ�WHúHNN�U�HGHULP�

'RNWRUD� H÷LWLPLP� V�UHVLQFH� W�P� VÕNÕQWÕOÕ� ]DPDQODUÕPGD� E�\�N� ELU� |]YHUL� LOH�

EHQLP�\DQÕPGD�RODQ��GHVWH÷LQL�KLoELU�]DPDQ�HVLUJHPH\HQ�VHYJLOL�HúLP�<UG��'Ro��'U��

Erhan GENGEÇ’e VRQVX]�WHúHNN�UOHULPL�VXQDUÕP�

'RNWRUD� H÷LWLPLPGH� GHVWHNOHULQL�� DQOD\ÕúODUÕQÕ ve sevgilerini esirgemeyen

ODERUDWXDU�DUNDGDúODUÕP�DUNDGDúODUÕP�<UG��'Ro��'U��8÷XU�&(1*ø=���6DOLK�g=%$<��

$Uú��*|U��0HUYH�'$1'$1�'2ö$1&,��<UG��'Ro��'U�� øNULPH�25.$1�8d$5�ve

Yrd. Doç. Dr. C. Elif ÖZEN CANSOY’a WHúHNN�UOHULPL�VXQDUÕP�

*<7(�.LP\D�P�KHQGLVOL÷L�oDOÕúPD�DUNDGDúODUÕP�'U��%DúDN�7(085�(5*$1��

$Uú. Gör. Öznur KAYAN, Yrd. Doç. Dr. Hikmet OKKAY ve sevgisini, GHVWH÷LQL�

\DQÕPGD� KLVVHWWL÷LP� LVPLQL� \D]DPDGÕ÷ÕP� W�P� DUNDGDúODUÕPD WHúHNN�U�P�� VXQPD\Õ�

bir borç bilirim.

'RNWRUD�WH]�oDOÕúPDPÕ�R÷OXP�$]L]�'RUXN�*(1*(d¶H�LWKDI�HGL\RUXP�
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1. G

&DQOÕ� K�FUH-\�]H\� HWNLOHúPHOHULQLQ� GR÷DVÕ� J�Q�P�]GH� KDOD� WDP� RODUDN�

D\GÕQODWÕODPDPÕúWÕU�� +�FUHOHULQ� ELU� \�]H\H� \DSÕúPDODUÕ�� \D� R� \�]H\LQ� IL]LNVHO� YH�

NLP\DVDO� |]HOOLNOHULQGHQ� GROD\Õ� EX� \�]H\H� \DSÕúPD\Õ� WHUFLK� HWPHOHULQGHQ�� \D� GD�

K�FUHQLQ� NHQGL� VDOJÕODGÕ÷Õ� K�FUHOHUDUDVÕ� PDWULV� SURWHLQOHULQLQ�� R� \�]H\H� |QFH�

\DSÕúDUDN�GDKD�VRQUD�GD�K�FUHOHULQ�EX�SURWHLQOHUH�tutunmaVÕ�\ROX\OD�ROXU��/LWHUDW�UGH�

UDSRU�HGLOHQ�ED]Õ�oDOÕúPDODUGD��\�]H\-K�FUH�HWNLOHúPHOHUL��]HULQH�KHGHflenen yüzeyin 

S�U�]O�O�÷��� \�]H\LQGHNL� NLP\DVDO� JUXSODUÕQ� FLQVL� YH� GD÷ÕOÕPÕ� �KHWHURMHQOL÷L���

\�]H\LQ� ÕVODWÕODELOLUOL÷L�� VHUEHVW� \�]H\� HQHUMLVL� JLEL� |]HOOLNOHULQLQ� HWNLVL� ROGX÷X�

EHOLUWLOPLúWLU��'L÷HU�WDUDIWDQ��EX�GHQHPHOHUGH�NXOODQÕODQ�\�]H\OHULQ�YH�K�FUHOHULQ�oRN�

JHQLú� ELU� VNDODGDQ� VHoLOPLú� ROPDODUÕQÕQ� \DQÕ� VÕUD�� KHU� ELU� K�FUH� NHQGLQH� KDV�

NDUDNWHULVWLN� K�FUH� \DSÕúPD� PROHN�OOHUL� LoHUPHNWHGLU� YH� EX� GD� K�FUH-yüzey 

HWNLOHúPHOHULQLQ� LQFHOHQPHVLQL� GDKD� NRPSOHNV� KDOH� JHWLUPHNWHGLU�� $\UÕFD� EX�

oDOÕúPDODUÕQ� E�\�N� NÕVPÕQGD�� K�FUH�\�]H\� HWNLOHúPH� GHQH\OHUL� \D� VDGHFH� VD÷OÕNVÕ]�

K�FUHOHUOH�� \D� GD� VDGHFH� VD÷OÕNOÕ� K�FUHOHUOH�� JHQHOOLNOH� ELUELUOHULQGHQ� oRN� IDUNOÕ�

GHQHPH� NRúXOODUÕQGD� \DSÕOGÕ÷ÕQGDQ�� EXOXQDQ� VRQXoODUÕn ELUELUL\OH� NÕ\DVODQPDVÕ� YH�

seçimli WXWXQPDQÕQ YDUOÕ÷ÕQÕQ�WHVW�HGLOPHVL�SHN�P�PN�Q�GH÷LOGLU��%X�QHGHQOHUOH��EX

tez NDSVDPÕQGD�� D\QÕ� GHQHPH� NRúXOODUÕQGD�� NXOODQÕODQ� SROLPHULN� \�]H\LQ� KDQJL�

|]HOOLNOHULQLQ��KHP�VD÷OÕNOÕ�O|NRVLW��KHP�GH�O|VHPLOL�K�FUHOHULQ�EX�\�]H\OHUH�tutunma

SHUIRUPDQVÕQÕ�QDVÕO�HWNLOHGL÷L�LQFHOHnmesi hedefleQPLúWLU.

7H]�NDSVDPÕQGD� Llk olarak, L1210 O|VHPL�K�FUHOHULQLQ�YH� VD÷OÕNOÕ� O|NRVLWOHULQ�

ELU� DUDGD� ROPDGÕNODUÕ� K�FUH� RUWDPODUÕ� LoLQ�� /����� O|VHPL� K�FUHOHULQLQ� VHoLPOL�

WXWXQPDVÕQD� RODQDN� VD÷OD\DELOHQ� SROLPHU� \�]H\OHULQ� YDU� ROXS� ROPDGÕ÷Õ� YH� EX�

\�]H\OHU� LOH� K�FUHOHU� DUDVÕQGDNL� HWNLOHúLPGH� KDQJL� \�]H\� YH\D� \DSÕúPD�

SDUDPHWUHVLQLQ� HWNLQ� ROGX÷X� DUDúWÕUÕOPÕúWÕU. Bunun için, in vitro denemelerde 

K�FUHOHULQ� NHQGL� K�FUHOHUDUDVÕ� PDWULV� SURWHLQOHULQL� VHQWH]OHPHOHULQL� HQJHOOH\HFHN�

úDUWODU� VD÷ODQDUDN�� bu NRúXOODUGDNL� K�FUH-yüzey tutunma WHVWOHUL� \DSÕOPÕúWÕU�� %X�

arDúWÕUPDGDNL� SUDWLN� KHGHI�� EHOOL� SHUL\RWODUOD� NDQ� GH÷LúLPL� \DSPDN� ]RUXQGD� RODQ�

O|VHPL� KDVWDODUÕQÕQ� NDQODUÕQGDNL� O|VHPL� K�FUHOHULQGHQ� DUÕQGÕUÕODELOPHVL� LoLQ� X\JXQ�

SROLPHULN� DGVRUEDQ� \�]H\OHULQ� VDSWDQPDVÕGÕU��$\UÕFD�SROLPHU� \�]H\OHUH� ILEURQHNWLQ�

proteini tutuQPDVÕ \DSÕODUDN�� ILEURQHNWLQ� NDSOÕ� \�]H\OHUH� VD÷OÕNOÕ� YH� O|VHPLOL�

hücrelerin tutunma SHUIRUPDQVODUÕ�GD�LQFHOHQPLúWLU��'L÷HU�WDUDIWDQ��/�����O|VHPL�YH�
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VD÷OÕNOÕ� O|NRVLW� K�FUHOHULQLQ� V�VSDQVL\RQ� K�FUH� ROPDODUÕQGDQ� GROD\Õ�� SROLPHULN�

\�]H\OHUH� \DSÕúPD� H÷LOLPOHUinin \DSÕúNDQ� K�FUHOHUH� J|UH� GDKD� D]� ROGX÷X�

bilinmektedir�� %X� \�]GHQ�� SDUDOHO� ELU� DUDúWÕUPD� RODUDN�� /�����O|NRVLW� oLIWL� LoLQ�

KD]ÕUODQDQ�SROLPHULN�\�]H\OHU��]HULQGH��D\UÕFD�GDKD�ID]OD�\DSÕúPD\D�\DWNÕQ�K�FUHOHU�

olan, insan Saos-2 ve Gingival Fibroblast (HGF) hücrelerinin de tutunma

SHUIRUPDQVODUÕ� LQFHOHQPLúWLU. Bu úHNLOGH�� � 6DRV-��+*)� K�FUH� oLIWL� LoLQ� GH� D\QÕ�

SROLPHULN�\�]H\OHUH�\DSÕúPD�H÷LOLPOHUL�DUDVÕQGD�ELU�VHoLPOLOL÷LQ�YDU�ROXS�RODPDGÕ÷Õ�

test edilPLúWLU. Pratikte, Saos-2/HGF hücre çiftinin tutunma VHoLPOLOL÷L�� GLúoLOLN� YH�

WÕSWDNL�|QHPOL�oDOÕúPDODUGD�NXOODQÕOPDNWDGÕU��6DRV-2 hücreleri osteojenik hücrelerdir, 

+*)�LVH�GLúHWLQGH�EXOXQDQ�ILEUREODVW�\DSÕGD�K�FUHOHUGLU��g]HOOLNOH�GLú�LPSODQWODUÕQGD��

+*)� K�FUHOHUL� LPSODQWODUÕQ� HWUDflDUÕQÕ� NDSOD\ÕS� \XPXúDN� ED÷� GRNX� ROXúWXUDUDN�

EXQODUÕQ�oHQH\H�X\XP�VD÷ODPDVÕQÕ�HQJHOOHUOHU��%LU�GLú�LPSODQWÕQÕQ�VD÷OÕNOÕ�ELU�úHNilde

LQVDQODUGD� NXOODQÕODELOLU� RODELOPHVL� LoLQ�� 6DRV-2 gibi osteojenik hücrelerin bu 

LPSODQW¶D� \DSÕúWÕ÷Õ� DQFDN� +*)� K�FUHOHULQLQ� LVH� \DSÕúPDGÕ÷Õ� ELU� �VW� NDSODPD\D�

LKWL\Do� YDUGÕU�� (÷HU� RVWHRMHQLN� K�FUHOHULQ�� ILEUREODVW� Kücrelere göre seçici olarak 

\DSÕúDFD÷Õ� \�]H\OHU� VDSWDQÕUVD�� R� ]DPDQ� EX� ELOJL� LPSODQW� X\JXODPDODUÕQGD� GRNX\D�

X\XPXQ� VD÷ODQPDVÕQGD� oRN� ID\GDOÕ� RODFDNWÕU� L1210/lökosit ve Saos-2/HGF hücre

oLIWOHUL� LoLQ� \DSÕODQ� tutunma oDOÕúPDODUÕ� VRQXFXQGD��hem L1210/lökosit hücre çifti; 

hem de Saos-2/HGF hücre çifti için seçimli tutunma GDYUDQÕúÕ�J|VWHUHQ�mikro desenli

heterojen SROLPHULN�\�]H\OHULQ�VDSWDQPDVÕ�P�PN�Q�ROPXúWXU��
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2. HETEROJEN YÜZEYLER

Heterojen yüzeyler, yüzeyGHNL�NLP\DVDO�JUXSODUÕQ�FLQVL YH�GD÷ÕOÕP�\�]GHVLQLQ�

IDUNOÕ�ROGX÷X�pürüzsüz heterojen yüzeyler �ùHNLO���1 a)) ve hem topografik hem de 

kimyasal olarak heterojen olan pürüzlü heterojen yüzeyler �ùHNLO� ��1 b)) olarak 2 

grupta incelenebilir [Web 1, 2009], [Web 2, 2009]. øGHDO�\�]H\�RODUDN kabul edilen 

\�]H\OHU� GÕúÕQGDNL� W�P� \�]H\OHU� KHWHURMHQGLU� YH� KHWHURMHQ� JUXSODUÕQ� ELUELULQGHQ�

IDUNOÕOÕN� YH� \R÷XQOXN� GHUHFHVLQH� J|UH� heterojen yüzeylerin heterojenlik dereceleri 

GH÷LúLU�

a) b)

ùHNLO���1 a) Pürüzsüz kimyasal heterojen yüzey, b) Pürüzlü kimyasal heterojen 
yüzey.

<�]H\�KHWHURMHQOL÷LQLQ�GR÷DVÕ�WDP�RODUDN�WHVSLW�HGLOHPH]�DQFDN�[-ÕúÕQÕ�HOHNWURQ�

spektroskopisi (XPS) ya da kimyasal analiz için elektron spektroskopisi (ESCA) gibi 

FLKD]ODUOD� \�]H\GHNL� DWRPLN� ELOHúLPLQ��� GD÷ÕOÕPÕ�� DWRPLN� ELOHúLPLQ� VWRNL\RPHWULN�

RUDQODUÕ� YH� \�]H\GHNL� DWRPLN� ELOHúLPGHNL� GH÷LúLP�PLNWDUODUÕ� EHOLUOHQHELOLU�� $\UÕFD�

KHWHURMHQ� \�]H\OHUGH� NDWÕ� \�]H\GHNL� NLP\DVDO� KHWHURMHQOLN� YH� S�U�]O�O�N, NDWÕ�

\�]H\LQGH�ELU�VÕYÕQÕQ�ÕVODWÕODELOLUOLN�SHUIRUPDQVÕQÕ�HWNLOHU�[Wu et al., 2011]. Pürüzsüz 

\�]H\OHUGH�WHPDV�DoÕVÕ�|Oo�POHUL�LOH�NLP\DVDO�KHWHURMHQOLN�GH÷LúLPOHUL�KDNNÕQGD�ELOJL�

HGLQLOHELOLU� YH� EX� ELOJLOHU� ÕúÕ÷ÕQGD� IDUNOÕ� \�]H\OHULQ� KHWHURMHQOLN� GHUHFHOHULQLQ�

NDUúÕODúWÕUÕODELOPHVL� P�PN�Q� ROXU�� FloU� JLEL� SRODU� GR÷D\D� VDKLS� PROHN�ller içeren 

pürüzsüz heterojen yüzeyler su ile temas ettiklerinde Flor JUXSODUÕQÕQ� \�]H\GHNL�

reoryantasyon hareketi sonucunda da \�]H\GHNL�NLP\DVDO�KHWHURMHQOLN�GH÷LúLU��
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+HWHURMHQ�\�]H\OHU�KLGURILO�YH�KLGURIRE�GRPDLQOHU� LoHUHQ�\�]H\OHU�RODELOHFH÷L�

gibi sadece hidrofil ya da sadece hidrofob domainler içeren yüzeylerde olabilir ve 

hidrofobluk ve pürüzlülük dereceleri JLEL� \�]H\� |]HOOLNOHULQGHNL� IDUNOÕOÕNODU� NDWÕ�

yüzeyin kullDQÕP� DODQODUÕQÕQ� belirlenmesinde önemli yer tutar. .DWÕ� \�]H\OHULQ�

NXOODQÕP�DODQODUÕQÕQ�EHOLUOHQPHVLQGH�VROYHQWOHUOH�|UQH÷LQ�VX�LOH�HWNLOHúLP�VRQXFXQGD�

YHUGL÷L� WHSNL� |QHPOLGLU��gUQH÷LQ� ELU� NDWÕ� \�]H\LQ� SURWHLQOHUOH� \D� GD� Y�FXW� LoLQGHNL�

DNÕúNDQODUD� YHUGL÷L� \DQÕW� \�]H\� |]HOOLNOHULQH� ED÷OÕ� RODUDN� GH÷LúNHQOLN� J|VWHULU

[Kowalczynska, 1995], [Lampin et al., 1997], [Arima and Iwata, 2007], [Fuse et al., 

2007], [Blanco et al., 2008]. Heterojen yüzeyler DúD÷ÕGD�örnekleri verilen alanlarda

NXOODQÕOPDNWDGÕU��

Membranlar

0HPEUDQODU� ED]Õ� PROHN�O� YH\D� L\RQODUÕQ� JHoLúLQL� NÕVÕWODPD]NHQ�� ED]ÕODUÕQÕQ�

JHoLúLQL� NÕVÕWOD\DUDN�PROHN�OHU� D\ÕUÕPÕ� JHUoHNOHúWLULU��0HPEUDQODUÕQ� EX�PROHN�O� YH�

L\RQODUÕQ�JHoLú�YH�NÕVÕWODPDVÕQÕ�VD÷OD\DQ�SURVHVOHULQ�NRQWURO�QGH�\�]H\GHNL�NLP\DVDO�

gruSODUÕQ�YH�SRU�oDSÕQÕQ�NRQWURO��|QHPOLGLU��Membranlar polimerik, gözenekli veya 

gözeneksiz, simetrik veya asimetrik, ya da kompozit RODUDN� GR÷DO� \D� GD� VHQWHWLN�

olabilirler [Salt ve Dinçer, 2006]. 'R÷DO�PHPEUDQODU�EL\RORMLN� VLVWHPOHUGH�EXOXQXU�

�|UQH÷LQ� K�FUH ]DUÕ��� 6HQWHWLN� PHPEUDQODU� |]HOOLNOH� VXODUGDQ� LVWHQPH\HQ� L\RQODUÕQ�

D\UÕOPDVÕ� YH� VXODUÕQ� VDflDúWÕUÕOPDVÕQGD�� NLP\D� VDQD\L�� HF]DFÕOÕN�� SHWURO� HQG�VWULVL��

KLGURPHWDOXUML�� HOHNWURGL\DOL]�� oHYUH�� JÕGD� WHNQRORMLVL�� SHUYDSRUDV\RQ�� HNVWUDNVL\RQ��

diyaliz, XOWUDILOWUDV\RQ�� JHQHWLN� YH� WHNVWLO� HQG�VWULVL� JLEL� DODQODUGD� \D\JÕQ� RODUDN�

NXOODQÕOPDNWDGÕU [Osada and Nakogava, 1992].

Süperhidrofobik Yüzeyler

6X�GDPODVÕQÕQ��]HULQGH����o¶GHQ�E�\�N� WHPDV�DoÕVÕ�\DSWÕ÷Õ�YH���o G�ú�N�ND\PD�

DoÕVÕQD� VDKLS� \�]H\OHU� V�SHUKLGURIRELN� \�]H\OHU� RODUDN� DGODQGÕUÕOÕU [Erbil et al.,

2003]. Bir yüzeyin süperhidrofobik özellik gösterebilmesi için hem üzerinde 

PLNURPHWUH� PHUWHEHVLQGH� S�U�]O�O�N�� KHP� GH� GR÷DO� RODUDN� KLGURIRELN� RODQ�

PDO]HPHGHQ�GL]D\Q�HGLOPLú�ROPDVÕ�JHUHNLU��6�SHUKLGURIRELN yüzeylerin bu su iticilik 

|]HOOL÷L��VDQD\LGH�YH�J�QO�N�KD\DWWD�ELUoRN�X\JXODPD�EXOPDNWDGÕU��Süperhidrofobik 
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\�]H\OHU��DVNHUL�DODQGD�HOELVHOHU��PLNURoLSOHU�YH�VDYXQPD�FLKD]ODUÕQGD�NXOODQÕOGÕNODUÕ�

JLEL�� \DNÕW� WDVDUUXIX� VD÷ODPDN� DPDFÕ\OD� JHPLOHULQ� GÕú� \�]H\Lnde ve J�QHú� HQHUML�

panellerinde, tekstil sanayinde, otomotiv sanayinde ve biyolojik alanda NDQ�YH�GL÷HU�

Y�FXW�VÕYÕODUÕ\OD�WHPDV�HGHQ�biyomateryallerin ve VHQV|UOHULQ�JHOLúWLULOPHVL�JLEL�JHQLú�

ELU�X\JXODPD�DODQÕQD�VDKLSWLU�[Verreck et al., 2003], [Jayaraman et al., 2004], [Yang 

et al., 2005], [Burger et al., 2006], [Ma et al., 2007], [Srinivasan et al., 2011],

[Brushan et al., 2011].

Anti fouling kaplamalar

Denizde ve WDWOÕ� VXODUGD \DúD\DQ� PLNURRUJDQL]PD�� GHQL]� ELWNLOHUL� YH� GL÷HU�

FDQOÕODUÕQÕQ� JHPL� \�]H\OHULQH� \DSÕúÕS� ELULNPHVL� �EL\Rtutunma�� VRQXFX� ROXúDQ�

EL\RORMLN� NLUOLOL÷L� RUWDGDQ� NDOGÕUDFDN� YH\D� D]DOWDFDN� \HQL� yüzeylerin sentezine 

\|QHOLN� oDOÕúPDODUGD� KHWHURMHQ� \�]H\OHU� NXOODQÕOPDNWDGÕU� [Callow et al., 2002],

Genzer et al., 2006], [Ucar et al., 2010], [Erbil, 2013]. AntiIRXOLQJ� NDSODPDODUÕQ�

SHUIRUPDQVÕ�VX�LOH� WHPDV�HGHQ�\�]H\OHULQ�SURWHLQ�ya da PLNURRUJDQL]PDODUD�YHUGL÷L

\DQÕWD� J|UH� EHOLUOHQLU� YH� DQWLIRXOLQJ� PDWHU\DOLQ� ÕVODWÕODELOLrlik derecesinin, 

S�U�]O�O�÷�Q�Q� NRQWURO�� SURWHLQ� ya da PLNURRUJDQL]PDQÕQ� \�]H\H� WXWXQPDVÕnda 

etkin parametrelerdir. Bu nedenle pürüzlü ya da NÕVPHQ�S�U�]O��NLP\DVDO�KHWHURMHQ�

\�]H\OHU�DQWLIRXOLQJ�NDSODPDODUGD�NXOODQÕOPDNWDGÕU�

Biyomateryaller

9�FXGXQ� ]DUDU� J|UHQ� YH\D� LúOHYLQL� \LWLUHQ� GRNX� YH\D� RUJDQÕQ� LúOHYOHULQL� NÕVPL�

YH\D� WDPDPHQ� \HULQH� JHWLUPHN� �]HUH� WDVDUODQPÕú� VHQWHWLN� YH\D� LúOHQPLú� GR÷DO�

PDO]HPHOHULQ� W�P�QH�EL\RPDWHU\DO�GHQLU��%L\RPDWHU\DOOHU�Y�FXWWD�GH÷LúLN�GRNX�YH�

Y�FXW�VÕYÕODUÕ\OD�WHPDV�KDOLQGH�ROGXNODUÕQGDQ�hücre, organ, doku ve vücut VÕYÕODUÕ\la 

olan biyotutunma GDYUDQÕúÕQÕQ� NRQWURO� HGLOPHVL� JHUHNLU�� Hücre yada proteinlerin 

biyotutunma GDYUDQÕúODUÕ��\�]H\�\�N��[Blanco et al., 2008]��\�]H\�NLP\DVÕ�[Fuse et 

al., 2007], \�]H\�S�U�]O�O�÷��[Blanco et al., 2008] ve serbest yüzey enerjisi [Arima 

and Iwata, 2007] JLEL�NXOODQÕODQ�NDWÕ�EL\RPDWHU\DOLQ�\�]H\�|]HOOLNOHULQGHQ�HWNLOHQLU��

%X�QHGHQOH�EL\RPDWHU\DOLQ�\�]H\�S�U�]O�O�÷��YH�NLP\DVDO�KHWHURMHQOL÷L�EL\Rtutunma

GDYUDQÕúÕQGD�Htkin parametrelerdir.
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2.2. Heterojen Yüzey Sentez Yöntemleri

DDOGÕUPD\OD� NDSODPD�� VSLQ� NDSODPD�� SHWUL� NDEÕQD� G|NHUHN� VROYHQW�

EXKDUODúWÕUPDVÕ� \|QWHPL� �FDVWLQJ�� JLEL� ID]� D\UÕPÕ\OD� VHQWH]� \|QWHPOHULQLQ� \DQÕ� VÕUD�

yüzeye özel polimerlerin/kimyasal JUXSODUÕQ DúÕODQPDVÕ�� IDUNOÕ� NLP\DVDO� JUXSODUÕQ�

yüzeye WXWXQPDVÕ (yüzey modifikasyonu)�� YDNXP� DOWÕQGD� ILOP� GHSR]LV\RQX gibi 

\|QWHPOHUOH� KHWHURMHQ� \�]H\OHU� KD]ÕUODQDELOLU [Spatz et al., 1996], [Sorribas et al.,

2002]. )D]� D\UÕPÕ� LOH� SROLPHU� PDO]HPHOHUGHQ� KHterojen yüzeylerin sentezi ucuz, 

JHQLú�YH��o�ER\XWOX�FLVLPOHUH�NROD\�X\JXODQDELOLU�ROPDVÕ�QHGHQL\OH�GL÷HU�\|QWHPOHUH�

J|UH�GDKD�DYDQWDMOÕGÕU��

Polimerlerden Heterojen Yüzey Sentezi

Faz D\UÕPÕ� \|QWHPL, pürüzlü materyallerin KD]ÕUODQPDVÕ� LoLQ� GH÷LúLN�

DUDúWÕUPDFÕODU� WDUDIÕQGDQ� X\JXODQPDVÕQD� UD÷PHQ�� S�U�]O�� \DSÕQÕQ� ROXúXP�

PHNDQL]PDVÕ� KHQ�]� WDP� RODUDN� DQODúÕODPDPÕúWÕU [Khayet et al., 2007]�� 2OXúXP�

PHNDQL]PDVÕQÕQ� DQODúÕOPDVÕQGDNL� DQD� ]RUOXN�� SROLPHU� YH� VROYHQW� DUDVÕQGDNL�

HWNLOHúLPOHU�� SROLPHU� |]HOOLNOHUL�� NXUXWPD� úDUWODUÕ� YH� ILOP� NDOÕQOÕ÷Õ� JLEL polimer 

|]HOOLNOHUL�� WHUPRGLQDPLN� úDUWODU� YH� NDSODPD� úDUWODUÕQGDQ� ROXúDQ� birçok faktörün 

PHNDQL]PDQÕQ� LúOH\LúLQde IDUNOÕOÕN� J|VWHUPHVLQGHQ� ND\QDNODQPDNWDGÕU�� Yüzey 

segregasyonu, yüzey gerilim kuvvetleri ve bulk NDUÕúÕPÕQGD�WHUPRGLQDPLN�NXYYHWOHUL

dengelemenin bir sonucudur [Khayet et al., 2007] YH�ILOP�ROXúXPXQXQ�WHUPRGLQDPLN�

GHQJHGHQ� X]DN� ROPDVÕ� uygulamada VÕQÕUOD\ÕFÕ� HWNL\H� VDKLSWLU. Makro-moleküller

DUDVÕQGDNL� YLVNR]� YH� PROHN�OOHU� DUDVÕ� HWNLOHúLPOHU�� ID]� GD÷ÕOÕPÕ� VÕUDVÕQGD� ]LQFLU�

NDUDUOÕOÕ÷ÕQD�HQJHO�ROmazsa; \�]H\�ID]�GD÷ÕOÕPÕQGD�\�]H\�JHULOLP�NXYYHWOHUL��HQWURSLN�

VÕQÕUODPDODUGDQ� oRN�GDKD�|QHPOL� URO� R\QDU��%X� DoÕGDQ� VROYHQW� VHoLPL�YH�X\JXODPD�

VÕFDNOÕ÷ÕQÕQ� HWNLVL�� \�]H\� YH� DUD� \�]H\� JHULOLPOHULQGH� GL÷HU� W�P� HWNLOHUL� PLQLPL]H�

etmek için çok önemlidir. 8\JXQ�o|]�F�� LoHULVLQGH�o|]�QP�ú�SROLPHU�o|]HOWLOHULQH�

non-solvent (kötü çözücü) LODYH� HGLOHUHN�GH� ID]� D\UÕPÕ� \|QWHPL\OH�KHWHURMHQ� \�]H\�

VHQWH]L� JHUoHNOHúWLULOHELOLU�� %X� úHNLOGH� KD]ÕUODQDQ� \�]H\OHUGH� \�]H\� \DSÕODQPDVÕQÕQ�

JHUoHNOHúPHVLQGH�3 etki gözlenir [Erbil et al., 2003]:
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i) PROLPHU�VROYHQWLQ� N�o�N� PLNWDUÕ� YH� VROYHQW�QRQVROYHQW� ID]ODUÕ� DUDVÕQGD�

SROLPHU� ID]� GD÷ÕOÕP� HWNLQOL÷LQL� DUWÕUDUDN� QRQVROYHQW� polimerin çöktürücüsü olarak 

KDUHNHW� HGHU��%X�SURVHV�NULVWDOL]DV\RQ� V�UHVLQL� D]DOWÕU� YH�GDKD�N�o�N�DJUHJH�ROPXú�

SROLPHU�PROHN�OOHULQLQ�ROXúXPXQX�VD÷ODU�YH�SROLPHUFH�]HQJLQ�YH�SROLPHUFH�]D\ÕI�ID]�

ROPDN� �]HUH� �� PDNURVNRELN� ID]GD� GD÷ÕOÕP� ROXU� Polimerce zengin fazda kristal 

oHNLUGH÷LQLQ� ROXúXPX� LOH� NULVWDOL]DV\RQ� EDúODU� YH� EXQXQ� VRQXFXQGD� N�UHVHO�� OLI�

úHNOLQGH� YH\D� GL÷HU� NULVWDO� úHNLOOHUGH� SRUODU� ROXúXU�� 6RQXoWD� VROYHQW� SRUODUGDQ�

EXKDUODúDUDN�S�U�]O��\�]H\OHU�PH\GDQD�JHOLU�

ii) NRQVROYHQWLQ� YDUOÕ÷Õ� oHNLUGHNOHQme KÕ]ÕQÕ� DUWÕUÕU� YH� EX� \�]GHQ� GDKD� N�o�N�

N�UHVHO�SRUODU�ROXúXU��1RQ-VROYHQW�VROYHQWWHQ�GDKD�XoXFX�ROGX÷X�LoLQ�EXKDUODúPD�KÕ]Õ�

DUWDU�YH�NULVWDO�ROXúXPX�LoLQ�JHUHNOL�]DPDQ�D]DOÕU�

iii) Oksijen içeren non-solvent ilavesi substrat (Ör: cam) yüzeyindeki hidroksil 

JUXSODUÕQÕQ� (-OH) YDUOÕ÷ÕQGDQ� GROD\Õ� FDP� \�]H\LQGH� SROLPHU� o|]HOWLVLQLQ�

ÕVODWÕODELOLUOL÷LQL�DUWÕUÕU�YH�o|NHQ� LON� WDEDND�KRPRMHQ�\�]H\�YHULU��6RQUDVÕQGD� WDEDND�

QHWZRUNXQXQ�E�\�PHVL�LOH�oRN�GDKD�KRPRMHQ�NDSODPDODU�ROXúXU�

3ROLPHU� NDUÕúÕPODUGD� PLNURGHVHQOL� KHWHURMHQ� \�]H\� ROXúXPXQGD� KDQJL�

SROLPHULQ� \�]H\GH� OHQV� ROXúWXUDFD÷Õ� WÕSNÕ� VÕYÕODUGDNL� OHQV� ROXúXPXQGD� ROGX÷X� JLEL�

\�]H\�JHULOLP�NXYYHWOHULQH�ED÷OÕ�RODUDN�EHOLUOHQLU��%LUELUL\OH�NDUÕúPD\Dn VÕYÕODU� LoLQ�

�gUQH÷LQ��\D÷-VX��ÕVODWÕODELOLUOLN�úDUWODUÕ�\D\ÕOPD�NDWVD\ÕVÕ��6��LOH�EHOLUOHQLU��gUQH÷LQ��

VÕYÕVÕ (su) üzerinde PHUFHN�ROXúWXUDQ�1VÕYÕVÕQD��\D÷��DLW�\�]H\�JHULOLP�NXYYHWOHUL ( )

ùHNLO�2.2 de görülmektedir [Harkins, 1952], [Erbil, 2006]. Burada 1 ve 2 VÕUDVÕ\OD�

��YH���VÕYÕODUÕQ�\�]H\�JHULOLPL�YH 12 ara yüzey gerilimini ifade etmektedir. 

ùHNLO�2.2: SX��]HULQGH�OHQV�ROXúWXUDQ�\D÷�GDPODVÕQÕQ�úHNOL.
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ùHNLO� 2.2’de yer alan sÕYÕ� PHUFH÷L� ROXúWXUDQ� \�]H\� JHULOLP� NXYYHWOHULQLQ� ELOHúHQL�

DOÕQÕUVD��

212112 coscos (2.1)

(úLWOLN� ���� HOGH� HGLOLU��+DUNLQV� WDUDIÕQGDQ� ELUELUL\OH� NDUÕúPD\DQ� VÕYÕODU� LoLQ�PHUFHN�

ROXúXPXQD�GDLU�\D\ÕOPD�NDWVD\ÕVÕ�EúLWOLN�2.2 LOH�WDQÕPODQPÕúWÕU [Harkins, 1952].

121221S (2.2)

(úLWOLN�2.2’nin ELUELUL\OH�NDUÕúPD\DQ�su-\D÷�VÕYÕODUÕ�LoLQ�PHUFHN�ROXúXPXQD�GDLU�

\D\ÕOPD�NDWVD\ÕVÕQÕQ�JHQHO�LIDGHVL�

owowwoS (2.3)

(úLWOLN����¶GH�\HU�DODQ� \D\ÕOPD�NDWVD\ÕVÕ�Genklemine göre 0S , NRúXOXQGD�\D÷�VX�

�]HULQGH� \D\ÕOÕU� YH�G�ú�N�\�]H\� JHULOLPOL� VÕYÕ� �\D÷�� \�NVHN� \�]H\� JHULOLPOL� VÕYÕQÕQ�

�VX���]HULQH�\D\ÕOÕU� 0S , NRúXOXQda LVH�\D÷ VX��]HULQGH�PHUFHN�ROXúWXUXU��

6ÕYÕODUGD�ROGX÷X�JLEL \�]H\�JHULOLPL�IDUNOÕOÕNODUÕ�RODQ�SROLPHU�NDUÕúÕPODU�LoLQGH�

\D\ÕOPD� NDWVD\ÕVÕ� NXOODQÕODUDN� SROLPHU� NDUÕúÕPODUGD� \�]H\GH� ROXúDQ� PLNURGHVHQLQ�

KDQJL� SROLPHUGHQ� ND\QDNODQGÕ÷Õ� |QJ|U�OHELOLU� %X� GXUXPGD� (úLWOLN� 2.2 polimer 

oLIWOHULQH�J|UH�(úLWOLN�2.4’de yer aldÕ÷Õ�úHNLOGH�PRGLIL\H�HGLOHELOLU�

211221 PPPPPPS (2.4)

Polimer-1 (P1)��G�ú�N�\�]H\�JHULOLPOL�YH�SROLPHU-2 (P2) yüksek yüzey gerilimli 

LNL� SROLPHULQ� NDUÕúWÕUÕOPDVÕ� LOH� HOGH� HGLOHQ� ILOPGH�� � 0S durumunda polimer-1,

polimer-�� �]HULQGH� \D\ÕOÕUNHQ�� 0S dXUXPXQGD� OHQV� ROXúXU� >Paul and Newman, 

1978]. gUQH÷LQ� /L� YH� DUNDGDúODUÕ [Li et al., 2006]�� 300$� WDEDNDVÕ� �]HULQH� 36�

çözeltisi ile spin-NDSODPD�\DSPÕúODUGÕU�YH�300$¶dan daha G�ú�N�\�]H\�JHULOLPLQH�
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sahip PS’QLQ� 300$� WDEDNDVÕ� �]HULQGH� oÕNÕQWÕODU� ROXúWXUGX÷XQX� $)0� J|U�QW�V��

DODUDN� J|]OHPOHPLúOHUGLU �ùHNLO�2.3)��$\UÕFD��300$� LoLQ� 2 = 41.2 mJ/m2 ve PS 

için 1 = 40.2 mJ/m2 yüzey gerilimi ve PMMA/PS ara yüzey gerilimi 12 = 3.3 

mJ/m2 VD\ÕVDO� GH÷HUOHULQL� NXOODQDUDN� KHVDSODGÕNODUÕ� \D\ÕOPD� NDWVD\ÕVÕ� GH÷HULQL�

S = - 2.3 mJ/m2 RODUDN� EXOPXúODU� YH� 0S ROGX÷X� LoLQ� \�]H\GH� OHQV� ROXúPDVÕ�

JHUHNWL÷L�VRQXFXQX�teorik ve deneyseO�RODUDN�J|VWHUPLúOHUGLU�[Li et al., 2006].

ùHNLO�2.3: PMMA/PS polimer NDUÕúÕP�\�]H\LQLQ�$)0�J|U�QW�V�.

hoO�� SROLPHU� NDUÕúÕPODU� LoLQ� +REEV� YH� DUNDGDúODUÕ� (úLWOLN� ���¶ü LNL� IDUNOÕ�

SROLPHULQ��o�QF��SROLPHU�LoLQGH�GLVSHUVH�ROGX÷X�NRúXO�LoLQ�(úLWOLN����¶GH�\HU�DOGÕ÷Õ�

úHNLOGH�PRGLIL\H�HWPLúOHUGLU [Hobbs et al., 1988].

13321213 PPPPPS (2.5)

Burada
12P ,

32P ve 
13P her bir polimer çifti için ara yüzey gerilimleri ve 

13 PPS çekirdekte yer alan Polimer-���]HULQL�oHYUHOHPLú�NDEXN�úHNOLQGHNL�3ROLPHU-3

LoLQ� \D\ÕOPD� NDWVD\ÕVÕQÕ temsil eder. (úLWOLN� ����� PDWULNVWH� EXOXQDQ� SROLPHU� LOH� HQ�

yüksek ara yüzey JHULOLPLQL� YHUHQ� SROLPHULQ� GL÷HU� GLVSHUVH� ROPXú� SROLPHU� LoLQGH�

bulunma durumunu ifade eder. hoO�� SROLPHU� NDUÕúÕPODU� LoLQ� RODVÕ� IDUNOÕ� \�]H\�

PRUIRORMLOHUL� LoLQ� WHPVLOL� \�]H\OHU� ùHNLO� ���� GH� \HU� DOPDNWDGÕU�� 0
13 PPS NRúXOXQGD��

Polimer-2, Polimer-1 ve Polimer-���Q��]HULQGH�EXOXQGX÷X�PDWULNVL�WHPVLO�HGHU �ùHNLO�

2.4 a)). 0
21 PPS , NRúXOXQGD� D\UÕFD matriks üzerinde iki polimerin NÕVPHQ�

oHYUHOHQPHVL��ùHNLO�����E���ROXúDELOLU�
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ùHNLO������hoO��SROLPHU�NDUÕúÕPODU�LoLQ�RODVÕ�IDUNOÕ�yüzey morfolojileri için temsili 
yüzeyler D��PDWULNV��]HULQGH�D\UÕ�D\UÕ�GLVSHUVH�ROPXú�LNL�SROLPHUi, b) matriks 

üzerinde iki polimerin NÕVPHQ�oHYUHOHQPHVL��c) Polimer-1’in Polimer-3 ile tamamen 
çevrelenmesi, d) Polimer-3’ün Polimer-1 ile tamamen çevrelenmesi. (siyah: Polimer-

1, beyaz: Polimer-2 ve gri: Polimer-3).

gUQH÷LQ�5DYDWL�YH�)DYLV��+'3(�36�300$��oO��SROLPHU�NDUÕúÕPODUÕQGD�yüzey 

PRUIRORMLVLQLQ� GH÷LúLPLQL� \D\ÕOPD� NDWVD\ÕVÕQD� ED÷OÕ� RODUDN� LQFHOHPLúOHUGLU [Ravati 

and Favis, 2010]. PMMA ve HDPE’nin ara yüzey gerilimi (
PMMAHDPE

= 8.6 mN/m) 

oldukça yüksek, PS ve PMMA (
PMMAPS

= 2.4 mN/m) ile HDPE ve PS’in 

( PSHDPE  �����P1�P��G�ú�NW�U��(úLWOLN���5’i [ 13321213 PPPPPS
] kullanarak 

+'3(�36�300$��oO��SROLPHU�NDUÕúÕPODU�LoLQ�\D\ÕOPD�NDWVD\ÕODUÕQÕ� PMMAPSS =2.6, 

HDPEPMMAS = -5.9 ve 
PSHDPES = -11.3 mN/m. 36�300$� LoLQ� \D\ÕOPD� NDWVD\ÕVÕ�

SR]LWLINHQ�300$�+'3(�YH�+'3(�36�LoLQ�\D\ÕOPD�NDWVD\ÕVÕ�QHJDWLI�GH÷HUH�VDKLSWLU�

YH� \D\ÕOPD� NDWVD\ÕODUÕQD� GDLU� EX� bilgiler HDPE/PS/PMMA üçlü polimHU� NDUÕúÕP�

\�]H\LQLQ� ùHNLO� ���� F�� WHPVLOL� \�]H\LQH� X\JXQ� ROGX÷X� |QJ|U�V�Q�� JHOLútirir. ùHNLO�

2.5’ GH�\HU�DODQ�GHQH\VHO�oDOÕúPDQÕQ�sonucunda da 40/20/40 HDPE/PS/PMMA üçlü 

SROLPHU� NDUÕúÕPODUÕ� LoLQ� +'3(� PDWULNVL� üzerinde PS polimeri ile tam olarak 

oHYUHOHQPLú�300$�SROLPHULQLQ�ROGX÷X�J|U�OP�úW�U��
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ùHNLO���������������+'3(�36�300$��oO� SROLPHU�NDUÕúÕP�LoLQ�$)0�J|U�QW�V��

Mikrodesenli Yüzey Sentezi

3ROLPHU� NDUÕúÕP� KHWHURMHQ� LQFH� ILOPOHU� �YH\D� GDKD� NDOÕQ� NDSODPDODU���

SROLPHUOHULQ� X\JXQ� ELU� o|]�F�� LoLQGH� o|]�O�S�� ELU� NDWÕ� �]HULQGH� o|]�F�Q�Q�

EXKDUODúWÕUÕOPDVÕ\OD� HOGH� HGLOLUOHU�� %X� ILOPOHULQ� \�]H\�PRUIRORMLVL� �]HULQGH� VROYHQW�

EXKDUODúPD�KÕ]ÕQÕQ��ID]�D\UÕPÕ�YH�YH\D�MHOOHúPHQLQ�YDUOÕ÷ÕQÕQ��VROYHQW�GLI�]\RQXQXQ��

polimerin yüzey geriliminin, SROLPHUOHU� DUDVÕ ara yüzey JHULOLPLQLQ� YH� EXKDUODúPD�

NRúXOODUÕQÕQ |QHPOL�HWNLVL�YDUGÕU�[Li et al., 2009]. Endüstriyel uçucu bir solvent, bir 

SROLPHU�NDUÕúÕP�ILOPLQL�ROXúWXUPDNWD�NXOODQÕOGÕ÷ÕQGD��JHQHOOLNOH�VROYHQW�EXKDUODúPDVÕ�

oRN� KÕ]OÕ� ROGX÷X� LoLQ� YH� EX� GXUXPGD� SROLPHU� ]LQFLUOHUL� ILOP� LoLQGH� oR÷XQOXNOD�

hareketsiz olaraN� NDOGÕ÷Õ� LoLQ� ROXúDQ� \�]H\� WHUPRGLQDPLN� RODUDN� GHQJHGH� GH÷LOGLU�

[Khayet et al., 2007] YH� ILOP� ROXúXPXQGD� GHQJH-GÕúÕ� �QRQ-HTXLOLEULXP�� úDUWODU�

JHoHUOLGLU�� 3ROLPHUOHULQ� \�]H\� GD÷ÕOÕPÕQGD� \�]H\� JHULOLP� NXYYHWOHUL� YH� SROLPHU-

VROYHQW�HWNLOHúLPOHUL�|QHPOL�URO�Rynar [Walheim et al., 1997].

3ROLPHU� NDUÕúÕPODUGD� \�]H\� \DSÕODQPD� PHNDQL]PDVÕ� LoLQ� LNL� IDUNOÕ� DoÕNODPD�

JHWLULOPLúWLU�� %LULQFL� JUXSWDNL� DUDúWÕUÕFÕODU�� ILOP� \�]H\LQGH� ]LQFLULQ� NRQIRUPDV\RQHO�

HQWURSLVLQLQ�N�WOH�KDOLQGHQ�oRN�GDKD�N�o�N�ROGX÷XQX�YH�EX�\�]GHQ� film yüzeyinde 

YDU� RODQ� SROLPHULN� ]LQFLUOHULQ� ILOP� \�]H\LQH� GLN� GR÷UXOWXGD� LVWLflHQGL÷LQL� LGdia

HWPLúOHUGLU�[Helfand and Wasserman, 1976], [Wattenberger et al., 1990], [Kumar and 

Russell, 1991]�� %X� DoÕGDQ� \�]H\� NRPSR]LV\RQXQXQ� EHOLUOHQPHVLQGH�� ]LQFLULQ�
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molHN�O�D÷ÕUOÕ÷Õ�HWNLQGLU�o�QN��HQ�G�ú�N�PROHN�O�D÷ÕUOÕ÷ÕQGD��HQ�G�ú�N�HQWURSL�HWNLVL�

YDUGÕU�YH�R�\�]H\�HQ�G�ú�N�PROHN�O�D÷ÕUOÕNOÕ�PDNURPROHN�O�LOH�]HQJLQOHúLU��+DOEXNL��

LNLQFL� JUXSWDNL� DUDúWÕUÕFÕODU�� NRQIRUPDV\RQHO� HQWURSL� HWNLVLQLQ� SHN� D]� ROGX÷XQX� YH�

yüzeye JHoHQ� SROLPHUOHU� LoLQ� LWLFL� NXYYHWLQ� NXOODQÕODQ� SROLPHUOHULQ� \�]H\� HQHUML�

IDUOÕOÕNODUÕQGDQ�ND\QDNODQGÕ÷ÕQÕ�YH�G�ú�N�\�]H\�HQHUMLOL�SROLPHULQ�SROLPHU�KDYD�DUD�

\�]H\�JHULOLPLQL�PLQLPXP�HWPHN�LoLQ�\�]H\GH�]HQJLQOHúWL÷LQL�EHOLUWPLúOHUGLU�[Bhatia 

et al., 1988], [Jones et al., 1989], [Jackson and Short, 1992]�� .ÕVDFDVÕ�� LVWHQLOHQ�

DPDFD� X\JXQ� \�]H\OHULQ� KD]ÕUODQPDVÕ� LoLQ� SROLPHU� NDUÕúÕPODUÕQ� NXOODQÕPÕ� XFX]� YH�

NROD\� X\JXODQÕODELOLU� ELU� \|QWHPGLU�� /LWHUDW�UGH� PLNUR� GHVHQOL� \�]H\OHULQ� RUWDN�

o|]�F�� LoLQGH� o|]�OP�ú� SROLPHU� NDUÕúÕPODUGDQ� KD]ÕUODQPDVÕQD yönelik birçok 

oDOÕúPD�YDUGÕU�YH�EX�oDOÕúPDODU���DQD�VÕQÕIWD�LQFHOHQHELOLU�

i) .DSODPD�NRQVDQWUDV\RQXQXQ�\�]H\�PRUIRORMLVLQH�HWNLVLQH�GDLU�oDOÕúmalar:

Kaplama konsantrasyonuQGDNL�GH÷LúLP o|]HOWLQLQ�YLVNRVLWHVLQLQ�GH÷LúLPLQH�QHGHQ�

ROGX÷XQGDQ��NDSODPD�NRQVDQWUDV\RQX�LOH�ILOP�NDOÕQOÕ÷Õ�GR÷UX�RUDQWÕOÕ�RODUDN�GH÷LúLU��

)LOP� NDOÕQOÕ÷ÕQGDNL� GH÷LúLP� ILOPLQ� EXON� YH� \�]H\� |]HOOLNOHULQLQ� GH÷LúLPLQH� QHGHQ�

olur. $\UÕFD� NDSODPD� o|]HOWLVLQLQ� NRQVDQWUDV\RQXQGDNL� GH÷LúLP� SROLPHU� NDUÕúÕPÕ�

ROXúWXUDQ� SROLPHUOHULQ� o|]�F�� LoLQGHNL� o|]�Q�UO�NOHULQLQ� GH÷LúLPLQH� QHGHQ�

ROGX÷XQGDQ� \�]H\� PRUIRORMLVLQLQ� YH� SROLPHU� oLIWOHULQGHQ� \�]H\GH� ]HQJLQOHúHQ�

SROLPHU�oHúLGLQLQ�GH÷LúLPLQH�QHGHQ�ROXU��

2YHUQH\�YH�DUNDGDúODUÕ��VSLQ�NDSODPD�LOH�ROXúWXUGXNODUÕ�SROL�HWLOHQ-co-propilen) 

�3(3�� LQFH� ILOP� NDSODPD\Õ� WDYODGÕNWDQ� VRQUD� �]HULQH� VSLQ� NDSODPD\OD� 36�

PRQRWDEDNDODUÕ�DWDUDN�YH�WDYODPD�LúOHPL�\DSDUDN�3(3�36�\Õ÷ÕQODUÕQGD��VWDFN��PLNUR�

GHVHQOL� \�]H\OHU� HOGH� HWPLúOHUGLU [Overney et al., 1996]�� 3(3�36� \Õ÷ÕQODUÕQÕQ�

PRUIRORMLN�|]HOOLNOHUL�DWRPLN�NXYYHW�PLNURVNREX�LOH�LQFHOHQPLúWLU��ùHNLO���6 a)’da 4 

QP� NDOÕQOÕ÷ÕQGDNL� 3(3� LQFH� ILOPLQLQ� ��� GN� ���� o&� GH� WDYODQPDVÕ� VRQUDVÕQGD� VSLQ�

NDSODPD� LOH� �� QP� NDOÕQOÕ÷ÕQGD� 36� NDSODQPDVÕ� VRQXFXQGD� HOGH� HGLOHQ�Pikrodesenli 

\�]H\�J|U�OPHNWHGLU��ùHNLO���6 E��GH�LVH�����QP�NDOÕQOÕ÷ÕQGDNL�3(3�LQFH�ILOPLQLQ����

dk 125 o&� GH� WDYODQPDVÕ� VRQUDVÕQGD� VSLQ� NDSODPD� LOH� �� QP� NDOÕQOÕ÷ÕQGD� 36�

NDSODQPDVÕ�VRQXFXQGD�HOGH�HGLOHQ�PLNURGHVHQOL�\�]H\�J|U�OPHNWHGLU��+HP�ùHNLO�2.6

a) da hem de E��GH�oXNXUODU�3(3�YH�WHSHOHU�36�GHQ�ROXúPDNWDGÕU�DQFDN�ùHNLO�2.6 b) 

GH�ILOP�NDOÕQOÕ÷ÕQD�ED÷OÕ�RODUDN�\�]H\�PRUIRORMLVLQGHNL�GH÷LúLNOLN�J|]OHQPLúWLU��3(3�

ILOP�NDOÕQOÕ÷ÕQÕQ�DUWPDVÕ�WHSH�YH�oXNXUODUÕQ�ER\XWODUÕQGD�DUWÕúD�QHGHQ�ROPXúWXU�
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a) b)

ùHNLO�2.6��3(3�36�\Õ÷ÕQODUÕQÕQ�DWRPLN�PLNURVNRS�J|U�QW�V��a) 4 nm PEP filmi 
üzerine spin kaplama ile 4 nP�36�NDSOÕ�PLNURGHVHQOL�\�]H\��b) 400 nm PEP filmi 

üzerine spin kaplama ile ��QP�36�NDSOÕ�PLNURGHVHQOL�\�]H\LQ�6(0�J|U�QW�V�.

:DQJ�YH�DUNDGDúODUÕ��SHWUL�NDEÕ�LoHULVLQGHNL�N|W��o|]�F���HWLOHQ�JOLNRO��\�]H\L�

�]HULQH� IDUNOÕ� NRQVDQWUDV\RQODUGDNL� 7+)� LoHULVLQGH� o|]�QP�ú� 36� o|]HOWLVLQLQ�

\D\ÕOPDVÕ� YH� VRQUDVÕQGD� VROYHQWLQ� EXKDUODúWÕUÕOPDVÕ� LOH� ID]� GD÷ÕOÕPÕ� SURVHVL� LOH�

PLNURGHVHQOL� 36� \�]H\OHUL� HOGH� HWPLúOHUGLU� �ùHNLO� ��7) [2005 Wang et al.]. PS 

o|]HOWLVLQLQ� NRQVDQWUDV\RQXQGDNL� DUWÕúD� ED÷OÕ� RODUDN� PLNURGHVHQ� oDSÕ� YH�

PLNURGHVHQOHU�DUDVÕQGDNL�PHVDIH�D]DOPÕúWÕU��

a) b)

ùHNLO���7: a) 10 w % PS/THF ve E����Z���36�7+)�o|]HOWL�NRQVDQWUDV\RQODUÕQGD�
25o&�VÕFDNOÕNWD�HOGH�HGLOHQ�PLNURGHVHQOL�36�yüzeylerinin SEM görüntüsü.

&XL�YH�DUNDGDúODUÕ��VLOLNRQ�ZDIHU��]HULQH�etil benzen içerisinde % (w) 0,2 ile 4 

NRQVDQWUDV\RQODUGD� KD]ÕUODGÕNODUÕ� ������ �Z�Z�� 36�300$� SROLPHU� NDUÕúÕP�

çözeltilerini spin kaplama ile ince ILOP� NDSODPDODU� ROXúWXUPXúODU� YH� kaplama 
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NRQVDQWUDV\RQXQGDNL� GH÷LúLPLQ� \�]H\� PRUIRORMLVLQH� HWNLVLQL� LQFHOHPLúOHUGLU �ùHNLO�

2.8) [Cui et al., 2006]. Etil benzen PS için PMMA dan daha iyi bir çözücüdür ve iki 

SROLPHU�LoLQ�o|]�F�Q�Q�o|]�Q�UO�÷�Q�Q�IDUNOÕ�ROPDVÕQD�ED÷OÕ�RODUDN�HWLO�EHQ]HQLQ�36�

LoLQ� GDKD� L\L� ELU� o|]�F�� ROPDVÕQGDQ� GROD\Õ� SROLPHU� NDUÕúÕP� \�]H\LQGH� ROXúDQ�

oÕNÕQWÕODUÕQ�36�ROGX÷X�$)0�J|U�QW�V��YH�;36�DQDOL]OHUL� LOH�EHOLUOHQPLúWLU� Polimer 

NDUÕúÕP� o|]HOWLVLQLQ� NRQVDQWUDV\RQXQXQ� D]DOPDVÕ� ILOP� NDOÕQOÕ÷Õ� YH� SROLPHUOHULQ�

VROYHQW�LoLQGHNL�o|]�Q�UO�NOHULQH�ED÷OÕ�RODUDN�D÷ÕPVÕ�PLNURGHVHQOHU�DGDFÕN�úHNOLQGH�

PRUIRORML\H�G|Q�úW�÷��EHOLUOHQPLúWLU�

ùHNLO���8: a) % (w) 4, b) % (w) 2, c) % (w) 1, d) % (w) 0,5 ve e) % (w) 2 
NRQVDQWUDV\RQODUGD�KD]ÕUODQDQ�36�300$�SROLPHU�NDUÕúÕP�\�]H\OHUL�LoLQ�$)0�

görüntüleri.

gUQH÷LQ�/L�YH�DUNDGDúODUÕ��VROYHQW�EXKDUODúWÕUPDVÕ�\|QWHPL\OH�300$�WDEDNDVÕ�

�]HULQH� 36� o|]HOWLVLQLQ� EXKDUODúWÕUÕOPDVÕ� LOH� ���� ��� �� PJ�P/� NRQVDQWUDV\RQODUGD�

36�300$� SROLPHU� NDUÕúÕPODUÕQÕ� VHQWH]OHPLúOHUGLU� �ùHNLO� 2.9) [Li et al., 2006].

Konsantrasyondaki bu GH÷LúLP� LOH� GR÷UX� RUDQWÕOÕ� RODUDN� ILOP� NDOÕQOÕ÷Õ� ����� ���� YH�

���� QP� RODUDN� GR÷UX� RUDQWÕOÕ� GH÷LúPLúWLU�� ùHNLO� 2.9’daQ� J|U�OG�÷�� JLEL kaplama 

NRQVDQWUDV\RQXQGDNL� GH÷LúLPH� ED÷OÕ� RODUDN� \�]H\GHNL� PLNURGHVHQOHULQ� oDSODUÕ� YH�

úHNLOOHUL� GH÷LúPLúWLU��Konsantrasyon DUWWÕNoD� JUDQ�OHU�PRUIRORMLGH� oÕNÕQWÕOÕ� \�]H\OHU�

a) b) c)

d) e)
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HOGH� HGLOLUNHQ� �ùHNLO� 2.9.a ve 2.9.E��� NRQVDQWUDV\RQXQ� D]DOPDVÕ� oXNXU� úHNOLQGH�

SLWOHULQ�ROXúXPXQD�QHGHQ�ROPXúWXU��ùHNLO�2.9.c).

a) b) c) 

ùHNLO�2.9��300$�WDEDNDVÕ��]HULQH�a) 10 mg/mL, b) 5 mg/mL ve c) 1 mg/mL IDUNOÕ�
NRQVDQWUDV\RQODUGDNL�36�o|]HOWLVLQLQ�EXKDUODúWÕUÕOPDVÕ�VRQXFXQGD�HOGH�HGLOHQ�

36�300$�SROLPHU�NDUÕúÕP�yüzeylerin AFM topogrofik görüntüsü.

/LX�YH�DUNDGDúODUÕ, 36�YH�300$�SROLPHUOHULQL�7+)�LoHULVLQGH�RGD�VÕFDNOÕ÷ÕQGD�

����������YH����PJ�P/�NRQVDQWUDV\RQODUÕQGD�o|]HUHN����������������������������YH�

������ 36�300$� ELOHúLPOHULQGH� SROLPHU� NDUÕúÕPODUGDQ� VSLQ� NDSODPD� LOH� NDSODPD�

KÕ]ÕQÕ�GH÷LúWLUHUHN�LQFH�ILOP�NDSODPDODUÕ ITO (indiyum kalay oksit) ve cam substrat 

�]HULQH� KD]ÕUODPÕúODUGÕU[Liu et al., 2008]. ùHNLO� 2.10’da fDUNOÕ� NRQVDQWUDV\RQODUGD�

KD]ÕUODQPÕú� ������ 36�300$� SROLPHU� NDUÕúÕP� \�]H\OHULQLQ� $)0� J|U�QW�V�� \HU�

DOPDNWDGÕU�� ùHNLOGHQ� GH� J|U�OG�÷�� JLEL� NRQVantrasyonun aUWPDVÕ� LOH� VLOLQGLULN�

PLNURGHVHQOHULQ�oDSODUÕ�DUWPÕúWÕU��

a) b) c)

ùHNLO�2.10: a) 20 mg/mL, b) 40 mg/mL ve c) 60 mg/mL konsantrasyonlardaki 90:10 
PS/PMMA ELOHúLPLQGHNL�SROLPHU�NDUÕúÕP�\�]H\OHULQLQ�$)0�J|U�QW�V�.
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ii) .DSODPD�VÕFDNOÕ÷ÕQÕQ�\�]H\�PRUIRORMLVLQH�HWNLVLQH�GDLU�oDOÕúPDODU�

.DSODPD� VÕFDNOÕ÷ÕQGDNL� GH÷LúLP� NDSODPD� o|]HOWLVLQLQ� YLVNR]LWHVLQL�� SROLPHUOHULQ�

o|]�F��LoHULVLQGHNL�o|]�Q�UO�NOHULQL�YH�NDSODPD�VÕUDVÕQGD�VROYHQWLQ�EXKDUODúPD�KÕ]Õ�

JLEL� SDUDPHWUHOHULQ� GH÷LúLPLQH� QHGHQ� ROPDVÕ� QHGHQL\OH� NDSODPDODUÕQ� \�]H\�

PRUIRORMLOHULQLQ� GH÷LúLPLQH� QHGHQ� ROXU� $\UÕFD� PDNURPROHN�OOHU� DUDVÕQGDNL� YLVNR]�

YH� PROHN�OOHU� DUDVÕ� HWNLOHúLPOHU�� ID]� GD÷ÕOÕPÕ� VÕUDVÕQGD� ]LQFLU� NDUDUOÕOÕ÷ÕQD� HQJHO�

ROPD]VD�� \�]H\� ID]� GD÷ÕOÕPÕQGD� \�]H\� JHULOLP� NXYYHWOHUL�� HQWURSLN� VÕQÕUODPDODUGDQ�

oRN�GDKD�|QHPOL�URO�R\QDU��%X�DoÕGDQ�VROYHQW�VHoLPL�YH�X\JXODPD�VÕFDNOÕ÷ÕQÕQ�HWNLVL��

\�]H\� YH� DUD� \�]H\� JHULOLPOHULQGH� GL÷HU� W�P� HWNLOHUL� PLQLPL]H� HWPHN� LoLQ� oRN�

önemlidir.

.XPDFKHYD� YH� DUNDGDúODUÕ�� 36�300$� SROLPHU� NDUÕúÕPODUGD� VROYHQW�

EXKDUODúPD� KÕ]ÕQÕQ� \�]H\� PRUIRORMLVLQH� HWNLVLQL� konfocal mikroskop kullanarak 

LQFHOHPLúOHUGLU� �ùHNLO� ��11) [Kumacheva et al., 1997]�� ùHNLO� ��11’de beyaz olarak 

J|U�OHQ�PLNURGHVHQOHU�300$�36�SROLPHU�NDUÕúÕP�\�]H\LQGH�300$¶FD�]HQJLQ�ID]Õ�

WHPVLO� HWPHNWHGLU�� 6ROYHQW� EXKDUODúPD� KÕ]ÕQGDNL� DUWÕú� 36�300$� SROLPHU� NDUÕúÕP�

yüzey morfolojisinde (PLNURGHVHQ�oDSÕ YH�GD÷ÕOÕPÕ� oldukça etkin bir parametre iken 

bulk |]HOOLNOHULQGH�|QHPOL�ELU�GH÷LúLPH�QHGHQ�ROPDPDNWDGÕU.

ùHNLO���11: a) 0.52, b) 0.16, c) 0.022 ve G��������J�VD�WROXHQ�EXKDUODúPD�KÕ]Õ�LoLQ�
36�300$�SROLPHU�NDUÕúÕP�\�]H\OHULQLQ�NRQIRNDO�PLNURVNRS�J|U�QW�V��
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:DQJ�YH�DUNDGDúODUÕ��SHWUL�NDEÕ�LoHULVLQGHNi kötü çözücü (etilen glikol) yüzeyi 

�]HULQH� IDUNOÕ� NRQVDQWUDV\RQODUGDNL� 7+)� LoHULVLQGH� o|]�QP�ú� 36� o|]HOWLVLQLQ�

\D\ÕOPDVÕ� YH� VRQUDVÕQGD� VROYHQWLQ� EXKDUODúWÕUÕOPDVÕ� LOH� IDUNOÕ� VÕFDNOÕNODUGD� faz 

GD÷ÕOÕPÕ�SURVHVL�LOH�PLNURGHVHQOL�36�\�]H\OHUL�HOGH�HWPLúOHUGLU��ùHNLO���12) [Wang et 

al., 2005]�� 36� o|]HOWLVLQLQ� NRQVDQWUDV\RQ� YH� VÕFDNOÕ÷ÕQGDNL� DUWÕúD� ED÷OÕ� RODUDN�

PLNURGHVHQ�oDSÕ�YH�PLNURGHVHQOHU�DUDVÕQGDNL�PHVDIH�DUWPÕúWÕU��

a) b)

ùHNLO���12: a) 25oC da % 15 PS/THF ve b) 8oC da % 8 PS/THF çözeltisinin 
EXKDUODúWÕUÕOPDVÕ�VRQXFX�HOGH�HGLOHQ�36�\�]H\LQH�DLW�6(0�J|U�QW�V��

iii) Polimer özelliklerinin yüzey morfolojisine HWNLVLQH�GDLU�oDOÕúPDODU�

3ROLPHU� NDUÕúÕPODUGDQ� ID]� GD÷ÕOÕPÕ� \|QWHPL\OH� VHQWH]OHQHQ� ILOPOHULQ� \�]H\�

morfolojLOHUL� YH� \�]H\GH� ]HQJLQOHúHQ� SROLPHU��PROHN�O� D÷ÕUOÕ÷Õ� YH� SROLPHULQ� \�]H\�

HQHUMLVL� JLEL� |]HOOLNOHULQH� ED÷OÕ� RODUDN� GH÷LúLNOLN� J|VWHULU�� 3ROLPHULQ� ]LQFLU� VRQX� YH�

DQD� ]LQFLU� JUXSODUÕ� DUDVÕQGDNL� \�]H\� HQHUML� IDUNOÕOÕNODUÕ� G�ú�N� PROHN�O� D÷ÕUOÕNOÕ�

SROLPHUOHULQ�NXOODQÕPÕ�GXUXPXQGD�LKPDO�HGLOHELOLU��3ROLPHULQ�]LQFLU�VRQX�JUXSODUÕQÕQ�

\�]H\� HQHUMLVL� DQD� ]LQFLUGHNL� JUXSODUÕQ� \�]H\� HQHUMLVLQGHQ� N�o�N� LVH� ]LQFLU� VRQX�

JUXSODUÕ� \�]H\GH� \HUOHúPH\L� WHUFLK� HGHU�� gUQH÷LQ� 300$¶ÕQ� \�]H\� HQHUMLVL� �����

mj/m2 ve PS nin yüzey enerjisi 40.2 mj/m2 dir. PS ve PMMA polimerlerin yüzey 

HQHUMLOHUL� J|]� |Q�QH� DOÕQGÕ÷ÕQGD� 36�300$� SROLPHU� NDUÕúÕPODUÕ� KD]ÕUODQGÕ÷ÕQGD�

G�ú�N� \�]H\� HQHUMLVLQH� VDKLS� 36� SROLPHULQLQ� \�]H\GH� ]HQJLQOHúPHVL� EHNOHQLUNHQ�

300$� SROLPHULQLQ� PROHN�OHU� D÷ÕUOÕ÷Õ� G�ú�N� ROGX÷X� GXUXPODUGD� 300$� \�]H\GH�

zenginOHúPH\L� WHUFLK� HGHU� >$IIURVVPDQ� et al., 1996], [Tanaka et al., 1998],

[Kawaguchi et al., 2007].
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;LH�YH�<DQJ����IDUNOÕ�PROHN�O�D÷ÕUOÕNOÕ�HSRNVL�UHVLQOHU��(����(����(����(����LOH�

SROLV�OIRQ��36)���SROLPHU�NDUÕúÕPODUÕQGDQ�ID]�GD÷ÕOÕPÕ�\|QWHPL�LOH�VSLQ�NDSODPD ile 

LQFH� ILOPOHU� ROXúWXUPXúODU� YH� SROLPHU� PROHN�O� D÷ÕUOÕ÷ÕQGDNL� GH÷LúLPLQ� \�]H\�

PRUIRORMLVLQH� HWNLOHULQL� LQFHOHPLúOHUGLU[Xie ve Yang, 2001]. E56, E51, E39, E31

epoksi resinlerine ait PROHN�OHU� D÷ÕUOÕNODU� VÕUDVÕ\OD� ����� ����� ����� ���� NJ�PRO� G�U��

ùHNLO����3’GH�������HSRNVL�36)�SROLPHU�NDUÕúÕP�ELOHúLPLQGH�IDUNOÕ�PROHN�O�D÷ÕUOÕNOÕ�

HSRNVL� UHoLQHOHUOH� KD]ÕUODQPÕú� SROLPHU� NDUÕúÕP� \�]H\OHULQLQ� 6(0� J|U�QW�V��

görülmektedir. Yüksek PROHN�O�D÷ÕUOÕ÷ÕQD�VDKLS�E39 ve E3��HSRNVLOHUOH�ROXúWXUXODQ�

SROLPHU� NDUÕúÕPODUGDQ� VHQWH]OHQHQ� \�]H\OHUGH� PLNURGHVHQ� oDSODUÕ� \DNODúÕN� �� m

iken, G�ú�N�PROHN�O� D÷ÕUOÕ÷ÕQD� VDKLS� �(���YH�(���� HSRNVLOHUOH� ROXúWXUXODQ� SROLPHU�

NDUÕúÕPODUGDQ� VHQWH]OHQHQ� \�]H\OHUGH� PLNURGHVHQ� oDSODUÕ� \DNODúÕN� �� m olarak 

EXOXQPXúWXU�� 6RQXo� RODUDN� ID]� GD÷ÕOÕPÕ� SURVHVLQLQ� GDKD� G�ú�N� PROHN�O� D÷ÕUOÕNOÕ�

HSRNVL� LOH� ROXúWXUXODQ� SROLPHU� NDUÕúÕPODUGD� \�NVHN PROHN�O� D÷ÕUOÕNOÕ� HSRNVLOHUOH�

ROXúWXUXODQODUD� J|UH� GDKD� KÕ]OÕ� JHUoHNOHúPHVLQGHQ� \DQL� G�ú�N� PROHN�O� D÷ÕUOÕNOÕ�

HSRNVL� LoHUHQ� SROLPHU� NDUÕúÕPODUGD� GDKD� G�ú�N� YLVNR]LWHOL� ROPDVÕQGDQ� GROD\Õ��

HSRNVL�36)�SROLPHU�NDUÕúÕPODUGD� HSRNVL�PROHN�O� D÷ÕUOÕ÷ÕQÕQ� DUWPDVÕ� LOH�PLNURGHVHQ�

oDSÕ�D]DOPÕúWÕU��

a) b) c) d)

ùHNLO� ���3: a) E56/PSF (Mw,E56 = 357), b) E51/PSF (Mw,E51 = 392), c) E39/PSF 
(Mw,E39 = 513) ve d) E31/PSF (Mw,E31  ������SROLPHU�NDUÕúÕPODUÕQ SEM görüntüleri.

/L� YH� DUNDGDúODUÕ�� 36� YH� SROL��-vinilpiridin) (P4VP) polimerlerinden faz 

GD÷ÕOÕPÕ�SURVHVL�LOH�36�SROLPHULQLQ�PROHN�O�D÷ÕUOÕ÷ÕQÕ�GH÷LúWLUHUHN�36�3�93�SROLPHU�

NDUÕúÕPODUGDQ� VSLQ� NDSODPD� LOH� LQFH� ILOP� NDSODPDODU� ROXúWXUPXúODUGÕU [Li et al.,

2004]. PS-1 ve PS-�� IDUNOÕ� PROHN�O� D÷ÕUOÕ÷ÕQD� VDKLS� 36� SROLPHUOHULQH� DLW� PROHN�O�

D÷ÕUOÕNODUÕ� VÕUDVÕ\OD� ����� YH� ���� N¶GÕU� ùHNLO� ���4’GH� IDUNOÕ�PROHN�O� D÷ÕUOÕNODUGD� 36�

NXOODQÕODUDN� KD]ÕUODQPÕú� ������ 36�3�93� SROLPHU� NDUÕúODUÕQD� Gair ince film 
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NDSODPDODUÕQ�$)0�J|U�QW�V��\HU�DOPDNWDGÕU� 36�SROLPHULQLQ�PROHN�O�D÷ÕUOÕ÷ÕQGDNL�

DUWÕú� SROLPHULQ� YLVNR]LWHVLQL� DUWÕUPDVÕ� YH� ID]� GD÷ÕOÕPÕ� SURVHVLQLQ� GDKD� \DYDú�

LOHUOHPHVLQGHQ�GROD\Õ�GDKD�KRPRMHQ�YH�N�UHVHO�PRUIRORML\H�VDKLS�36�3�93�SROLPHU�

NDUÕúÕP�\�]H\OHULQLQ�ROXúXPXQD�QHGHQ�ROPXúWXU�

a) b)

ùHNLO����4: a) PS-1/P4VP (Mw,PS-1 = 22.4) ve b) PS-2/P4VP (Mw,PS-2 = 582 polimer 
NDUÕúÕPODUÕQÕQ�6(0�J|U�QW�OHUL�

iv��3ROLPHU�NDUÕúÕP�RUDQÕQÕQ�\�]H\�PRUIRORMLVLQH�HWNLVLQH�GDLU�oDOÕúPDODU�

3ROLPHU� NDUÕúÕPODUGDQ� ID]� GD÷ÕOÕPÕ� SURVHVL� LOH� KD]ÕUODQDQ� LQFH� ILOP� \�]H\OHUGH�

polimer kompozis\RQXQGDNL� GH÷LúLP� LOH� \�]H\GH� \HU� DODQ� PLNURGHVHQ� úHNOL� YH�

ER\XWX�GH÷LúLU�>7DQDND�et al., 1996], [Durigon et al., 2001], [Liu et al., 2008], [Ravati 

ve Favis, 2010]. øNL� SROLPHULQ� IL]LNVHO� RODUDN� NDUÕúWÕUÕOPDVÕ� LOH� HOGH� HGLOHQ� LNLOL�

�ELQDU\��SROLPHU�NDUÕúÕPODUÕQ�PRUIRORMLOHUL�LNL�DQD�kategoride olabilir. Bunlar matriks 

�]HULQGH� GD÷ÕOPÕú� DGDFÕN� úHNOLQGH� ID]� \DSÕVÕQGD� ya da bir arada sürekli olarak

GD÷ÕOPÕú� � �FR-continious phase) morfolojide olabilir �ùHNLO� ���5) [Ravati ve Favis, 

2010]�� 3ROLPHU� NDUÕúÕP� ELOHúLPLQH� NDUúÕ� ELU� DUDGD� V�UHNOL� RODUDN� GD÷ÕOPD� � �FR-

FRQWLQXLW\��JUDIL÷L�LNLOL�SROLPHU�NDUÕúÕPODUÕQ�ELOHúLPLQH�YH�ID]ÕQD�ED÷OÕ�RODUDN�\�]H\�

morfolojilerinin GH÷LúLPLQLQ |QJ|U�OPHVL�DoÕVÕQGDQ�|QHPOLGLU �ùHNLO����5). Bir arada 

V�UHNOL�RODUDN�GD÷ÕOPD���FR-FRQWLQXLW\���SROLPHU�NDUÕúÕPGDNL�KHU�ELU�ID]ÕQ�WDP�RODUDN�

V�UHNOL� ROGX÷X� GXUXPGXU� YH� EX� V�UHNOLOLN� EHOLUOL� NRQVDQWUDV\RQ� DUDOÕ÷ÕQÕQ� �]HULQGH�

ROXúWX÷X�LoLQ�EX�D\UÕFD�LNLOL�ID]�E|OJHVL��GXDO�SKDVH�UHJLRQ��RODUDN�GD�ELOLQPHNWHGLU�

)D]� LQYHUVL\RQ� DUDOÕ÷Õ� �SKDVH� LQYHUVLRQ� LQWHUYDO�� PDWULNV� �]HULQGH� GD÷ÕOPÕú� DGDFÕN�

úHNOLQGH� ID]� \DSÕVÕQÕQ� ELU� DUDGD� V�UHNOL� RODUDN� GD÷ÕOPÕú� � �FR-continuity) faza 
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G|Q�úW�÷�� NRQVDQWUDV\RQODUÕ� WHPVLO� HGHU�� 6RQXo� RODUDN� ùHNLO� ���5’GHQ� J|U�OHFH÷L�

JLEL� LNLOL� ID]� E|OJHVLQLQ� GÕúÕQGD� NDODQ� E|OJHOHUGH� G�]HQOL�PLNURGHVHQOHULQ� ROXúXPX�

mümkündür.

ùHNLO����5��øNLOL�SROLPHU�NDUÕúÕPODUGD�RODVÕ�yüzey morfolojiOHULQLQ�úHPDWLN�J|VWHULPL�

7DQDND� YH� DUNDGDúODUÕ�� SROLPHWLOPHWDNULODW� �300$�� YH� SROLVLWLUHQ� �36�� QLQ�

SROLPHU� NDUÕúÕPODUÕQGDQ� VSLQ-kaplama ile ince film NDSODPDODUÕQÕ� ROXúWXUPXúODU�

�ùHNLO� ���6�� YH� SROLPHUOHULQ� \�]H\� HQHUMLOHULQH�� ILOP� NDOÕQOÕ÷ÕQD�� SROLPHU� NDUÕúÕP�

RUDQÕQD�YH�SROLPHUFH ]HQJLQ�ID]GDNL�VROYHQW�EXKDUODúPD�KÕ]ÕQD�ED÷OÕ�RODUDN�PDWULV�YH�

WHSH�oXNXUGDNL� SROLPHUOHULQ� GH÷LúWL÷LQL� EHOLUOHPLúOHUGLU [Tanaka et al., 1996].

gUQH÷LQ� ���� QP� NDOÕQOÕ÷ÕQGD� ROXúWXUXODQ� 36�300$� �������� SROLPHU� NDUÕúÕPÕQGD���

300$¶QÕQ� WHSHOHU�ROXúWXUDUDN�36�\DSÕVÕ� �]HULQGH� oDSÕ�NRQWURO� HGLOHELOHQ� VLOLQGLULN�

PLNURGHVHQOHU� ROXúWXUGX÷X� YH� 36�300$� �������� SROLPHU� NDUÕúÕPÕQÕQ��PS matriksi 

�]HULQGH�300$¶ÕQ V�UHNOL�ID]GD�GD÷ÕOGÕ÷Õ gözlemlenPLútir. 



21

a) b)

ùHNLO����6: $OWÕQ�VXEVWUDW��]HULQH�����QP�NDOÕQOÕ÷ÕQGD�ROXúWXUXODQ�a) PS/PMMA 
��������SROLPHU�NDUÕúÕPÕ��E��36�300$���������SROLPHU�NDUÕúÕPÕQÕQ�LQFH�ILOP�$)0�

görüntüsü.

'XULJRQ� YH� DUNDGDúODUÕ, sSLQ� NDSODPD� LOH� IDUNOÕ� SROLPHU� ELOHúLPOHULQGH�

36�300$�SROLPHU�NDUÕúÕP�\�]Hylerini KD]ÕUODPÕúODU��ùHNLO�2.17) ve polimer NDUÕúÕP

ELOHúLPLQLQ GH÷LúLPLQH� ED÷OÕ� RODUDN WHPDV� DoÕVÕQÕQ OLQHHU� RODUDN� GH÷LúWL÷LQL�

EHOLUOHPLúOHUGLU� �7DEOR�2.1) [Durigon et al., 2001]. Polimerlerin toluen içerisindeki 

o|]�Q�UO�NOHULQLQ� IDUNOÕ� ROPDVÕQGDQ� GROD\Õ� 36�300$�SROLPHU� NDUÕúÕP� ELOHúLPLQLQ�

GH÷LúPHVL�LOH�\�]H\�PRUIRORMLVL�GH÷LúPLú��ùHNLO�������YH�SROLPHU�NDUÕúÕPGD�300$�

ELOHúLPLQLQ�DUWPDVÕ�LOH�VLOLQGLULN�300$�PLNURGHVHQOHULQ�oDSÕ�DUWPÕúWÕU�

a) b) c)

ùHNLO����7: a) % 25:75 PS/PMMA ve E����������36�300$�SROLPHU�NDUÕúÕP�
ELOHúLPOHUL�LoLQ�$)0�J|U�QW�V��F��36�300$�SROLPHU�NDUÕúÕP�ELOHúLPLQLQ�WHPDV�

DoÕVÕ�LOH�GH÷LúLP�JUDIL÷L�
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Tablo 2.���3ROLPHU�\�]H\OHULQLQ�WHPDV�DoÕVÕ�VRQXoODUÕ�

Polimer adv (o) rec (o) CAH (o)

PS 89±1 83±4 5

PMMA 69±3 64±3 5

PS/PMMA (25:75) 73.5±0.5 70±1 4

PS/PMMA (50:50) 78.5±0.5 74.5±0.5 4

PS/PMMA (75:25) 84.5±0.5 81±1 4

/LX�YH�DUNDGDúODUÕ��36�YH�300$�SROLPHUOHULQL�7+)�LoHULVLQGH�RGD�VÕFDNOÕ÷ÕQGD�

����������YH����PJ�P/�NRQVDQWUDV\RQODUÕQGD�o|]HUHN���������������50:50, 70:30 ve 

90:10 PS/PMMA SROLPHU� NDUÕúÕP ELOHúLPOHULQGH� VSLQ� NDSODPD� LOH� NDSODPD� KÕ]ÕQÕ�

GH÷LúWLUHUHN�LQFH�ILOP�NDSODPDODUÕ�,72��LQGL\XP�NDOD\�RNVLW��YH�FDP�VXEVWUDW��]HULQH�

KD]ÕUODPÕúODUGÕU [Liu et al., 2008]�� ��� PJ�P/� VDELW� 36�300$� SROLPHU� NDUÕúÕP�

NRQVDQWUDV\RQX� LoLQ� SROLPHU� ELOHúLPLQLQ� \�]H\� PRUIRORMLVLQH� HWNLVLQH� GDLU� $)0�

J|U�QW�V�� ùHNLO� 2.18 de J|]OHQPHNWHGLU�� ùHNLO� 2.18 a) ve b) de silindirik PMMA 

oÕNÕQWÕODUÕQ�\HU�DOGÕ÷Õ�PLNURGHVHQOL�\�]H\OHU�HOGH�HGLOLUNHQ�SROLPHU�NDUÕúÕP�RUDQÕQÕQ�

������36�300$�ROGX÷X�ùHNLO�2.18 F�� \�]H\LQGH�PRUIRORML� DGDFÕN� úHNOLQL� DOPÕúWÕU�

36� SROLPHUL� 300$� GDQ� GDKD� G�ú�N� \�]H\� HQHUMLVLQH� VDKLS� ROPDVÕQD� UD÷PHQ�

\�]H\GH� 300$� PLNURGHVHQOHUL� ROXúPXúWXU�� %XQXQ� QHGHQL� 300$¶ÕQ� 7+)�

içerisinde P6�GHQ�GDKD�D]�o|]�Q�U�ROPDVÕ�YH�EXQXQ�VRQXFXQGD da PMMA-hava ara

\�]H\LQLQ�DOWÕQGD�36�ID]ÕQÕQ�NDOPDVÕ�úHNOLQGH�DoÕNODQPÕúWÕU��

a) b) c) 

ùHNLO�2.18��)DUNOÕ�ELOHúLPOHUGHNL�D���������E���������c) 50:50 PS/PMMA polimer 
NDUÕúÕPODUÕQÕQ�$)0�görüntüsü.
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5DYDWL�YH�)DYLV�� IDUNOÕ�SROLPHU�NDUÕúÕP�ELOHúLPOHULQGH�üçlü HDPE/PS/PMMA 

SROLPHU� NDUÕPODUÕQÕQ� \�]H\�PRUIRORMLOHUL� �]HULQH� SROLPHU� NDUÕúÕP� RUDQÕQÕQ� HWNLVLQL�

LQFHOHPLúOHUGLU[Ravati ve Favis, 2010]. 60/10/30, 40/20/40, 30/30/40 ve 10/80/10 

+'3(�36�300$��oO��SROLPHU�NDUÕúÕPODU LoLQ�\�]H\�PRUIRORMLVLQGHNL�GH÷LúLP�ùHNLO�

2.19 da YHULOPLúWLU� ùHNLO�2.19 D��GD�$�%�&�úHNOLQGH��oO��SROLPHU�NDUÕúÕPGDQ�ROXúDQ�

YH� &� PDWULNVL� �]HULQGH� %� SROLPHU� LOH� WDPDPHQ� oHYUHOHQPLú� $� SROLPHULQLQ� \�]H\�

morfolojisine dair temsili görüntü içermektedir. 60/10/30 HDPE/PS/PMMA polimer 

NDUÕúÕP�yüzeyin de �ùHNLO�2.19 E���WÕSNÕ�ùHNLO�2.19 D��WHPVLOL�\�]H\LQGH�ROGX÷X�JLEL�

\�]H\�PRUIRORMLVL�J|VWHUPLúWLU�\DQL�+'3(�PDWULNVL��]HULQGH�çekirdek (core) PMMA 

polimeri kabuk (shell) PS ilH� oHYUHOHQPLúWLU��Matriks/çekirdek-kabuk üçlü polimer 

NDUÕúÕP�VLVWHPOHULQGH�oHNLUGHNWH�\HU�DODQ�SROLPHU�ELOHúLPLQLQ�DUWPDVÕ�oHNLUGHNWH�\HU�

DODQ�SROLPHULQ�NDEXNOD�ELUOHúPHVLQH�QHGHQ�ROXU��gUQH÷LQ�+'3(�36�300$�SROLPHU�

NDUÕúÕPODUGD�oHNLUGHNWH�\HU�DODQ�300$�SROLPHULQLQ�ELOHúLPL�\�NVHN�ROGX÷XQGD�36�

300$�SROLPHUL��]HULQGH�\D\ÕODUDN�NDEXN�ROXúWXUPDN�]RUXQGD�NDOÕU� �ùHNLO������c): 

bu durumun temsili yüzeyi ve ùHNLO� ����� d): 40/20/40 HDPE/PS/PMMA polimer 

NDUÕúÕPÕQD�DLW�$)0�J|U�QW�V�G�U� hoO��SROLPHU�NDUÕúÕPODUGD��o�Solimerinde sürekli 

ROGX÷X� durum LoLQ� GL÷HU� ELU� DOWHUQDWLI� 36� NRQVDQWUDV\RQX� DUWWÕ÷ÕQGD� 300$� LoLQH�

\HUOHúHQ� 36� SROLPHUL� GDKD� L]ROH� ELU� úHNLOGH� \HU� DOÕU �ùHNLO� ����� H�� YH� f)). Çünkü 

+'3(�36�300$�DUD\�]H\L�36�LOH�GR\JXQODúÕU� +DUNLQV¶LQ�\D\ÕOPD�WHRULVLQH�J|UH�%�

polimeri A ve C polimerlerinden tam RODUDN�D\UÕOÕU�\DQL�ùHNLO������I�¶GHQ�J|U�OG�÷��

JLEL� ��������� +'3(�36�300$� SROLPHU� NDUÕúÕPÕQGD� 36¶QLQ� +'3(� YH� 300$�

DUDVÕQGDNL�Lo�WDEDNDGDQ�D\UÕOGÕ÷Õ�V|\OHQHELOLU��ùHNLO������g)’de ise ��SROLPHU�IDUNOÕ�ELU�

SROLPHU� PDWULNVL� �]HULQGH� D\UÕ� D\UÕ� GD÷ÕOPÕú� \�]H\� PRUIRORMLVL� LoLQ� WHPVLOL�

görüntüdür. Burada PS: gri, PMMA: beyaz ve HDPE: siyah ile temsil edilmektedir. 

ùHNLO� ����� K�¶GD� LVH� ��������� +'3(�36�300$� �oO�� SROLPHU� NDUÕúÕPÕQD� DLW� 6(0�

gör�QW�V�� \HU� DOPDNWDGÕU� YH� 36� PDWULNVL� �]HULQGH� HDPE ile PMMA küresel 

PRUIRORML�ROXúWXUPDNWDGÕU�
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ùHNLO����9: a) ve g��PDWUL[��]HULQGH�oHNLUGHN�NDEXN�úHNOLQGH�GD÷ÕOPÕú�ID]�PRUIRORMLVL�
c) ve e���o�SROLPHULQ�ELU�DUDGD�V�UHNOL�ROGX÷X�ID]�PRUIRORMLVL için temVLOL�úHNLOOHUGLU�
b) 60/10/30, d) 40/20/40, f) 30/30/40 ve h) 10/80/10 HDPE/PS/PMMA üçlü polimer 

NDUÕúÕPODUD�DLW�6(0�J|U�QW�OHUL�

v��.DSODPDGD�NXOODQÕODQ�VXEVWDUWÕQ�\�]H\�PRUIRORMLVLQH�HWNLVLQH�GDLU�oDOÕúPDODU�

7DQDND� YH� DUNDGDúODUÕ�� SROLPHWLOPHWDNULODW� �300$�� YH� SROLVLWLUHQ� �36�� QLQ�

SROLPHU� NDUÕúÕPODUÕQGDQ� VSLQ-kaplama ile DOWÕQ� YH� KLGURIRELN� VXEVWUDW� �]HULQH� ince 

ILOP� NDSODPDODUÕQÕ� ROXúWXUPXúODU� �ùHNLO� ��20) ve VXEVWUDW� IDUNOÕOÕ÷ÕQD� ED÷OÕ� RODUDN�

matris ve tepe/oXNXUGD�SROLPHUOHULQ�GH÷LúWL÷LQL�EHOLUOHPLúOHUGLU [Tanaka et al., 1996].
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gUQH÷LQ� ���� QP� NDOÕQOÕ÷ÕQGD� ROXúWXUXODQ� 36�300$� �������� SROLPHU� NDUÕúÕPÕQGD���

300$¶QÕQ� WHSHOHU�ROXúWXUDUDN�36�\DSÕVÕ� �]HULQGH� oDSÕ�NRQWURO� HGLOHELOHQ� VLOLQGLULN�

PLNURGHVHQOHU�ROXúWXUGX÷X�YH�36�300$���������SROLPHU�NDUÕúÕPÕQÕQ��300$�\DSÕVÕ�

�]HULQGH� oXNXU� ROXúWXUDUDN� VLOLQGLULN� 36� PLNURSRUODUÕQÕQ� ROXúWXUGX÷XQX�

J|]OHPOHQPLúWLU��

a) b)

ùHNLO���20: D��$OWÕQ�VXEVWUDW��]HULQH�ROXúWXUXODQ�36�300$���������SROLPHU�
NDUÕúÕPÕQÕQ� b) Hidrofobik silikonlu cam substrat üzerine PS/PMMA (30/70) 

SROLPHU�NDUÕúÕPÕQÕQ�LQFH�ILOP�$)0�J|U�QW�V��

%XGNRZVNL� YH� DUNDGDúODUÕ�� CH3 YH� &22+� VRQOX� NHQGLOL÷LQGHQ� ROXúWXUXODQ�

monotabaka substratlar (CH3-SAM ve COOH-SAM) üzerinde PS/PI 

(polistiren/poliizopreQ��SROLPHU�NDUÕúÕPODUÕQÕQ�VSLQ�NDSODPD�LQFH�ILOP �\DNODúÕN�����

QP� NDOÕQOÕ÷ÕQGD� NDSODPDODUÕQÕ� ROXúWXUPXúODUGÕU [Budkowski et al., 2003].

SXEVWUDWWDNL�GH÷LúLNOLNOHULQ�\�]H\GH�WHSH�\DGD�oXNXU�úHNOLQGH�GDPODFÕN�GHVHQOL�\�]H\�

PRUIRORMLOHUL� ROXúWXUGX÷XQX YH� VROYHQW� EXKDUODúDPD� KÕ]ÕQÕQ� VXEVWUDWWDNL� GH÷LúLNOL÷H�

ED÷OÕ� RODUDN� GH÷LúPHVL� VRQXFXQGD� \�]H\� PRUIRORMLVLQLQ� GH÷LúWL÷LQL� EHOLUOHPLúOHUGLU�

�ùHNLO������� CH3-6$0�VXEVWUDWÕ��]HULQGH�36�3,�SROLPHU�NDUÕúÕPÕQÕQ�oXNXU úHNOLQGH�

�NRQNDY�� �ùHNLO� �����a)) ve COOH-SA0�VXEVWUDWÕ� �]HULQGH� ROXúWXUXODQ PS/PI ince 

filmiQLQ�WHSH��NRQYHNV���ùHNLO������E���úHNOLQGH�PRUIRORML�YHUGL÷L�EHOLUOHQPLúWLU�
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a) b)

ùHNLO�������3RO\VW\UHQH�3RO\LVRSUHQ�SROLPHU�NDUÕúÕPODUÕQÕQ��D��&+3–SAM ve (b) 
COOH–SAM substratlar üzerindeki yüzey morfolojisinin AFM görüntüsü.

:DOKHLP� YH� DUNDGDúODUÕ si-wafer yüzeyini hidrofobluk derecelerine göre 

modifiye ettikleri üç IDUNOÕ� VXEVWUDW� üzerine spin kaplama yöntemi ile 50:50 

36�300$� SROLPHU� NDUÕúÕPODUÕQÕ� ��-���� QP� DUDVÕQGD� ILOP� NDOÕQOÕ÷ÕQGD� LQFH� ILOm

NDSODPDODU�ROXúWXUPXúODUGÕU[Walheim et al., 1997]. Substratlara dair özellikler Tablo 

2.2’GH�YHULOPLúWLU�

Tablo 2.2: Substrat yüzeylerinin özellikleri.

Substrat Yüzey modifikasyon 

yöntemi

Statik su temas 
o)

Silikon oksit Kar jeti 0

%XKDUODúWÕUPD 65

ODM

(oktadesilmerkaptan)

%XKDUODúWÕUPD 108

ho� IDUNOÕ� VXEWUDW� �]HULQH� VSLQ� NDSDODPD� LOH� ������36�300$�NDUÕúÕPODUÕQGDQ�

KD]ÕUODQDQ� LQFH� ILOP� \�]H\OHULQH DLW� $)0� J|U�QW�OHUL� ùHNLO� ����¶GH� YHULOPLúWLU�

6XEVWUDW�\�]H\�HQHUMLVLQH��KLGURIREOXN�GHUHFHVLQH��ED÷OÕ�RODUDN�\�]H\�PRUIRORMLVL�YH�

ILOP� \�]H\LQGH� ROXúDQ� WRSRJUDILN� \DSÕGD� VROYHQW� EXKDUODúPD� KÕ]ÕQGDNL� IDUNOÕOÕNWDQ�

GROD\Õ�GH÷LúLNOLN�ROGX÷X�EHOLUOHQPLúWLU�
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a) b) c)

ùHNLO�������������36�300$�SROLPHU�NDUÕúÕPODUÕQÕQ�D��6LOLNRQ�RNVLW��E��$OWÕQ�YH�c) 
2'0��RNWDGHVLOPHUNDSWDQ��VXEVWUDWODU��]HULQGHNL�LQFH�ILOP�NDSDODPDODUÕQÕQ�$)0�

görüntüsü.

)

3ROLPHU� NDUÕúÕPODUÕQ� |]HOOLNOHUL�� NDUÕúÕPÕ� ROXúWXUDQ� SROLPHUOHULQ� ELUELUL\OH�

NDUÕúDELOLU�GXUXPGD�ROPDVÕ\OD�LOLúNLOL�ROGX÷XQGDQ��SROLPHUOHULQ�NDUÕúDELOLUOL÷L�SROLPHU�

NDUÕúÕPÕ� KD]ÕUODPDQÕQ� NLOLW� QRNWDVÕQÕ� WHúNLO� HWPHNWHGLU�� 3ROLPHU� NDUÕúÕPODUÕQ

NDUÕúDELOLUOL÷L� �PLVVLELOLW\��� SROLPHU� ]LQFLUOHULQLQ� WHUPRGLQDPLN� GDYUDQÕúÕQÕQ�

EHOLUOHQPHVL�YH�GROD\ÕVÕ\OD�ILOPLQ�\�]H\�\DSÕODQPD�|]HOOLNOHULQLQ�DoÕNODQDELOPHVLQGH�

önemli yer tutar. 3ROLPHUOHULQ� NDUÕúDELOLUOL÷L� KDNNÕQGDNL� LON� VLVWHPDWLN� WDQÕPODPD\Õ�

Flory úX�úHNLOGH�\DSPÕúWÕU [Flory, 1953]: ฀øNL�SROLPHU�ELUELUOHUL\OH�DQFDN�YH�DQFDN�

HWNLOHúLPOHULQLQ� VHUEHVW� NDUÕúPD� HQHUMLVL� QHJDWLI� ROPDVÕ NRúXOX\OD� KRPRMHQ� úHNLOGH�

NDUÕúDELOLU��*LEEV�VHUEHVW�HQHUMLVL�DúD÷ÕGDNL�GHQNOHPOH�LIDGH�HGLOLU�

mixmixmix STHG (2.6)

Burada mixG NDUÕúÕPÕQ�*LEEV�VHUEHVW�HQHWMLVL�� mixH NDUÕúÕPÕQ�HQWDOSLVL��7�VÕFDNOÕN�

ve mixS NDUÕúÕPÕQ�HQWURSLVL�RODUDN�LIDGH�HGLOLU���(QWURSL�G�]HQVL]OL÷LQ�ELU�|Oo�W�G�U�

ve moleküllerin serbestlik derecesi azaldÕNoD� G�]HQOLOLN� D]DOÕU� mixS pozitif olur. 

6ÕFDNOÕN� GD� SR]LWLI� GH÷HUOHU� DOGÕ÷ÕQGD mixG ’nin negatif olabilmesi mixH ’in

mixST GH÷HULQGHQ� N�o�N� ROXúXQD� YH\D� GH÷HULQLQ� ROPD\ÕúÕQD� ED÷OÕGÕU� (÷HU� LNL�

\�NVHN� PROHN�O� D÷ÕUOÕNOÕ� SROLPHU� NDUÕúWÕUÕOÕUVD�� mixS NDUÕúÕP� HQWURSLVL� LKPDO�

HGLOHELOLU� YH� VHUEHVW� HQHUMLQLQ� QHJDWLI� ROPDVÕ� NRúXOX� DQFDN� mixH NDUÕúÕPÕQ�
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HQWDOSLVLQLQ� QHJDWLI� ROPDVÕ� ( 0mixG ) NRúXOX� LOH� VD÷ODQDELOLU��'ROD\ÕVÕ\OD� SROLPHU�

NDUÕúÕP�NRPSRQHQWOHUL�DUDVÕQGD�VSHVLILN�HWNLOHúLPOHUGH�NDUÕúÕP�HN]RWHUPLN�ROPDOÕGÕU��

Ancak gHQHOOLNOH� SROLPHUOHULQ� NDUÕúWÕUÕOPDVÕ� HQGRWHUPLN� ELU� ROD\GÕU�� GROD\ÕVÕ\OD�

SROLPHUOHULQ�KRPRMHQ�NDUÕúDELOLUOLN�GXUXPX�D]�UDVWODQÕU�ELU�GXUXPGXU [Flory, 1953].

%LUELUL\OH�NDUÕúPD\DQ�LNL�SROLPHU�NDUÕúWÕUÕOGÕ÷ÕQGD��ELU�SROLPHULQ�GL÷HU�SROLPHU�

LoLQGHNL�ER\XWX��úHNOL�YH�GD÷ÕOÕPÕ��PDWHU\DO�SDUDPHWUHOHULQH���NDUÕúÕP�kompozisyonu, 

YLVNR]LWH� RUDQÕ�� HODVWLNOLN� RUDQÕ� YH� DUD\�]H\� JHULOLPL�� YH� D\UÕFD� SURVHV� úDUWODUÕQD�

�VÕFDNOÕN�� ]DPDQ�� NDUÕúÕP� \R÷XQOX÷X�� ED÷OÕGÕU�� %X� \�]GHQ�� oRN-ID]OÕ� SROLPHU�

NDUúÕPODUGD�� SURVHV� VÕUDVÕQGD� HUPLú� SROLPHU� DNÕúÕQÕQ� NRQWURO�� YH� NRPSRQHQWOHU�

DUDVÕQGDNL�DUD\�]H\�HWNLOHúLPOHULQLQ�NRQWURO��LOH�ID]�\DSÕVÕ�NRQtrol edilebilir.

+LGURMHQ�ED÷Õ��GLSRO-dipol ve dipol-L\RQ�NXYYHWOHUL�JLEL�VSHVLILN�HWNLOHúLPOHULQ�

YDUOÕ÷ÕQGD� JHQHOOLNOH� SROLPHUOHU� ELUELUOHUL\OH� NDUÕúDELOPHNWHGLUOHU� >Coleman et al.,

1991]. Polimer NDUÕúÕPODUÕQ NDUÕúÕS� NDUÕúPDPDVÕ� ELOHúHQOHULQ� NRPSR]LV\RQXna ve 

VÕFDNOÕ÷D� GD� ED÷OÕGÕU�� %X� GD� NDUÕúDELOLU� SROLPHU� NDUÕúÕPODUÕQ VÕQÕUOÕ� DUDOÕNWD� HOGH�

HGLOHELOHFH÷L�DQODPÕQD�JHOPHNWHGLU��.DUÕúDELOLU�SROLPHU�NDUÕúÕPODUGD��*LEEV�NDUÕúPD�

HQHUMLVLQLQ� D]DOPDVÕQD� VHEHS� RODQ�� JUXSODU� DUDVÕ� YH� SROLPHU� VHJPHQWOHUL� DUDVÕ�

etkiOHúPHOHU� YDUGÕU� [Ramesh et al., 2002]. .DUÕúPD\DQ� SROLPHU� EOHQGOHULQLQ�

|]HOOLNOHULQL�JHOLúWLUPHN�LoLQ�X\XPOXODúWÕUÕFÕ�polimerler NXOODQÕODELOLU��8\XPOXODúWÕUÕFÕ�

polimerler genellikle SROLPHU� NDUÕúÕPÕ ROXúWXUDQ�PRQRPHUOHULQ� EORN� NRSROLPHULGLU��

$úÕ�NRSROLPHUOHU�GH�X\XPOXODúWÕUÕFÕ�RODUDN�NXOODQÕODELOLU�>Web 3, 2011]

3ROLPHU� NDUÕúÕPODU� LNL� \D� GD� GDKD� ID]OD� SROLPHULQ� KHUKDQJL� ELU� NLP\DVDO� ED÷�

\DSPDNVÕ]ÕQ�NDUÕúWÕUÕOPDVÕ�\ROX\OD�JHQHOOLNOH�LNL�\ROOD�KD]ÕUODQÕUODU��%LULQFL�\RO��GDKD�

oRN�ODERUDWXYDU�oDOÕúPDODUÕQD�X\JXQ�RODQ�SROLPHUOHULQ�KHU� LNLVLQLQ�GH�o|]�QHELOGL÷L�

ELU� o|]�F�� VHoLOGLNWHQ� VRQUD�� SROLPHUOHU� EX� o|]�F�GH� o|]�O�U�� NDUÕúWÕUÕOÕU� YH� GDKD�

sonra çöz�F�� XoXUXOXU�� øNLQFL� \|QWHP�� W�P� ELOHúHQOHUL� FDPVÕ� JHoLú� VÕFDNOÕNODUÕQÕQ�

�VW�QH�ÕVÕWDUDN�NDUÕúWÕUPDNWÕU��*HQHOOLNOH�EX�LúOHP�HNVWUXGHUOHU�GH�\DSÕOÕU��.DUÕúWÕUPD�

HUL\LN� KDOGH� JHUoHNOHúWLULOGLNWHQ� VRQUD� VR÷XGX÷XQGD� SROLPHU� NDUÕúÕP� HOGH� HGLOPLú�

olur. Bu iki y|QWHP� GÕúÕQGD�� ODWHNV� KDOGH� NDUÕúWÕUPD�� LQFH� WR]� KDOGH� NDUÕúWÕUPD��

NDUÕúÕPGDNL�GL÷HU�ELOHúHQLQ�o|]�F�V��RODUDN�PRQRPHU�NXOODQPD�YH�SROLPHUOHúWLUPH�
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YH� ,31� �Lo� LoH�JHoPLú�D÷� \DSÕOÕ�SROLPHU� WHNQRORMLVL�� \|QWHPOHUL�GH�SROLPHU�NDUÕúÕP�

KD]ÕUODPDNWD�NXOODQÕOÕU�[Chanda and Roy, 2007].

3ROLPHU� NDUÕúÕPODUGDQ� VROYHQW� EXKDUODúWÕUÕOPDVÕ� \|QWHPL\OH� KD]ÕUODQDQ�

filmlerin yüzey özelliklerinin kontrol edilmesinde homopolimer-homopolimer, 

homopolimer-kopolimer (istatistiksel ya da blok kopolimerler) ve kopolimer 

kopolimer polLPHU� NDUÕúÕPODU� NXOODQÕODELOLU�� %|\OHFH� IDUNOÕ� IL]LNVHO� YH� NLP\DVDO�

özellikteki polimerlerin özelliklerinin ucuz ve kolay uygulanabilir bir yöntemle tek 

ELU�PDWHU\DO��]HULQGH�ROXúPDVÕ�VD÷ODQÕU��

2.3.  Yüzey Sülfonasyonu ile Heterojen Polimer Yüzey 
Sentezi

Heterojen polimer yüzey sentezi için alternatif yöntemlerden birisi polimer 

\�]H\OHULQ�DPDFD�X\JXQ�NLP\DVDO�JUXSODUÕQ�\HUOHúLPLQL�VD÷ODPDN�DPDFÕ\OD�PRGLIL\H�

edilmesidir. Polimere eklenen her yeni grup polimere yeni özellikler

ND]DQGÕUPDNWDGÕU [Kenyon and Whaugh, 1958], [1HLOO� DQG�&RúNXQ������]. Polimer 

\�]H\� |]HOOLNOHUL� J�QO�N�� HQG�VWUL\HO� YH�PHGLNDO� YH� EL\RWHNQRORML� X\JXODPDODUÕQGD�

modifiye edilerek Tablo 2.3’GH� YHULOHQ� X\JXODPD� |UQHNOHULQGH� NXOODQÕPODUÕ� V|]�

konusudur. %X� X\JXODPDODUÕQ� JHUoHNOHúWirilmesinde genel olarak fiziko-kimyasal 

PHWRWODU��VÕYÕ��JD]��EXKDU�ya da radyosyonla yüzeylerin modifiye edilmesi), mekanik 

metotlar (kumlama, AFM gibi cihazlarla pürüzlendirme ya da yüzeye kimyasal grup 

DúÕODPD�� ya da Biyolojik metotlar (biyomoleküllerin fiziksel WXWXQPDVÕ,

EL\RPROHN�OOHULQ�NLP\DVDO�NRQMXJDV\RQX��NXOODQÕOPDNWDGÕU�[Hoffman, 1995].

Tablo 2.3��3ROLPHU�\�]H\�|]HOOLNOHULQLQ�|QHPOL�ROGX÷X�X\JXODPDODUD�|UQHNOHU�

Günlük Uygulamalar Endüstriyel Uygulamalar Medikal ve Biyoteknoloji 

X\JXODPDODUÕ
Adsorbent materyaller ø\RQ�GH÷LúWLULFLOHU +�FUH�N�OW�U�oDOÕúPDODUÕ

Adezyon (tutunma) .URPDWRJUDILN�D\ÕUPD�
LúOHPOHUL

Biyolojik olarak parçalanan 

materyaller

Boya üretimi 0HPEUDQOD�D\ÕUPD�
LúOHPOHUL

Protein ve hücre D\ÕUPD�
LúOHPOHUL

Analitik sensörler Kan ve üriner sondalar

iticiler

Katalistler Kan sürkülasyon aletleri
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Polimerlere í62 2OH , í62 2CI , í62 21D� JLEL� JUXSODUÕQ� GDKLO� HGLOPHVL�

sülfolanma, í12 2 grubunun dahil edilmesi nitrolanma, í12� JUXEXQXQ� GDKLO�

HGLOPHVL� LVH� QLWUR]RODQPD� RODUDN� DGODQGÕUÕOÕU�� $URPDWLN� KDOND\D� VDKLS� SROLPHUOHULQ�

V�OIRODQPDVÕ� LoLQ� V�OI�ULN� DVLW� �+2SO4), kükürt trioksit (SO3) ve klorosülfürik asit 

(HOSO2&O��NXOODQÕOÕU��Polistiren DURPDWLN�\DQ�JUXS�WDúÕGÕ÷Õ�LoLQ�KDOND��]HULQGH�oHúLWOL�

HOHNWURILOLN� \HU� GH÷LúWLUPH� UHDNVL\RQODUÕQÕ� NROD\FD� YHUHELOPHVL� DoÕVÕQGDQ� \�]H\�

PRGLILNDV\RQX� DoÕVÕQGDQ� DYDQWDMOÕ� ELU� SROLPHUGLU�� gUQH÷LQ� NROD\FD� QLWURODQDELOLU�

[&RúNXQ�YG�������], klorlanabilir [Neill and Coskun, 1987], bromlanabilir [Neill and 

Coskun, 1986], açillenebilir [Kenyon and Whaugh, 1958], kloralkillenebilir [Frechet 

et al., 1979], [Boinon et al., 1989], sülfolanabilir [Makowski et al., 1975], 

sülfonillenebilir [Cansiz et al., 1991]. 3ROLVLWLUHQ� SROLPHULQLQ� V�OIRODQPDVÕ� LúOHPL�

ùHNLO�2.23’deki UHDNVL\RQD�J|UH�JHUoHNOHúHELOLU�

*
H2
C

H
C *

n

PS

+ H2SO4 *
H2
C

H
C *

n
+

SO3H

H2O

PS-sulfoSülfürik Asit

ùHNLO�2.23: PS’nin sülfürik asit ile sülfonasyon reaksiyonu.

ùHNLO� 2.23’de verilen reaksiyona göre polimer yüzeyinin sülfonasyonu 

\DSÕODELOLU��6�OIRQDV\RQ� LúOHPL� V�OI�U�N�DVLWLQ�GH÷LúLN�NRQVDQWUDV\RQODUÕ� YH� ]DPDQD�

ED÷OÕ� RODUDN� SROLPHU� \�]H\OHULQLQ� IDUNOÕ� V�OIRQDV\RQ� GHUHFHOHULQGH� V�OIRQODQPDVÕQD�

QHGHQ� ROXU�� 6�OIRQDV\RQ� LúOHPL� VRQUDVÕQGD� SROLPHU� \�]H\LQLQ� IDUNOÕ� V�OIRQDV\RQ�

GHUHFHOHULQH� VDKLS� ROPDVÕ� SROLPHU� \�]H\LQ� KLGURIREOXN� GHUHFHVL� YH� NLP\DVDO�

KHWHURMHQOL÷LQLQ� GH÷LúPHVLQH� QHGHQ� ROXU� gUQH÷LQ�� *LEVRQ� YH� DUNDGDúODUÕ� RGD�

VÕFDNOÕ÷ÕQGD�36�\�]H\LQL������V�OI�ULN�DVLW�o|]HOWLVL�LoHULVLQGH�V�OIRQODPÕú�YH������

PRQR�WDEDND�V�OIRQ�JUXEXQXQ�EX�V�OIRQDV\RQ�úDUWODUÕQGD�ROXúDELOPHVL�LoLQ���VDDWWHQ�

GDKD� NÕVD� ELU� V�UH\H� LKWL\Do� ROGX÷XQX� EHOLUWPLúOHUGLU� [Gibson and Bailey, 1980].
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6�OIRQDV\RQ� GHUHFHVLQLQ� EHOLUOHQPHVL� LoLQ� �� WHNQLN� NXOODQÕODELOHFH÷LQGHQ�

baKVHGLOPLúWLU�NL�EX�WHNQLNOHU��

i) KDW\RQLN�ELU� ER\D�RODQ�PHWLOHQ�PDYLVL� LOH�36� ILOPLQLQ� L\RQ�GH÷LúLPL�YH�EXQX�

takipen UV-vis spektrofotometre ile WXWXQPDVÕQÕQ�ölçülmesi, 

ii��V�OIRQLN�DVLW�JUXSODUÕQÕQ�GLUHNW�WLWUDVyonu

iii) interforometre ile direkt reakVL\RQ�GHULQOL÷LQLQ�|Oo�P���

6�OIRODQPÕú� 36� \�]H\OHULQLQ� DQDOL]LQGH� NXOODQÕODQ� V�OIRQLN� JUXSODUOD� NDW\RQLN�

JUXSODUÕQ� \HU� GH÷LúWLUPHVL� \|QWHPLQGH�� NDW\RQLN� ER\D� RODQ� PHWLOHQ� PDYLVL�

NXOODQÕODUDN� V�OIRODQPÕú� 36� \�]H\LQGHNL� SURWRQOD� 0HWLOHQ� PDYLVL� NDW\RQXQXQ� \er 

GH÷LúWLUPHVL� YH� L\RQLN� ED÷� \DSPDVÕ� VD÷ODQPÕúWÕU� YH� 89-vis spektrofotometresinde 

|Oo�P� DOÕQDUDN� V�OIRQ� JUXSODUÕQÕQ� \R÷XQOX÷X� EHOLUOHQPLúWLU�� .XOODQÕODQ� GL÷HU� ELU�

yöntem olan titrimetrik yöntemde ise; PS filmi % 100’lük sülfürik asit çözeltisine 

GDOGÕUÕOPÕú� YH� �� GN� EHNOHWLOPLúWLU�� 6�OIRODQDQ� 36� ILOP� GH-iyonize su ile birkaç kez 

\ÕNDQPÕúWÕU��6�OIRODQPÕú�36� ILOPL� VXOX�PHWLOHQ�PDYLVL� LoHULVLQH�GDOGÕUÕOPÕú�YH�ER\D�

o|]HOWLVL� X]DNODúDQD� NDGDU� GH-L\RQL]H� VX� LOH� \ÕNDQPÕú� YH� RGD� VÕFDNOÕ÷ÕQGD�

NXUXWXOPXúWXU��8]DNODúDQ�PHWLOHQ�PDYLVL�PRO�VD\ÕVÕQD�NDUúÕ� ILOP�DEVRUEDQVÕ�JUDIL÷L�

oL]LOPLúWLU�� 7LWUDQW� RODUDN� .2+� YH� DQDOLW� RODUDN� +&O� NXOODQÕODUDN� V�OIRODQPÕú� 36�

ILOPLQLQ� Q|WUDOOHúWLUPHN LoLQ� JHUHNOL� .2+�PLNWDUÕQGDQ� KHVDSODQPÕúWÕU�� VXOIRODQPÕú�

36� ILOPLQLQ� JUDPÕ� EDúÕQD� V�OIRQLN DVLW� JUXS� VD\ÕVÕ� EDúÕQD� ILOPL� WLWUDV\RQ� |QFHVL� YH�

VRQUDVÕQGD�89-YLV�LOH�DEVRUEDQV�|Oo�OHUHN�JHUL�KHVDSOD�JUDP�ILOP�EDúÕQD�623H mol 

VD\ÕVÕ�KHVDSODQPÕúWÕU��
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3. TEMAS AÇISI ve KATILARIN SERBEST 

3

Temas DoÕVÕ�� NDWÕODUÕQ� \�]H\� JHULOLPLQL� WHVSLW� HWPHN� DPDFÕ\OD� NXOODQÕODQ�

GR÷UXGDQ�|Oo�OHPHz, ancak NDWÕ \�]H\H� VÕYÕ� WHPDV� HWWL÷LQGH� VÕYÕ� LOH�NDWÕ� DUDVÕQGDNL�

HWNLOHúLPOHUGHQ (yüzey gerilim kuvvetleri) yararlanarak KHVDSODQDELOLU�� 6ÕYÕODUÕQ�

yüzey gerilimleri direkW� |Oo�P� \|QWHPOHUL� LOH� EHOLUOHQHELOPHVLQH� UD÷PHQ�� NDWÕODUÕQ�

\�]H\�JHULOLPOHUL�WHPDV�DoÕVÕ�|Oo�POHUL�VRQXFXQGD�EHOLUOHQHELOLU��.DWÕ��VÕYÕ�YH�EXKDU

�KDYD��ID]ODUÕQÕQ�NHVLúWL÷L�QRNWDGDn oL]LOHQ�WH÷HW�WHPDV�DoÕVÕ�� ) RODUDN�WDQÕPODQÕU�ve 

VÕYÕ ile NDWÕ�temas halinde iken NDWÕ-VÕYÕ�� SL ���NDWÕ-buhar ( SV ��YH�VÕYÕ-buhar ( LV )

DUD�\�]H\�JHULOLPOHUL�RODUDN�WDQÕPODQDQ��o�NXYYHW�GHQJHGH�NDOÕU��ùHNLO�3.1). 

ùHNLO�3����.DWÕ�\�]H\��]HULQGH ROXúWXUXODQ�VÕYÕ�GDPODVÕQÕQ�WHPDV�DoÕVÕ�YH�NDWÕ�\�]H\�
LOH�VÕYÕ�GDPODVÕ�DUDVÕQGDNL�HWNLOHúLP�NXYYHWOHUL�

$UD�\�]H\�JHULOLPOHULQLQ�GHQJHOHQPHVL�VRQXFX�oL]LOHQ�WH÷HWWHQ�EHOLUOHQHQ�WHPDV�

DoÕVÕQD� LOLúNLQ� NXYYHWOHULQ� GHQNOL÷L� LON� NH]� ����� \ÕOÕQGD�7Komas Young WDUDIÕQGDQ�

WDQÕPODQPÕúWÕU�YH�<RXQJ�HúLWOL÷L��(úLWOLN�3.1) olarak bilinir [Young, 1805].

cosLVSLSV (3.1)

<RXQJ� HúLWOL÷L�� ELU� NDWÕ� \�]H\LQ� ÕVODWÕODELOLUOL÷LQ� QLFHO� RODUDN� WDQÕPODQPDVÕQÕ�

HVDV� DOÕU� YH� VHUW�� KRPRMHQ� YH� WDPDPHQ� G�]� �S�U�]V�]�� RODUDN� WDQÕPODQDQ� JHUoHNWH�

ROPD\DQ�DQFDN�ROGX÷X�YDUVD\ÕODQ�LGHDO�\�]H\OHU�LoLQ�WDQÕPODQPÕúWÕU��.DWÕODUÕQ�\�]H\�
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gerilimi hen�]� ED÷ÕPVÕ]� RODUDN� |Oo�OHPHPLú� ROPDVÕQD� UD÷PHQ� NDWÕ-VÕYÕ� DGH]\RQ�

kuvveti ( SLW ) NROD\OÕNOD� |Oo�OHELOLU� YH� ����� \ÕOÕQGD� 'XSUH� NDWÕ-VÕYÕ� DGH]\RQ�

NXYYHWLQL� \�]H\OHU� DUDVÕ� JHULOLPOH� LOLúNLOHQGLUHUHN� (úLWOLN� 3.2 de verilen Dupre 

(úLWOL÷LQL�WDQÕPODPÕúWÕU�

SLLVSVSLW (3.2)

(úLWOLN� 3.2’de SV ve SL VÕUDVÕ\OD� NDWÕ� \�]H\LQ� KDYD� LOH� YH� NDWÕ� \�]H\LQ� VÕYÕ� LOH�

\DSPÕú� ROGX÷X� \�]H\� JHULOLP� NXYYHWOHUL� LNHQ�� LV VÕYÕ-KDYD� DUDVÕQGDNL� yüzey 

gerilim kuvvetini temsil eder. 'XSUH� D\QÕ� ]DPDQGD� DGH]\RQ� LúL� YH� \�]H\� JHULOLP�

NXYYHWL�GHQJHVLQL�LOLúNLOHQGLUHUHN�<RXQJ-'XSUH�HúLWOL÷LQL�WDQÕPODPÕúWÕU��(úLWOLN�3.3).

cos1LVSLW (3.3)

(úLWOLN� 3��¶H� J|UH� H÷HU� VÕYÕ� \�]H\L� WDPDPHQ� ÕVODWÕ\RUVD� \DQL� o0 ise, bu 

GXUXPGD� DGKH]\RQ� LúL� PDNVLPXP� GH÷HULQGHGLU� � LVSLW 2 ��� � \DQL� NDWÕ� \�]H\��

VÕYÕ\Õ�PDNVLPXP�NXYYHWOH�NHQGLQH�oHNPHNWHGLU��'L÷HU�\DQGDQ�H÷HU�VÕYÕ�NDWÕ�\�]H\OH�

90o’OLN�ELU�WHPDV�DoÕVÕ�YHULUVH�DGKH]\RQ�LúL�� LVSLW olur. SÕYÕ�NDWÕ�\�]H\OH����o

(pratikte bu durum pek P�PN�Q�GH÷LO��DoÕ�YHULUVH�VÕYÕ�NDWÕ�yüzeyde tamamen küresel 

olarak durur YH�\�]H\GH�DGKH]\RQ�LúL�\RNWXU�NL EX�GXUXP�NDWÕ�\�]H\�LOH�VÕYÕ�DUDVÕQGD�

KLoELU� oHNLP� NXYYHWL� ROPDGÕ÷Õ� DQODPÕQGD� JHOLU [Erbil, 2006]. Bu sonuca göre 

S�U�]V�]� \�]H\OHUGH� PDNVLPXP� WHPDV� DoÕVÕ� HOGH� HWPHN�� \DOQÕ]� \�]H\� HQHUMLVLQL�

G�ú�UPHNOH� P�PN�QG�U�� .LP\DVDO� RODUDN� SUDWLNWH� P�PN�Q� ROPDVD� GD� HQ� G�ú�N�

yüzey enerjisine sahip yDSÕ� KHJ]DJRQHO� SDNHW� úHNOLQGHNL� &)3 JUXSODUÕQGDQ� ROXúXU���

teorik olarak bu yüzeyin yüzey enerjisi 6.7 mN/m dir [Nishino et al., 1999] ve 

\DSÕODQ�KHVDSODPDODU�GD�EX�GHUHFH�S�U�]V�]�ELU�\�]H\GH�PDNVLPXP�VX� WHPDV�DoÕVÕ�

GH÷HUL����o RODELOHFH÷L�EXOXQPXúWXU [Nakajima et al., 1999].

<RXQJ� HúLWOL÷L� S�U�]V�]� LGHDO� \�]H\OHU� LoLQ� WDQÕPODQGÕ÷ÕQGDQ� YH� SUDWLNWH�

S�U�]O�� \�]H\OHULQ� PHYFXW� ROPDVÕQGDQ� GROD\Õ� S�U�]O�� \�]H\OHU� LoLQ� WHPDV� DoÕVÕ�

WDQÕPODQPDVÕQD�LKWL\Do�ROPXúWXU�YH �����\ÕOÕQGD�:HQ]HO�NDWÕ�\�]H\GHNL�S�U�]O�O�÷�

J|]� |Q�QH� DODUDN�<RXQJ� HúLWOL÷LQL�PRGLIL\H� HWPLúWLU�� (úLWOLN�3��� GH� NDWÕ� \�]H\GHNL�

S�U�]O�O�N� IDNW|U�Q�Q� �U�� GDKLO� HGLOGL÷L� WHPDV� DoÕVÕ� � W
) KHVDSODPDODUÕQGD�
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NXOODQÕODQ� :HQ]HO� HúLWOL÷L� \HU� DOPDNWDGÕU�� 3�U�]O�O�N� IDNW|U�� �U��� JHUoHN� \�]ey 

DODQÕQÕQ�JHRPHWULN�\�]H\�DODQÕQD�RUDQÕ�RODUDN�LIDGH�HGLOLU��

cosrrCos LVSLSV
W (3.4)

:HQ]HO� (úLWOLN� 3.4’GH� \HU� DODQ� GHQNOHPL� W�UHWLUNHQ� ùHNLO� 3.2 a)’daki yüzeyi 

PRGHO� RODUDN� DOPÕúWÕU� YH� VÕYÕQÕQ� S�U�]O�� \�]H\H� J|P�OG�÷�� YDUVD\ÕOPÕúWÕU� Ancak 

SUDWLNWH�S�U�]O��\�]H\OHUGH�S�U�]OHU�DUDVÕQGD�\HU�DODQ�KDYD�SDNHWFLNOHULQGHQ�GROD\Õ�

VÕYÕ� GDPODQÕQ� :HQ]HO� WHRULVLQGH� ROGX÷X� úHNLOGH� GXUPDVÕ� P�PN�Q� ROPDGÕ÷ÕQGDQ�

����� \ÕOÕQGD� &DVVLH-%D[WHU� ùHNLO� 3.2 b)’de yer alan modeli kullanarak yüzeydeki 

hava ve kaWÕ�IUDNVL\RQX�LOH�WHPDV�DoÕVÕQÕ�LOLúNLOHQGLUHQ�(úLWOLN�3��¶L�W�UHWPLúWLU�>&DVVLH�

et al., 1944].

a) b)

ùHNLO�3.2: a) Wenzel teorisine göre ve b) Cassie-%D[WHU�WHRULVLQH�J|UH�VÕYÕ�GDPODVÕQÕQ�
pürüzlü yüzeyler üzerindeki damla profilleri.

Cassie-%D[WHU� WHRULVLQH� J|UH� S�U�]O�� ELU� \�]H\� �]HULQGH� VX� GDPODVÕ�

ROXúWXUXOGX÷X�]DPDQ��VX�GDPODVÕ�S�U�]OHU�DUDVÕQD�J|P�OPHGHQ�S�U�]OHU�DUDVÕQGD�YDU�

RODQ�KDYD�SDNHWoLNOHUL��]HULQGH�WDúÕQÕU��>&DVVLH������@�

11coscos fC (3.5)

Burada f, NDWÕ� \�]H\� DODQ� IUDNVL\RQXGXU� YH� \�]H\GHNL� WRSODP� NDWÕ� DODQÕQÕQ��

KDYD���NDWÕ�\�]H\�DODQÕQD�RUDQÕ�RODUDN�WDQÕPODQÕU��

7HPDV�DoÕVÕ�ELU�VÕYÕQÕQ�NDWÕ�\�]H\L�ÕVODWDELOLUOL÷LQLQ�ELU�|Oo�W�G�U�YH�VÕYÕ�LOH�NDWÕ�

HWNLOHúLP� NXYHWOHULQLQ� E�\�NO�÷�QH� ED÷OÕ� RODUDN� WHPDV� DoÕVÕ� GH÷HUL� GH÷LúLNOLN�

gösterir. 7HPDV� DoÕVÕ� GH÷HUL� DUWWÕNoD�� VÕYÕ� LOH� NDWÕQÕQ� WHPDV� \�]H\L� DODQÕ� D]DOÕU��
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E|\OHFH� NDWÕ� VÕYÕ� WDUDIÕQGDQ� GDKD� D]� ÕVODWÕOPÕú� ROXU�� *HQHO� RODUDN� �� ���� LVH� VÕYÕ�

\�]H\L� ÕVODWÕ\RUGXU� YH� E|\OH� \�]H\OHU� KLGURILOik (suyu seven) ve > 90° ise 

KLGURIRELN� �VX\X� VHYPH\HQ�� \�]H\OHU� RODUDN� DGODQGÕUÕOÕUNHQ�� > 150° ise 

V�SHUKLGURIRELN� �VÕYÕ�NDWÕ� \�]H\LQL� ÕVODWPD]��YH� � < 30°  ise süperhidrofilik yüzey 

�VÕYÕ�NDWÕ�\�]H\LQL�WDPDPHQ�ÕVODWÕU��RODUDN�DGODQGÕUÕOÕU �ùHNLO�3.3).

< 90°

(hidrofilik yüzey)

> 90°

(hidrofobik yüzey)

> 150°

(süperhidrofobik yüzey)

ùHNLO�3����)DUNOÕ�WHPDV�DoÕVÕQD�VDKLS�NDWÕ�\�]H\OHU��]HULQGH�VÕYÕ�GDPODVÕQÕQ�
ROXúWXUGX÷X�GDPOD�SURILOOHUL�YH�WHPDV�DoÕODUÕ�

3.1.1. Temas 

7HPDV� DoÕVÕ� |Oo�P�� LoLQ� ELUoRN� PHWRW� JHOLúWLULOPLúWLU� DQFDN� J�Q�P�]GH� LNL�

\|QWHP� \D\JÕQ� RODUDN� NXOODQÕOPDNWDGÕU�� (Q� \D\JÕQ� RODUDN� NXOODQÕODQ� \|QWHPOHUGHQ�

birincisi G�]�ELU�NDWÕ��]HULQH�\HUOHúWLULOHQ�bir video kamera (gonyometre) kullanarak 

NDWÕ� \�]H\� �]HULQH� GDPODWÕODQ� VÕYÕ� GDPODQÕQ� SURILOLQLQ� J|U�QW�OHQPHVL� HVDVÕQD�

dayanan statik WHPDV�DoÕVÕQÕQ�|Oo�P���GL÷HUL� LVH�hareketli düz bir NDWÕ�SODNDQÕQ VÕYÕ�

içerisine kontrollü olarak GDOGÕUÕOPDVÕ� VRQXFXQGD� VÕYÕ-NDWÕ� DUDVÕQGDNL HWNLOHúLP�

kuvvetlerinin WHQVL\RPHWUH� NXOODQÕODUDN� ölçülmesi HVDVÕQD� GD\DQDQ dinamik temas 

DoÕVÕ� |Oo�P�� PHWRGXGXU�� øNL� WHPDV� DoÕ� WHNQL÷LQGHde ELUELULQH� \DNÕQ� VRQXoODU� HOGH�

edilse de, stDWLN� WHPDV� DoÕVÕ� |Oo�P� \|QWHPi X\JXODPD� NROD\OÕ÷Õ�� NXOODQÕODQ� WHVW�

VÕYÕVÕQÕQ�D]�PLNWDUGD�ROPDVÕ YH�|Oo�P�]DPDQÕQÕQ�NÕVD�ROPDVÕ gibi nedenlerle dinamik 

WHPDV�DoÕVÕ�\|QWHPLQH�göre daha DYDQWDMOÕGÕU.

a) b) c)
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3.1.1.1.

       

*RQ\RPHWUH� \|QWHPL� LOH� VWDWLN� WHPDV� |Oo�P�� GDPOD� SURILOLQLQ� NDWÕ� �]HULQH�

GDPODWÕODQ� durgun GDPODQÕQ� YLGHR� NDPHUD� LOH� EHOOL� ]DPDQ� DUDOÕNODUÕQGD� EHOLUOHQHQ�

damla profillerinin incelenmesi sonucunda DQDOL]�HGLOPHVL�VRQXFXQGD�VÕYÕ�GDPOD�LOH�

NDWÕ� \�]H\� DUDVÕQD� oL]LOHQ� WH÷HWHQ� KHVDSODQDQ� WDQMDQW� GH÷HULQLQEHOLUOHQPHVL�

sonucunda WHPDV�DoÕVÕ�EXOXQur �ùHNLO�3.4). 

ùHNLO�3.4. 2SWLN�WHPDV�DoÕVÕ�FLKD]Õ\OD��*RQ\RPHWULN�PHWRWOD��ND\GHGLOPLú�ELU�
J|U�QW�GH�YHUL�LúOHPH�YH�WHPDV�DoÕVÕ�|Oo�P�SHQFHUHVL�

6WDWLN� WHPDV� DoÕVÕ� \|QWHPL\OH� NDWÕ� \�]H\LQ� WHPDV� DoÕVÕQÕQ� EHOLUOHQPHVLQGH�

NXOODQÕODQ� WHVW� VÕYÕVÕQÕQ� D]� PLNWDUGD� NXOODQÕOPDVÕ�� |Oo�P� DOÕQDFDN� NDWÕ� \�]H\LQLQ�

EHOLUOL� ELU� JHRPHWUL\H� VDKLS� ROPDNVÕ]ÕQ� HQ� D]� �� IDUNOÕ� VÕYÕ� GDPODQÕQ� ROXúWXUXODFD÷Õ�

ölçüm almaya elvHULúOL� G�]� E|OJHVLQLQ� ROPDVÕ�� NÕVD� V�UHGH� |Oo�P� DOÕQDELOPHVL� YH�

X\JXODPD� NROD\OÕ÷Õ� JLEL� ELUoRN� DYDQWDMD� VDKLSWLU�� $QFDN� |Oo�P� VÕUDVÕQGD� GDPOD�

SURILOLQGHQ� GDPODQÕQ� WDQMDQWÕQÕQ� EXOXQPDVÕ� LúOHPL� DUDúWÕUÕFÕQÕQ� WHFU�EHVLQH� ED÷OÕ�

ROPDVÕ� QHGHQL\OH� GR÷UX� EHOLUOHQPH\HQ� WH÷HW� oL]JLVL� KDWDOÕ� |Oo�P� DOÕQPDVÕQD� QHGHQ�
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RODFD÷ÕQGDQ�GH]DYDQWDMOÕGÕU��%X�GH]DYDQWDM�GDPOD�SURILOLQLQ�ELOJLVD\DU�GHVWHNOL�RODUDN�

DQDOL]�SURJUDPODUÕ�NXOODQÕOPDVÕ�LOH�NDEXO�HGLOHELOLU�VÕQÕUODU�LoHULVLQH�oHNLOHUHN�RUWDGDQ�

NDOGÕUÕODELOLU�

Statik temas DoÕVÕQGD� GHQJH� WHPDV� DoÕVÕ� � e �� GH÷HULQLQ� EHOLUOHQPHVL� \�]H\LQ�

NLP\DVDO� RODUDN� KRPRMHQ� YH� DWRPLN� |OoHNWH� G�]� ROGX÷X� LGHDO� RODUDN� YDUVD\ÕODQ�

\�]H\OHU� LoLQ� EHOLUOH\LFL� ROPDVÕ� YH� LGHDO� \�]H\OHULQ� JHUoHN� KD\DWWD� EXOXQPDPDVÕ�

nedeniyle fikir YHULFLGLU� DQFDN� WHN� EDúÕQD� \HWHUOL� GH÷LOGLU�� %X� QHGHQOH� \�]H\�

|]HOOLNOHULQLQ� WHPDV� DoÕVÕ� |]HOOLNOHULQLQ� WHVSLWLQGH� LOHUOH\HQ� WHPDV� DoÕVÕ� �DGYDQFLQJ�

contact angle a �� YH� JHULOH\HQ� WHPDV� DoÕVÕ� �UHFHGLQJ� FRQWDFW� DQJOH�� r )

GH÷HUOHULQLQGH�EHOLUOHQPHVL�|QHPOLGLU�

øOHUOH\HQ� WHPDV� DoÕVÕVÕQÕQ� EHOLUOHQPHVLQGH� NDWÕ� \�]H\� �]HULQGH� EHOOL� KDFLPGH�

�\DNODúÕN� �-4 /�� ROXúWXUXODQ� VÕYÕ� GDPODVÕQÕQ� LoHULVLQH� oHOLN� L÷QH� GDPOD�

\�NVHNOL÷LQLQ� \DNODúÕN� ���� NDGDU� PHVDIHGH\NHQ� \HUOHúWLULOLU� YH� VRQUDVÕQGD� D\QÕ�

GDPODQÕQ�KDFPL�VÕYÕ�LOH�E�\�W�OHUHN��\DNODúÕN��P/�KDFLP��GDPODQÕQ�NXUX�NDWÕ�\�]H\�

�]HULQGH�LOHUOHPHVL�VD÷ODQÕU�YH�EX�LOHUOHPH�VÕUDVÕQGD�VÕN�DUDOÕNODUOD�|QFHGHQ�IRWR÷UDI�

oHNPH� KÕ]Õ� D\DUODQPÕú� YLGHR� NDPHUD� WDUDIÕQGDQ� GDPOD� SURILOOHUL� ND\GHGLOir. 

.D\GHGLOHQ� KHU� ELU� GDPOD� SURILOLQLQ� IRWR÷UDIÕQGD� WDQMDQW� GH÷HUL� EHOLUOHQPHVL� LOH�

KHVDSODQDQ�WHPDV�DoÕVÕ�GH÷HUL�]DPDQ�YH�GDPOD�KDFPLQH�NDUúÕ�D\UÕ�D\UÕ�JUDILN�KDOLQH�

getirilir. Elde edilen grafiklerde zaman \D� GD� GDPOD� KDFPLQLQ� WHPDV� DoÕVÕ� LOH� |QFH�

GR÷UX RUDQWÕOÕ� RODUDN� DUWWÕ÷Õ ve belli bir noktadan sonra  ± 1-3o gibi WHPDV� DoÕVÕ�

IDUNOÕOÕNODUÕ\OD� D]DOÕS-DUWWÕ÷Õ� YH� EX� DUDOÕNWD� EDQW� YHUHUHN� QHUHGH\VH� VDELWOHQGL÷L

J|]OHQLU� �ùHNLO� 3.5). 1HUHGH\VH� WHPDV� DoÕVÕQÕQ� VDELWOHQGL÷L� EX� EDQWD� NDUúÕOÕN� JHOHQ�

WHPDV� DoÕVÕ� GH÷HU� LOHUOH\HQ� WHPDV� DoÕVÕ� RODUDN� EHOLUOHQLU�� 'DPODQÕQ� E�\�W�OPHVL�

HVQDVÕQGDNL� VRQ� GDPOD� KDFPLQLQ� EHOLUOHQPHVL� \�]H\LQ� KLGURIREOXN� GHUHFHVLQH� J|UH�

GH÷LúLNOLN�J|VWHUHFH÷LQGHQ�DUDúWÕUÕFÕ�VRQ�GDPOD�KDFPLQL�YH�YLGHR�NDPHUD�LOH�J|U�QW��

DOPD� KÕ]ÕQÕ� \�]H\� |]HOOLNOHULQH� J|UH� IDUNOÕ� J|U�QW�� KÕ]Õ� YH� KDFLPOHULQGH� GHQHPH�

\DSDUDN� EHOLUOHPHVL� JHUHNLU�� $\UÕFD� LOHUOH\HQ� WHPDV� DoÕVÕ� |Oo�P�� VÕUDVÕQGD� GDPOD�

LoHULVLQH�EDWÕUÕODQ�L÷QHQLQ�KLGURIREOXN�GHUHFesi |Oo�P�VÕUDVÕQGD�VÕYÕQÕQ�L÷QH��]HULQH�

WÕUPDQPD�H÷LOLPLQL�GH÷LúWLUHFH÷LQGHQ�oHOLN�L÷QH�\HULQH�KLGURIRELN�L÷QH��|UQH÷LQ�VÕYÕ�

SDUDILOP� NDSOÕ� L÷QH�� NXOODQÕOPDVÕ� |Oo�P�Q� GR÷UX� DOÕQPDVÕ� YH� DQDOL]� HGLOPHVL�

DoÕVÕQGDQ�GLNNDWH�DOÕQPDVÕ�JHUHNHQ�EDúND�ELU�KXVXVWXU� øODYHWHQ�LOHUOH\HQ�WHPDV�DoÕVÕ�

GH÷HUL� GHQJH� WHPDV� DoÕVÕ� GH÷HULQGHQ� N�o�N� RODPD]�� \D� oRN� D]� S�U�]O�� \�]H\OHUGH�

GHQJH� WHPDV� DoÕVÕ� GH÷HULQH� HúLWWLU� \D� GD� S�U�]O�� \�]H\OHUGH� GHQJH� WHPDV� DoÕVÕ�
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GH÷HULQGHQ� E�\�NW�U�� %X� NÕVWDVODUD� X\PD\DQ� GHQH\VHO� VRQXoODUGD� KDWDOÕ� |Oo�P�

DOÕQPÕúWÕU�YH�|Oo�POHULQ�WHNUDUODQPDVÕQD�LKWL\Do�YDUGÕU�

ùHNLO�3����6ÕYÕ�GDPODVÕQÕQ�LOHUOH\HQ�WHPDV�DoÕVÕQÕQ�|Oo�P�QH�GDLU�úHPDWLN�J|VWHULPL�
YH�WHPVLOL�DQDOL]�JUDIL÷L�

6WDWLN�WHPDV�DoÕVÕ�W�UOHUL�DUDVÕQGDQ�LNLQFLVL�RODQ�JHULOH\HQ�WHPDV�DoÕVÕ�� r ) ise

daha önce NDWÕ�\�]H\GH�ROXúWXUXODQ�VÕYÕ�GDPODGDQ��L÷QH�LOH�belli miktarda VÕYÕQÕQ geri 

çekilmesiyle �|UQH÷LQ� � L ROXúWXUXOPXú� GDPODGDQ� �� /� VÕYÕ� oHNLOPHVL�� YLGHR�

NDPHUDGD� VÕN� DUDOÕNODUOD� oHNLOHQ� GDPOD� SURILOOHULQLQ� WÕSNÕ� LOHUOH\HQ� DoÕGD� ROGX÷X�

úHNLOGH�ND\GLOHUHN� WDQMDQW�H÷ULVLQGHQ� WHPDV�DoÕVÕQÕQ�]DPDQ YH�GDPOD�KDFPLQH�NDUúÕ�

RWRPDWLN� JUDIL÷H� DOÕQPDVÕ� VRQUDVÕQGD� EHOLUOHQLU �ùHNLO� 3.6). *HULOH\HQ� WHPDV� DoÕVÕ�

|Oo�POHULQGH� VÕYÕ� GDPODQÕQ� JHUL� oHNLOPHVL� VÕUDVÕQGD�� S�U�]O�� \D� GD� NLP\Dsal 

KHWHURMHQ�E|OJHOHUGH�GDPOD�EHOOL�ELU�HQHUML\H�NDGDU�WDNÕOÕU��SLQQLQJ�HIIHFW��YH�VRQUD�EX�

HQHUML� EDUL\HULQL� DúWÕNWDQ� VRQUD� N�o�OPH\H� GHYDP� HGHU�� %X� GXUXP� WHPDV� DoÕVÕQÕQ

zaman ya da damla hacmiyle JUDIL÷H�JHoLULOGL÷LQGH�J|U�O�U��7HPDV�DoÕVÕ�]DPDQ�ya da

damla hacmi ile |QFH�WHUV�RUDQWÕOÕ�RODUDN�D]DOÕU. Belli bir noktadan sonra  ± 1-3o gibi 

WHPDV�DoÕVÕ�IDUNOÕOÕNODUÕ\OD�D]DOÕS-DUWDQ�QHUHGH\VH�VDELW�ELU�EDQW�J|]OHQLU��ùHNLO�3.6).  

%X� EDQWWD� LON� DUWÕúÕQ� J|]OHQGL÷L� QRNWDGDQ� ELU� |QFHNL� D]DOPD� GH÷HUL� YH\D� \�]H\�

|]HOOL÷LQH� ED÷OÕ� RODUDN� EDQWWDNL� WHPDV� DoÕVÕQD� NDUúÕOÕN� JHOHQ� WHPDV� DoÕVÕ� GH÷HUL�

JHULOH\HQ� WHPDV� DoÕVÕ� RODUDN� EHOLUOHQLU�� gOo�OHQ� JHULOH\HQ� WHPDV� DoÕVÕ� GH÷HUL� GDKD�
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|QFH� D\QÕ� \�]H\� �]HULQGH� |Oo�OHQ� GHQJH� WHPDV� DoÕVÕ� GH÷HULQGHQ� GDLPD� N�o�NW�U��

*HULOH\HQ� WHPDV� DoÕVÕ� |Oo�P�QGH� L÷QHQLQ� GDPODQÕQ� LoLQGH� YH� GDPOD� SURILOLQL�

ER]PD\DFDN� NRQXPGD� ROPDVÕQD� GLNNDW� HGLOPHOLGLU� DNVL� WDNGLUGH� JHULOH\HQ� WHPDV�

DoÕVÕQÕQ�\DQOÕú�|Oo�P��V|]�NRQXVX�ROXU��

*HULOH\HQ� WHPDV� DoÕVÕ� |Oo�P�� VWDWLN� WHPDV� DoÕVÕ� |Oo�POHUL� DUDVÕQGD� HQ� ]RU�

|Oo�P� DOÕQDQ� yöntem ROPDVÕ� QHGHQL\OH� D\UÕFD� VÕYÕ� GDPOD� NDWÕ� \�]H\� �]HULQH�

GDPODWÕODUDN�YH�GDPOD� LoHULVLQH� L÷QH�EDWÕUÕOPDNVÕ]ÕQ�GDPODQÕQ�EXKDUODúPDVÕ� LOH�NÕVD�

sürelerde damla profilinin video kamera ile görüntülenmesi ve damla profillerinin 

WH÷HWLQGHQ� KHVDSODQDQ� WHPDV� DoÕVÕQÕQ� ]DPDQ� YH� GDPOD� KDFPLQH� NDUúÕ� JUDIL÷H�

geçirilmesi sonucunda da ölçülebilir. %X� \|QWHP� GDPODQÕQ� LoHULVLQH� L÷QH�

EDWÕUÕOPÕúNHQ�ELU�WDUDIWDQ�VÕYÕ�oHNLOPHVL�YH�GL÷HU�WDUDIWDQ�GDPODQÕQ�EXKDUODúPDVÕQGDQ�

ND\QDNODQDFDN�KDWDOÕ�|Oo�P�Q�|Q�QH�JHoLOPHVL�DoÕVÕQGDQ�DYDQWDMOÕGÕU�YH�J�YHQLOLUGLU�

[Erbil, 2006]. Ancak GDPODQÕQ� EXKDUODúWÕUÕOPDVÕ� LOH� |Oo�OHQ� JHULOH\HQ� WHPDV� DoÕVÕ�

|Oo�P� V�UHVLQLQ� X]XQ� ROPDVÕ� QHGHQL\OH� SUDWLN� ROPDPDVÕ� GH]DYDQWDMOÕGÕU�� *HULOH\HQ�

WHPDV� DoÕVÕ GD� WÕSNÕ� LOHUOH\HQ� WHPDV� DoÕVÕ� JLEL� \�]H\� S�U�]O�O�÷�� YH� NLP\DVDO�

heterojenlikten etkilenir. $\UÕFD� \�]H\� IORU� JLEL� SRODU� JUXSODU� LoHUGL÷LQGH� VÕYÕ� LOH�

WHPDV�HGHQ�\�]H\��]HULQGHQ�|Oo�P�DOÕQGÕ÷ÕQGDQ�]DPDQ�LoHULVLQGH�SRODU�JUXSODUÕQ�VÕYÕ�

LoHULVLQGH� \HU� GH÷LúWLUPHVL� V|]� NRQXVX� ROGX÷XQGDQ� GDKD� GLNNDWOL� GDYUDQÕOPDVÕ�

gerekmektedir. $\UÕFD�LlHUOH\HQ�YH�JHULOH\HQ�WHPDV�DoÕVÕ�|Oo�P��\�]H\�S�U�]O�O�÷��

YH� NLP\DVDO� KHWHURMHQOL÷LQH� ED÷OÕ� RODUDN� GDPODQÕQ� HQHUML� EDUL\HUOHULQH� WDNÕOPDVÕ

HVDVÕQD� GD\DQDUDN� |Oo�P� DOÕQGÕ÷ÕQGDQ�� \�]H\� S�U�]O�O�÷�� YH� \�]H\LQ� NLP\DVDO�

KHWHURMHQOL÷L�KDNNÕQGD�|QJ|U�GH�EXOXQDELOPHN�DoÕVÕQGDQ�|QHPOLGLU��

3.1.1.2.

'LQDPLN� WHPDV� DoÕVÕ� |Oo�P�� GLQDPLN� WHQVL\RPHWUHGH� :LOKHOP\� SODNDVÕ�

NXOODQÕODUDN� LOHUOH\HQ� YH� JHULOH\HQ� WHPDV� DoÕODUÕQ� |Oo�P�Q�Q� JHUoHNOHúWLULOPHVLQGH�

NXOODQÕOÕr. .DWÕ�\�]H\LQ�GLQDPLN�WHPDV�DoÕVÕ�|Oo�P��|QFHVLQGH�:LOKHOP\�SODNDVÕ�\D�

GD�'��1RX\�PHWRGX� NXOODQÕODUDN� NDWÕ� \�]H\� �]HULQGH� WHPDV� DoÕVÕ� EHOLUOHQHFHN� WHVW�

VÕYÕVÕQÕQ� \�]H\� JHULOLPL� EHOLUOHQLU� YH� NDWÕ� \�]H\� |Oo�POHUL� VÕUDVÕQGD� FLKD]D� |Oo�OHQ�

\�]H\�JHULOLPL�GH÷HUL�JLULOLU��0HWRGXQ�NXOODQÕODELOPHVL� LoLQ�|Oo�P�DOÕQDFDN�\�]H\LQ�

ER\XWODUÕ�YH�JHRPHWUHVL�:LOKHOP\�SODNDVÕ�ER\XWODUÕQGD�ROPDOÕGÕU��.DWÕ�\�]H\LQ�ER\XW�

ve geometrisiQGHNL� VÕQÕUODPD� GLQDPLN� WHQVL\RPHWUHGH� WHPDV� DoÕVÕ� |Oo�POHULQGH� HQ�
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büyük dezavantajlardan birisidir. Dinamik tensiyometrede ilerleyen ve gerileyen 

WHPDV�DoÕODUÕQÕQ�|Oo�P��NDWÕ�\�]H\LQ�HOHNWURQLN�WHUD]L\H�ED÷OÕ�NDQFD\D�GLNH\�RODUDN�

DVÕODUDN� VDOÕQÕP� \DSPD\DFDN� úHNLOGH� VDELWOHQPHVL� VD÷ODQÕU. Daha sonra örnek 

�]HULQGH�WHPDV�DoÕVÕ�|Oo�OHFHN�WHVW�VÕYÕVÕ�|UQHN�NDEÕ�LoHULVLQH�GROGXUXOur ve motoriza 

VLVWHPLQ� NRQWUROO�� úHNLOGH� |UQHN� NDEÕQÕ� \XNDUÕ\D� oÕNDUPDVÕ� LOH� VÕYÕ� NDWÕ� \�]H\�

�]HULQGH� WÕUPDQPD\D� EDúODU� YH� LOHUOH\HQ WHPDV� DoÕVÕ� |Oo�P�� JHUoHNOHúLU�� %HQ]HU�

úHNLOGH� |UQHN� NDEÕ� DúD÷Õ\D� GR÷UX� KDUHNHW� HWWLULOHUHN� WHVW� VÕYÕVÕ� LoHULVLQH� GDOGÕUÕOPÕú�

NDWÕ� \�]H\� �]HULQH� WÕUPDQPÕú� VÕYÕ� \�]H\GHQ� NRSPD\D� EDúODU� YH� EX� HVQDGD� |Oo�OHQ�

WHPDV� DoÕVÕQD� LVH� JHULOH\HQ� WHPDV� DoÕVÕ� GHQLU�� 'LQDPLN� WHPDV� DoÕVÕ� GH÷HUOHUL� VWDWLN�

olarak belirlenen WHPDV� DoÕVÕ� GH÷HUOHULQGHQ� JHQHOOLNOH� GDKD� N�o�NW�U� >(UELO�� ����@�

'LQDPLN� WHPDV� DoÕVÕ� |Oo�P� PHWRGX� ID]OD� PLNWDUGD� VÕYÕ� JHUHNWLUPHVL� YH� VÕYÕ\D�

dalGÕUÕODQ� NDWÕ� \�]H\LQ� her iki yüzünün GH� VÕYÕ\D� WHPDV� HWPHVLQGHQ� GROD\Õ� NDWÕ�

yüzeyinin oLIW� WDUDIOÕ� NDSODQPDVÕ� JHUHNWL÷LQGHQ� dezavantajODUÕ� YDUGÕU. Fakat

JRQ\RPHWULN�\|QWHP�NXOODQÕODUDN�statik WHPDV�DoÕVÕ�WHVSLW edilemeyen fiberler için bu

\|QWHP� NXOODQÕODUDN� WHPDV� DoÕVÕQÕQ tespit edilebilmesi fLEHUOHULQ� WHPDV� DoÕODUÕQÕQ�

WD\LQLQGH�DYDQWDM�VD÷ODU�

3

7HPDV� DoÕVÕ� HQ� WHPHO� KDOGH�<RXQJ� HúLWOL÷L� LOH� EHOLUOHQLU� DQFDN�<RXQJ� HúLWOL÷L�

LGHDO�\�]H\OHU� LoLQ� WDQÕPODQPÕúWÕU��$QFDN� LGHDO�\�]H\OHU��NLP\DVDO�RODUDN�KRPRMHQ��

DWRPLN� |OoHNWH� S�U�]V�]�� EXKDU� YH\D� VÕYÕ� WXWXQPDVÕ\OD� NLP\DVDO� HWNLOHúLPOHUH�

X÷UDPD\DQ�YH�JHUoHNWH�YDU�ROPD\DQ�ROGX÷X�YDUVD\ÕODQ� \�]H\OHUGLU��%X�QHGHQOH� WHN�

ELU� WHPDV�DoÕVÕ�|Oo�P��LOH�JHUoHN�\�]H\OHULQ��NLP\DVDO�KHWHURMHQ�YH�S�U�]O��� WHPDV�

DoÕODUÕQÕQ� EHOLUOHQPHVL�P�PN�Q� GH÷LOGLU�� *HUoHN� \�]H\OHULQ� NLP\DVDO� KHWHURMHQOL÷L�

YH� S�U�]O�O�÷�QGHQ� GROD\Õ� PXWODND� LOHUOH\HQ� YH� JHULOH\HQ� WHPDV� DoÕODUÕ� DUDVÕQGD�

WHPDV� DoÕVÕ� IDUNOÕOÕ÷Õ� ROXúXU�� øOHUOH\HQ�YH� JHULOH\HQ� WHPDV� DoÕODUÕ� DUDVÕQGDNL�EX� IDUN�

WHPDV� DoÕVÕ� NDUPDúDVÕ� �&$+�� K\VWHUHVLV�� RODUDN� DGODQGÕUÕOÕU� �(úLWOLN� 3���� YH� D\QÕ�

zamanda ideal yüzeyden nekadar sapma ROGX÷XQXQ� ELU� J|VWHUJHVLGLU�� 7HPDV� DoÕVÕ�

NDUPDúDVÕ�\�]H\LQ�NLP\DVDO�KHWHURMHQOL÷LQLQ�YH�S�U�]O�O�÷�Q�Q�ELU�|Oo�W�G�U.

raCAH (3.6)
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a ve r WHPDV�DoÕVÕ�GH÷HUOHULQLQ�her ikisi de yüzey S�U�]O�O�÷�QH�YH�\�]H\LQ�

kimyasal heterojenOL÷LQH ED÷OÕGÕU ve pUDWLNWH� LOHUOH\HQ� WHPDV� DoÕVÕ� JHULOH\HQ� WHPDV�

DoÕVÕQGDQ� E�\�NW�U�� GHQJH� WHPDV� DoÕVÕ� LVH� LOHUOH\HQ� YH� JHULOH\HQ� WHPDV� DoÕODUÕQÕQ�

DUDVÕQGD� ELU� GH÷HUGHGLU�� <�]H\� LGHDOH� nekadar \DNÕQ� ROXUVD�� LOHUOeme ve gerileme 

DoÕODUÕ�DUDVÕQGDNL�IDUNWD�R�NDGDU�D]�ROXU��+HWHURMHQOL÷LQ�ROPDGÕ÷Õ��WDPDPHQ�KRPRMHQ�

YH� S�U�]V�]� \�]H\OHUGH� �LGHDO� \�]H\OHUGH�� LOHUOH\HQ� YH� JHULOH\HQ� WHPDV� DoÕODUÕ�

ELUELULQH� HúLWWLU�� %XQXQ� \DQÕQGD� NLUOLOLN�� GDPOD� ER\XWX� HWNLVL�� \�]H\GHNL�PROeküler 

\HU�GH÷LúWLUPH�YH�GHIRUPDV\RQ��J|]HQHNOHU�DUDVÕQD�JLUHQ�VÕYÕ�PROHN�OOHULQLQ�ER\XWX�

YH�NDWÕ�\�]H\LQGHNL�\DUÕNODU� WHPDV�DoÕVÕ�NDUPDúDVÕQÕ�HWNLOH\HQ�GL÷HU� IDNW|UOHUGHQGLU

[Erbil, 2006]. 7HPDV� DoÕVÕ� NDUPDúDVÕ� GH÷HUL� JHQHO� RODUDN� 10-5��� DUDVÕQGD� GH÷HUler

alabilir ancak V�SHUKLGURIRELN�\�]H\OHU�\DGD�IORU�JLEL�PROHN�OHU�\HUGH÷LúWLUPH�\DSDQ�

SRODU� JUXSODUÕQ� YDUOÕ÷Õ� WHPDV� DoÕVÕ� NDUPDúDVÕ� GH÷HULQL� 1-���� DUDVÕQGD� GH÷HUOHU�

DOPDVÕQD�QHGHQ�RODELOLU [Lee et al., 2004], [Li et al., 2007], [Cengiz et al., 2012].

%LU� \�]H\� S�U�]O�� LVH�� JHUoHN� \�]H\� DODQÕ� WHSHGHQ� J|U�QHQ� �SODQ�� \�]H\�

DODQÕQGDQ�GDKD�E�\�NW�U��'ROD\ÕVÕ\OD��S�U�]O��\�]H\��]HULQGHNL� VÕYÕ-NDWÕ� HWNLOHúLPL�

G�]�\�]H\��]HULQGHNL�HWNLOHúLPGHQ�GDKD�E�\�N�ROXU��(÷HU�G�]��S�U�]V�]�ELU�\�]H\GH��

yüzey üzerinde ölç�OHQ� WHPDV�DoÕVÕ����¶GHQ�E�\�NVH�\�]H\�S�U�]O�O�÷�Q�Q�DUWPDVÕ�

LOH� WHPDV� DoÕ� GH÷HUL� DUWDU�� 7HPDV� DoÕVÕQÕQ� ���¶GHQ� N�o�N� ROGX÷X� \�]H\OHUGH� LVH��

\�]H\� S�U�]O�O�÷�� DUWWÕNoD� WHPDV� DoÕVÕ� GH÷HUL� D]DOÕU�� <�]H\� S�U�]O�� ROGX÷XQGD�

LOHUOH\HQ�YH�JHULOH\HQ�WHPDV�DoÕODUÕQÕQ�|Oo�P�QGH�S�U�]OHULQ�ROGX÷X�E|OJHOHUGH�VÕYÕ�

GDPODVÕ� HQHUML� EDUL\HUOHULQH� WDNÕODFDN�YH�GROD\ÕVÕ\OD�S�U�]O�O�N� DUWWÕNoD� WHPDV� DoÕVÕ�

NDUPDúDVÕ�DUWDFDNWÕU��

     +HWHURMHQ� \�]H\OHUGH� �oO�� ID]� WHPDV� oL]JLVLQLQ� KDUHNHWLQH� EDUL\HU� RODQ� ED]Õ�

E|OJHOHU� YDUGÕU� %X� \�]GHQ� EX� E|OJHOHUGH� IDUNOÕ� WHPDV� DoÕODUÕ� |Oo�O�U�� gUQH÷LQ��

KHWHURMHQ� ELU� \�]H\GH� VX� GDPODVÕ� ROXúWXUXOGX÷X� ]DPDQ�� KLGURIRELN� E|OJH� VÕYÕ�

LOHUOHUNHQ� WHPDV�oL]JLVLQLQ�KDUHNHWLQH� WDNÕOÕU�YH� WHPDV�DoÕVÕ� DUWDU��6X�JHULOHUNHQ� LVH��

hidrofilik bölgelerde temas oL]JLVLQLQ�DNDQ�KDUHNHWLQL�JHUL�oHNHU�YH�WHPDV�DoÕVÕ�D]DOÕU��

%|\OHFH� \�]H\GH� ELU� WHPDV� DoÕVÕ� NDUPDúDVÕ� ROXúXU� YH� \�]H\GH� KHWHURMHQOLN� DUWWÕNoD�

WHPDV�DoÕVÕ�NDUPDúDVÕ�DUWDU.

%LU� SROLPHU� ]LQFLULQLQ� \Õ÷ÕQ� �EXON�� ID]ÕQGDNL� PROHN�OOHU� \�]H\� |]HOOLNOHULQL�

belirlHPHNWH� URO� R\QDPD]NHQ�� \�]H\LQ� HQ� �VW� NDWPDQÕQGDNL� DWRPODU� YH\D� JUXSODU�

\�]H\LQ� ÕVODQDELOLUOLN� |]HOOLNOHULQL� EHOLUOHU�� 3ROLPHU� \�]H\OHUGH� ED]HQ� PROHN�OOHULQ�

\|QOHQPHVLQGHQ� YH� NDWÕ� \�]H\OHUGHNL� GHIRUPDV\RQGDQ ND\QDNODQDQ� NDUPDúD�
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gözlenir. Polimer yüzeyindekL�PROHN�OOHU� VÕYÕ� GDPODVÕ\OD� WHPDV� HWWL÷LQGH�� |]HOOLNOH�

SROLPHULQ�\DSÕVÕQGD�)�DWRPX�JLEL�SRODU�YH\D�+�ED÷Õ� \DSDQ�NLP\DVDO�JUXSODU�YDUVD��

\�]H\GH� ELU� \|Q� GH÷LúWLUPH� J|U�OPHNWHGLU�� øOHUOH\HQ� WHPDV� DoÕVÕ� |Oo�P�� GDKD� |QH�

ÕVODWÕOPDPÕú�ELU� \�]H\GH� \DSÕOGÕ÷Õ� LoLQ bir \|Q�GH÷LúWLUPH meydana gelmez. Ancak 

JHULOH\HQ�WHPDV�DoÕVÕ�|Oo�P��GDKD�|QFH�ÕVODWÕOPÕú�ELU�\�]H\��]HULQGH�|Oo�P�DOÕQGÕ÷Õ�

için, bu esnada moleküler \|Q� GH÷LúWLUPH PH\GDQD� JHOHELOLU�� øOHUOH\HQ� WHPDV� DoÕVÕ�

GH÷HULQL�GH÷LúWLUPH\HQ�EX�HWNL��JHULOH\HQ�WHPDV�DoÕ�GH÷HULQL�GH÷LúWLUGL÷L�LoLQ�\�NVHN�

&$+�GH÷HUL ölçülür.  

3.3. Serbest Yüzey Enerjisi

7HPDV� DoÕVÕ� |Oo�POHUL� NDWÕ-VÕYÕ� DUD\�]H\� HWNLOHúLPOHULQLQ� WHUPRGLQDPLN�

LQFHOHQPHVL� VRQXFXQGD� KHVDSOD� WHPDV� DoÕVÕQÕQ� EHOLUOHQPHVLQL� LoHUHQ� LQGLUHNW�

yöntemdir. Benzer úHNLOGH�NDWÕ�\�]H\OHULQ�VHUEHVW�\�]H\�HQHUMLVLQLQ�EHOLUOHQPHVLQGH

GH� IDUNOÕ� WHVW� VÕYÕODUÕ� LOH� EHOLUOHQHQ� WHPDV� DoÕVÕ� VRQXoODUÕ� NXOODQÕOÕU� YH� IDUNOÕ�

\DNODúÕPODU� J|]� |Q�QH� DOÕQDUDN� VHUEHVW� \�]H\� HQHUMLVL� EHOLUOHQHELOLU�� .DWÕ� \�]H\LQ�

serbest yüzey enerjisinin EHOLUOHQPHVLQGH� HQ� VÕN� NXOODQÕODQ� PHWRWODU� JHRPHWULN�

ortalama (Fowkes ve Owens & Wendt) ve asit-baz (van Oss-*RRG��PHWRWODUÕGÕU���+HU�

iki metodun da mikroskopik ölçekte pürüzlü yüzeylerin serbest yüzey enerjisinin 

EHOLUOHQPHVLQGH� NXOODQÕPÕ� X\JXQ� GH÷LOGLU� %X� QHGHQOH� H÷HU� \�]H\� S�U�]O�� LVH� EX�

GXUXPGD� S�U�]O�O�÷�Q� PLNURVNRELN� |OoHNWH� RUWDGDQ� NDOGÕUÕOPDVÕ� LoLQ� |Q� LúOHPOHU�

\DSÕOPDVÕ�JHUHNLU� gUQH÷LQ�S�U�]O��SROLPHU�\�]H\OHU�WDYODPD�ya da presleme gibi ön 

LúOHPOHUH�WDEL�WXWXODUDN�PLNURVNRELN�|OoHNWH�S�U�]V�]�KDle getirilebilir. 

3.3.1. Geometrik Ortalama Metodu (Fowkes ve Owens & Wendt)

�����\ÕOÕQGD�)RZNHV�NRKH]\RQ��Wc) ve adezyon (Wa��LúOHULQLQ�GLVSHUVL\RQ��d,

polar, p, indüksiyon, i YH� KLGURMHQ� ED÷Õ� h ELOHúHQOHULQH� D\UÕODELOHFH÷LQL� |QHUPLúWLU�

[Fowkes, 1964].

...h

c

i

c

p

c

d

cc WWWWW (3.7)

...h

a

i

a

p

a

d

aa WWWWW (3.8)
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6ÕYÕ� LOH� WHPDV� KDOLQGH� RODQ� ELU� NDWÕQÕQ� DGH]\RQ� LúLQLQ� GLVSHUVL\RQ� ELOHúHQL�

(úLWOLN�3.9’GD�ROGX÷X�úHNLOGH�ifade edilebilir:

d

LV

d

sLV

d

cS

d

c

d

a WWW 2 (3.9)

.DWÕ-VÕYÕ� VLVWHPL� LoLQ� VDGHFH� /RQGRQ� GLVSHUVL\RQ� NXYYHWOHUL� LOH� HWNLOHúHQ� DUD�

\�]H\�JHULOLPL�LVH�(úLWOLN�3.10’GD�YHULOGL÷L�úHNLOGH�LIDGH�HGLOLU�

d

LV

d

SLVSSL 020 (3.10)

(úLWOLN� �3.10�� LOH� <RXQJ� HúLWOL÷L� �(úLWOLN� 3.1) ELUOHúWLULOHUHN (úLWOLN� 3.11’deki

Fowkes-<RXQJ�HúLWOL÷L�W�UHWLOPLúWLU�

SV

d

LV

d

SLVLV 02cos (3.11)

)RZNHV�� G�ú�N� HQHUMLOL� NDWÕ� \�]H\OHU� LoLQ� 0SV RODUDN� NDEXO� HWPLú� YH� EX�

NDWÕODU��]HULQGHNL�\�NVHN�HQHUMLOL�VÕYÕ�GDPODODUÕ�LoLQ�LGHDO�GHQJH�WHPDV�DoÕVÕQÕ�(úLWOLN�

3.12 ile LIDGH�HWPLúWLU��

LV

d

LVd

Se 021cos (3.12)

$\QÕ�]DPDQGD�� W�P�DSRODU�VÕYÕODU� LoLQ� LV

d

LV RODUDN�NDEXO�HWPLú�YH�HúLWOLN�

(3.12)’yi NXOODQDUDN�ED]Õ�DSRODU�SROLPHUOHU�LoLQ� d

S 0 GH÷HUOHULQL�KHVDSODPÕúWÕU��

����� \ÕOÕQGD�� 2ZHQV� YH� :HQGW�� )RZNHV� HúLWOL÷LQL� WHPHO� DODUDN�� \�]H\�

gerilimini dispersiyon, d

i ve polar, p

i ROPDN� �]HUH� �� ELOHúHQH� D\ÕUPÕúODUGÕU��

Owens-:HQGW�� VÕYÕ� LOH� WHPDV� KDOLQGHNL� ELU� SROLPHULQ� DGH]\RQ� NXYYHWLQLQ� VHUEHVW�

enerjisini (úLWOLN�3.13 ile LIDGH�HGLOHELOHFH÷LQL�NDEXO�HWPLúOHUGLU�>2ZHQV�DQG�:HQGW��

1969].

p

LV

p

SV

d

LV

d

SVaW 2 (3.13)
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%X�HúLWOLN� p

i

d

ii ve  p

LV

p

SV

d

LV

d

SVLVSVSL 2 kabulüne 

GD\DQPDNWDGÕU�� (úLWOLN� �3.13��� <RXQJ� HúLWOL÷L� �(úLWOLN� 3.1) LOH� ELUOHúWLULOLUVH� (úLWOLN�

3.14 elde edilir.

p

LV

p

SV

d

LV

d

SVeLV 2cos1 (3.14)

(úLWOLN� 3.14 LOH� ELU� SROLPHULQ� \�]H\LQH� VDGHFH� �� VÕYÕ� �VX� YH� PHWLOHQ� L\RG�U��

NXOODQÕODUDN� ROXúWXUXODQ� GDPODODUÕQ� GHQJH� WHPDV� DoÕ� GH÷HUOHUL� LOH� SROLPHU� \�]H\LQ�

VHUEHVW� \�]H\� HQHUML� GH÷HUL� KHVDSODQDELOLU�� +HVDSODPDODUGD� VX� LoLQ� 8.21d

LV ve 

0.51p

LV , metilen iyodür için 5.49d

LV ve 3.1p

LV mJ/m-2 olarak 

NXOODQÕOPDNWDGÕU�� %X� GH÷HUOHU� NXOODQÕODUDN� EúLWOLN� �3.14) çözülür ve d

SV ve p

SV

GH÷HUOHUL� KHVDSODQÕU�� 3ROLPHULQ� WRSODP� \�]H\� JHULOLPLQL� LVH� EX� LNL� GH÷HULQ� WRSODPÕ�

DOÕQDUDN�(úLWOLN�3.15’de yer alan denklem ile bulunur.

p

SV

d

SVSV (3.15)

2ZHQV� YH�:HQGW� HúLWOL÷L�� ³W�P� SRODU� PDWHU\DOOHULQ� GL÷HU� SRODU� PDWHU\DOOHUOH�

kendi iç SRODU� NRKH]LY� NXYYHWOHULQLQ� ELU� IRQNVL\RQX� RODUDN� HWNLOHúLU´� NDEXO�QGHQ�

GROD\Õ� SRODU�PROHN�OOHU� LoLQ� KDWDOÕ� VRQXoODU� YHUPHktedir ve bu durumda geometrik 

ortalama yönteminin polar PROHN�OOHU�LoHUHQ�\�]H\OHUH�X\JXODQPDPDVÕ�JHUHNLU.

3.3.2. Asit-Baz Metodu (van Oss-Good)  

����� \ÕOÕQGDQ� VRQUD� YDQ� 2VV�� *RRG� YH� &KDXGKXU\�� /LIVKLW]� WHRULVLQH� WHPHO�

alarak LNL� ID]� DUDVÕQGDNL� DGH]\RQ� VHUEHVW� HQHUMLVLQL� WDQÕPODPDN� LoLQ� daha ileri bir 

WHRUL� JHOLúWLUPLúOHU� ve NDWÕ� ELU� \�]H\LQ� LNL� HWNLQ� NXYYHWWHQ� PH\GDQD� JHOGL÷LQL� |QH�

V�UP�úOHUGLU [Van Oss et al., 1988], [Van Oss and Good, 1992]. Bu kuvvetler, 

GLVSHUVL\RQ�� DSRODU� YH� LQG�NVL\RQ� HWNLOHúLPOHULQL� NDSVD\DQ� /LIVKLW]-van der Waals 

HWNLOHúLPOHUL� LW YH� W�P� HOHNWURQ� DOÕFÕ-YHULFL� HWNLOHúLPOHU� LOH�+� ED÷ÕQÕ� NDSVD\DQ�

asit-ED]� HWNLOHúLPOHUL� AB RODUDN� LIDGH� HGLOPLúWLU�� %XQD� ED÷OÕ� RODUDN� GD� DGH]\RQ�

(tutunma) LúL�(úLWOLN�3.16’GD�ROGX÷X�úHNLOGH�W�UHWLOPLúWLU��
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AB

SL

LW

SLSLa GGGW (3.16)

LW

L

LW

S

LW

SL GGG (3.17)

%X� HúLWOL÷LQ� GLVSHUVL\RQ� HWNLOHúLPOHUL� NÕVPÕ� )RZNHV� HúLWOL÷L� LOH� X\XPOXGXU� YH�
LW

SL terimi (úLWOLN�3����GH�\HU�DOGÕ÷Õ�úHNLOGH�\D]ÕODELOLU�

LW

L

LW

S

LW

L

LW

S

LW

SL 2 3.18)

Van Oss ve Good asit-ED]� HWNLOHúimleri için geometrik ortalama kuralÕQÕ�

NXOODQPDPÕúODUGÕU��+�ED÷ODUÕ�DVLW-ED]�HWNLOHúLPOHULQLQ�NDSVDPÕQGD�\HU�DOÕU�YH�ELUoRN�

VÕYÕQÕQ� \�]H\L� VDGHFH� HOHNWURQ� YHULFL� |]HOOLNWHGLU�� HOHNWURQ� DOÕFÕ� |]HOOL÷H� VDKLS�

GH÷LOGLU��9DQ�2VV�YH�*RRG��DVLW-ED]�HWNLOHúLPOHULQL�(úLWOLN�3.19 ile LIDGH�HWPLúWLU�

LsLs

AB

SLG 2 (3.19)

Burada, i yüzey geriliminin Lewis asit, i Lewis baz parametresidir. 

Buradan, AB

SL terimi (úLWOLN�3.20’GH�ROGX÷X�gibi ifade edilir.

Lsss

AB

SL 2 (3.20)

$\UÕFD� /LIVKLW]-YDQ� GHU�:DDOV� HWNLOHúPHOHUL (LW) ara yüzey serbest enerjisi 

<RXQJ�'XSUH�HúLWOL÷L �(úLWOLN�3.3) ELUOHúWLULOLUVH�

LW

SL

LW

L

LW

S

LW

SLG (3.21)

(OGH�HGLOLU�YH�D\QÕ�]DPDQGD�(úLWOLN�3.18 ve 3.21 ELUOHúWLULlirse;

LW

L

LW

S

LW

SLG 2 (3.22)

(úLWOL÷L HOGH�HGLOLU��7RSODP�DGH]\RQ�DUD�\�]H\�VHUEHVW�HQHUML�HúLWOL÷L�LVH�(úLWOLN

3.16, 3.19 ve 3.22 ELUOHúWLULOHUHN�DúD÷ÕGDNL�úHNLOGH�W�UHWLOLU��
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LSLs

LW

L

LW

SSLG 2 (3.23)

<D\ÕOPD�EDVÕQFÕQÕQ�LKPDO�HGLOPHVL�YH�<RXQJ-'XSUH�HúLWOL÷L�LOH�EúLWOLN�3.23’ün 

ELUOHúWLULOPHVL�VRQUDVÕ��JHQHO�WHPDV�DoÕVÕ�GHQNOHPL�(úLWOLN�3.24 ile verilmektedir.

)(2)cos1( LSLS

LW

L

LW

SLV
(3.24)

(úLWOLN� 3.24’ün WHPDV� DoÕVÕ� YHULOHULQH� X\JXODQDELOPHVL� LoLQ� UHIHUDQV� VÕYÕODUÕQ�
LW

L , L ve L GH÷HUOHULQH�LKWL\Do�YDUGÕU��$SRODU�VÕYÕODU�LoLQ� L

LW

L ’ dir, ancak 

GLSRODU�YH\D�PRQRSRODU�VÕYÕODU�LoLQ� L ve L GH÷HUOHULQLQ�VDSWDQPDVÕ�R�NDGDU�NROD\�

GH÷LOGLU��9DQ�2VV�YH�*RRG�VX�LoLQ�NH\IL�ELU�LOLúNL�WDQÕPODPÕúODU�YH�GL÷HU�W�P�VÕYÕODUÕ�

EX� WDQÕPODPD\Õ� WHPHO� DODUDN� W�UHWPLúOHUGLU�� 6X� LoLQ� 0.51AB mJ/m2 ROGX÷XQGDQ�

WW olarak kabul etmLúOHU�YH� 5.25WW mJ/m2 RODUDN�KHVDSODPÕúODUGÕU��

5HIHUDQV�VÕYÕ�\�]H\�JHULOLP�ELOHúHQOHULQL�EXOGXNWDQ�VRQUD��SROLPHU�\�]H\OHULQ�
LW

S , S ve S GH÷HUOHULQL�KHVDSODPDN�LoLQ���PHWRW�YDUGÕU��øON�PHWRWWD��(úLWOLN�3.24

de �� WDQHVL� SRODU� VÕYÕ� ROPDN� �]HUH� �� IDUNOÕ� VÕYÕ� GH÷HUL� NXOODQÕODUDN� o|]�O�U�� øNLQFL�

metotta,  LW

S GH÷HUL�DSRODU�ELU� VÕYÕ�NXOODQÕODUDN�KHVDSODQÕU��GDKD�VRQUD��� WDQH�SRODU�

VÕYÕ� NXOODQDUDN� S ve S GH÷HUOHUL� KHVDSODQÕU�� %D]HQ� S ve S ’nin karekök 

GH÷HUOHUL� QHJDWLI� RODUDN� oÕNDELOPHNWHGLU�� %X� GXUXP� KHQ�]� QHW� RODUDN�

DoÕNODQDPDPÕúWÕU�YH�EX� WHRUL\H�NDUúÕ�GDKD� ID]OD� LWLUD]�HGLOPHVLQH QHGHQ�ROPDNWDGÕU��

(÷HU�SRODU�VÕYÕODU�VHoLOHFHNVH�EXQODUGDQ�ELULVL�PXWODND�VX�ROPDOÕGÕU��DNVL�WDNGLUGH�VX�

KDULFLQGH���SRODU�VÕYÕ�NXOODQÕODFDNVD� �|UQH÷LQ�HWLOHQ�JOLNRO�YH\D�IRUPDPLG��ROGXNoD�

GH÷LúNHQ� S ve S GH÷HUOHUi elde edilebilir. Van Oss-*RRG�PHWRGX�NDUÕúPD\DQ�VÕYÕ-

VÕYÕ�HWNLOHúLPOHULQLQ�DoÕNODQPDVÕQGD�EDúDUÕOÕ�ELU�úHNLOGH�NXOODQÕODELOLU��

3.4. Süperhidrofobik Yüzeyler

6X�GDPODVÕQÕQ� NDWÕ� \�]H\� �]HULQGH� YHUGL÷L� WHPDV� DoÕVÕ� ���o ve üzerinde olan 

\�]H\OHU� V�SHUKLGURIRELN� \�]H\� RODUDN� DGODQGÕUÕOÕU�� 6X\X� \�]H\GHQ� X]DNODúWÕUPDN�

LoLQ� JHUHNOL� HQHUML� LOH� LOLúNLOL� RODUDN� GDPOD\Õ� KDUHNHW� HWWLULFL� NXYYHW� SUDWLNWH�

KLGURIRELNOL÷LQ�ELU�|Oo�V�G�U�YH�WHPDV�DoÕVÕ�NDUPDúDVÕ�LOH�LOLúNLOLGLU��6�SHUhidrofobik 
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yüzeyler üzerine ilk teorik modellemeler 1960’ larda Johnson and Dettre (1964) 

WDUDIÕQGDQ�\DSÕOPÕúWÕU��-RKQVRQ�DQG�'HWWUH¶QLQ�DUDúWÕUPDODUÕQÕQ�WHPHOL�GDPODQÕQ�\DUÕ�

NDUDUOÕ� �PHWDVWDEOH�� KDOOHUL� DUDVÕQGDNL� PDNURVNRELN� WLWUHúLP� HQHUMLVL� YH� HQHUML�

bDUL\HUOHULQLQ� \�NVHNOL÷L� DUDVÕQGDNL� GHQJHGHQ� EHOLUOHQHQ� \�]H\� S�U�]O�O�÷�QGHQ�

ND\QDNODQDQ�WHPDV�DoÕVÕ�NDUPDúDVÕGÕU� %LU�\�]H\LQ�KHUKDQJL�ELU�VÕYÕ�LOH�ÕVODQDELOLUOL÷L�

\�]H\LQ�NLP\DVDO�\DSÕVÕ��NLP\DVDO�KHWHURMHQOL÷L��YH�\�]H\�S�U�]O�O�÷�QH�ED÷OÕGÕU�YH�

temas DoÕVÕ�NDUPDúDVÕ�EX�LNL�IDNW|U�Q�ELU�|Oo�W��ROGX÷XQGDQ�KLGURIREOXN�GHUHFHVLQLQ�

EHOLUOHQPHVLQGH�J|]�|Q�QH�DOÕQPDOÕGÕU [Tsujii et al., 1997], [Chen et al., 1999], [Öner 

and  McCarthy, 2000], [Erbil et al., 2003], [Li et al., 2007], [Deng et al. , 2012].

6�SHUKLGURIRELN�\�]H\OHU��S�U�]O�O�÷��PH\GDQD�JHWLUHQ�PRUIRORML�EDNÕPÕQGDQ�

G�]HQOL� YH� G�]HQVL]� S�U�]O�� \DSÕODU� RODUDN� LNL\H� D\UÕOÕU��'�]HQOL� S�U�]O�� \�]H\OHU��

S�U�]O�O�÷�� PH\GDQD� JHWLUHQ� VLYUL� XoODU�� R\XNODU� YH� oL]JLOHU� JLEL� ROXúXPODUÕQ�

KL\HUDUúLN� ELU� G�]HQOH� EXOXQGX÷X� \�]H\OHUGLU� >gQHU� DQG� 0F&DUWK\�� ����], 

[Motornov et al., ����@��'�]HQVL]�S�U�]O��\�]H\OHU�LVH�S�U�]O�O�÷��PH\GDQD�JHWLUHQ�

ROXúXPODUÕQ� KL\HUDUúLN� ROPD\DQ� ELU� úHNLOGH� EXOXQGX÷X� \�]H\OHUGLU� >2QGD� et al.,

1996], [Erbil et al., 2003]. SüperhidrofoELN� \�]H\OHU� \DSÕúPDPD�� NLUOHWPHPH� YH�

kendi kendini temizleme gibi üstün özelliklere sahiptirler. Bu özellikler gemiler için 

biyo-NLUOLOL÷H� NDUúÕ� NDSODPDODU�� RWRPRELOOHU� LoLQ� NHQGL� NHQGLQL� WHPL]OH\HQ� FDPODU��

PHWDO� VDIODúWÕUPD�� OHNH� WXWPD\DQ� NXPDúODU�� NLUOHQPH]� FHSKH� NDSODPDODUÕ� JLEL�

biyolojik ve endüstriyel birçok uygulamalara sahiptirler [Li et al., 2007].

3.4.1. Süperhidrofobik Yüzey Sentez Yöntemleri

1990’ODUÕQ� VRQODUÕQGD�� V�SHUKLGURIRELN� \�]H\OHULQ� VHQWH]L\OH� LOJLOL� ELUoRN�

PDNDOH� \D\ÕQODQPÕúWÕU�� $QFDN� X\JXODQDQ� PHWRWODUÕQ� oR÷X�� PHNDQLN� YH� NLP\DVDO�

oyma �OLWRJUDIL�� SOD]PD�� OD]HU�� NLP\DVDO� YH\D� HOHNWURNLP\DVDO� DúÕODPD� \|QWHPOHUL��

gibi hidrofobik yüzeyin pürü]O�O�÷�Q�� GH÷LúWLUPH� HVDVÕQD� GD\DQDQ� SDKDOÕ� YH� JHQLú�

DODQODUD� X\JXODQPDVÕ� ]RU� RODQ� \|QWHPOHUGLU�� +DOEXNL� (UELO� YH� DUNDGDúODUÕ� >(UELO� et 

al.������@��ID]�GD÷ÕOÕPÕ�SURVHVL�LOH�XFX]�ELU�SROLPHU�RODQ�KLGURIRELN�SURSLOHQL (104o)

GDOGÕUDUDN� NDSODPD� \DSDUDN� YH� iyi çözücü/kötü çözücü kullanarak ID]� GD÷ÕOÕPÕ�

prosesi ile süperhidrofobik (160o) SURSLOHQ� \�]H\LQL� VHQWH]OHPLúOHUGLU�� $\UÕFD�

SROLPHU�NRQVDQWUDV\RQX�YH�NDSODPD� VÕFDNOÕ÷ÕQÕQ�� WHPDV� DoÕVÕ� YH� \�]H\�S�U�]O�O�÷��

�]HULQH�HWNLQ�SDUDPHWUHOHU�ROGX÷XQX�EHOLUOHPLúOHUGLU. <|WHPLQ�XFX]�ROPDVÕ�YH�JHQLú�

DODQODUD�X\JXODQDELOPHVL�HQ�E�\�N�DYDQWDMÕGÕU�
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3

'R÷DGD�� QLO�IHU� oLoH÷L�� NHOHEHN� NDQDGÕ�� VX� |U�PFH÷LQLQ� EDFDNODUÕ� JLEL� ELUoRN�

W�U������GHQ�E�\�N�VX� WHPDV�DoÕVÕQD� Vahiptir ve bu süperhidrofobik özelliklerinden 

GROD\Õ� NHQGL� NHQGLQL� WHPL]OHPH� |]HOOL÷LQH� VDKLSWLUOHU� �ùHNLO� 3.6). 1LO�IHU� \DSUD÷Õ�

�]HULQGH�|Oo�OHQ�VWDWLN�WHPDV�DoÕVÕ�YH�WHPDV�DoÕVÕ�NDUPDúDVÕ�GH÷HUOHUL�VÕUDVÕ\OD������

ve 3°’dir [Guo and Liu, 2007], [Li et al., 2007], [Bhushan et al., 2009], [Koch et al., 

2009], [Yan et al., 2011]. 1LO�IHU� ELWNLVL�� oDPXUOX� YH� NLUOL� RUWDPODUGD� \HWLúPHVLQH�

UD÷PHQ�� \DSUDNODU� �]HULQH� WR]� ]HUUHVL� JHOGL÷LQGH�� \DSUD÷ÕQ� �]HULQH� G�úHQ� \D÷PXU�

GDPODODUÕ� \D� GD� NRQGHQVH� RODQ� VX� GDPODODUÕ� Woz zerrelerini toplayarak yaprak 

�]HULQGH�KDUHNHWLQ�HWNLVL� LOH�QLO�IHU�\DSUD÷ÕQÕQ� \�]H\LQL� WHPL]OHUOHU��%X�\DSUDNODUÕQ�

V�SHUKLGURIRELN�|]HOOLN�J|VWHUPHVLQLQ�QHGHQL�KDYD�SDNHWoLNOHULQLQ�YDUOÕ÷ÕGÕU��

ùHNLO�3����1LO�IHU�\DSUD÷Õ�6X�|U�PFH÷L�YH�.HOHEHN�NDQDGÕ�IRWR÷UDIODUÕ�YH�6(0�
görüntüleri.

1LO�IHU� \DSUD÷Õ� NHQGL� GR÷DVÕ� JHUH÷L� mikro boyuttaki pürüzlülükler üzerinde 

QDQR� S�U�]O�O�NOHU� EXOXQDQ� KL\HUDUúLN� S�U�]O�O�÷H� VDKLSWLU� >3DWDQNDU�� ����],

Bhushan and Jung, 2006], [Koch et al., 2008], [Koch et al., 2009] ve bu sayede

V�SHUKLGURIRE� |]HOOLN� \DQL� NHQGL� NHQGLQL� WHPL]OHPH� |]HOOL÷L� J|VWHULU. Nilüfer 

\DSUD÷ÕQÕQ� EX� NHQGL� NHQGLQL� WHPL]OHPH� HWNLVL /RWXV� HWNLVL� RODUDN� WDQÕPODQÕU�
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>1HLQKXLV� DQG� %DUWKORWW�� ����@�� +L\HUDUúLN� \DSÕODU� \�]H\GH� KDYD� SDNHWoL÷L�

ROXúXPXQX VD÷ODU�� KDYD� SDNHWoL÷L� ROXúXPX� GD� VX� GDPODVÕQÕQ� \�]H\� �]HULQGH�

PLQLPXP� WHPDV� DODQÕQD� VDKLS� ROPDVÕQD� QHGHQ� ROXU�� ùHNLO� 3��� GH� G�]�� QDQR� \DSÕOÕ��

PLNUR� \DSÕOÕ� YH� KL\HUDUúLN� \DSÕOÕ� \�]H\OHUH� GDLU� úHPDWLN� J|VWHULP� \HU� DOPDNWDGÕU�

[Bhushan et al.������@��ùHNLOGHQGH�J|U�OG�÷��JLEL�KL\HUDUúLN�\DSÕOÕ�\�]H\OHUGH�\�]H\�

DODQÕ� GDKD� E�\�N� ROGX÷XQGDQ� GDKD� ID]OD� KDYD� SDNHWFL÷LQL� \HU� DOPDVÕ� \�]H\LQ� VX�

LWLFLOL÷LQL�DUWÕUÕU�

ùHNLO�3.7��)DUNOÕ���\�]H\�S�U�]O�O�÷�QH�VDKLS�\�]H\OHULQ�ÕVODQDELOLUOL÷LQLQ�úHPDWLN�
gösterimi.

3.4.3. Yapay Süperhidrofobik Yüzeyler

      

1LO�IHU� \DSUD÷Õ YH� GR÷DGD� \HU� DODQ� GL÷HU� V�SHUKLGURIRELN� \�]H\� |]HOOLN�

J|VWHUHQ� ELWNL� YH� FDQOÕODUÕQ� \�]H\� |]HOOLNOHULQLQ� ����¶OÕ� \ÕOODUGD� EHOLUOHQPHVL�

V�SHUKLGURIRELN�\�]H\OHULQ�\DSD\�RODUDN��UHWLPLQGH�DUDúWÕUPDFÕODUD�|QF�O�N�HWPLúWLU��

1LO�IHU� \DSUD÷ÕQD� EHQ]HU� �KL\HUDUúLN \DSÕOÕ� morfolojilere sahip süperhidrofobik 

yüzeyler, litografi�� EDVNÕ� WDEDQOÕ� �WHPSODWH-EDVHG��� SOD]PD� X\JXODPDODUÕ�� NLP\DVDO�

biriktirme, tabaka olarak birikme ve NRORLGDO� ELUOHúPH� JLEL� WHNQLNOHUOH�

VHQWH]OHQPLúWLU. Ancak bu tekniklerin uygulama yöntemleri YH�NXOODQÕODQ�PDWHU\DOOHU

ROGXNoD� SDKDOÕ ROPDVÕ� QHGHQL\OH küçük DODQODUD� X\JXODQPDNWDGÕU�� Halbuki faz 

segragasyonu, elektrospining ve püskürtme ile kaplama teknikleri ile hem daha ucuz

hem de daha büyük DODQODUÕQ kaplaQPDVÕQÕQ� RODQDNOÕ ROPDVÕ�� süperhidrofobik 

\�]H\OHULQ� VHQWH]LQGH� EX� \|QWHPOHULQ� NXOODQÕPÕQÕ� DYDQWDMOÕ� KDOH� JHWLUPHNWHGLU��

gUQH÷LQ� ID]� VHJUHJDV\RQX� \|QWHPL\OH� (UELO� YH� DUNDGDúODUÕ� XFX]� ELU� SROLPHU� RODQ�

SURSLOHQGHQ� N|W�� o|]�F�� NXOODQÕPÕ� LOH� SURSLOHQ� \�]H\LQGHNL� KDYD� SDNHWFLNOHUL�

miktaUÕQÕ�DUWÕUDUDN�V�SHUKLGURIRELN�\�]H\�VHQWH]LQL�JHUoHNOHúWLUPLúOHUGLU�>(UELO�et al., 

2003]. Faz VHJUHJDV\RQX� �D\UÕPÕ� WHNQL÷L� ile süperhidrobik yüzey sentezinde amaç 
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SROLPHU� o|]�Q�UO�÷�Q�Q� HQ� D]� ROGX÷X� OLPLW� QRNWDda �EXODQPD� QRNWDVÕ� |QFHVLQGH�

kaplama yapmaNWÕU�� )D]� D\UÕPÕ� \|QWHPL� NXOODQÕODUDN�� o|]�F��X]DNODúWÕUÕOPDVÕ� >;LH��

2004], çözeltiye kötü-çözücü ilavesi [Erbil et al., 2003], [Lu et al. 2005], [Yabu and 

Shimomuro, 2005], [Vogelaar et al., 2006], [Wei et al., 2010], [Cengiz et al., 2012] 

ve elektrospining [Cengiz et al., 2012] teknikleri ile GH÷LúLN�DUDúWÕUPDFÕODU�WDUDIÕQGDQ�

süperhidrofob yüzeyler elde HGLOPLúWLU�
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4

Florlu polimerler sulu polimerizasyon sistemleri (emülsiyon yada süspansiyon 

SROLPHUL]DV\RQ��� VROYHQW� ED]OÕ� SROLPHUL]DV\RQ� VLVWHPOHULQGH� �)UHRQ-113) yada 

VROYHQW�VX� ED]OÕ� KLEULW� SROLPHUL]DV\RQ� VLVWHPOHULQGH� VHQWH]OHQHELOLUOHU� >4XLQWHUR-

Ortega et al., 2007]�� %X� VLVWHPOHU� ID]OD� PLNWDUGD� VX� NXOODQÕPÕ�� NORURIORURNDUERQ�

�&)&�� JLEL� WRNVLVLWHVLQGHQ� GROD\Õ� NXOODQÕPÕ� NÕVÕWODQPÕú� \D� GD� IORUR-VXUIDFWDQWODUÕQ�

NXOODQÕPÕ� JLEL� GH]HDYDQWDMODUD� VDKLS� ROPDODUÕ� QHGHQL\OH� oHYUH� LOH� GRVW� \HQL�

WHNQRORMLOHU� JHOLúWLULOPHVLQH� LKWL\Do� GX\XOPXúWXU�� $QFDN� IORU� ED]OÕ� SROLPHUOHU�

süperkritik karbondioksit (Sk-CO2��RUWDPÕQGD�NROD\FD�o|]�QG�NOHULQGHQ�>'HVLPRQH�

and Guan, 1992], [Kendall et al.������@�ELOLP�DGDPODUÕ� WDUDIÕQGDQ�NORURIORURNDUERQ�

yerine Sk-CO2 NXOODQÕPÕ� |QHP� ND]DQPÕúWÕU�� 8oXFX� Rrganik çözücü (UOÇ) yerine 

SROLPHUL]DV\RQ� RUWDPÕQGD� o|]�F�� RODUDN� &22¶LQ� NXOODQÕOPDVÕ�� &22’in kolay 

EXOXQPDVÕ�� XFX]� ROPDVÕ� YH� oHYUH� LOH� X\XPOX� |]HOOLNOHULQGHQ� GROD\Õ� ROGXNoD� L\L� ELU�

DOWHUQDWLI� o|]�F�� ROPD� |]HOOL÷L� VD÷ODU�� $\UÕFD� JHOHQHNVHO� o|]�F�OHU� NXOODQÕODUDN�

\DSÕODQ� SROLPHUL]DV\RQODUGD� \�NVHN� YLVNR]LWH� RUWDPÕ�� o|]�F�GHQ� ND\QDNOÕ� ]LQFLU�

WUDQVIHUL� YH� LODYH� VDIODúWÕUPD� JHUHNVLQLPLQGHQ� ND\QDNOÕ� SUREOHPOHUGHQ� GROD\Õ� &22

NXOODQÕPÕ� JHOHQHNVHO� o|]�F�OHUH� J|UH� DYDQWDMOÕGÕU� >6FKROVN\�� ����], [Canales and 

DeSimone, 1997], [Wells and DeSimone, 2001].

4 2

CO2 QRUPDO� úDUWODU� DOWÕQGD� UHQNVL]� YH� NRNXVX]� ELU� JD]GÕU�� &22 JD]Õ� EDVÕQo�

DOWÕQGD� YH� � -56.7oC ile 31o&� DUDVÕQGD� VÕYÕ� KDOH� G|Q�ú�UNHQ�� G�ú�N� VÕFDNOÕNWD� YH�

yüksek EDVÕQoWD� NDWÕ� KDOH� G|Q�ú�U�� ��o&¶QLQ� YH� ����� EDU¶ÕQ� �]HULQGH� &22 JD]Õ�

V�SHUNULWLN� DNÕúNDQ�KDOLQH�G|Q�ú�U�YH� V�SHUNULWLN�NDUERQGLRNVLW� �6N-CO2�� DGÕQÕ� DOÕU�

�ùHNLO�4.1). CO2 V�SHUNULWLN� úDUWODU� DOWÕQGD�JD]�JLEL�GLI�]H�ROPD�YH� VÕYÕ� JLEL� o|]PH�

|]HOOL÷LQH� VDKLSWir. Süperkritik CO2¶LQ� o|]�F�� J�F�� \R÷XQOX÷XQXQ� ELU� IRQNVL\RQX�

RODUDN� WDQÕPODQDELOLU�� 6LVWHPLQ� VÕFDNOÕ÷ÕQÕQ� YH� EDVÕQFÕQÕQ� NRQWURO�� LOH� V�SHUNULWLN�

CO2’in çözebilme gücü kontrol edilebilir [Dean, 1993], [Kemere and Meyer, 2005],

[Ahmed et al., 2009]. CO2’in \R÷XQOX÷X� G�ú�N� VÕFDNOÕN� YH� EDVÕQo� GH÷LúLPOHULQGHQ�

oldukça fazla etkilenir. CO2 RUWDPÕQGD� SROLPHUL]DV\RQODUGD� &22 genellikle 

monomerler için solventken, polimerler için non-solvent |]HOOL÷LQL gösterir ve 
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E|\OHFH�JHOHQHNVHO�\|QWHPOHUGH�ROGX÷X�JLEL�VROYHQWLQ�X]DNODúWÕUÕOPDVÕ�LoLQ�HNVWUD�ELU�

LúOHP�\DSÕOPDVÕ�JHUHNPHGHQ��U�Q�Q�GLUHNW�NXOODQÕODELOPH�DYDQWDMÕ�VD÷ODU�

ùHNLO�4.1: CO2¶LQ�ID]�GH÷LúLP�JUDIL÷L�

3ROLPHUL]DV\RQ� RUWDPÕ� RODUDN� &22 NXOODQÕOGÕ÷ÕQGD�� VÕFDNOÕN� YH� EDVÕQoWDNL�

GH÷LúLPH� ED÷OÕ� RODUDN� PRQRPHU� YH� PRQRPHU�SROLPHULQ� &22 içindeki 

o|]�Q�UO�NOHULQH� ED÷OÕ� RODUDN� SROLPHUL]DV\RQ� RUWDPÕ� KRPRMHQ� \D� GD� KHWHURMHQ�

RODELOLU�� +RPRMHQ� SROLPHUL]DV\RQGD� PRQRPHU�� EDúODWÕFÕ�� ROLJRPHU� YH� QLKDL� �Uün

SROLPHU�� SROLPHUL]DV\RQ� VÕFDNOÕ÷Õ� YH� EDVÕQFÕQGD� &22 içerisinde çözünürken, 

heterojen polimerizasyonda ortamda bulunan giren veya ürünlerden en az biri CO2

LoHULVLQGH�o|]�QPH\HUHN�D\UÕ�ELU�ID]�YHUPHNWHGLU��6DGHFH�DPRUI�\D�GD�G�ú�N�HULPH�

QRNWDVÕQD� VDKLS� Iloropolimerler ve siloksanlar CO2-seven polimerler olarak 

DGODQGÕUÕOÕU�YH�RUWD�VÕFDNOÕN-EDVÕQoODUGD���7����oC ve P<400 bar) sk-CO2 içerisinde 

çözünürlük gösterirler ve homojen polimerizasyon ile sentezlenebilirler [DeSimone 

and Guan, 1992], [Desimone et al., 1994], [Desimone et al., 2003]. Bununla birlikte 

EX� LNL� VÕQÕI� SROLPHU� GÕúÕQGDNL� ELUoRN� SROLPHU� &22-sevmeyen polimer olarak 

DGODQGÕUÕOÕU�YH�QRUPDO�VÕFDNOÕN�YH�EDVÕQo�DUDOÕNODUÕQGD�VN-CO2 RUWDPÕQGD�o|]�QPH]OHU�

ve çökelme, dispersiyon, emülsiyon ya da süspDQVL\RQ� SROLPHUL]DV\RQODUÕ� JLEL�

KHWHURMHQ� SROLPHUL]DV\RQ� \|QWHPOHUL� LOH� SROLPHUOHúWLULOHELOLUOHU� >%HFNPDQ�� ����],

[Ahmed et al.������@���gUQH÷LQ�SROLPHWLO�PHWDNULODWÕQ��300$��NDUERQGLRNVLW�LoLQGH�

çözünebilmesi için 105 g/mol PMMA için 100oC ve 2000 bar basÕQo� JHUHNOLGLU�
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[Rindfleisch et al., 1996], [Kendall et al.������@�YH�EX�úDUWODU�SROLPHU�HQG�VWULVL�LoLQ�

KHP� SUDWLN� GH÷LOGLU� KHPGH� SDKDOÕGÕU�� $QFDN� 00$¶ÕQ� &22 RUWDPÕQGD� KRPRMHQ�

SROLPHUL]DV\RQXQXQ� SUDWLN� ROPDPDVÕQÕQ� YH� PDOL\HWOL� ROPDVÕQD� NDUúÕQ�� SROL�GLKLGUR�

SHUIORUR� RNWLO� DNULODW�� >S�)2$�@� JLEL� IORU� LoHUHQ� VWDELOL]DW|U� NXOODQÕPÕ\OD� KHWHURMHQ�

dispersiyon polimerizasyonu ile 65oC ve 204 bar da PMMA sentezi 

gerçekOHúWLULOPLúWLU� >'HVLPRQH� et al.�� ����@�� $\UÕFD� 'HVLPRQH� YH� *XDQ� \�NVHN�

PROHN�O� D÷ÕUOÕNOÕ� ��������� J�PRO�� S�)2$�� KRPRSROLPHULQL� VN-CO2 RUWDPÕQGD�

homojen serbest radikal polimerizasyonu ile 207 atm ve 59.4oC’da % 65 verimle 

VHQWH]OHPLúOHUGLU�>�'HVLPRQH�DQG�*XDQ������@��$\UÕFD�PHWLO�PHWDNULODW��00$���EXWLO�

DNULODW�� VWLUHQ� YH� HWLOHQ� JLEL� PRQRPHUOHU� LOH� )2$¶QÕQ� &22 RUWDPÕQGD� KRPRMHQ�

SROLPHUL]DV\RQ� LOH� 'HVLPRQH� DQG� *XDQ� WDUDIÕQGDQ� SROLPHUOHúWLULOHELOGL÷L�

EHOLUOHQPLúWLU� >'H6LPRQH� DQG� *XDQ�� ����], [Scholsky, 1993]. Mawson ve 

DUNDGDúODUÕ�� SHUIORUR� DONLO� DNULODW� �=RQ\O-TAN) monomerini 20.7 MPa ve 59.4oC

VÕFDNOÕNWD� sk-CO2 RUWDPÕQGD� KRPRMHQ� RODUDN� VHQWH]OHPLúOHUGLU� YH� VHQWH]OHQHQ�

S�=RQ\O� 7$1�� SROLPHULQLQ� FDPVÕ� JHoLú� VÕFDNOÕ÷Õ� �7g = -23o&�� YH� HULPH� QRNWDVÕQÕ�

88oC olarak EHOLUOHPLúOHUGLU[Mawson et al., 1995]. Literatürde CO2 RUWDPÕQGD�

KRPRMHQ� SROLPHUL]DV\RQ� LOH� IORU� LoHUHQ� PRQRPHUOHULQ� NXOODQÕOPDVÕ� LOH� RUWDODPD�

UHDNVL\RQ� úDUWODUÕQGD� VHQWH]OHQHQ� ELUoRN� NRSROLPHUL]DV\RQ� YH� KRPRSROLPHUL]DV\RQ�

oDOÕúPDVÕ�\HU�DOPDNWDGÕU�>+X�et al., 2002], [Hwang et al., 2004], [Shin et al., 2006],

[Kim et al., 2007], [Shin et al., 2007], [Liu et al., 2008], [Shin et al., 2008]. Bu 

oDOÕúPDODUGDQ�oÕNDQ�RUWDN�VRQXo�&22-VHYHQ�PRQRPHUOHULQ�NXOODQÕPÕ��gU��IORUOX�\D�GD�

VLORNVDQOÕ�� SROLPHUL]DV\RQ� RUWDPÕQÕQ� KRPRMHQ� NDOPDVÕQGD�� SROLPHULQ� IL]LNVHO�

özelliklerinde etkilidir. Ancak molekül CO2 RUWDPÕQGD� KHWHURMHQ� SROLPHUL]DV\RQ�

X\JXODPD�DODQÕQÕQ�JHQLúOL÷L�DoÕVÕQGDQ�KRPRMHQ�SROLPHUL]DV\RQGDQ��VW�QO�÷H�VDKLSWLU�

YH�OLWHUDW�UGH�JHQLú�ELU�\HU�NDSODPDNWDGÕU�

4.1.1. Heterojen Polimerizasyon

CO2¶LQ� \�NVHN� PROHN�OHU� D÷ÕUOÕNOÕ� SROLPHUOHULQ� ELUoR÷XQX� o|]HELOPHVL� LoLQ�

\�NVHN�EDVÕQo�YH�VÕFDNOÕ÷D� LKLWL\Do�YDUGÕU��%X�\�]GHQ�&22 birçok polimeri çözmek 

LoLQ� ]D\ÕI� ELU� VROYHQWWLU�� *HOHQHNVHO� SROLPHUOHULQ� VDGHFH� VÕQÕUOÕ� ELU� NÕVPÕ� ���-600 

EDU¶ÕQ� DOWÕQGD� EHOOL� ELU� NRQVDQWDV\RQGD� ��-5 wt %) Sk-CO2 içinde çözünür. Bunlar 

SROLVLORNVDQODU�� SHUIORURDONDQODU�� SHUIORRURHWHUOHU� YH� ED]Õ� SROLNDUERQDWODUGÕU�
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[Timmerman and Greyson, 1962], [Herman, 1989], [Caprani, 1995]. Bu nedenle Sk-

CO2 LoLQGH�SROLPHUL]DV\RQ�UHDNVL\RQODUÕQÕQ�oR÷X�KHWHURMHQ�SROLPHUL]DV\RQ�úHNOLQGH�

JHUoHNOHúLU�� &22¶H� NDUúÕ� DILQLWH� J|VWHUHQ� SROLPHUOHU� &22-filik (CO2-seven) olarak 

DGODQGÕUÕOÕU� >0DXU\� et al., 1993]. Lipofilik ve hidrofilik polimerler CO2 içinde 

o|]�QPHPH�H÷LOLPLQGHGLU�YH�EX�SROLPHUOHU�&22-fobik (CO2-sevmeyen)  olarak ifade 

HGLOLU��%XQXQOD�ELUOLNWH��VÕYÕ�\D�GD�sk-CO2 içinde CO2-soluble hidrofilik ve lipofilik 

PRQRPHUOHULQ�KHWHURMHQ�SROLPHUL]DV\RQODUÕ�EDúDUÕOÕ�RODUDN�\DSÕOPÕúWÕU�>6KDIIHU�et al.,

����@�� 6ÕYÕ� YH� Vk-CO2 içinde ilk olarak 1968 de Sumitoma Chemical Company 

WDUDIÕQGDQ� YLQLO� PRQRPHULQLQ� KHWHURMHQ� SROLPHUL]DV\RQX� UDSRU� HGLOPLú� YH� SDWHQW�

DOPÕúWÕU��'L÷HU�SDWHQW�DODQODU�LVH��PHWLOPHWDNULODWÕQ�SROLPHUL]DV\RQXQX�ROXúWXUPXú�YH�

precipitatiRQ�SROLPHUL]DV\RQOD�SROLPHU�YH�NRSROLPHUOHU��UHWPLúOHUGLU�>+D\������@

CO2 RUWDPÕQGD� KHWHURMHQ� SROLPHUL]DV\RQ� VÕUDVÕQGD� KHUKDQJL� ELU� DQGD�� &22

GÕúÕQGD�ELU�YH\D�GDKD�ID]OD�ID]�ROXúXU�YH�EX�QHGHQOH�KRPRMHQ�SROLPHUL]DV\RQD�J|UH�

GDKD� NRPSOHNV� \DSÕ\D� VDKLSWLU�� +eterojen polimerizasyon çökelme, dispersiyon, 

V�VSDQVL\RQ�YH�HP�OVL\RQ�SROLPHUL]DV\RQODUÕ�ROPDN��]HUH�G|UW�IDUNOÕ�SROLPHUL]DV\RQ�

SURVHVL� LOH� JHUoHNOHúWLULOLU�� &22 RUWDPÕQGD� HQ� VÕN� NXOODQÕODQ� SROLPHUL]DV\RQ� WLSOHUL��

o|NHOPH� YH� GLVSHUVL\RQ� SROLPHUL]DV\RQODUÕGÕU� >'H6LPRQH� et al., 1994], [Cooper, 

2000], [Ye and DeSimone, 2005], [Renault et al., 2008], [Ahmed et al., 2009],

[Zetterlund et al.�� ����@�� $\UÕFD� VRQ� ]DPDQODUGD� &22-JHQLúOHWLOPLú� VÕYÕ� ID]�

SROLPHUL]DV\RQX�YH�NRQWUROO��\DúD\DQ�KHWHURMHQ�UDGLNDO�polimerizasyon teknikleri ile 

CO2 RUWDPÕQGD� SROLPHU� VHQWH]L� JHUoHNOHúWLULOLUHN� G�ú�N� EDVÕQo� YH� VÕFDNOÕNODUGD�

KHWHURMHQ�SROLPHUL]DV\RQ�RODQDNOÕ�KDOH�JHOPHNWHGLU�>Guo et al., 2006], [Zwolak et al.,

2005], [Wang et al., 2008], [Zwolak and Lucien, 2008], [Zetterlund et al., 2009], [Pu 

et al., 2010], [Cengiz et al., 2011], [Cengiz et al., 2013].

4.1.1.1. Sk-CO2

d|NHOPH� SROLPHUL]DV\RQX�� PRQRPHU� YH� EDúODWÕFÕQÕQ� SROLPHUL]DV\RQ�

EDúODQJÕFÕQGD� SROLPHUL]DV\RQ� o|]�F�V�� LoLQGH� o|]�QG�÷�� YH� SROLPHUL]DV\RQ�

LOHUOHGLNoH�ROXúDQ�ROLJRPHU�YH�GDKD�GD� LOHUOHPHVL� LOH�SROLPHU�]LQFLUOHULQLQ�ROXúXPX�

LOH� PROHN�O� D÷ÕUOÕ÷ÕQÕQ� DUWPDVÕ� VRQXFXQGD�� SROLPHULQ� o|]�F�� LoHULVLQGHNL�

o|]�Q�UO�÷�Q�Q�GR\JXQOXN�VHYL\HVLQH�JHOPHVL� VÕUDVÕQGD�o|NPHVL�YH� VRQODQPDVÕ� LOH�

JHUoHNOHúHQ� ELU� KHWHURMHQ� SROLPHUL]DV\RQ� oHúLGLGLU�� � 6N-CO2, çökelme 



55

SROLPHUL]DV\RQODUÕQGD�o|]�F��RUWDP�RODUDN�GL÷HU�RUJDQLN�VROYHQWOHUH�DOWHUQDWLI�RODUDN�

NXOODQÕOÕU� DQFDN� 6N-CO2 içerisinde çökelme polimerizasyonunda zaman ilerledikçe 

polimer zincLUOHULQLQ� E�\�PHVL� LOH� DUWDQ� PROHN�O� D÷ÕUOÕ÷ÕQD� ED÷OÕ� RODUDN� SROLPHU�

]LQFLUOHUL� o|NHOPH\H� EDúODU�� %X� ELU� VRQODQPD� GH÷LO�� ]LQFLU� E�\�PHVL� VRQXFX� &22 

LoLQGH� o|]�Q�UO�N� VÕQÕUÕQÕ� DúPD� LOH� DODNDOÕGÕU�� 3ROLPHUL]DV\RQ� o|NHOPH� VRQUDVÕ� DOW�

fazda devam edebilir veya sonlanabilir [Kendall et al., 1999], [Cooper, 2000]

[Zetterlund et al., 2009], [Kennedy et al., 2009], [Cengiz et al., 2013]. Çökelme 

SROLPHUL]DV\RQXQXQ� HQ� |QHPOL� DYDQWDMÕ� &22 GÕúDUÕ� DOÕQÕS�� RUWDP� EDVÕQFÕ� ���� 03D�

G�ú�U�O�QFH��NXUX�VDI�SROLPHU�o|NHUHN�UHDNW|U�GLELQGH�NDOPDVÕGÕU�>&RRSHU������@���

CO2 RUWDPÕQGD�o|NHOPH�SROLPHUL]DV\RQX�LOH�\D\JÕQ�RODUDN�VHUEHVW�UDGLNDO�\DGD�

NDW\RQLN� ]LQFLU� E�\�PHVL� UHDNVL\RQ� PHNDQL]PDODUÕ� NXOODQÕODUDN� ELUoRN� SROLPHU�

VHQWH]OHQPLúWLU� >&RRSHU�� ����@�� � d|NHOPH� SROLPHUL]DV\RQX� &22 RUDWPÕQGD�

SROLPHUL]DV\RQGD� HQ� |QHPOL� DYDQWDMODUGDQ� ELULVL� UHDNW|U� LoHULVLQGHNL� EDVÕQFÕQ�

ERúDOWÕOPDVÕ� VRQUDVÕQGD� SROLPHULQ� VROYHQW� LoHUPHPHVL� YH� NXUX� RODUDN� GLUHNW�

kullanÕODELOPHVLGLU�� 6HUEHVW� UDGLNDO� o|NHOPH� SROLPHUL]DV\RQXQGD� YLQLO�

monomerlerinin CO2 RUWDPÕQGD� o|NHOPH� SROLPHUL]DV\RQX� LOH� SROLPHUOHúWLULOPHVL�

HQG�VWUL\HO� DoÕGDQ� |QHPOL� ROPDVÕ� QHGHQL� LOH� ELUoRN� DUDúWÕUPDFÕ� WDUDIÕQGDQ�

LQFHOHQPLúWLU�>5RPDFN�DQG�'H6LPRQH������], [Kennedy et al., 2005], [Kwon et al.,

2008], [Zetterlund et al., 2009]. Romack ve DeSimone, sk-CO2 RUWDPÕQGD�DNULOLN�DVLW�

PRQRPHULQGHQ� o|NHOPH� SROLPHUL]DV\RQX� LOH� SROLPHUL]DV\RQ� EDVÕQFÕQÕ� ����-34.5

03D�DUDVÕ�GH÷LúWLULOHUHN�\�NVHN�PROHN�O�D÷ÕUOÕNOÕ��0n=150 kg/mol) poli(akrilik asit) 

SROLPHULQL� VHQWH]OHPLúOHUGLU [Romack and DeSimone, 1995]�� $\QÕ� ]DPDQGD��

SROL�DNULOLN�DVLW��SROLPHULQLQ�PROHN�O�D÷ÕUOÕNODUÕQÕQ�]LQFLU� WUDQVIHU�DMDQÕ�NRQWURO�� LOH�

VLVWHPDWLN� RODUDN� LQFHOHPLúOHU� YH� ]LQFLU� WUDQVIHU� DMDQÕ� NRQVDQWUDV\RQX� DUWWÕNoD�

SROLPHU�PROHN�O�D÷ÕUOÕNODUÕQÕQ����-����NJ�PRO�DUDVÕQGD�GH÷LúWL÷LQL�UDSRU�HWPLúOHUGLU��

.ZRQ� YH� DUNDGDúODUÕ�� � �-Metilen-1,3-dioksapen (MDOP) ve N-vinil-2-Pirrolidon 

(NVP) monomer ile sk-CO2 RUWDPÕQGD�VHUEHVW�UDGLNDO�SROLPHUL]DV\RQ�PHNDQL]PDVÕ�

iOH�SROL�0'23��YH�0'23�LOH�193�QLQ�NRSROLPHUOHULQL�VHQWH]OHQPLúOHUGLU [Kwon et 

al., 2008]��.RSROLPHUGHNL�193�RUDQÕ�DUWWÕNoD�G|Q�ú�P�Q�DUWWÕ÷Õ�YH�EHVOHPH�RODUDN�

VDGHFH�193�EHVOHQGL÷LQGH�G|Q�ú�P�Q�������ROGX÷XQX�UDSRU�HWPLúOHUGLU�
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4.1.1.2. CO2-

dHYUH� LOH� X\XPOX� o|]�F�OHU� NDSVDPÕQGD� \HU� DODQ� &22-JHQLúOHWLOPLú� VÕYÕ�� VN-

CO2¶LQ� |]HOOLNOHULQL� YH� RUJDQLN� o|]�F�Q�Q� o|]PH� J�F�Q�� ELU� DUDGD� WDúÕU� YH� EX�

QHGHQOH� HWNLQ� ELU� o|]HOWL� NDUÕúÕPÕGÕU�� &22-JHQLúOHPLú� RUJDQLN� o|]�F�� ID]Õ 1989 

\ÕOÕQGDQ�LWLEDUHQ�ELOLQHQ�ELU�o|]�F��NDUÕúÕPÕ�ROPDVÕQD�NDUúÕQ�>*DOODJKHU�et al., 1989], 

ilk defa deneysel olarak etanol, asetonitril, etil asetat ve toluen organik çözücüleri ile 

CO2-RUJDQLN�o|]�F��ID]�PRGHOOHPHVLQLQ�\DSÕOPDVÕ�>%DGLOOD�et al., 2000] ve mikro ve 

QDQR� SDUWLN�O� ROXúXPXQGD� SRWDQVL\HO� ELU� X\JXODPD� DODQÕ� RODUDN� NXOODQÕOPDVÕQD�

[Eckert et al.�� ����@� EDúODQPÕúWÕU�� 3ROLPHUL]DV\RQ� RUWDPÕ� RODUDN� &22-JHQLúOHWLOPLú�

VÕYÕ�ID]ÕQ�NXOODQÕOPDVÕ�LVH�ELU�RUJDQLN�o|]JHQ�LOH�ELUOLNWH�LON�GHID������\ÕOÕQGD�VWiren 

PRQRPHUL� SROLPHUL]DV\RQX� LOH� EDúODPÕúWÕU� >/LX�et al.�� ����@�� ����� \ÕOÕQGD� LVH�&22

RUWDPÕQGD� LNLQFL� ELU� o|]JHQ� ROPDGDQ� LON� GHID� VDGHFH� &22-JHQLúOHWLOPLú� PRQRPHU�

ID]ÕQGD�SROLPHUL]DV\RQ�\DSÕOPÕúWÕU�>=ZRODN�et al., 2006].

/LX� YH� DUNDGDúODUÕ�� RUJDQLN� o|]�Fü olarak THF ve siklohegzan kullanarak 

stireni CO2-JHQLúOHWLOPLú� RUJDQLN� o|]�F�� LoHULVLQGH� SROLPHUOHúWLUPLúOHUGLU� YH�

SROLPHUL]DV\RQ� YHULPLQLQ� YH� PROHN�O� D÷ÕOÕ÷ÕQÕQ� DUWDQ� EDVÕQo� LOH� G�úW�÷�� UDSRU�

HWPLúOHUGLU[Liu et al., 2001]��/LX�YH�DUNDGDúODUÕ��D\UÕFD������\ÕOÕQGD�RUJDQLN�o|]�F��

olarak kloroform, etilasetat ve iso-amil asetat çözücüleri kullanarak, MMA 

monomerinin CO2-JHQLúOHWLOPLú�RUJDQLN�o|]�F��LoHULVLQGH�SROLPHUOHúWLUPLúOHUGLU[Liu 

et al., 2003]. PS’nin CO2-JHQLúOHWLOPLú�RUJDQLN�o|]�F��LoHULVLQGHNL�polimerizasyona 

benzer olarak PMMA polimerizas\RQXQGD� GD� EDVÕQo� DUWÕúÕ� LOH� SROLPHU� YHULP� YH�

PROHN�O�D÷ÕUOÕ÷ÕQÕQ�G�úW�÷�Q�� UDSRU� HWPLúOHUGLU� >/LX�et al., 2001; Liu et al., 2003]. 

;X� YH� DUNDGDúODUÕ�� 00$� PRQRPHULQL� &22-JHQLúOHWLOPLú� 7+)� ID]ÕQGD� o|NHOPH�

polimerizasyonu ile 62o&� UHDNVL\RQ� VÕFDNOÕ÷Õ� YH� ���� 03D� UHDNVL\RQ� EDVÕQFÕQGD�

300$�SROLPHULQL� VHQWH]OHPLúOHUGLU�� 300$� SROLPHUL]DV\RQXQGD� SROLPHU�PROHN�O�

D÷ÕUOÕNODUÕ� KDFLP� JHQLúOHPHVL� LOH� |QFH� G�úHUNHQ�� KDFLP� JHQLúOHPH� VDELWL� �¶\L�

JHoWLNWHQ�VRQUD�PROHN�O�D÷ÕUOÕ÷ÕQÕQ�DUWWÕ÷Õ�UDSRU�HGLOPLúWLU [Xu et al., 2003]. Molekül 

D÷ÕUOÕ÷ÕQGDNL� EX� GH÷LúLP� QHGHQL� RODUDN� VÕYÕ� ID]� LoHULVLQH� &22 EDVÕOPDVÕ� LOH� KDFLP�

JHQLúOHPHVL� VRQXFX� VÕYÕ� ID]� LoHULVLQGHNL� PRQRPHU� NRQVDQWUDV\RQX� D]DOPDNWD� YH�

GROD\ÕVÕ\OD� SROLPHU� PROHN�O� D÷ÕUOÕNODUÕ� D]DOPDNWDGÕU�� $\UÕFD� KDFLP� JHQLúOHPHVLQLQ�

DUWPDVÕ� LOH� UDGLNDO� KDOLQGHNL� ROLJRPHULN� ]LQFLUOHULQ� o|NPHVL� VRQXFXQGD��

SROLPHUL]DV\RQ� RUWDPÕ� o|]HOWL� RUWDPÕ� \HULQH� SROLPHU� ID]Õ� RODFDNWÕU�� 3ROLPHUL]DV\RQ�
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SROLPHU� ID]ÕQGD� GHYDP� HWWL÷L� YH� KDFLP� JHQLúOHPHVL� DUWWÕNoD� SRlimer molekül 

D÷ÕUOÕNODUÕ�DUWWÕ÷Õ�UDSRU�HGLOPLúWLU�>;X�et al., 2003].

=ZRODN� YH� DUNDGDúODUÕ��00$�PRQRPHULQL�&22-JHQLúOHPLú�PRQRPHU� ID]ÕQGD�

VHQWH]OHPLúOHUGLU[Zwolak et al., 2006]�� %X� oDOÕúPDGD� LNLQFL� ELU� RUJDQLN� o|]�F��

NXOODQÕOPDGDQ�PRQRPHU�ID]ÕQÕQ�JHQLúOHPHVL�LOH�ROXúDQ�ID]�LoHULVLQGH�SROLPHUL]DV\RQ�

\DSÕOPÕúWÕU��3ROLPHUL]DV\RQ�VÕFDNOÕ÷Õ���o&�VDELW�WXWXOXS��SROLPHUL]DV\RQ�EDVÕQFÕ����-6

03D� DUDVÕQGD� GH÷LúWLULOHUHN� 300$� SROLPHULQLQ� PROHN�O� D÷ÕUOÕ÷ÕQÕQ� DUWWÕ÷Õ� UDSRU�

HGLOPLúWLU�>=ZRODN������@��=ZRODN�YH�DUNDGDúODUÕ EX�oDOÕúPD\Õ������\ÕOÕQGD�%$�YH�6W�

PRQRPHUOHUL� LOH� WHNUDUODPÕúODU� YH� KHU� LNL� oDOÕúPD� VRQXoODUÕQÕQ� GD� ELU� X\XP� LoLQGH�

ROGX÷XQX�� EDVÕQo� DUWWÕNoD� 3%$� YH� 36� KRPRSROLPHUOHULQLQ� PROHN�O� D÷ÕUOÕNODUÕQÕQ�

DUWWÕ÷ÕQÕ� UDSRU� HWPLúOHUGLU� >=ZRODN et al.,�� ����@�� =ZRODN� YH� DUNDGDúODUÕQÕQ�

oDOÕúPDODUÕQD� EHQ]HU� úHNLOGH� &HQJL]� YH� DUNDGDúODUÕ� >&HQJL]� et al., 2013], 

perfloroalkiletil metakrilat monomeri (Zonyl-TM) ile MMA monomerinden 10-13 

MPa’OÕN� G�ú�N� EDVÕQo� DUDOÕ÷ÕQGD� ��o&� UHDNVL\RQ� VÕFDNOÕ÷ÕQGD� CO2-JHQLúOHPLú�

PRQRPHU�ID]ÕQGD�VHQWH]OHPLúOHUGLU��0RQRPHU�EDúÕQD�G�úHQ�&22 PLNWDUÕQÕQ��=RQ\O-

TM)-00$� NRSROLPHULQLQ� PROHN�O� D÷ÕUOÕ÷ÕQÕ� QDVÕO� GH÷LúWLUGL÷LQL� LQFHOHPLúOHU� YH�

monRPHU� EDúÕQD� G�úHQ� &22 PLNWDUÕQÕQ� DUWPDVÕ� LOH� YH� NRSROLPHUGHNL� =RQ\O-TM 

PRQRPHU� RUDQÕQÕQ� D]DOPDVÕ� LOH� NRSROLPHU� PROHN�O� D÷ÕUOÕ÷ÕQÕQ� DUWWÕ÷ÕQÕ�

EHOLUOHPLúOHUGLU�
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LZEMELER ve 

<DúD\DQ� VLVWHPH� \HUOHúWLULOPHN� �LPSODQWDV\RQ�� YH� RUJDQ�GRNXODUÕQ� LúOHYOHULQL�

NÕVPHQ� YH\D� W�PGHQ� �VWOHQPHN� �]HUH� WDVDUODQDQ� PDWHU\DOOHUH� EL\RPDWHU\DO� DGÕ�

YHULOLU�� %X�PDO]HPHOHULQ�� EL\RORMLN� \|QGHQ� X\XPOX� ROPDVÕ�� WRNVLN� YH� NDUVLQRMHQLN�

ROPDPDVÕ�� NLP\DVDO� DoÕGDQ� LQHUW� YH� VWDELO� ROPDVÕ�� \HWHUOL� PHNDQLN� NXYYHWH� VDKLS�

ROPDVÕ�� \R÷XQ�ELU� \DúDPD�X\XP�J|VWHUHELOPHVL�� X\JXQ�D÷ÕUOÕN�YH�GDQVLWHGH�ROPDVÕ��

E�\�N�PLNWDUODUGD�LúOHQHELOPH�YH�IDEULNDV\RQ�NROD\OÕ÷Õ�J|VWHUPHVL��HNRQRPLN�ROPDVÕ�

EL\RPDWHU\DO� RODUDN� NXOODQÕP� LoLQ� LVWHQHQ� WHPHO� |]HOOLNOHUGLU�� $\UÕFD�

biyomalzemelerin; fiziksel, kimyasal, mekanik, termal özeliklerinin iyi bilinmesi ve 

GRNX�LOH�DOOHUMLN��WRNVLN��NDUVLQRMHQLN�UHDNVL\RQ�YHUPHPHVL�LVWHQHQ�GL÷HU�|]HOOLNOHUGLU

[Sugarmann et al., 1984], [Gristina et al., 1985].

%L\RPDO]HPHOHU��LQVDQ�Y�FXGXQGDNL�FDQOÕ�GRNXODUÕQ�LúOHYOHULQL�\HULQH�JHWLUPHN�

\D�GD�GHVWHNOHPHN� DPDFÕ\OD�NXOODQÕODQ�GR÷DO� \D�GD� VHQWHWLN�PDO]HPHOHUGLU��6�UHNOL�

RODUDN�YH\D�EHOLUOL�DUDOÕNODUOD�Y�FXW�DNÕúNDQODUÕ\OD��|UQH÷LQ�NDQ��K�FUHOHUDUDVÕ�PDWULV��

ilH� WHPDV� HGHUOHU�� %L\RPDO]HPHOHULQ� LúOHYVHO� RODUDN� NXOODQÕOÕS-NXOODQÕOPDPDVÕ��

EL\RPDO]HPHQLQ� Y�FXW� DNÕúNDQÕQD� YHUGL÷L� \DQÕWOD� EHOLUOHQLU� [Robert et al., 2003].

Biyomalzemenin cDQOÕ� VLVWHPH� \HUOHúWLULOPHVLQGHQ� ROGXNoD� NÕVD� ELU� V�UH� VRQUD�

EL\RPDO]HPH��]HULQH�SURWHLQ�WDEDNDVÕ�NDSODQÕU�YH�VDQL\HOHUOH�GDNLNDODU�DUDVÕQGD�RODQ�

EX� V�UHoWH�� \�]H\LQ� KHPHQ� KHPHQ� WDPDPÕQGD�� WHN� WDEDND� RODUDN� SURWHLQ�

DGVRUEODQPÕúWÕU��.DQGD�PHYFXW�K�FUHOHU� \�]H\H�\DNODúPDGDQ�|QFH�oRNWDQ�EX�V�UHo�

WDPDPODQÕU�� +�FUHOHU�� EL\RPDO]HPH� \�]H\L� LOH� GH÷LO�� WHN� WDEDNDGD� SURWHLQ� LOH�

NDUúÕODúÕUODU� YH� SURWHLQ� DGVRUEVL\RQXQGDQ� VRQUD�� K�FUHOHU� LPSODQW� \�]H\LQH���

GLI�]\RQ��WDúÕQÕP�\D�GD�DNWLI�PHNDQL]PDODUOD�XODúÕUODU��+�FUHOHU yüzeyde tutunabilir, 

EDúND�K�FUHOHULQ�JHOPHVL�YH�JHOLúLPLQL�VD÷OD\DELOLU��%�W�Q�EX�EDVDPDNODU��\�]H\GHNL�

SURWHLQH�FHYDSWÕU��

Biyouyumlu olan malzemeler, EL\RPDO]HPH� RODUDN� DGODQGÕUÕOÕU ve uygulama 

VÕUDVÕQGD� biyomalzemenin vücut sistemine uygun cevap verebLOPH� \HWHQH÷L�

biyouyumluluk RODUDN� WDQÕPODQÕU. Biyouyumluluk, bir biyomalzemenin en önemli 

|]HOOL÷Ldir. Biyouyumlu, yani ‘vücutla X\XúDELOLU¶� ELU� EL\RPDO]HPH�� NHQGLVLQL�

çevreleyen GRNXODUÕQ� QRUPDO� GH÷LúLPOHULQH� HQJHO� ROPD\DQ� YH dokuda istenmeyen 

tepkiler (LOWLKDSODQPD��SÕKWÕ ROXúXPX��YE��PH\GDQD�JHWLUPH\HQ�PDO]HPHGLU [Banerjee 

et al., 1997]. BL\RPDO]HPHQLQ� \DSÕsal ve yüzey uyumlulu÷Xda biyouyumluluk 
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DoÕVÕQGDQ� GH÷HUOHQGLULOPHVL� JHUHNHQ� GL÷HU� SDUDPHWUHOHUGLU� <�]H\� X\XPOXOX÷X� bir 

biyomalzemenin vücut dokularÕQD� IL]LNVHO� kimyasal ve biyolojik olarak uygun 

ROPDVÕyken, yDSÕVDO�X\XPOXOXN��PDO]HPHQLQ�Y�FXW�GRNXODUÕQÕQ�PHNDQLN�GDYUDQÕúÕQD�

VD÷ODGÕ÷Õ�RSWLPXP uyumdur [Ramakrishna et al., 2001].

Biyomalzemeler metaller, seramikler, polimerler ve kompozit malzemeler 

RODUDN� JUXSODQGÕUÕOabilir [Wong and Bronzino, 2007]. Alüminyum oksit, biyoaktif 

cam, karbon ve hidroksiapatit (HA) biyouyumlu seramik malzemelere örnek olarak 

verilebilir. Biyomalzeme RODUDN� NXOODQÕODQ� PHWDOOHU� YH� DODúÕPODU LVH�� DOWÕQ�� WDQWDO��

paslanmaz çelik ve titanyum DODúÕPODUÕ olabilir. $\UÕFD� Solietilen (PE), poliüretan 

(PU), politetrafloroetilen (PTFE), poliasetal (PA), polimetilmetakrilat (PMMA), 

polietilenteraftalat (PET), silikon kauçuk (SR), polisülfon (PS), polilaktik asit (PLA) 

ve poliglikolik asit (PGA) gibi oRN� VD\ÕGD� SROLPHU�� WÕEEL� X\JXODPDODUGD�

NXOODQÕOPDNWDGÕU. PROLPHUOHU�� oRN� GH÷LúLN� ELOHúLPOHUGH YH� úHNLOOHUGH� �OLI�� ILOP�� MHO��

boncuk, nanopartikül) KD]ÕUODQDELOPHOHUL� QHGHQL\OH� EL\RPDO]HPH RODUDN� JHQLú� ELU�

NXOODQÕP� DODQÕQD� VDKLSOHU� Ne var NL�� ED]Õ� X\JXODPDODU� LoLQ-|UQH÷LQ� ortopedik 

alanda-PHNDQLN�GD\DQÕPODUÕ�]D\ÕI ROPDVÕ�YH VÕYÕODUÕ�\DSÕVÕQD�DODUDN�úLúHELlmeleri ya 

da istenmeyen zehirli ürünler (monomerler, antioksidanlar JLEL�� VDOJÕOD\DELOmeleri 

JLEL�QHGHQOHUOH�NXOODQÕPODUÕ�VÕQÕUODQDELOPHktedir. 3ROLPHU�EL\RPDO]HPHOHULQ�\DQÕ�VÕUD�

metal biyomalzemelerde�� VD÷ODPOÕNODUÕ�� úHNLOOHQGLULOHELOLU ROPDODUÕ� YH� \ÕSUDQPD\D�

NDUúÕ� GLUHQoOL� ROPDODUÕ nedeniyle biyomalzeme olarak NXOODQÕOPDNWDGÕU�� 0HWDOOHUGH�

EL\RPDO]HPH�RODUDN�NXOODQÕPGD�VÕQÕUOD\ÕFÕ�HWNHQOHr ise EL\RX\XPOXOXNODUÕQÕQ�G�ú�N�

ROPDVÕ� NRUR]\RQD� X÷UDyabilmeleri, dokulara göre çok sert ROPDODUÕ�� \�NVHN�

\R÷XQOXNODUÕ� YH� DOHUMLN� GRNX UHDNVL\RQODUÕQD� QHGHQ� RODELOHFHN� PHWDO� L\RQX VDOÕPÕ

yapabilmeleridir�� 6HUDPLNOHU�� EL\RX\XPOXOXNODUÕ� VRQ� GHUHFH yüksek olan ve 

NRUR]\RQD� GD\DQÕNOÕ� PDO]HPHOHUdir. )DNDW� EX� DYDQWDMODUÕQÕQ� \DQÕVÕUD�� NÕUÕOJDQ�

LúOHQPHVL�]RU��G�ú�N�PHNDQLN�GD\DQÕPD VDKLS��HVQHN�ROPD\DQ�YH�\�NVHN�\R÷XQOX÷D�

sahip malzemeler ROPDODUÕQGDQ� GROD\Õ� GH]DYDQWDMODUD� VDKLSWLUOHU. Homojen özellik 

gösteren ve NXOODQÕP� DoÕVÕQGDQ� GH]DYDQWDMODUD� VDKLS� RODQ tüm bu malzeme 

JUXSODUÕQÕQ� GH]DYDQWDMOÕ� \DQODUÕQÕ� RUWDGDQ� NDOGÕUDELOPHN� LoLQ� DOWHUQDWLI olarak 

kRPSR]LW� PDO]HPHOHU� JHOLúWLULOmektedir. ùHNLO� ���¶GH� Y�FXW� LoLQGH� NXOODQÕODQ�

biyomalzemelere örnek görseller yer DOPDNWDGÕU [Web 4, 2013].
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ùHNLO������9�FXW�LoLQGH�NXOODQÕODQ�EL\RPDO]HPHOHUH�|UQHN�J|UVHOOHU a) bacak eklemi 
E��GLú�LPSODQWÕ��F��\DSD\�NDOS�YH�GDPDU��d) kalça protezi.

3ROLPHUGHQ� \DSÕOPÕú� RODQ� LPSODQWODUÕQ� PHWDO� YH� VHUDPLNOHUH� J|UH� DYDQWaj ve 

GH]DYDQWDMODUÕ�7DEOR����¶GH�|]HWOHQPLúWLU�>3DUN������@�

7DEOR������3ROLPHUGHQ�\DSÕOPÕú�RODQ�LPSODQWODUÕQ�PHWDO�YH�VHUDPLNOHUH�J|UH�DYDQWDM�
YH�GH]DYDQWDMODUÕ�

AVANTAJLARI DEZAVANTAJLARI

.XOODQÕPD� X\JXQ� RODUDN� GH÷LúLN�
IRUPODUGD� NROD\OÕNOD�
KD]ÕUODQDELOLUOHr.
0HWDOOHUOH� NDUúÕODúWÕUÕOGÕ÷ÕQGD��
vücut içinde paslanmazlar.

'R÷DO� GRNXODUD� oRN� E�\�N�
EHQ]HUOLN� J|VWHUGLNOHULQGHQ� GROD\Õ��
heparin gibi maddelerle 

ED÷ODQDELOPHOHUL�P�PN�QG�U�
Adheziv özellikte polimerlerin 

NXOODQÕPÕ�RUJDQODUD�GLNLú�DWÕOPDGDQ�
uygulanabilmeOHULQL�VD÷ODU�
'DQVLWHOHUL� GR÷DO� GRNXODUÕQ�
GDQVLWHVLQH�oRN�\DNÕQGÕU�

Elastiklik ve viskoelastiklik 

|]HOOLNOHUL� SROLPHUOHULQ� \D\JÕQ�
NXOODQÕPÕQÕ�]RUODúWÕUÕU�
3ROLPHUL]DV\RQXQ� GR÷DVÕ� QHGHQL\OH�
polimerlerin vücutta 

parçalanabilmeleri söz konusu 

olabilir.

Antioksidan, renk giderici, plastizer 

JLEL� NDWNÕ� PDGGHOHULQL� LoHUPH\HQ�
VDI�� PHGLNDO� DPDoOÕ� SROLPHU�
bulabilmek zordur.
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3ROLPHUOHU�JHQHOOLNOH�EL\RXPOX�ROGXNODUÕQGDQ�Vpesifik uygulamalar için uygun 

olup-ROPDGÕNODUÕ� DUDúWÕUÕOÕU� gUQH÷LQ� ELU� NRQWDN� OHQV� NRUQHD� \�]H\LQGHQ� YH\D�

J|]\DúÕQGDQ�SURWHLQ�DGVRUEODPDPDOÕGÕU��$QFDN�ELU�NHPLN�VDELWOHúWLULFL�PDWHU\DO�LoLQ�

EX� GXUXP� WDP� WHUVWLU�� d�QN�� GRNX� LOH� WHPDVÕQ� RODELOPHVL� LoLQ� L\L� ELU� HWNLOHúLP�

gerekmektedir. Polimerlerin biyolojik uyumu büyük ölçüde polimer yüzeyinde 

DGVRUEODQPÕú� SURWHLQOHUOH�� GRNXGDNL� K�FUHOHULQ� \�]H\LQGHNL� UHVHSW|UOHU� DUDVÕQGDNL�

VSHVLILN� LOLúNL\OH� DoÕNODQÕU�� %LU� GL÷HU� |QHPOL� NRQX��PDWHU\DOLQ� SRUR]LWHVL� YH� \DSÕVÕ��

LPSODQW�PDWHU\DOL�LOH�GRNXODU�DUDVÕQGDNL�PHNDQLN�VWUHVV�GD÷ÕOÕPÕGÕU��%L\RX\XPOXOX÷X�

DUWÕUPD� oDEDODUÕ�� VHoLFLOLN� D]DOWPD� YH� DUWÕUPD� GD� \R÷XQODúPÕúWÕU�� gUQH÷LQ�� K�FUH-

yüzey LOLúNLOHUL�SURWHLQ�DGVRUEVL\RQXQGDNL�D]DOPD\OD�YH\D�SURWHLQ�DGVRUEVL\RQXQGDNL�

VHoLFLOLNOH� VÕQÕUODQGÕUÕODUDN� SROLPHUOHULQ� EL\RX\XPOXOXNODUÕ� GH÷Hrlendirilir [Hubbel, 

1994], [Ikada, 1994].

5.1. Polimerik Biyomalzeme fl

3ROLPHUOHULQ� |]HOOLNOHUL�� \DSÕ� WDúODUÕ� RODQ� PRQRPHUOHUGHQ� E�\�N� IDUNOÕOÕN�

gösterir. Bu QHGHQOH�� X\JXODPD�DODQÕQD� \|QHOLN� RODUDN�X\JXQ�EL\RPDO]HPH� VHoLPL��

EL\RWÕS� P�KHQGLVOL÷i WDUDIÕQGDQ� GLNNDWOL� RODUDN� \DSÕOPDOÕGÕU. Polimerik 

EL\RPDO]HPHOHU� GR÷DO� YH� \DSD\� �VHQWHWLN�� ROPDN� �]HUH� �� DQD� JUXSWD� LQFHOHQHELOLU��

'R÷DO� SROLPHUOHU�� EL\RORMLN� RODUDN� �UHWLOHQ YH� EHQ]HUVL]� LúOHYVHO� |]HOOLNOHUH� VDKLS

olan polimerlerdir. 3URWHLQOHU� �|UQH÷LQ kollajen, jelatin, elastin, aktin, vb), 

polisakkaritler �VHO�OR]�� QLúDVWD�� GHNVWUDQ�� NLWLQ� vb) ve Polinükleotidler (DNA ve 

RNA) EDúOÕFD� GR÷DO� SROLPHUOHUdir�� <DúD\DQ� RUJDQL]PDODUÕQ� NDUPDúÕN� \DSÕODUÕQGDQ�

GROD\Õ üretim maliyetleri yüksek ve yeterince büyük ölçeklerde üretilememeleri, 

NDUúÕODúÕODQ� EDúOÕFD� VRUXQODUGDQGÕU�� 'R÷DO� SROLPHUOHU� QDQoteknolojide ve 

biyomimetik (do÷D\Õ� WDNOLW� HGHQ�� PDO]HPHOHULQ� VHQWH]OHQPHVLQGH anahtar rolü 

oynamakta ve lipid W�E�OOHU��\D÷�ERUXFXNODUÕ��YH�SURWHLQ�ODteksler gibi biyopolimerik 

\DSÕODUÕQ� JHOLúWLULOPHVL� GR÷DO� SROLPHUOHUOH� LOJLOL� pazar úDQVÕQÕ önemli oranda 

yükseltmektedir. Do÷DO�SROLPHUOHU�|]HOOLNOH� VSHVLILN�X\JXODPDODUGD ihtiyaç duyulan 

ERúOXNODUÕ�GROGXUPDNWD� DQFDN�ED]Õ�VHQWHWLN�SROLPHUOHULQ çok ucuza �UHWLOHELOPH�úDQVÕ�

GR÷DO SROLPHUOHULQ� NXOODQÕPÕQGDQ� ]L\DGD� VHQWHWLN� SROLPHUOHULQ� NXOODQÕPÕQD� RODQ�

LOJLQLQ� DUWPDVÕQD� QHGHQ� ROPDNWDGÕU� 'R÷DO� SROLPHUOHU�� biyolojik ortamdaki

makromoleküllerin benzeri veya D\QÕVÕ� ROGXNODUÕQGDQ�� FDQOÕ� Y�FXGX\OD� WHPDV
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ettiklerinde zehir etkisi, iltihaplanma gibi istenmeyen reaksiyonlar vermezler. Ancak, 

HOGH�HGLOGLNOHUL�ND\QD÷D�ED÷OÕ RODUDN�ELOHúLPOHULQLQ�GH÷LúPHVL�� \�NVHN VÕFDNOÕNODUGD�

ER]XQPDODUÕ�YH�EX�QHGHQOH úHNLOOHQGLULOPHOHULQGHNL�J�oO�N�YH�W�P EXQODUÕQ�|WHVLQGH�

LPP�QRMHQLN� ROPDODUÕ �ED÷ÕúÕNOÕN� WHSNLVLQH� \RO� DoPDODUÕ�� |QHPOL GH]DYDQWDMODUÕGÕU.

(Q]LP� YDUOÕ÷ÕQGD� \DSÕODUÕQÕQ� ER]XQPDVÕ�� \DQL� EL\RER]XQXU� ROXúODUÕ\VD� JHoLFL�

X\JXODPDODUGD� NXOODQÕODQ EL\RPDO]HPHOHU� DoÕVÕQGDQ� DYDQWDMOÕGÕU [Gristina et al.,

1985] .

Günümüzde Polietilen (PE), Polipropilen (PP), Polivinilklorür (PVC), Poliester

(PE), Polidimetilsiloksan (PDMS), Politetrafloroetilen (Teflon) ve 

Polimetilmetakrilat (PMMA) gibi çok VD\ÕGD� yapay (sentetik) polimer de 

EL\RPDWHU\DO� RODUDN� NXOODQÕOÕU�� 3(� VHUWOL÷LQLQ� L\L� ROPDVÕ� \D÷ODUD� GLUHQoOL� ROPDVÕ� YH�

XFX]�ROPDVÕ�QHGHQL\OH� W�S� IRUPXQGDNL�X\JXODPDODUGD�YH�NDWHWHUOHUGH�EL\RPDO]HPH�

RODUDN� NXOODQÕOÕU�� $\UÕFD� NDOoD� SURWH]OHULQGH� VWHULOL]DV\RQ� VÕFDNOÕ÷ÕQD� GD\DQÕPÕ�

ROPDGÕ÷Õ�LoLQ�DOoDN�\R÷XQOXNOX�3(�\HULQH�\�NVHN�\R÷XQOXNOX 3(�NXOODQÕOÕU��33��3(¶H�

EHQ]HU�DQFDN�GDKD�VHUWWLU��.LP\DVDO�GLUHQFL�YH�oHNPH�GD\DQÕPÕ�\�NVHNWLU�YH�3(¶QLQ�

NXOODQÕOGÕ÷Õ�DODQODUGD�33�GH�EL\RPDO]HPH�RODUDN�NXOODQÕOÕU��39&�WÕEEL�X\JXODPDODUGD�

W�S�IRUPXQGD�NXOODQÕOÕU�YH�EX�X\JXODPDODU�NDQ�QDNOL��GL\DOL]�JLEL amaçlar içerebilir. 

39&� VHUW� YH� NÕUÕOJDQ� ELU� PDO]HPH� ROPDVÕQD� UD÷PHQ� SODVWLNOHúWLULFL� LODYHVL� LOH�

\XPXúDN� YH� HVQHN� KDOH� JHWLULOHELOLU� DQFDN� SODVWLNOHúWLULFLOHULQ� G�ú�NWH� ROVD� WRNVLN�

HWNLVL� EX� PRGLILNDV\RQX� VÕQÕUOD\ÕFÕ� HWNL� J|VWHULU� 3'06� GUHQDM� ERUXODUÕQGa ve 

NDWHWHUOHUGH�� ED]Õ� GDPDU� SURWH]OHULQGH� YH� VROXQXP� FLKD]ODUÕQGD� NXOODQÕOÕU�� $\UÕFD�

P�NHPPHO�HVQHNOLN�YH�NDUDUOÕOÕ÷ÕQGDQ�GROD\Õ�SDUPDN�HNOHPOHUL��NDQ�GDPDUODUÕ��NDOS�

NDSDNoÕNODUÕ��J|÷�V�LPSODQWODUÕ��GÕú�NXODN��oHQH�YH�EXUXQ�LPSODQWODUÕ�JLEL�oRN�VD\ÕGD�

pURWH]GH� GH� NXOODQÕOÕU�� 7HIORQ� KHP� ÕVÕO� KHPGH� NLP\DVDO� DoÕGDQ� NDUDUOÕ� DQFDN�

LúOHQPHVL� oRN� ]RU� ELU� SROLPHUGLU�� +LGURIRELN� \DSÕVÕQGDQ� GROD\Õ� ND\JDQ� ELU� \�]H\H�

VDKLS� ROPDVÕQGDQ� GROD\Õ� GDPDU� SURWH]OHULQGH� VÕNOÕNOD� NXOODQÕOÕU�� 300$�� ÕúÕN�

JHoLUJHQOL÷L��VHUWOL÷L�YH�NDUDUOÕOÕ÷Õ�QHGHQL\OH�J|]�LoL�OHQVOHU�YH�VHUW�NRQWDN�OHQVOHUGHNL�

NXOODQÕPÕ� \D\JÕQGÕU�� <XNDUÕGD� NÕVDFD� NXOODQÕP� DODQDOUÕ� YH� |]HOOLNOHUL� EHOLUWLOHQ�

EL\RPDO]HPH� RODUDN� \D\JÕQ� NXOODQÕODQ� SROLPHUOHULQ� GÕúÕQGD�� SROLPHU� WHNQRORMLVLQLQ�

JHOLúLPL� VD\HVLQGH� SROLPHU modifikasyonlar ile birçok sentetik polimerin 

EL\RPDO]HPH� RODUDN� NXOODQÕPÕ� V|]NRQXVXGXU� $\UÕFD� SROLPHU� PDO]HPHOHULQ�

PXNDYHPHWLQLQ� YH� NÕUÕOJDQOÕN� JLEL� |]HOOLNOHULQLQ� JHOLúWLULOPHVL� DPDFÕ\OD� SROLPHULN�

NRPSR]LWOHULQ�EL\RPDWHU\DO�RODUDN�NXOODQÕOPDNWDGÕU�>5DPakrishna et al., 2001]. ùHNLO�

5.2’de insan vücudunda hangi bölgelerde hangi kompozit malzemelerin 
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EL\RPDO]HPH� RODUDN� NXOODQÕPÕQD� GDLU� |UQHNOHU� \HU� DOPDNWDGÕU� >5DPDNULVKQD� et al.,

2001]. ùHNLO����¶GH�\HU�DODQ�NÕVDOWPDODU�úX�úHNLOGHGLU��&)��.DUERQ�OLIOHU��&� Karbon; 

GF: Cam lifler; KF: Kevlar lifler; PMMA: poli(metilmetakrilat); PS: polisülfon; PP: 

polipropilen; UHMWPE: Ultra-\�NVHN�PROHN�O�D÷ÕUOÕNOÕ�SROLHWLOHQ��3/'/$��SROL�/-

DL-laktid); PLLA: poli(L-laktik asit); PGA: poliglikolik asit; PC: polikarbonat; 

PEEK: polietereterketon; HA: hidroksiapatit; PMA: polimetakrilat; BIS-GMA: bis-

fenol A glisidil metakrilat; PU: poliüretan; PTFE: politetrafloroetilen; PET: 

polietielenteraftalat; PEA: polietilakrilat SR:silikon kauçuk; PELA: laktik asit-

polietilen glikol bloN� NRSROLPHUL�� /&3�� VÕYÕ� NULVWDO� SROLPHU�� 3+%�� SROL�KLGURNVL�

bütirat); PEG: polietilen glikol; PHEMA: poli(hidroksi etil metakrilat).

ùHNLO������3ROLPHULN�EL\RPDWHU\DOOHULQ�LQVDQ�Y�FXGXQGDNL�GH÷LúLN�X\JXODPDODUÕ�
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5.2. Polimerik Biyomateryallerin 

Polimerik biyomateryaller; eWNHQ� PDGGH� VDOÕP� VLVWHPOHULnde, doku/hücre 

yenilenmesinde ve hücre transplantasyonu uygulaPDODUÕnda ve oUWRSHGLN� DPDoOÕ�

olarak da WÕS�YH�HF]DFÕOÕNWD� \D\JÕQ�úHNLOGH�NXOODQÕOÕUlar. (WNHQ�PDGGH�VDOÕP�VLVWHPL�

olarDN�� GLI�]\RQ� NRQWUROO��� úLúPH� NRQWUROO��� PDJQHWLN� NRQWUROO�� VLVWHPOHUde

NXOODQÕODELOPHNWH� YH� LVWHQHQ� VDOÕP� úHNOLQH� polilaktikasit (PLA), silikon, sellüloz 

türevleri, etilenvinilasetat-kopolimeri (EVA), polimetilmetakrilat (PMMA) gibi  

SROLPHUOHU�NXOODQÕODEilmektedir [Chien, 1985], [Langer et al., 1990].

Doku/hücre \HQLOHQPHVL�DPDFÕ\OD�GD�SROLPHULN�EL\RPDWHU\DOOHULQ�NXOODQÕOPDVÕ�

V|]� NRQXVXGXU�� .ÕNÕUGDN�� NHPLN�� SHULRGRQWDO� GRNX�� VLQLUOHULQ� WDPLUL� JLEL� oHúLWOL�

uygulama DODQODUÕQGD�SROLPHULN�EL\RPDWHU\DOOHU�NXOODQÕOÕU��ùHNLO�����.

ùHNLO�5.���9�FXWWDNL�ED]Õ�RUJDQ�GRNXODUÕQ�\HULQL�DODQ�EL\RPDWHU\DO�LPSODQWODU�

gUQH÷LQ� ELUoRN� GRNX� WLSLQLQ� WHPHO� PDGGH� HNVWUHVL� RODQ� NROODMHQ� HQ� \D\JÕQ�

NXOODQÕODQ� EL\RPDO]HPHOHUGHQ� ELULVLGLU� YH� NRORMHQ� NXOODQÕPÕ� LOH� GRNXODUÕQ� yeniden 

\DSÕODELOHFH÷L� Y�FXW� LoLQGH� \DSÕODQ� EL\RORMLN� oDOÕúPDODUGD� J|VWHULOPLúWLU��'R÷DO� ELU�
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EL\RPDWHU\DO� RODQ� NROODMHQ�� NHPLN� YH� GLú� \DSÕVÕQGD� EXOXQPDNWDGÕU� >3DUN�� ����],

[Maruoka et al., 1994]. Ortopedik doku ve onun yerini alacak olan polimerik 

biyomalzHPHOHU�� HNOHP� SURWH]OHUL�� N�o�N� YH\D� E�\�N� SURWH]� ELUOHúWLULFLOHUL��

NHPLNWHNL� GHIRUPDV\RQX� G�]HOWHQ� LPSODQWODU�� NHPL÷LQ� \HULQL� DODQ� EL\RPDWHU\DOOHU��

VXQL�OLIOHU��NDOS�NDSDNoÕ÷Õ�JLEL�LPSODQW�VLVWHPOHULQL�NDSVDPDNWDGÕU�

7ÕEEL�X\JXODPDODUGD�NXOODQÕODQ�EL\RPDO]HPHOHUL��VHUW�GRNX�\HULQH�NXOODQÕODFDN�

EL\RPDO]HPHOHU� YH� \XPXúDN� GRNX� \HULQH� NXOODQÕODFDN� EL\RPDO]HPHOHU� RODUDN� LNL�

JUXSWD�GD�WRSODQDELOLU��2UWRSHGLN�YH�GLú� LPSODQWODUÕ��JHQHOGH�ELULQFL�JUXS��VHUW�GRNX�

\HULQH��NDSVDPÕQD�JLUHQ�PHWDO�YH�VHUDPLNOHUGHQ�KD]ÕUODQÕUNHQ��NDOS-damar sistemi ve 

genel plastik cerrahi malzemeleri polimerlerden üretiliyor. Ancak, böyle bir 

JUXSODQGÕUPD�KHU�]DPDQ�JHoHUOL�GH÷LO��gUQH÷LQ��ELU�NDOS�NDSDNoÕ÷Õ�SROLPHU��PHWDO�YH�

NDUERQGDQ�KD]ÕUODQDELOLU��ELU�NDOoD�SURWH]L�GH�PHWDO�YH�SROLPHUOerin kompozitlerinden 

ROXúDELOLU��7DEOR�����GH�GR÷DO�YH�VHQWHWLN�EL\RPDO]HPH�W�UOHULQLQ�X\JXODPD�DODQODUÕ�

|UQHNOHQPLúWLU�>:RQJ�DQG�%URQ]LQR������@�

7DEOR������'R÷DO�YH�VHQWHWLN�EL\RPDO]HPH�W�UOHULQLQ�X\JXODPD�DODQODUÕQD�|UQHNOHU�

UYGULAMA ALANI ME TÜRÜ

Eklemler Titanyum, Titanyum-Aliminyum-Vanadyum 

$ODúÕPODUÕ�

Kemik Dolgu Maddesi PMMA

Teflon, Poli (etilen teraftalat)

Titanyum, Kalsiyum Fosfat

Kalp Damar Sistemleri

protezleri Poliüretan, Teflon, Poli (etilen teraftalat)

Paslanmaz çelik, Karbon

Kataterler Poliüretan, Teflon, Silikon Kauçuk

Organlar

Yapay Kalp Poliüretan

Göz içi lensler PMMA, silikon kauçuk, Hidrojeller

Kontak lensler Silikon-akrilat, hidrojeller
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5.3. Polimerik Biyomateryal-

<DúDPGD� DOGÕ÷Õ� E�\�N� \HU� QHGHQL\OH� EL\RPDWHU\DOOHULQ� IL]LNRNLP\DVDO�

özelliklerinin EHOLUOHQPHVLQGH� \HQL� \DNODúÕPODUÕQ� RUWD\D� NRQXOPDVÕ� YH�

EL\RX\XPOXOXNODUÕQÕQ� WHVELWLQGH� \HQL� PHWRGODUÕQ� JHOLúWLULOPHVL�� WÕS� DODQÕQGD� \HQL�

EL\RPDWHU\DOOHULQ� NXOODQÕPD� VXQXOPDVÕ� LoLQ� VRQ� GHUHFH� |QHPOLGLU�� $QFDN�

fizikokimyasal özelliklerin yaQÕQda istenen EL\RORMLN� |]HOOLNOHUL� WDúÕPD\DQ�

EL\RPDWHU\DOLQ�EDúDUÕVÕQGDQ�V|]�HWPHN�LPNDQVÕ]GÕU��%LU�EL\RPDWHU\DO�YH\D�LPSODQWÕQ�

EDúDUÕVÕ; iPSODQWÕQ� |]HOOL÷L� YH� EL\RX\XPOXOX÷XQD�� LPSODQWÕ� NXOODQDFDN� NXOODQÕFÕQÕQ�

durumuna ve u\JXODPD\Õ�\DSDQ�NLúLQLQ�EHFHULVLne büyük ölçüGH�ED÷OÕGÕU��Polimerin 

RUJDQL]PD\D� X\JXODQÕúÕ� GRNX-SROLPHU� HWNLOHúPHVLQL� GH� EHUDEHULQGH� JHWLUPHNWHGLU��

%X� NRQXGD� ELUoRN� DUDúWÕUPD� \DSÕOPÕúWÕU [Park, 1979], [Langer and Peppas, 1981],

[Ashar, 1987], [Hubbel, 1994], [Stevens, 2008]�� dDOÕúPDODUÕQ� RGDN� QRNWDVÕ ise 

LVWHQPH\HQ� GRNX� HWNLOHúLPOHULQLQ� QDVÕO� RUWDGDQ� NDOGÕUÕOÕS� HQ� D]D� LQGLULOHELOHFH÷L�

ROPXúWXU�� %X� QHGHQOH�� NLP\DVDO� YH� IL]LNVHO� \|QGHQ� LQHUW�� D\UÕFD� GD� EL\RX\XPOX�

SROLPHUOHULQ�WDVDUODQPDVÕ�|QHPOLGLU��.XOODQÕODQ�W�P�SROLPHUOHULQ�V�UHNOL�SDUoDODQPD�

özellikOHUL� NRQXVXQGD� ELOJL� HNVL÷L� YH� VWDELO� ELU� SROLPHULQ� D]� ROPDVÕ�� JHUoHN� ELU�

GRNXQXQ�\HULQL�DODFDN�SROLPHULN�ELU� VLVWHPLQ� WDVDUÕPODQPDVÕQGDNL�DQD�NÕVÕWODPDGÕU��

.ÕNÕUGDN�� NHPLN�� SHULRGRQWDO� GRNX� JLEL� ELUoRN� GRNX� WLSLQLQ� WHPHO� PDGGH�

HNVWUDNWODUÕQÕQ� NROODMHQ� JLEL� GR÷DO� PDGGHOHU� NXOODQÕODUDN� \HQLGHQ� \DSÕODELOHFH÷L� LQ�

YLYR�RODUDN�J|VWHULOPLúWLU��$QFDN�GR÷DO�polimerlerin mekanik kuvvetlerinin yetersiz 

ROPDVÕ� �UHWLPOHULQL� ]RUODúWÕUPDNWDGÕU��%X� VHEHSOH� JHUoHN� ELU� GRNXQXQ� \HULQL� DODFDN�

SROLPHULN�ELU�VLVWHPLQ�WDVDUÕPODQPDVÕQGD�|]HOOLNOH�SROLPHU�VWDELOLWHVLQLQ�VD÷ODQPDVÕ�

YH� SDUoDODQPD� SUREOHPOHULQLQ� RUWDGDQ� NDOGÕUÕOPDVÕ� JHUHNPHNWHGLU� [Park, 1979],

[Langer and Peppas, 1981]. %X� NÕVÕWODUÕQ� RUWDGDQ� NDOGÕUÕOPDVÕ� LoLQ�� Eiyomateryalin 

EL\RX\XPOXOX÷XQXQ� EHOLUOHQPHVL� LúOHPLQGH fizikokimyasal ve mekanik 

EL\RX\XPOXOXN�WHVWOHUL�ELUDUDGD�\DSÕOPDOÕGÕU.

5.3.1. Fizikokimyasal ve Mekanik Biyouyumluluk Testleri

Biyomateryallerin ve medikal sistemlerin özelliklerinin belirlenmesinde 

N�WOHVHO�|]HOOLN�WHVWOHUL�YH�\�]H\�|]HOOLN�WHVWOHUL�ROPDN��]HUH���IDUNOÕ�DQDOL]�\|QWHPL�

X\JXODQPDNWDGÕU�� %L\RPDWHU\DOOHULQ� |]HOOLNOHULQLQ� EHOLUOHQPHVLQGH� NXOODQÕODQ�
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fizikokimyasal ve mekanik testler Tablo 5.3 de VÕQÕflDQGÕUÕOPÕúWÕU [Ashar, 1987].

��JUXSWD� \HU� DODQ� WHVWOHU� |Q� GH÷HUOHQGLUPH� WHVWOHULGLU� YH� X\JXODPDVÕ� ROGXNoD� EDVLW�

WHVWOHUGLU�����JUXSWD�LVH�GDKD�JHOLúPLú�WHVWOHU�\HU�DOÕU�YH�ELULQFL�JUXS�WHVWOHUH�J|UH��GDKD�

spesifik sistemler için ihtiyaç duyulabilecek testlerdir.

Tablo 5.3: BiyomDWHU\DOOHULQ�|]HOOLNOHULQL�EHOLUOHPHGH�NXOODQÕODQ�IL]LNRNLP\DVDO�YH
mekanik testler.

TEST 
GRUPLARI

I

Dansite
Sertlik

IR spektrumu
NMR spektrumu

3ROLPHULQ�WDQÕQPDVÕ
Stress-VWUDLQ�øOLúNLVL

'H÷PH�DoÕVÕ
IR spektrumu

0RUIRORML��,úÕN�PLNURVNREX�

II

<DUÕOPD
Elektriksel iletkenlik

Elementel kompozisyon ve 
ekstre edilebilme

0ROHN�O�D÷ÕUOÕ÷Õ�GD÷ÕOÕPÕ
Morfoloji (SEM )

Optik özellik
Osilasyon

d|]�F��\DQÕWÕ
*HULOPH�HVQHNOL÷L
Termal özellikler

$oÕ�JHQLúOL÷L�X-Ray spektrum

'H÷PH�DoÕVÕ
Morfoloji

Protein adsorbsiyonu
<�]H\�NLP\DVDO�ELOHúLPL�

(XPS)

5.3.2. Biyolojik Biyouyumluluk Testleri

Medikal sistemlerin güncel kullanÕPÕQGD� EL\RORMLN� SHUIRUPDQVÕ önceden 

EHOLUOHPHGH��NXOODQÕODELOHFHN�LQ�YLWUR (labaratuvar ya da yapay ortamdaki) ve in vivo

�FDQOÕ�RUWDPGD�\D�GD�\DúD\DQ�NRúXOODUGDNL� testler JHUoHNOHúWLULOPHNWHGLU. Bu testlerin 

oR÷X� NXOODQÕOPDVÕ� G�ú�Q�OHQ� PHGLNDO� �U�Q�Q� KHUKDQJL� ELU potansiyel toksisite 

RODVÕOÕ÷ÕQÕ EHOLUOHPHN� LoLQGLU�� <DSÕODFDN� X\JXODPD� LoLQ� WHVWOHULQ� X\JXQ� VHoLPL��

DQODPOÕ� VRQXoODUÕQ� EXOXQPDVÕ� YH� JHUHNVL]� KDUFDPDODUGDQ� NDoÕQPDN� LoLQ� |QHPOLGLU��

Tablo 5.�
GH�X\JXODQDELOLU�EL\RORMLN�WHVW�LúOHPOHUL�YH�VLVWHP�X\JXODPDODUÕQÕQ�HVDVODUÕ

ve haQJL�VLVWHPH�KDQJL�WHVWOHULQ�X\JXODQDELOHFH÷L�YHULOPLúWLU [Ashar, 1987].
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Tablo 5.4: V�FXW�LoHULVLQH�YH\D�FDQOÕ�GRNXODUD�\HUOHúWLULOHQ�EL\RPDWHU\DOOHU�LoLQ�
uygulanabilecek biyolojik testler.
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Materyal/Araç     

Harici Sistemler:

* *
* *

Haricen Temastaki 

Sistemler:

*

* *
* * *

Kronik * * * *

indirek
* * * * * *

* * * * *

indirek.uzun süreli
* * * * * *

Sistemler:

Kemik * * * * *
* * * * * *

Kan * * * * * * *

Tablo 5.4’de yer alan testler materyalin kendisinde ve sistemde 

\DSÕOabilmektedir. THVW� RUWDPÕ� RODUDN� HQ� VÕN� NXOODQÕODQ� \DSD\� Y�FXW� VÕYÕODUÕ��

enjeksiyonlu su, serum fizyolojik, alkol:serum fizyolojik (1:20), polietilenglikol, 

SDPXN�WRKXPX�\D÷Õ��\DSD\�HNVWUDVHOO�OHU�VÕYÕODUÕGÕU�

5.3.2.1. Hücre Toksisitesi

Hücre toksisitesi testleri�� LQ� YLWUR� K�FUH� N�OW�U�� GHQHPHOHULQGH� NXOODQÕODQ�

PDWHU\DOOHULQ� WRNVLW� HWNLVLQL� EHOLUOHPHN� LoLQ� NXOODQÕODQ� \|QWHPGLU. Hücre toksisite 
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testleri EL\RORMLN� UHDNVL\RQODUÕQ� NRPSOHNV� \DSÕVÕQGDQ� GROD\Õ� toksit substratlarla 

maruz kalma VRQUDVÕQGDNL�LON���-���VDDWOLN�]DPDQ�SHUL\RWODUÕQGD�K�FUHOHU��]HULQGHNL�

VÕQÕUOÕ� HWNLOHUL� |Ooülebilir [Hanks et al., 1996]. Hücre toksisite testleri aletlerle, 

FLKD]ODUOD� YH\D� K�FUH� N�OW�U� RUWDPÕ\OD� GLUHNW� WHPDV� KDOLQGHNL� K�FUHOHULQ� EX�

materyallere verdikleUL� \DQÕWÕ� EHOLUOHPHN� LoLQ� NXOODQÕOÕU�� H�FUHQLQ� FDQOÕOÕ÷ÕQÕ�

ND\EHWWL÷L�úDUWODUÕQ�EHOLUOHQPHVL VRQXFXQGD�EX�úDUWODU�LoLQ�WRNVLW�HWNL�EHOLUOHQPLú�ROXU�

+�FUHOHULQ� E�\�W�OPHVL� YH� DNWLI� KDOH� JHoPHVL�� K�FUH� RUWDPÕQÕQ� K�FUH� WRNVLVLWH�

PLNWDUÕQÕQ� EHOLUOHQPHVL� YH� DQti-tümör maddelerin hücresel toksisite seçiciliklerinin 

belirlenmesinde MTT [3-(4,5-dimetiltiyazol-2)-2,5-difenil tetrazolyum bromür]

denemeleri NXOODQÕOÕU�� $\UÕFD� LQ� YLWUR� GRNX� N�OW�U�� VLVWHPOHULQGH� EL\RPDWHU\DOOHULQ�

hücresel toksisitesinin belirlenmesi ioLQGH� 077� GHQHPHOHUL� \DSÕOÕU�� 077�

GHQHPHOHULQLQ� HQ� E�\�N� DYDQWDMÕ� KÕ]OÕ� YH� VÕFDNOÕ÷D� GX\DUOÕ� ROPDVÕGÕU�� øndirgenme 

UHDNVL\RQODUÕ� LOH� �UHWLOHQ� SHPEH� UHQNOL� o|]�QPH\HQ� IRUPD]DQ� LoLQGH� VDUÕ� UHQNOL�

çözünür tetrazolyum tuzu olan 3-(4,5-dimetiltiyazol-2)-2,5-difenil tetrazolyum 

EURP�U�� �077�� ELUOHúWLUPHN� LoLQ� PLWRNRQGUL\DO� GHKLGUDJHQH]� HQ]LPOHULQLQ�

NDSDVLWHVLQLQ� |Oo�P�QH� ED÷OÕ� RODUDN�077�GHQHPHOHUL� JHUoHNOHúWLULOLU��d|]�QPH\HQ�

NULVWDOOHU�VSHNWURIRWRPHWUH�LOH�DEVRUEDQV�GH÷HUOHULQLQ�|Oo�P��LoLQ�GLPHWLO�V�OIRNVLW�ya

da asidik izoproponol içinde çözülür. 6RQXoWD�\DúD\DQ�K�FUHOHULQ�DNWLI�PLNRQGLUL\DO�

GHKLGURJHQH]OHUL� ER\DQÕQ� UHQJLQLQ� GH÷LúPHVLQH� QHGHQ� ROXUNHQ�� |OHQ� K�FUHOHUGH�

KHUKDQJL� ELU� GH÷LúLNOLN� JHUoHNOHúPH] [Mosmann, 1983], [Sgouras and Duncan, 

1990], [Ciapetti et al., 1993], [Zucco et al., 1998].

.�OW�U�� \DSÕOPÕú� K�FUHOHUH� PDWHU\DOLQ�� VLVWHPLQ� YH\D� EXQODUÕQ� HNVWUHOHULQLQ�

X\JXODQPDVÕ� VRQXFXQGD� ROXúDELOHFHN� LQ� YLWUR� WRNVLVLWH� WD\LQ� HGLOHELOPHNWHGLU�� 7HVW�

WHNQLNOHULQLQ� oHúLWOLOL÷L� \|Q�QGH� oDOÕúPDODU� \DSÕOPDNWDGÕU�� $úD÷ÕGD� YHULOHQ� WHVWOHU�

hücre toksisitesini belirlemede uygulanabilmektedir.

Agara yayma Yöntemi

'R÷UXGDQ�7HPDV�<|QWHPL

Hücre Büyümesinin Önlenmesi Yöntemi

Hücre Büyümesi Yöntemi
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TUTUNMA

7ÕEEL� VLVWHP� NRQWURO��� EL\RVHQV|U� JHOLúWLUPH�� NOLQLN� PXDPHOH�� LODo� GD÷ÕWÕPÕ��

LODo� NXOODQÕPÕQD� DLW� JHOLúPH� YH� EL\RORMLN� DUDúWÕUPDODU� JLEL� oRN� VD\ÕGD� DODQGDNL�

LOHUOHPHOHU� \DúD\DQ� K�FUH� \�]H\L� LOH� NDWÕ� \�]H\OHULQ� NLP\DVDO� HWNLOHúPHOHULQLQ�

(biyotutunma/anti-tutunma��GHWD\OÕ�RODUDN�DQODúÕOPDVÕQÕ�JHUHNWLULU�>6XQ�et al., 2005]. 

Polimerik yüzeylere biyotutunma GDYUDQÕúÕ�� \�]H\LQ� NLP\DVDO� \DSÕVÕ�� \�]H\�

S�U�]O�O�÷��� WHPDV�DoÕVÕ�gibi polimer \�]H\�|]HOOLNOHULQLQ�\DQÕVÕUD�K�FUHOHULQ� úHNOL��

E�\�NO�÷��YH�\�]H\�|]HOOLNOHUL�JLEL�ELUoRN�SDUDPHWUHQLQ�NDUúÕOÕNOÕ�HWNLOHúLPLQL�LoHUHQ�

NRPSOHNV� ELU� \DSÕGÕU�� <DSÕODQ� ELUoRN� DUDúWÕUPD\D� UD÷PHQ� KDOD� K�FUHOHULQ� NDWÕ�

yüzeylere biyotutunma GDYUDQÕúÕQÕQ�PHNDQL]PDVÕ�WDP�RODUDN�DQODúÕODPDPÕúWÕU�

6.1. Proteinlerin 

Proteinler, neredeyse tüm biyolojik iúlemlerde anahtar rol oynayan makro 

PROHN�OOHUGLU��3URWHLQOHU�PHPEUDQODUÕQ��NDV�YH�ED÷�GRNXVXQXQ�\DSÕVDO�HOHPDQODUÕGÕU

ve bLUoRN� PROHN�O�Q� Y�FXW� LoLQGH� WDúÕQPDVÕQGD� YH� GHSRODQPDVÕQGD� J|UHY� DOÕUODU��

3URWHLQOHU�� K�FUHQLQ� \DSÕVÕQGD� \HU� DODQ� &�� +�� 2�� 1� YH� 6� LoHUHQ� ]LQFLU� úeklindeki 

DPLQR�DVLWOHULQ�EHOLUOL�W�UGH��EHOLUOL�VD\ÕGD�YH�EHOLUOL�GL]LOLú�VÕUDVÕQGD�NDUDNWHULVWLN�G�]�

zincirde birbirlerine kovalent tutunmaVÕ\OD� ROXúPXú� E�\�N� RUJDQLN� ELOHúiklerdir.

ùHNLO� ���¶GH� SURWHLQOHULQ� \DSÕWDúÕQÕ� ROXúWXUDQ� DPLQRDVLWOHULQ� UH]RQDQV� \DSÕVÕ�

görülmektedir. Protein WXWXQPDVÕ van der Walls, hidrofobik ve elektrostatik 

NXYYHWOHUL�JLEL�IDUNOÕ�SURWHin-\�]H\�NXYYHWOHUL�WDUDIÕQGDQ�\�U�W�OHQ�oRN�NDUPDVÕN�ELU�

SURVHVWLU��dR÷X�SURWHLQ, heterojen yüzeylere sahiptir ve bu nedenle adsorbe yüzeyi ile 

birden fazla modda etkileúim gösterebilirler [Brusatori, 2001]. 7XWXQPD\Õ yöneten 

DVÕO� J�oOHU� SURWHLQ� YH� NDWÕ� \�]H\OHU� DUDVÕQGDNL� HOHNWURVWDWLN� HWNLOHúimler ve 

hidrofobikliktir. Tutunma HVQDVÕQGD� YH\D� SURWHLQ� \�]H\H� WXWXQGXNWDQ� VRQUD�

SURWHLQOHU� \DSÕVDO� GH÷LVLNOL÷H� X÷UDPDNWDGÕUODU�� 3URWHLQ� PROHN�OOHULQLQ� \DSÕVDO�

GH÷LVLNOLNOHUL� KLGURIRELN� \�]H\OHUGH� KLGURILOLNOHUH� J|UH� GDKD� \D\JÕQGÕU�� +LGURIRELN�

yüzeylerde oluúan tutunma PLNWDUÕ�GDKD�\�NVHNWLU [Ratner et al., 1996], [Niklason et 

al., 1999].
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ùHNLO������$PLQRDVLWOHUGHQ�ROXúDQ�SROLSHSWLG�]LQFLUL�

6.1.1. Proteinlerin nda Yüzey Özelliklerinin Etkisi

&DQOÕ� VLVWHPH� LPSODQWDV\RQGDQ� ROGXNoD� NÕVD� ELU� V�UH� VRQUD� EL\RPDO]HPH�

�]HULQH�ELU�SURWHLQ�WDEDNDVÕ�NDSODQÕU��6DQL\HOHUOH�GDNLNDODU�DUDVÕQGD�RODQ�EX�V�UHoWH��

\�]H\LQ� KHPHQ� KHPHQ� WDPDPÕQGD�� WHN� WDEDND� RODUDN� SURWHLQ� DGVRUEODQÕU�� .DQGD�

mevcut hücreler yüzeye \DNODúPDGDQ� |QFH� oRNWDQ� SURWHLQ� WXWXQPDVÕ� WDPDPODQÕU��

+�FUH�� PDO]HPH� \�]H\L� LOH� GH÷LO�� WHN� WDEDNDGD� SURWHLQ� LOH� NDUúÕODúÕU�� +�FUHOHU�� EX�

SURWHLQOHUH� FHYDS� JHOLúWLUGL÷L� LoLQ�� LPSODQWWD�PH\GDQD� JHOHQ� VHUL� EL\RUHDNVL\RQODUÕQ�

kontrolü proteinlerin yüzeye verdi÷L� \DQÕWOD� LOJLOLGLU�� 3URWHLQ� DGVRUEVL\RQXQGDQ�

VRQUD�� K�FUHOHU� LPSODQW� \�]H\LQH�� � GLI�]\RQ�� WDúÕQÕP� \D� GD� DNWLI� PHNDQL]PDODUOD�

XODúÕUODU�� +�FUHOHU� \�]H\GH� WXWXQDELOLU�� EDúND� K�FUHOHULQ� JHOPHVL� YH� JHOLúLPLQL�

VD÷OD\DELOLU�� %�W�Q� EX� EDVDPDNODU�� \�]H\GHNL� SURWHLQH� FHYDSWÕU� YH� SROLPHULN�

yüzeylerin biyotutunma GDYUDQÕúÕQÕQ� LQFHOHQPHVLQGH� J|]� DUGÕ� HGLOPHPHVL� JHUHNLU�

[Holtfreter, 1948].

Literatürde polimerik yüzeylere protein WXWXQPDVÕna dair biyomedikal 

uygulamalarda ELUoRN� DUDúWÕUPD� \DSÕOPÕúWÕU� [Noinville et al., 1995], [Ostini et al.,

2001], [Tsukagoshi et al., 2007] ve proteinlerin yüzeye WXWXQPDVÕQGD� NDWÕ� \�]H\LQ�

\�]H\� |]HOOLNOHULQLQ� HWNLQ� ROGX÷X� EHOLUOHQPLúWLU�� Hidrofilik yüzeylerin protein 

WXWXQPDVÕQÕ önleyici, hidrofobik yüzeylerin ise protein WXWXQPDVÕQÕ DUWÕUÕFÕ� HWNL�
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J|VWHUGL÷L�EHOLUOHQPLúWLU�>Gutowska et al., 1994], [Bel and Peppas, 1996], [Horak et 

al., 1997], [Schwendel et al., 2001], [Herwerth et al., 2003], [McClellan and Franses, 

2005], [Tsukagoshi et al., 2007]�� $\UÕFD� \�]H\� KLGURIREOX÷XQXQ� ELU� ölçütü olan 

oligoPHULQ� \�]H\� \�N�� YH� \�]H\� S�U�]O�O�÷�Q�QGH� � SURWHLQ� WXWXQPDVÕQGD etkin 

ROGX÷X�YH�SURWHLQOHULQ�negatif yüklü ve pürüzlü yüzeylere tutunma H÷LOLPLQLQ�GDKD�

ID]OD�ROGX÷X�EHOLUOHQPLúWLU�>+HUUZHUWK�et al., 2003], [Goncalves et al., 2005].

6.1.1.1. Fibronektin 

Fibronektin (FN) vücutta endotel, hepatositler, fibroblastlar, trombositler ve 

PDNURIDMODU� JLEL� oHúLWOL� K�FUHOHUGH�� HNVWUDVHOO�OHU� VÕYÕGD�� ED÷� GRNXVXQGD�� ED]DO�

PHPEUDQGD� EXOXQXU�� )1� PROHN�O�� ���$�� X]XQOX÷XQGD�� ��$�� JHQLúOL÷LQGH� olup 

PROHN�O� D÷ÕUOÕ÷Õ� ���-550 kD olan fibronektin 200-���� N'�PROHN�O� D÷ÕUOÕNOÕ� LNL� DOW�

üniteden ROXúXU�� %LU� PROHN�OOHU� HNVWUDVHOO�OHU� PDWULNV� �(&0�� SURWHLQL� RODQ�

fibronektin; kollagen, fibrin ve heparan sülfat gibi ECM moleküllerine ve hücrelere 

ED÷ODQDQ�Eirçok fonksiyonel bölge içerir �ùHNLO������>Magnusson and Mosher, 1998],

['HPLUHU� YH� 0DUDNR÷OX�� ����@� )LEURQHNWLQ� LOH� K�FUHOHU� DUDVÕQGDNL� HWNLOHúPH��

JHQHOGH� EX� PROHN�O� �]HULQGHNL� EHOOL� DQDKWDU� GL]LOHUL� WDQÕ\ÕS� ED÷ODQDQ� |]HOOHúPLú�

UHVHSW|UOHU� DUDFÕOÕ÷Õ� LOH� JHUoHNOHúir. Bu protein üzerinde en iyi bilinen fonksiyonel 

bölgeler RGD (arjinin-glisin-aspartat), LDV (lösin-aspartat-valin) ve REDV (arjinin-

glutamataspartat- valin) segmentleridir [Yamada, 1991]. Tutunma moleküllerini 

içeren integrinler arginin-glisin-asparagin (RGD) aminoasit dizilerine sahip 

moleküllere tutunma |]HOOL÷L�J|VWHULU��gUQH÷LQ�ILEURQHNWLQ) ve hücreler fibronektine 

LQWHJULQ� UHVHSW|UOHULQGHQ� ED÷ODQÕU� >)UHQHWWH� et al., 1996]. RGD dizileri, hücre-GÕúÕ�

PDWULNV� JOLNRSURWHLQOHULQGH�� ED]Õ� K�FUHOHULQ� \�]H\LQGH� YH� ED]Õ� NRPSOHPDQ�

proteinlerinde bulunur. 
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ùHNLO������)LEURQHNWLQLQ�PROHN�OHU�\DSÕVÕ�

ECM proteini olan fibronektinin biyomalzemeye WXWXQPDVÕ sonucu hücrelerle 

biyotutunma GDYUDQÕúÕQÕQ�EHOLUOHQPHVLQH�GDLU�OLWHUDW�UGH�ELUoRN�DUDúWÕUPD�\DSÕOPÕúWÕU�

[Zhang et al., 2007], [Baujard-Lamotte et al., 2008], [Kowalczynska et al., 2008].

gUQH÷LQ� =KDQJ� YH� DUNDGDúODUÕ� >=KDQJ� et al., 2007], polietilen tereftalat (PET) 

polimeri üzerine fibronektin WXWXQPDVÕQÕQ NDUDUOÕ÷ÕQÕ�LQFHOHPHN�DPDFÕ\OD�WXWXQPDQÕQ

kovalent yada fiziksel olarak JHUoHNOHúLS�JHUoHNOHúPHPHVLQL� LQFHOHPLúOHUGLU�

Adsorbe olan fLEURQHNWLQ� NDOÕQOÕ÷ÕQÕQ� DUWPDVÕ� LOH� ILEURQHNWLQ� WXWXQPDVÕQÕQ kovalent 

RODUDN� JHUoHNOHúWL÷LQL� EHOLUOHPLúOHUGLU�� $\UÕFD� IDUH� E|EUH÷L� K�FUHOHULQLQ� ILEURQHNWLQ�

WXWXQPXú PET yüzeyine tutunma GDYUDQÕúÕQÕ�LQFHOHPLúOHU�YH�ILEURQHNWLQLQ�\�]H\GHNL�

\R÷XQOX÷XQXQ� DUWPDVÕ� LOH� K�FUH� WXWXQPDVÕQÕQ D]DOGÕ÷ÕQÕ� EHOLUOHPLúOHUGLU�� %DXMDUG-

/DPRWWH�YH�DUNDGDúODUÕ��KLGURILOLN�VLOLND�YH�KLGURIRELN�SROLVWLUHQ�\�]H\OHUL��]HULQH�)1�

WXWXQPDVÕQÕ DUDúWÕUPÕúODUGÕU[Baujard-Lamotte et al., 2008]. Hidrofilik silika yüzeyine 

FN WXWXQPDVÕ ROXúWXUXOGX÷XQGD� tutunma V�UHVLQLQ� GH÷LúWLULOPHVLQGHQ� ED÷ÕPVÕ]�

RODUDN�)1¶QLQ�NRQIRUPDV\RQHO�\DSÕVÕQÕQ�GH÷LúPHGL÷L�DQFDN�KLGURIRELN�36�\�]H\LQH�

D\QÕ� PLNWDUGD� )1� WXWXQPDVÕ JHUoHNOHúWLULOGL÷LQGH� DGVRUEH� RODQ� )1�

NRQIRUPDV\RQXQXQ� GH÷LúWL÷L� EHOLUOHQPLúWLU�� %XQXQ� VRQXcunda FN nin 

NRQIRUPDV\RQHO�GH÷LúLPOHULQGH�KLGURIRELN�\�]H\OHULQ�KLGURILOLN�\�]H\OHUH�J|UH�HWNLQ�

ROGX÷X� EHOLUWLOPLúWLU�� .RZDOF]\QVND� YH� DUNDGDúODUÕ�� V�OIRODQPÕú� (hidrofilik)  ve 

V�OIRODQPDPÕú (hidrofobik) PS yüzeyleri üzerine fibronektin WXWXQPDPÕú ve 

fibronektin WXWXQPXú bu yüzeylere L1210 lösemi hücrelerinin tutunma GDYUDQÕúÕQÕ�

LQFHOHPLúOHUGLU [Kowalczynska et al., 2008]�� $\QÕ� tutunma úDUWODUÕQGD�

JHUoHNOHúWLULOHQ� )1� WXWXQPDVÕQÕQ V�OIRODQPÕú� 36 \�]H\LQGH� V�OIRODQPDPÕú� 36�
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yüzeyine göre daha fazla olGX÷XQX� EHOLUOHPLúOHU� YH� V�OIRODQPÕú� 36� \�]H\LQGH�

NRQIRUPDV\RQHO� GH÷LúLPLQ� GDKD� ID]OD� ROGX÷XQX� EHOLUWPLúOHUGLU�� $\UÕFD� V�OIRODQPÕú�

PS yüzeyi üzerine WXWXQPXú FN yüzeyine L1210 hücrelerinin WXWXQPDVÕQÕQ

V�OIRODQPDPÕú�36�\�]H\LQH�DGVRUEH�ROPXú�)1�\�]H\LQH�/��10 hücresi WXWXQPDVÕQÕQ

GDKD� ID]OD� ROGX÷XQX� EHOLUOHPLúOHUGLU� YH� EXQXQ� QHGHQLQLQ� ILEURQHNWLQ� GRPDLQLQGH�

olan F-DFWLQ� RUJDQL]DV\RQXQXQ� GH÷LúLPLQH� ED÷ODPÕúODUGÕU�� 6RQXo� RODUDN� K�FUHOHULQ�

biyotutunma GDYUDQÕúÕQÕQ�NRQWURO�QGH� ILEURQHNWLQ� tutunma parametrelerinin kontrol 

HGLOPHVL� |QHPOLGLU�� )LEURQHNWLQ� DGVRUEH� ROPXú� \�]H\OHUH� K�FUHOHULQ� tutunmaVÕQÕQ�

LVWHQGL÷L� EL\RPDO]HPHOHU� LoLQ�� KLGURILOLN� \�]H\� |]HOOLNOHULQGH� EL\RPDO]HPHOHULQ�

JHOLúWLULOPHVL�tutunma J�F�Q��DUWÕUÕFÕ�HWNL�VD÷ODU�

9HO]HQEHUJ� YH� DUNDGDúODUÕ�� EDNWHULyolojik grade polistiren (PS), doku kültürü 

grade polistiren (tPS), polihidroksietil metakrilat film (poliHEMA) ve bi-layer 

hidroksipropil metilselüloz-karboksil metilseliloz-NDSOÕ� SHWUL� NDEÕ� �&(/�� úHNOLQGHNL�

IDUNOÕ� \�]H\� |]HOOLNOL� PDWHU\DOOHUH� ILEURQHNWLQin WXWXQPDVÕQGD yüzeylerin polar 

GR÷DVÕQÕQ�HWNLVLQL�LQFHOHPHN�DPDFÕ\OD�adezyon LúLQLQ�SRODU�NDWNÕVÕQÕ�LQFHOHPLúOHUGLU

[Velzenberger et al., 2009]. %X� LQFHOHPHOHU� VRQXQGD�� SRODU� NDWNÕ� DUWWÕNoD� \�]H\LQ�

KLGURILOLNOL÷LQLQ� DUWWÕ÷Õ� YH� ILEURQHNWLQ� NDSODQPDGDQ� |QFH� HQ� G�ú�N� SRODU� NDWNÕ\D�

VDKLS�36¶�QLQ�HQ�G�ú�N�DILQLWH\H�VDKLS�ROGX÷X�� W36�GHQ�daha hidrofilik PolyHEMA 

ve CEL ise ortalama afiniteye sahip PS den GDKD� \�NVHN� DILQLWH\H� VDKLS� ROGX÷X�

J|U�OP�úW�U�� $\UÕFD� ILEURQHNWLQ� NDSODPD� VRQUDVÕ� YH� |QFHVL� EHOLUOHQHQ� SRODU�

NRPSRQHQWOHU� VD\HVLQGH� ILEURQHNWLQLQ� KDQJL� PDWHU\DOOHU� �]HULQH� DEVRUEH� ROGX÷X�

EHOLUOHQPLú� YH� ILEURQHNWLQLQ� 36� YH� W36� �]HULQH� WXWXQGX÷X ancak PHEMA ve CEL 

üzerine tutunPDGÕ÷Õ� SRODU� NRPSRQHQW� GH÷LúLPOHULQH� J|UH� EHOLUOHQPLúWLU�� %X� WHNQLN�

substrat üzerine protein WXWXQPDVÕQÕ belirlemek için kolay uygulanabilir bir 

yöntemdir.

6.2. Hücrelerin Biyo

<DSÕúPD��tutunma, DGKH]\RQ���IDUNOÕ�WLSWHNL moleküllerin birbiri ile veya uygun 

ELU� RUWDP� LOH� HWNLOHúLP� NXUPDVÕ� VRQXFX� ROXúXU�� +�FUHOHULQ� EDúND� K�FUHOHUOH� \D� GD�

K�FUHOHU� DUDVÕ� PDWULNVOH� HWNLOHúLPOHUL� K�FUH� �]HULQGHNL� \DSÕúPD� PROHN�OOHUL (hücre 

tutunma molekülleri) WDUDIÕQGDQ�NRQWURO�HGLOLU��+�FUH�\DSÕúPD�PROHN�OOHULQLQ��hücre 
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GÕúÕ ve hücre içi DODQD� X]DQDQ� NÕVÕPODUÕ� YDUGÕU� YH� K�FUH� GÕúÕQD X]DQDQ� NÕVÕPODU�

GÕúDUÕGD�NDUúÕODúWÕNODUÕ�PROHN�OOHUOH�LOLúNL�NXUDUak biyotutunma JHUoHNOHúWLULUOHU�

6.2.1. Hücre-

7ÕEEL� VLVWHP� NRQWURO��� EL\RVHQV|U� JHOLúWLUPH�� NOLQLN� PXDPHOH�� LODo� GD÷ÕWÕPÕ��

LODo� NXOODQÕPÕQD� DLW� JHOLúPH� YH� EL\RORMLN� DUDúWÕUPDODU� JLEL� oRN� VD\ÕGD� DODQGDNL�

LOHUOHPHOHU� \DúD\DQ� K�FUH� \�]H\L� LOH� NDWÕ� \�]H\OHULQ� NLP\DVDO� HWNLOHúPHOHULQLQ�

(tutunma/anti-tutunma��GHWD\OÕ�RODUDN�DQODúÕOPDVÕQÕ�JHUHNWLULU��

6.2.1.1. Hücre Tutunma Molekülleri

Hücre tutunma molekülleri, hücrelerin özgül olarak dokulara yönlenmelerinde, 

ELUELUOHULQL� WDQÕPDODUÕQGD�� HPEUL\RJHQH]�� K�FUH� E�\�PHVL�� K�FUH� IDUNOÕODúPDVÕ� YH�

LQIODPDV\RQ� JLEL� ROJXODUÕQ� G�]HQOHQPHVLQGH� J|UHY� DOÕUODU [Holtfreter, 1948],

[Steinberg, 1970], [Frenette et al., 1996]. Tutunma PROHN�OOHUL� G|UW� VÕQÕIWD�

incelenmektedir: integrinler, selektinler, immünglobulin süper-ailesine dahil tutunma

molekülleri ve kaderinler. 

,QWHJULQOHU�� KHWHURGLPHU� WUDQVPHPEUDQ� SURWHLQOHUGLU�� øQWHJULQOHU� HQGRWHOGH��

epitel hücresinde, trombositlerde, lökositlerde ve tümör hücrelerinde bulunur. Hücre 

tutunma PROHN�OOHUL� DLOHVLQGHQ� ED]Õ� LQWHJULQ� UHVHSW|UOHUL�� OLJDQGODUÕ� YH� K�FUH�

GD÷ÕOÕPODUÕ�7DEOo 6.1’GH�|UQHN�RODUDN�YHULOPLúWLU [Aytekin, 2004].
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Tablo 6.1: Tutunma PROHN�OOHUL�YH�OLJDQGODUÕ�

Aktif ya da inaktif halde bulunabilen integrinlerin, biribirine kovalent olmayan 

ED÷ODUOD�ED÷OÕ�DOID�� ) ve beta ( ��DOW��QLWHOHUL�YDUGÕU [Bischof et al., 1993], [Darnel, 

1995], [Shimizu et al., 1999], [Sims and Dustin, 2002]. Molekülün fonksiyonel 

aktivitesi için her iki alt ünite de gereklidir, ancak tutunma |]J�OO�÷�Q�Q� alt ünitesi 

LOH�LOúNLOL�ROGX÷X�G�ú�Q�OPHNWHGLU�[Hynes, 1992]. 1 integrinler özellikle lökositlerin 

HQGRWHO� K�FUHOHULQH� YH� NRORMHQ�� ODPLQLQ� YH� ILEURQHNWLQ� JLEL� K�FUH� GÕúÕ� PDWULNV�

proteinlerine tutunmaVÕQGD� J|UHY� DOÕUODU�� LQWHJULQOHU� K�FUH� \D\ÕOÕPÕ� YH� K�FUH�

göçünden sorumlu proteinlerken LQWHJULQOHU�� JHQ� \DQÕWODUÕ�� DSRSWR]�� oR÷DOPD��

UHVHSW|UOHULQ� DNWLYDV\RQX� YH� K�FUH� VDOJÕVÕ� �UHWLPGH� J|UHY� DOÕUODU�� Tutunma

PROHN�OOHUL� VÕQÕIODQGÕUPDVÕQGD� \HU� DOPD\DQ� DQFDN� tutunma molekülü olarak 

davranan tutunma PROHN�OHULGH� YDUGÕU�� %XQODU�� +HUPHV� �&'����� CD36, Laminin, 

)LEURQHNWLQ�YH�2;��¶GÕU��

+�FUHOHU��|]HO�(&0�SURWHLQ�OLJDQGODUÕ\OD�LOLúNLOL�oRN�VD\ÕGD�LQWHJULQ�LoHULUOHU�YH�

ED]Õ� GXUXPODUGD�� LNL� LQWHJULQ� ELU� OLJDQGÕ�� OLJDQG� PROHN�O�Q�Q� IDUNOÕ� QRNWDODUÕQGDQ�

WDQÕ\DELOLU�YH\D�LNL�IDUNOÕ� LQWHJULQ�D\QÕ�(&0�SURWHLQ�E|OJHVLQGHQ�ED÷ODQDELOLU��<DQL�

oR÷X� LQWHJULQ�� DGKH]LI� OLJDQGODU� LoLQ� oRN� VSHVLILN� GH÷LOGLU�� %XQXQOD� ELUOLNWH� LNL�

LQWHJULQLQ� ELU� OLJDQGÕQ� D\QÕ� E|OJHVLQH� tutunmaVÕ� PXWODND� D\QÕ� IRQNVL\RQD� \RO�
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DoDFDNODUÕ� DQODPÕQD� JHOPH] [Hemler, 1990], [Guan and Hynes, 1990], [Hall et al.,

1990]. Tutunma PROHN�OOHUL��O|NRVLWOHULQ�LQIODPDV\RQ�DODQÕQD�WRSODQPDVÕQGD�EDúOÕFD�

URO�� R\QDU�� /|NRVLWOHU� LOH� LQIODPH� HQGRWHO� K�FUHVL� DUDVÕQGDNL� LOLúNL� VHOHNWLQOHU��

LQWHJULQOHU� YH� RQODUÕQ� OLJDQGODUÕ�� ³functional” tutunma PROHN�OOHUL� WDUDIÕQGDQ�

VD÷ODQÕU�� /|NRVLW-HQGRWHO� LOLúNLVL� oRN� DúDPDOÕ� YH� GLQDPLN� ELU� V�UHoWLU�� 7XWXQPD� YH�

\XYDUODQPD� DúDPDVÕ� VHOHNWLQOHU� YH� OLJDQGODUÕ� DUDFÕOÕ÷Õ\OD� ROXU�� 6RQUDNL� DúDPD�

LQWHJULQOHULQ� DNWLYDV\RQX� YH� LQWHJULQOHU� LOH� OLJDQGODUÕ� DUDVÕQGD� JHUoHNOHúHQ�

O|NRVLWOHULQ� HQGRWHOH� VÕNÕ� WXWXQPDVÕGÕU�� %X� GXUXP� ùHNLO� 6.3’GH� J|U�OG�÷�� JLEL� úX�

PHNDQL]PD\OD� LúOHU [Web 5, 2010]: 'RODúÕPGDNL� O|NRVLWOHU� NDQ� DNÕPÕ� GDOJDODUÕQD�

NDUúÕ� NR\DUDN� HQGRWHO� K�FUHOHULQLQ� DNWLYDV\RQX� VRQXFXQGD� \DYDúODU� YH� GDPDU�

endoteline yaklDúÕU� �WXWXQPD��� � .DQ� DNÕPÕ� QHGHQL\OH� HQGRWHO� K�FUH� \�]H\LQGH�

EXOXQDQ� VHOHNWLQOHUOH� JHYúHN� WXWXQPD� ROXúWXUXU� YH� EX� GXUXP� O|NRVLWOHULQ�

\XYDUODQPDVÕQD� QHGHQ� ROXU� �\XYDUODQPD��� 6HOHNWLQOHU� O|NRVLW� \�]H\LQGHNL�

NDUERQKLGUDW� OLJDQGODUÕQD� ED÷ODQÕU�� <XYDUODQPD� VÕUDVÕQGD� O|NRVLW� \�]H\LQGHNL� 2

LQWHJULQ�UHVHSW|UOHUL�KÕ]OD�DNWLYH�ROXU��DNWLYDV\RQ���,QIODPDV\RQ�DODQÕQGDNL�NLP\DVDO�

düzenleyiciler integrinlerin aktivitesini uyararak lökosit yüzeyinde bulunan aktive 

ROPXú�LQWHJULQOHULQ�HQGRWHO�K�FUHVL�\�]H\LQH�WXWXQPDODUÕQÕ�NXYYHWOHQGLULU��DGH]\RQ��

'Õú� tehdidin ROGX÷X� QRNWDGDQ� K�FUH� J|o�� JHUoHNOHúHUHN�� O|NRVLWOHULQ� GÕú� tehdidi

RUWDGDQ� NDOGÕUPD� SURVHVL� EDúODU�� (QGRWHO� �]HULQGH� JHUoHNOHúHQ� J|o�� LQWHJULQOHULQ�

HQGRWHO�K�FUHVL�\�]H\LQGHNL�OLJDQGODUOD�HWNLOHúPHVL�LOH�G�]HQOHQLU�

ùHNLO������'RODúÕPGDNL�O|NRVLWOHULQ�HQGRWHO�K�FUHOHU�LOH�HWNLOHúLP�PHNDQL]PDVÕ�
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øQWHJULQOHU�� LQVDQ� Y�FXGXQGD� EXOXQDQ� KHPHQ� KHPHQ� W�P� K�FUHOHUGH� HNVSUHVH�

ROXUODU��$NWLI�KDOH�JHoHQ�ELU�K�FUH�VLWRSOD]PDVÕQGDQ�VLQ\DO�LOHWLOGL÷LQGH��LQWHJULQOHULQ�

hücre-GÕúÕQGD�NDODQ�NÕVPÕ� úHNLO� GHúLúLPL�J|VWHUHUHN�NHQGL� OLJDQGÕQD�RODQ�DILQLWHVLQL�

DUWWÕUÕU� %X� LúOHPH� LoHULGHQ-GÕúD� �LQVLGH-RXW�� VLQ\DO� LOHWLPL� GHQLU��%X� LúOHP� tutunma

PROHN�OOHUL� DUDVÕQGD� ELU� WHN� LQWHJULQOHUGH� J|U�O�U�� øQWHJULQOHULQ� OLJDQGÕQD� tutunmaVÕ�

ile bu kez GÕúDUÕGDQ-içeriye (outside-LQ�� VLQ\DO� PHNDQL]PDVÕ� oDOÕúÕU�� EX� GD� K�FUH�

içerisinde DSRSWR]LVWHQ� SUROLIHUDV\RQD� NDGDU� ELUoRN� LúOHYGH� HWNLOL� ROXU�� øQWHJULQ-

NDQVHU�LOLúNLVL�\DNÕQ�]DPDQD�NDGDU�tutunma YH�PLJUDV\RQOD�VÕQÕUOÕ\GÕ�YH�LQWHJULQ�DOW�

�QLWHOHULQGH� ROXúDQ� JHQHWLN� ER]XNOXNODUÕQ� NDQVHU� LOH� LOLúNLVL� \DNÕQ� ]DPDQD� NDGDU�

bilinmiyordu. Evans YH� DUNDGDúODUÕ, -1-LQWHJULQ� DOW� �QLWHVLQGH� RUWD\D� oÕNDQ�

KHWHUR]LJRW� PXWDV\RQODUÕQ� GLOLQ� VNXDP|]� K�FUHOL� NDQVHULQLQ� ROXúPDVÕQGD� HWNLOL�

ROGX÷XQX�J|VWHUPLúOHUGLU[Evans et al., 2003]�� � øQWHJULQOHUH�VLQ\DO� LOHWLPL�VRQXFXQGD�

ROXúDQ� LQWHJULQ� GHVHQLQGHNL� GH÷LúLNliklerin gözlemlenmesi sonucunda, integrin 

\DQÕWÕQÕQ� G�]HQOHQPHVL� YH� NDQVHU� DUDVÕQGD� LúELUOL÷L� ROGX÷X� WHVSLW� HGLOPLúWLU

[Koistinen and Heino, 2002]�� )DUNOÕODúPÕú� LQWHJULQ� GHVHQOHUL�� NDQVHU� K�FUHOHULQLQ�

GH÷LúLN� PDWULVOHUOH� WDQÕPODQPDVÕQD� RODQDN� VD÷ODU�� EXQXQOD� ELUOLNWH�� EDúNDODúPÕú�

LQWHJULQ�GHVHQOHULQLQ�JHQOHUGHNL�EDúNDODúPÕú�VLQ\DO�LOHWLPLQH�YH�\�N�GH÷LúLNOLNOHULQH�

QHGHQ� RODELOHFH÷L� EHOLUWLOPLúWLU [Plantefaber and Hynes, 1989]�� gUQH÷LQ�� /�����

lösemi hücreyüzeyindeki  5 1 integrinleri ile fibronektinin RGD domeinine iyi 

tutunma VHUJLOHGL÷L�ELOLQPHNWHGLU�[Kowalczynska et al., 2008].

6.2.2. Hücre nda Yüzey Özelliklerinin Etkisi

.DWÕ� \�]H\L�K�FUH�YH�EXQXQ�DOW� GDOÕ� RODUDN�SROLPHU� \�]H\L�K�FUH� HWNLOHúLPOHUL�

J�Q�P�]GH� KDOD� WDP� RODUDN� DQODúÕODPDPÕú� ELU� NRQXGXU� YH� JHUHN� WHGDYL� DPDFÕ\OD��

JHUHNVH� GH� WÕSWD� NXOODQÕODQ� PHGLNDO� �U�QOHULQLQ� WDVDUÕPÕ� LoLQ� \�]H\�K�FUH�

HWNLOHúLPOHULQLQ�L\L�DQODúÕOPDVÕ�|QHPOLGLU��/LWHUDW�UGH�oÕNDQ�PDNDOHOHUGH�\�]H\�K�FUH�

HWNLOHúLPOHUL����|QHPOL�SDUDPHWUH�LOH�LOLúNLOHQGLULOPLúWLU��

i) <�]H\GHNL�NLP\DVDO� JUXSODUÕQ� FLQVL� YH�GD÷ÕOÕP�\�]GHVL� [Kowalczynska et al.,

2003], [Kowalczynska et al., 2005], [Fuse et al., 2007], [Blanco et al., 2008],

ii) <�]H\�S�U�]O�O�÷��[Spatz et al., 1996], [Chen et al., 1997], [Whitesides et al.,

2001], [Xie et al., 2002], [Wang et al., 2004], [Blanco et al., 2008],
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iii) <�]H\�ÕVODWÕODELOLUOL÷L�[Lampin et al., 1997], [Lensen et al., 2008],

iv) KDWÕQÕQ�VHUEHVW�\�]H\�HQHUMLVL�[Dobkowski et al., 1999], [Arima et al., 2007],

v) 7HVWOHUGH� NXOODQÕODQ� K�FUHQLQ� E�\�NO�O�÷�� YH� úHNOLGLU� [Evans, 1992],

[Korohoda and Madeja, 1997], [Kim et al., 2005].

+�FUH� GDYUDQÕúÕ� JHQHOOLNOH�� NXOODQÕODQ� NDWÕ� EL\RPDWHU\DOLQ� \�]H\�

|]HOOLNOHULQGHQ� HWNLOHQLU�� $ULPD� YH� DUNDGDúODUÕ�� \�]H\LQGH� PHWLO�� KLGURNVLO��

karboksilik asit ve amino grubu LoHUHQ� �� oHúLW� DONHQWLRO� NXOODQDUDN�� K�FUH�

\DSÕúPDVÕQD� ÕVODWÕODELOLUOLN�� \�]H\� IRQNVL\RQHO� JUXSODU� YH� IRQNVL\RQHO� JUXS�

\R÷XQOXNODUÕQÕQ� HWNLVLQL� LQFHOHPLúOHUGLU [Arima et al., 2007]. Bu incelemeler 

VRQXFXQGD�� K�FUHQLQ� \�]H\H� \DSÕúPDVÕQGD�� WHPHOGH� \�]H\LQ� ÕVODWÕODELOLUOL÷LQLQ�

|QHPOL� ROGX÷X� DQFDN� \�]H\� IRQNVL\RQHO� JUXSODUÕQÕQ� WLSLQLQ�� IRQNVL\RQHO� JUXS�

\R÷XQOX÷XQXQ� YH� K�FUH� oHúLGLQLQ� GH� ÕVODWÕODELOLUOL÷LQ� \DQÕQGD� K�FUHQLQ� \�]H\H�

\DSÕúPDVÕQGDNL�GL÷HU�HWNLQ�SDUDPHWUHOHU�ROGX÷X�EHOLUOHQPLúWLU��

Kowalczynska ve arNDGDúODUÕ�� V�OIRODQPÕú� YH� V�OIRODQPDPÕú� 36� \�]H\OHUL�

üzerine L1210 lösemi hücresinin tutunma SHUIRUPDQVÕQÕ� LQFHOHPLúOHUGLU

[Kowalczynska et al., 2003]�� 6�OIRQODQPÕú� YH� V�OIRQODQPDPÕú� 36� \�]H\OHULQLQ�

KLGURIREOXN� GHUHFHOHULQGHNL� IDUNOÕOÕNWDQ� GROD\Õ� V�OIRODQPÕú� \�]H\OHUGH� EDúODQJÕoWD�

\DSÕúDQ�K�FUH�VD\ÕVÕQÕQ�V�OIRODQPDPÕú�\�]H\GHQ�GDKD�ID]OD�ROGX÷XQX�EXOPXúODUGÕU��

$\UÕFD� V�OIRODQPÕú� 36� \�]H\OHULQGH� tutunma V�UHVLQLQ� DUWÕUÕODVÕ� LOH� V�OIRODQPDPÕú�

\�]H\OHUH�J|UH�K�FUHQLQ�\DSÕúWÕ÷Õ�DODQÕQ�DUWWÕ÷Õ�EHOLUOHQPLúWLU��ùHkil 6.4). $\UÕFD�D\QÕ�

JUXS� IDUNOÕ� V�OIRQDV\RQ� GHUHFHOHULQH� VDKLS� 36� \�]H\OHULQH� /����� K�FUHOHULQLQ�

tutunma SHUIRUPDQVÕQÕ� LQFHOHPLú� YH� 36� \�]H\LQGHNL� V�OIR� JUXS� \R÷XQOX÷XQXQ�

DUWPDVÕQÕQ� /����� K�FUHOHULQLQ� tutunma J�F�Q�� DUWÕUÕFÕ� HWNL� J|VWHUGL÷LQL�

EHOLUOHPLúOerdir [Dobkowski et al., 1999]. 
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ùHNLO������a) Serbest haldeki L1210 hücresi, b) S�OIRODQPDPÕú�36�\�]H\LQH�\DSÕúDQ�
L1210 hücresi ve c) 6�OIRODQPÕú�36�\�]H\LQH�\DSÕúDQ�/�����K�FUHVL�LoLQ��'�WHPVLOL�

úHNLOOHUL�

Hücreler \�]H\LQ� WRSRJUDILN�GH÷LúLPOHULQH� J�oO�� úHNLOGH� FHYDS�YHULUOHU ve bu 

FHYDEÕ� JHOLúWLUHQ� PHNDQL]PDODUÕQ� DQODúÕOPDVÕQD� \|QHOLN� oDOÕúPDODU� GHYDP�

etmektedir. 0HNDQL]PDQÕQ�NRPSOHNV�YH�NDUPDúÕN�ROPDVÕ�DUDúWÕUPDFÕODUÕ�PLNUR�\DGD�

nano desenli özel yüzeylerin tasarlaQPDVÕ� YH� S�U�]O�O�NOHUL� D\DUODQDQ� EX� \�]H\OHU�

üzerine tutunma GDYUDQÕúÕQÕQ� incelenmesine \|QHOWPLúWLU�� 0LNURGHVHQOL� \�]H\OHULQ�

WÕSWD� NXOODQÕPÕ�� +DUYDUG� hQLYHUVLWHVLQGHQ�� *�� 0�� :KLWHVLGHV� DQG� '�� (�� ,QJEHU�

WDUDIÕQGDQ� ����� GH� EDúODWÕOPÕúWÕU� [Chen et al., 1997]�� øQVDQ� K�FUHOHULQLQ� EHOOL�

GHVHQOHUH� VDKLS� NDWÕODU� �]HULQGH� |OG�÷�� YH� EXQGDQ� IDUNOÕ� GHVHQOHUH� VDKLS� NDWÕODU�

�]HULQGH� \DúDPD\D� GHYDP� HWWL÷L� J|]OHQPLú� YH� K�FUHOHULQ� EX� GDYUDQÕúÕQGD� K�FUH�

E�\�NO�÷��YH�úHNOLQLQ�GH�|QHPOL�ROGX÷X�DQODúÕOPÕúWÕU��&hen et al., 1997; Whitesides 

et al., 2001). 0LNUR� \DSÕOÕ \�]H\OHUOH� FDQOÕ� K�FUHOHULQ� HWNLOHúLPOHUL� VRQ� ]DPDQGD�

ELOLP� DGDPODUÕ� WDUDIÕQGDQ� \R÷XQ� RODUDN� LQFHOHQPLúWLU� [Li et al., 2003], [Sun et al.,

2005], [Yu et al., 2005], [Lensen et al., 2008], [Torres et al., 2008].

+�FUHOHU�\�]H\LQ�WRSRJUDILN�GH÷LúLPOHULQH�J�oO��úHNLOGH�FHYDS�YHULUOHU��$\UÕFD�

K�FUHOHU� PLNURPHWUH� ER\XWOX� ROXNODUD� VDKLS� NDWÕODU� �]HULQGH� VHUW� E|OJHOHU� ER\XQFD�

VÕUDODQPD� H÷LOLPLQGH\NHQ�� PLNURPHWUH� ER\XWOX� GHVHQOL� �SLOODU�� \�]H\OHUGH� GHVHQ�

boyutu hücre bo\XWXQGDQ�E�\�N�ROGX÷XQGD�K�FUHOHU�SLOODUODUÕQ�NHQDUODUÕQD�\DSÕúPD�

H÷LOLPL� J|VWHULU� YH\D� H÷HU� K�FUHOHU� KDUHNHW� KDOLQGH� LVH� EX� GHID� SLOODUODUÕQ� DUDVÕQGD�

V�U�NOHQPH� H÷LOLPL� J|VWHULUOHU� >7XUQHU� et al.�� ����@�� $QFDN�� EDúODQJÕoWD� SURWHLQ�
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tutunma PLNWDUÕ�YH�YH\D�RU\DQWDV\RQX�WRSRJUDILN�RODUDN�\DSÕODQGÕUÕOPÕú�\�]H\OHUGH��

G�]� \�]H\OHUGHQ� IDUNOÕGÕU� [Den Braber et al., 1998] ve hücreler kendi topografik 

|]HOOLNOHULQH�X\JXQ�\�]H\OHUH�\DQÕW�YHUHUHN�\DSÕúÕUODU�[Chou et al., 1995], [Van Kooten 

and von Recum, 1999]��$QFDN�EX�K�FUH�LVNHOHWLQLQ�HVQHNOL÷LQH�YH�)-DNWLQ�VHUWOL÷LQH�GH�

ED÷OÕGÕU� YH� K�FUH� KL]DODQPDVÕQÕ�� EX� K�FUHOHULQ� \�]H\� WRSRJUDILVLQH� DGDSWDV\RQODUÕ�

EHOLUOHU�� 'L÷HU� WDUDIWDQ� PLNURGHVHQOL� \�]H\OHU� �]HULQH� ELU� NH]� K�FUH� \DSÕúPDVÕ�

JHUoHNOHúWLNWHQ� VRQUD�� \DSÕúDQ� K�FUHOHULQ� úHNLOOHUL�mikro desene J|UH� GH÷LúLU�� %HOOL�

WRSRJUDILN�\DSÕOÕ�GHVHQOL�\�]H\OHUGH�YH�IDUNOÕ�HODVWLNOL÷H�VDKLS�SROLHWLOHQ�JOLNRO��3(*��

SROLPHUL� LOH� \DSÕODQ� GHQHPHOHUGH �ùHNLO� ����, hücrelerin ya tepeler boyunca 

VÕUDODQGÕNODUÕ��\D�GD�oXNXUODU�LoLQH�\HUOHúWL÷L�EHOLUOHQPLúWLU�[Lensen et al., 2008].

ùHNLO������D��VLOLQGLULN�YH�oXEXN�úHNOLQGHNL�polietilen glikol (PEG) mikrodesenlerine 
fare fibroblat hücrelerinin tutunma GDYUDQÕúÕ��E��VLOLQGLULN�YH�oXEXN�úHNOLQGHNL�
perfloropolietilen (PFPE) mikrodesenlerine fare fibroblat hücrelerinin tutunma

GDYUDQÕúÕ.

<DQ� YH� DUNDGDúODUÕ, WRSRJUDILN� RODUDN� \DSÕODQGÕUÕOPÕú� \�]H\OHULQ� K�FUHOHUOH�

WXWXQPDVÕQÕQ hücrelerin tutunma özelliklerinin belirlenmesi için kritik tutunma

DODQODUÕ� EHOLUOHPLúOHUGLU� YH� EX� úHNLOGH� EHOOL� VD\ÕGDNL� K�FUHQLQ� PLFNURSDWWHUQ�

ER\XWODUÕQÕQ� WDVDUODQPDVÕ� LOH� tutunma ORNDV\RQODUÕQÕQ� YH� úHNLOOHULQLQ� NRQWURO�

HGLOHELOHFH÷LQL�|QHUPLúOHUGLU �ùHNLO����� [Yan et al., 2011].
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ùHNLO����� )DUNOÕ�ER\XWODUGDNL�PLNURGHseQOHU��]HULQH�K�FUHOHULQ�RODVÕ�tutunma
GDYUDQÕúÕQÕQ�úHPDWLN�WHPVLOL�

%LU� NDWÕQÕQ� \�]H\� ÕVODWÕODELOLUOL÷L�� VX� WHPDV� DoÕVÕ� WD\LQL� LOH� EHOLUOHQLU� YH�

proteinlerin o yüzey üzerindeki seçimli WXWXQPDVÕQda, yani hücre WXWXQPDVÕQÕQ�

ROXúXS� ROXúPDPDVÕQGD� HWNLOL� RODQ� ELU� |]HOOLNWLU�� |UQH÷LQ� ILEURQHNWLQ� SURWHLQLQ�

\DSÕúWÕ÷Õ�\�]H\OHUH�DOEXPLQ�\DSÕúPD]��.ottkemarchant et al., 1996], [Lampin et al.,

1997], [Toworfe et al., 2004]. YDQ� GHU� 9DON� YH� DUNDGDúODUÕ�� ILEUREODVW� K�FUHOHULnin 

KLGURILOLN� \�]H\OHUGH�� KLGURIRELN� \�]H\OHUGHQ� GDKD� L\L� \D\ÕOGÕ÷ÕQÕ� EHOLUWPLúOHUGLU

[van der Valk et al., 1983]�� $\UÕFD� 6FKDNHQUDDG� YH� DUNDGDúODUÕ� � LQVDQ� HQGRWHO�

ILEUREODVW� K�FUHOHULQLQ� E�\�PH� KÕ]ÕQÕQ� KLGURIREOXN� DUWWÕNoD� DUWWÕ÷ÕQÕ� EHOLUWPLúOHUGLU

[Schakenraad et al., 1986]. 40-70o DUDVÕQGD� VX� WHPDV� DoÕVÕ� RODQ� SROLPHULN� \�]H\OHUH�

K�FUHOHU�HWNLQ�ELU�úHNLOGH�\DSÕúÕUODU�>van Wachem et al., 1985], [Tamada and Ikada, 

1986], [Van Wachem et al. 1987], [Tamada and Ikada, 1993], [Lee et al., 1997], [Lee 

et al., 1998], [Lensen et al.�� ����@��<ÕOGÕ]-úHNOLQGH�3(*��39')��7&36��3'06�YH�

OLQHHU� 3)3(� �SHUIORURSROLHWHU�� \�]H\OHULQLQ�� \�]H\� NLP\DVÕ�� WRSRJUDILVL� YH�

HODVWLNOL÷LQGHNL� GH÷LúLPH� ED÷OÕ� RODUDN� IDUH� ILEUREODVW� K�FUHVL� 1,+� /���¶XQ� �ED÷�

GRNXVX� K�FUHVL�� \DSÕúPD� J�Fünü incelemelerinde, Süperhidrofob ve süperhidrofil 

\�]H\OHUGH� K�FUH� \DSÕúPDVÕ� PLQLPXP� LNHQ� PDNVLPXP� K�FUH� \DSÕúPDVÕQÕQ� RUWD�

hidrofobluktaki ( 55-85o�� 7&36� YH� 39')� SROLPHU� \�]H\OHULQGH� JHUoHNOHúWL÷L�

WHVSLW�HGLOPLúWLU�>/HQVHQ�et al.������@��%X�GXUXPX�/HQVHQ�YH�DUNDGDúODUÕ�>/HQVHQ�et 

al.������@���7DPDGD�YH�DUNDGDúODUÕQÕQ�>7DPDGD�DQG�,NDGD������@�GHQH\�GDWDODUÕQÕ�GD�

NXOODQDUDN�WHPDV�DoÕVÕ�GH÷LúLPLQH�ED÷OÕ�RODUDN�K�FUH�tutunma GH÷LúLPLQL�ùHNLO����¶GH�

J|VWHULOHQ�úHPD�LOH�|]HWOHPLúOHUGLU�
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ùHNLO������7HPDV�DoÕVÕ�GH÷LúLPLQH�ED÷OÕ�RODUDN�ILEUREODVW�K�FUHOHULQLQ�tutunma
SHUIRUPDQVÕQGDNL�GH÷LúLP�

ùHNLO� ���¶GHQ� GH� J|U�OG�÷�� JLEL� RUWD� KLGURIREOXNWD� K�FUHOHULQ� �|UQH÷LQ�

fibroblast) yüzeye WXWXQPDVÕ maksimumken, süper hidrofilik ya da süperhidrofobik 

yüzeylerde hücre WXWXQPDVÕ PLQLPXPGXU�� %X� GXUXP� úDúÕUWÕFÕ� GH÷LOGLU�� o�QN�� RUWD�

ÕVODWÕODELOLUOL÷H� VDKLS� GRNX� N�OW�U�� SROLVtiren (TCPS) yüzeyine hücre WXWXQPDVÕ

RSWLPXP�GH÷HUGHGLU�YH�ROGXNoD�KLGURILOLN�ROGXNODUÕ�ELOLQHQ�3(*�KLGURMHOOHULQLQ�K�FUH�

itici özellikleri literatürden bilinmektedir [Peppas and Langer, 1994], [Shimizu et al.,

1999], [Zhang et al., 2006], [Zhao et al.�� ����@�� /LWHUDW�UGH� \HU� DODQ� YH� \XNDUÕGD�

|]HWOHQHQ� GH÷LúLN� oDOÕúPDODUGD�� IDUNOÕ� ÕVODWÕODELOLUOLN� GHUHFHOHULQH� VDKLS� \�]H\OHU� LOH�

ILEUREODVW� K�FUHOHULQLQ� \DSÕúPD� SHUIRUPDQVÕ�� IDUNOÕ� ÕVODWÕODELOLUOLN� DUDOÕ÷ÕQGD�

YHULOPLúWLU�� DQFDN� EX� LQFHOHPHOHU� ELUOHúWLULOGL÷LQGH� PDNVLPXP� \DSÕúPD�

SHUIRUPDQVÕQÕQ���-85o WHPDV�DoÕODUÕ�DUDVÕQGD�ROGX÷X�V|\OHQHELOLU�

Yüzey-K�FUH� HWNLOHúLPOHUL� JHQHOOLNOH� vücut VÕYÕODUÕ� LoLQGH� JHUoHNOHúWL÷LQGHQ��

\�]H\GHNL�NLP\DVDO�JUXSODUÕQ�ELOHúLPL�YH�GD÷ÕOÕP�\�]GHVL��NLP\DVDO�KHWHURMHQOLN��YH�

\�]H\�S�U�]O�÷��HWNLQ�SDUDPHWUHOHUGLU�YH�EX� \�]H\�SDUDPHWUHOHUL�&$+�GH÷HULQLQ�R�

ortamdaki takibiyle kontrol edilebilir. Lensen ve arkaGDúODUÕ�� LQFHOHGLNOHUL� SROLPHU�

\�]H\OHUGH� EXOGXNODUÕ� &$+� GH÷HUOHULQL� SROLYLQLOLGHQ� IORU�U� �39')�� LoLQ� ��o,

polidimetilsiloksan (PDMS) için 59o ve poliperfloropolieter (PFPE) için 68o olarak 

EHOLUOHPLúOHUGLU [Lensen et al., 2008]��3)3(�PDWHU\DOLQLQ�&$+�GH÷Hri 68o dir ki bu 

GH÷HU� ROGXNoD� E�\�NW�U� YH� EXQXQ� EX� GHQOL� E�\�N� ROPDVÕQÕQ� QHGHQL� VX� DOWÕQGD� IORU�

JUXSODUÕQÕQ� UHRU\DQWDV\RQ� KDUHNHWL� \DSPDVÕGÕU� [Ucar et al., 2010]. Lensen ve 

DUNDGDúODUÕQÕQ�&$+�GH÷HULQGHNL�EX�|QHPOL�GH÷LúLPL�WDNLS�HWPHOHULQLQ��K�FUH�N�OW�U��
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oDOÕúPDODUÕQÕQ�VXOX�RUWDPGD�\DSÕOPDVÕ�JHUHNWL÷LQH�LúDUHW�HWPLúOHUGLU�DQFDN�EX�NRQXGD�

GHWD\OÕ� ELU� oDOÕúPD� JHUoHNOHúWLUPHPLúOHUGLU� [Lensen et al., 2008]. Avrupa biUOL÷L� ���

dHUoHYH�SURJUDPÕ�NDSVDPÕQGD�GLVLSOLQOHU�DUDVÕ����JUXEXQ�RUWDNODúD�oDOÕúWÕ÷Õ��*<7(�

HNLELQLQ�GH�GDKLO�ROGX÷X��$0%,2�SURMHVLQGH�8OYD�OLQ]D�VSRUXQXQ�\�]H\H�\DSÕúWÕNWDQ�

VRQUD�GÕúDUÕGDQ�VX� MHWL�NXYYHWL�X\JXODQPDVÕ� LOH�\�]H\GHQ�X]DNODúPD�SHUIRUPDQVODUÕ�

iQFHOHQPLú�YH�\�]H\GHQ�D\UÕODQ�8OYD�VSRU�\�]GHVL�LOH�&$+��ZHWWLQJ�K\VWHUHVLV��:+��

YH�VHUEHVW�\�]H\�HQHUMLVL�LOH�OLQHHU�RODUDN�GH÷LúWL÷L�WHVSLW�HGLOPLú�YH�OLWHUDW�UGH�LON�NH]�

\D\ÕQODQPÕúWÕU�[Ucar et al., 2010].

6.2.2.4. Serbest Yüzey Enerjisi

%LU� NDWÕQÕQ� VHUEHVW� \�]H\� HQHUMLVL�� oHúLWOL� VÕYÕODUÕQ� WHPDV� DoÕVÕ� GH÷HUOHULQGHQ�

KHVDSOD�EXOXQXU�YH�R�\�]H\H�K�FUHQLQ�\DSÕúPD�J�F�Q���GDYUDQÕúÕQÕ�HWNLOH\HQ� WHPHO�

parametrelerden biridir [Van Der Valk et al., 1983], [Van Wachem et al., 1985],

[Schakenraad et al., 1986]�� .HQQHG\� YH� DUNDGDúODUÕ�� IDUNOÕ� \�]H\� |]HOOL÷LQH� VDKLS�

ILEURQHNWLQ� NDSOÕ� \�]H\OHU� �]HULQGH� VX� WHPDV� DoÕVÕ� YH� VHUEHVW� \�]H\� HQHUMLVL�

GH÷LúLPLQL� LQFHOHPLúOHUGLU [Kennedy et al., 2006]��)LEURQHNWLQ�NDSOÕ� \�]H\OHUGH���-

95o WHPDV� DoÕVÕ� DUDVÕQGD�� \�]H\LQ� KLGURILOOL÷L� DUWWÕNoD� \DSÕúDQ� osteoblast hücresi

(MC3T3-E1) K�FUH� VD\ÕVÕ� OLQHHU� úHNOLGH� DUWPDNWD� YH� ��-63 mN/m serbest yüzey 

HQHUMLVL� DUDOÕ÷ÕQGD� LVH� \�]H\� HQHUMLVLQLQ� DUWPDVÕ� LOH� �KLGURILOOLN� DUWDUNHQ�� \�]H\H�

ED÷ODQDQ� K�FUH� VD\ÕVÕ� DUWPDNWDGÕU �ùHNLO� ������ %D]Õ� NRúXOODUGD�� \�]H\� HQHUMLVL�

K�FUHQLQ� EDúODQJÕoWD� \DSÕúPD� SHUIRUPDQVÕQÕQ� EHOLUOHQPHVLQGH� ID]OD� HWNLQ� GH÷LOGLU�

DQFDN�K�FUHOHULQ�R�\�]H\GHNL�oR÷DOPD�KÕ]Õ�LOH�OLQHHU�ELU�LOLúNL�J|VWHULU�YH�KLGURIREOXN�

DUWWÕNoD�K�FUHQLQ�oR÷DOPD�KÕ]Õ�DUWDU��

:DFKHP� YH� DUNDGDúODUÕ ortalama yüzey enerjisine sahip substratlar üzerine 

LQVDQ� HQGRWHO� K�FUHOHULQLQ� GDKD� L\L� \DSÕúWÕ÷ÕQÕ� J|]OHPOHPLúOHUGLU [Van Wachem et 

al., 1985]�� 2]FDQ� YH� DUNDGDúODUÕ�� RNVLMHQ� SOD]PD� PRGLILNDV\RQX� LOH� IDUNOÕ�

ÕVODWÕODELOLrlikteki (63.5 den 26.7o ye)  PMMA film yüzeylerinin (3T3 fibroblast hücre 

kültürü)  hücre-PDWHU\DO�HWNLOHúLPOHULQL� LQFHOHPLúOHU�YH�SOD]PD�J�F�QH�ED÷OÕ�RODUDN�

��� P-�P�� � PDNVLPXP� 6)(� GH÷HULQGH� �7�� )LEUREODVW� K�FUHOHULQLQ� PDNVLPXP�

tutunma J|VWHUGL÷LQL�EHOLUOHPLúOHUGLU [Ozcan et al., 2009].
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ùHNLO������2HVWREODVW�K�FUHOHULQLQ�IDUNOÕ�\�]H\�|]HOOLNOL�PDWHU\DOOHU��]HULQGHNL�
SR]LV\RQX���ED÷ODQDQ�K�FUH�VD\ÕVÕ��LOH�a) VX�WHPDV�DoÕVÕ�YH�b) serbest yüzey 

HQHUMLVLQGHNL�GH÷LúLP�

6.2.3. Hücre nda Hücre Özelliklerinin Etkisi

+�FUHOHU� oHYUHOHULQGHNL� \DSÕODUD� NDUúÕ� oRN� KDVVDVWÕUODU�� ED]HQ� �� QP¶\H� YDUDQ�

büyüklükte cisimlere ilgi gösterebilirler. Bir hücrenin belli bir yüzeye güçlü bir 

\DSÕúPD�JHUoHNOHúWLUHELOPHVL� LoLQ�R�\�]H\�GHVHQL� LOH�K�FUH�]DUÕQGDNL� IRNDO�\DSÕúPD�

N�PHOHUL�DUDVÕQGDNL�PHVDIH�\DNÕQ�|OoHNWH�ROPDOÕGÕU�>6SDW]�et al., 1996], [Chen et al.,

1997], [Whitesides et al., 2001]], [Xie et al., 2002], [Wang et al., 2004], [Blanco et al.,

2008]. Hücrelerin tutunma |]HOOLNOHULQGHNL�GH÷LúLP�K�FUH� úHNOL�� W�U���E�\�NO�÷��YH�

DNWLQ� RUJDQ]DV\RQXQGDNL� GH÷LúLNOLNOHUOH� LOLúNLOLGLU� >Orend and Chiquet-Ehrismann, 

2000] ve bir hücrenin bir substrata tutunmaVÕQGD�� K�FUH� úHNOL�� K�FUH� \D\ÕOPD�

GDYUDQÕúÕ�� \�]H\LQ� NLP\DVDO� kompozisyonu ve morfolojisi gibi hücre tutunma

PROHN�OOHULQLQ� VXEVWUDW� LOH� HWNLOHúLPLQGH� |QHPOL� SDUDPHWUHOHUGLU� >Cutis, 1986],

a)

b)
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[Busscher et al., 1991], [Haas and Plow, 1994]. 'DYLGVRQ� YH� DUNDGDúODUÕ�� QRUPDO�

K�FUHOHU� WRSRJUDILN� RODUDN� \DSÕODQPÕú� \�]H\OHUOH� HWNLOHúLPH� girdiklerinde kanser 

K�FUHOHULQGHQ�IDUNOÕ�úHNLOGH�\�]H\OH�HWNLOHúLPH�JLUGL÷LQL�YH�QRUPDO�K�FUHOHULQ�SOD]PD�

PHPEUDQODUÕQÕQ� K�FUH� LOH� \�]H\� DUDVÕQGDNL� WHPDV� DODQÕQÕQ� DUWÕúÕ� VRQXFXQGD� NROD\�

RODUDN� GHIRUPH� RODPDGÕ÷ÕQÕ� EHOLUWPLúOHUGLU� >Davidson et al., 2009]. Hücrelerin bir 

\�]H\H� \DSÕúDELOPHVL� LoLQ� R� \�]H\LQ� GHVHQL� LOH� K�FUH� ]DUÕQGDNL� IRNDO� \DSÕúPD�

N�PHOHUL� DUDVÕQGDNL� PHVDIHQLQ� \DNÕQ� |OoHNWH� ROPDVÕ� JHUHNWL÷L� ELOLQPHNWHGLU� >+DDV�

and Plow, 1994], [Fuse et al., 2007], [Blanco et al., 2008].

7ÕEEL� VLVWHPOHUGH� NXOODQÕODQ� LPSODQW�� DOHWOHU�ya da FLKD]ODUÕQ� �|UQH÷LQ� GL\DOL]�

FLKD]ODUÕ�� SHUIRUPDQVODUÕQÕQ� EHOLUOHQPHVLQGH� YH� NXOODQÕODELOLUOLNOHULQLQ� EHOLUOHQPHVL�

LoLQ� VD÷OÕNOÕ� K�FUHOHUOH� |]HOOLNOHGH� Y�FXWWDNL� WHPHO� VÕYÕ� NDQ� LOH� HWNLOHúLPOHULQLQ�

belirlenmesi gerekir. 

6.2.4.1. Kan (HGF) Hücrelerinin 

.DQ��DO\XYDU��NÕUPÕ]Õ�NDQ�K�FUHOHUL��HULWURVLWOHU���DN\XYDU��EH\D]�NDQ�K�FUHOHUL��

O|NRVLWOHU�� YH� NDQ� SXOFXNODUÕ� (trombositler, platelet) olmak üzere üç ana hücre 

oHúLGLQGHQ� YH� SOD]PDGDQ� ROXúXU [Web 6, 2009]. Akyuvar, alyuvar ve kan 

SXOFXNODUÕQÕQ� |]HOOLNOHUL� 7DEOR�6.2 GH� YHULOPLúWLr [Web 7, 2009]. Tablo 6.2’den de 

J|U�OG�÷�� JLEL� NDQGD� EXOXQDQ� VD÷OÕNOÕ� K�FUHOHU� ���-��� PLNURQ� DUDVÕQGD� GH÷LúHQ�

oDSODUD� VDKLSWLU�� $N\XYDUODU� LVH� oHNLUGHN� YH� VLWRSOD]DPD� \DSÕODUÕQD� J|UH�

JUDQ�ORVLWOHU��OLQIRVLWOHU�YH�PRQRVLWOHU�ROPDN��]HUH��o�JUXED�D\UÕOÕU��*UDQ�ORVLWOHU�LVH�

çekirdeklerinin boyanabilme özelliklerine göre nötrofiller, bazofiller ve eozinofiller 

ROPDN��]HUH��o�JUXSWD�WRSODQÕUODU��
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Tablo 6.2: Kanda bulunan hücrelerinin tipleri ve özellikleri.

0DWHU\DO�\�]H\OHULQH�WURPERVLW�\DSÕúPDVÕ�YH�DNWLYDV\RQX��NDQÕQ�SÕKWÕODúPDVÕQD�

QHGHQ�ROXU��.DQÕQ�SÕKWÕODúPDVÕ��\DSD\�RUJDQ� LPSODQWDV\RQODUÕ�� \DSD\�NDQ�GDPDUODUÕ�

YH� GL÷HU� NDQOD� WHPDV� HGHQ� D\JÕWODUÕQ� X\JXODPDODUÕQGD� LúOHYVHO� WHKOLNHOHUH� QHGHQ�

RODUDN� ]DPDQ� ]DPDQ� LQVDQ� \DúDPÕQÕ� WHKGLW� HGLFL� ELU� XQVXU� ROXúWXUXU [Peppas and 

Langer, 1994], [Banerjee et al., 1997]. Kan ile uyumlu materyallerin üretimde, bu 

LúOHYVHO� SUREOHPOHULQ� o|]�P�� LoLQ� NLP\DVDO� PRGLILNDV\RQ� LOH� QRQ-trombojenik 

HQGRWHO� K�FUHOHULQ� WDNOLGLQH� \|QHOLN� oDOÕúPDODU� \DSÕOPÕúWÕU [Zhang et al., 2003],

[Kaladhar and Sharma, 2004]. Ancak bu yöntemler, çok fazla kimyasal sentez ve 

biyolojik-L\LOHúWLUPHOHU� JHUHNWLUGL÷L� LoLQ� X\JXODPDODUÕ� VSHVLILN� PDWHU\DOOHUOH�

VÕQÕUOÕGÕU�� ����� \ÕOÕQGD� 6XQ� YH� DUNDGDúODUÕ [Sun et al., 2005], materyallerin kan 

X\XPOXOX÷X� LOH� LOJLOL� QDQR-\DSÕ etkisini incelemek için nano-\DSÕOÕ� NDUERQ�QDQRW�S�

ILOPL� �]HULQH� IDUNOÕ� IORURDONLO� ]LQFLU� X]XQOXNOX� SROLNDUERQDW� �UHWDQODU� NDSOD\DUDN�

süperhidroIRELN�\�]H\�VHQWH]OHPLúOHUGLU� 1DQR�\DSÕOÕ�V�SHUKLGURIRELN�ILOPOHU��NDQGD�

EXOXQDQ� WURPERVLWOHUH� NDUúÕ� DQti-\DSÕúPD� |]HOOLN� VHUJLOHU� YH� trombositler yüzeye 

G�ú�N� PLNWDUGD� ED÷ODQGÕ÷ÕQGD� ELOH� V�SHUKLGURIRELN� \�]H\OHULQ� NXOODQÕPÕ� LOHUL�

DNWLYDV\RQ�YH�VRQUDVÕQGD�JHOHQ�GHIRUPDV\RQ�YH�\D\ÕOPDQÕQ�|QOHQPHVLQGH�HWNLQ�ELU�

stratejidir [Zhang et al., 2003], [Sun et al., 2005]. BX�VWUDWHML��G�]�\�]H\OHULQ�\DQÕ�VÕUD�

nano-\DSÕOÕ� V�SHUKLGURIRELN� \�]H\OHULQ� GH� NDQ�X\XPOXOX÷X� LOH� LOJLOL� X\JXODPDODUGD�
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NXOODQÕODELOPHVLQH�RODQDN�VD÷ODU� $\UÕFD�Lnsan lökosit hücrelerinin yüzeylere tutunma

özellikleri LQFHOHQPLú� YH� \�]H\� V�OIRQDV\RQX� \DGD� EDúND� IRQNVL\RQHO� JUXSODUOD�

PRGLIL\H� HGLOHQ� \�]H\OHU� �]HULQH� \DSÕúDQ� K�FUHOHULQ� VD\ÕVÕQÕQ��PRGLIL\H� HGLOPHPLú�

\�]H\OHUH�J|UH�GDKD�\�NVHN�ROGX÷X�VDSWDQPÕúWÕU�>Bruil et al., 1992].  

øQVDQ�JLQJLYDO� ILEUREODVW�K�FUHOHUL� �+*)���GLúHWLQGH�EXOXQDQ�ILEUREODVW� \DSÕGD�

K�FUHOHUGLU�� g]HOOLNOH� GLú� LPSODQWODUÕQGD�� +*)� K�FUHOHUL� LPSODQWODUÕQ� HWUDIODUÕQÕ�

NDSOD\ÕS� \XPXúDN� ED÷� GRNX� ROXúWXUDUDN� EXQODUÕQ� oHQH\H� X\XP� VD÷ODPDVÕQÕ�

engellerler [Hormia and Kononen, 1994]�� %LU� GLú� LPSODQWÕQÕQ� VD÷OÕNOÕ� ELU� úHNLOGH�

insanlarda kullDQÕODELOLU� RODELOPHVL� LoLQ�� +*)� K�FUHOHULQLQ� \DSÕúPDGÕ÷Õ� \�]H\OHUH�

LKWL\Do� YDUGÕU�� (÷HU� RVWHRMHQLN� K�FUHOHULQ�� ILEUREODVW� K�FUHOHUH� J|UH� VHoLFL� RODUDN�

\DSÕúDFD÷Õ� \�]H\OHU� VDSWDQÕUVD�� R� ]DPDQ� LPSODQW� X\JXODPDODUÕQGD� GRNX\D� X\XPXQ�

VD÷ODQPDVÕQGD�oRN�ID\GDOÕ�Rlur. Soboyejo, osteosarkoma hücrelerinin (HOS) çubuk 

úHNOLQGH� PLNURGHVHQOL� SROLGLPHWLOVLORNVDQ� �3'06�� SROLPHU� \�]H\L� LOH� HWNLOHúLPLQL�

IDUNOÕ� LQN�EDV\RQ� V�UHOHULQGH� LQFHOHPLú� YH� K�FUHOHULQ� oXEXN� úHNOLQGHNL�

PLNURGHVHQOHULQ� �]HUL� \HULQH� ROXNODU� ER\XQFD� \D\ÕOGÕ÷ÕQÕ� EHOLUOHPLúGLU� �ùHNLO� ����

[Soboyejo, 2009].

a) b)

ùHNLO������+26�K�FUHOHULQLQ�D��EDúODQJÕoWDNL�\D\ÕOPD��b) 1 saatlik inkübasyon 
VRQUDVÕQGDNL�\D\ÕOPD�GDYUDQÕúÕQD�GDLU�PLNURVNRS�J|U�QW�V��

.DQVHU��'1$¶QÕQ�KDVDU�J|UPHVL�LOH�K�FUHQLQ�QRUPDO�GDYUDQÕúODUÕQÕ�G�]HQOH\HQ�

PHNDQL]PDODUÕQ�ER]XOPDVÕ�VRQXFX�ROXúXU��+�FUHGH�VLQ\DO�LOHWLPL��K�FUH�G|QJ�V�Q�Q�

YH� SURJUDPOÕ� K�FUH� |O�P�Q�Q� G�]HQOHQPHVL� JLEL� LúOHPOHUGH� DQDKWDU� J|UHY� �VOHQHQ�

SHN�oRN�SURWHLQLQ�LúOHYL�LON�NH]�K�FUHQLQ�EX�NRQWUROV�]�oR÷DOPDVÕQD�\RO�DoDQ�DQRUPDO�
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DNWLYLWHOHUL� QHGHQL\OH� WDQÕPODQDELOPLúWLU�� .DQVHU�� VDGHFH� K�FUH� oR÷DOPD� KÕ]ÕQÕ�

DUWÕUPD�GX\DUOÕOÕ÷ÕQGDNL� NRQWUROV�]�E�\�PH\H� VHEHS�ROPD]��$\QÕ� ]DPDQGD��QRUPDO�

K�FUHOHULQ�oR÷DOPDVÕQÕQ�EDVNÕODQPDVÕ�VRQXFXQGD�LúOHYOHULQL�\HULQH�JHWLUHPHPHOHULQH�

de sebep olur [Almeida and Barry, 2010]. 7�P|U� K�FUHOHULQLQ� ELU� \�]H\H� \DSÕúPD�

\HWHQH÷L� YH� úHNLO� GH÷LúLPL� NDQVHUOL� K�FUHOHULQ� PHWDVWD]ÕQGD� |QHPOLGLU�� 7�P|U�

K�FUHOHULQLQ� oHYUH� GRNXODUD� \D\ÕOPD\D� EDúODGÕ÷Õ� VÕUDGD�� \DSÕúPD� HWNLOHúLPOHUL� YH�

DNWLQ� �SURWHLQ�� RUJDQL]DV\RQXQGD� YH� K�FUH� úHNOLQGH� |QHPOL� GH÷LúLNOHU� ROXúDELOLU�

[Evans, 1992]��%X� \�]GHQ��NDQVHU�K�FUHOHULQLQ� \DSÕúPD�YH� oHYUH�GRNXODUD� \D\ÕOPD�

NDSDVLWHVL� LOH� NDQVHU� K�FUHOHULQLQ� úHNOL� DUDVÕQGDNL� LOLúNLOHUL� NRntrol eden 

PHNDQL]PDQÕQ� LQFHOHQPHVL� JHUHNLU�� 7�P|U� K�FUHOHULQLQ� úHNLO� YH� \HUOHúLPLQGH��

oHYUHVLQGHNL� VD÷OÕNOÕ� K�FUHOHU� YH� EXOXQGXNODUÕ� RUWDPÕQ� QLFHOLNOHUL� GH� |QHPOL� HWNLOHU�

DUDVÕQGDGÕU�[Korohoda et al., 1997] ve yüzey üzerine tutunan SURWHLQLQ�ED÷ÕO�PLNWDUÕ

\�]H\�DODQÕ�LOH�RUDQWÕOÕGÕU�[Kim et al., 2005].

6.2.5.1. Kanserli Lösemi Hücrelerinin

/|VHPL�� NDQ� K�FUHOHULQLQ� |]HOOLNOH� GH� DN\XYDUODUÕQ� QRUPDOLQ� �]HULQGH�

oR÷DOPDVÕ� LOH� NHQGLQL� J|VWHUHQ� YH� QRUPDO� NDQ� K�FUHOHULQLQ� �UHWLOPH� Nabiliyetini 

engelleyen bir kanser türüdür. Lösemi kan ya da ED÷ÕúÕNOÕN� VLVWHPL� K�FUHOHULQGHQ�

JHOLúLU��.DQ�K�FUHOHUL�NHPLN�LOL÷L�WDUDIÕQGDQ�\DSÕOÕU�YH�EX�NDQ�\DSÕFÕ�K�FUHOHU�NHPLN�

LOL÷L� LoLQGH� GD÷ÕOPÕú� RODQ� DQD� K�FUHOHU� �PDVW� FHOO�� YH� |Q� DQD� K�FUHOHU� WDUDIÕndan 

�UHWLOLUOHU��/HQIRVLW�K�FUHOHUL�ROJXQODúWÕNWDQ�VRQUD�LúOHYOHULQH�J|UH�IDUNOÕODúDUDN�NDQD�

JHoHUOHU�� /|VHPL� K�FUHOHUL� LVH� IDUNOÕODúPD� \HULQH� ROJXQODúPDQÕQ� HUNHQ� DúDPDVÕQGD�

GXUXPODUÕQÕ� NRUX\DUDN�NDQD� JHoHUOHU�YH�E|O�QPH�\HWHQHNOHULQL� V�UG�U�UOHU��<�NVHN�

VD\ÕGDNL� ROJXQODúPDPÕú� YH� PDOLJQ (kötü huylu kanser hücresi), hücrelerin normal 

LOLN� K�FUHOHULQLQ� \HULQL� DOPDVÕ� LOH� LOLNOHUGH� KDVDU� PH\GDQD� JHOLU�� %|\OHFH� NDQ�

SÕKWÕODúPDVÕQGD�URO�R\QD\DQ�SODWHOHWOHU�YH�VDYXQPDGD�URO�R\QD\DQ�O|NRVLWOHULQ�VD\ÕVÕ�

azalarak bu K�FUHOHULQ� \HULQL� \DSÕVÕ� ER]XODQ� YH� X\JXQ� LúOHY� J|UPH\HQ� O|VHPL�

K�FUHOHUL� DOÕU�� /|VHPL� K�FUHOHUL� QRUPDO� NDQ� K�FUHOHUL� LOH� \DNODúÕN� RODUDN� ��-20 

PLNURQ� oDSOÕ� RODUDN� D\QÕ� ER\XWWDGÕU� DQFDN� IDUNOÕ� J|U�Q�PGHGLUOHU� >Klosterman, 

2006].

/�����O|VHPL�K�FUHOHUL�IDUHQLQ�LQWUDSHULWRQHDO�ERúOX÷XQGD�K�FUH�V�VSDQVL\RQX�

RODUDN� E�\�W�OHUHN� HOGH� HGLOLU�� %XQODUÕQ� NDWÕODUD� \DSÕúPD� |]HOOLNOHUL� LQFHOHQPLú� YH�
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FDPD� \DSÕúPDGÕNODUÕ� KDOEXNL� HPELU\RQLN� ILEUREODVW� PRQR� WDEDNDODUÕ üzerine 

NROD\OÕNOD� ED÷ODQGÕ÷Õ VDSWDQPÕúWÕU� >Wojciak and Ehrlich, 1990@�� $\UÕFD� /�����

K�FUHOHULQLQ�V�OIRODQPÕú PS yüzeyine WXWXQPDVÕQGD�L1210 hücrelerinin -aktin ve F-

DNWLQ� GD÷ÕOÕPODUÕQÕQ� \DSÕúPD� SHUIRUPDQVÕQÕ� HWNLOHGL÷L� YH� \�]H\GHNL� Vülfo grubu (-

SO3+�� \R÷XQOX÷XQD� ED÷OÕ� RODUDN� /����� hücrelerinin tutunma SHUIRUPDQVÕ� OLQHHU�

RODUDN�DUWWÕ÷Õ�VDSWDQPÕúWÕU�>Kowalczynska et al., 2003]. 

6.2.5.2. Kanserli Kemik Hücrelerinin (Saos-

.DQVHUOL� K�FUHOHULQ� \�]H\OHUOH� HWNLOHúiP� PHNDQL]PDVÕ� KHQ�]� WDP� RODUDN�

DQODúÕODPDPÕú� ELU� NRQXGXU� YH� DUDúWÕUPDVÕ� GHYDP� HWPHNWLU�� $QFDN� NDQVHUOL� NHPLN�

K�FUHOHULQLQ� G�]� \DGD� PLNURGHVHQOL� \�]H\OHUOH� HWNLOHúLPLQH� GDLU� RODVÕ� tutunma

GDYUDQÕúÕ� ùHNLO� ����¶GD� YHULOPLúWLU� >'DYLGVRQ� et al., 2009]. Düz yüzeyler üzerinde 

kanserli hücrHOHULQ� \D\ÕOGÕ÷ÕQÕ� �ùHNLO� ����� D���� PLNURGHVHQOL� \�]H\OHUGH� LVH� �� RODVÕ�

úHNLOGH� \D\ÕOPD� J|VWHUGL÷L� EHOLUOHQPLúWLU �ùHNLO� ����� L-iv). Mikrodesenli yüzeylere 

\DSÕúPD�GDYUDQÕúÕQD�GDLU�RODVÕ�GXUXPODU� úX�úHNLOGH�|]HWOHQHELOLU�� �+�FUHOer yüzeyle 

D]� HWNLOHúLP�NXUDUDN� \D\ÕODELOLU� �ùHNLO� ����� i)), hücreler yüzey topografisine adapte 

RODUDN� \D\ÕODELOLU� �ùHNLO� ����� ii)), hücre çekirdekleri deforme olarak yüzey 

topografisine adapte olarDN�\D\ÕODELOLUOHU��ùHNLO������LLL��YH�iv)). 

ùHNLO���10: a) düz yüzeylere tutunma GDYUDQÕúÕ��b) ve c) mikrodesenli yüzeyin temsili 
úHNOL�YH�L-iv) mikroGHVHQOL�\�]H\OHUH�RODVÕ�tutunma GDYUDQÕúÕ�
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Saos-2 hücreleri osteojenik hücrelerdir ve kemik implantlarÕQda HGF 

K�FUHOHULQLQ� LPSODQWODUÕQ�HWUDIODUÕQÕ�NDSOD\ÕS�\XPXúDN�ED÷�GRNX�ROXúWXUDUDN�oHQH\H�

X\XP�VD÷ODPDVÕQÕ�HQJHOOHPHVL�DPDFÕ\OD�J�oO��tutunma GDYUDQÕúÕ�VHUJLOHPHVL�LVWHQHQ�

hücreleridir. øQVDQ� RVWHRVDUNRPD� W�UHYL� K�FUHOHUL� �6DRV-��� �ùHNLO� ������� NDWÕ� \�]H\�

üzeULQGH� N�o�N� \�]H\� DODQODUÕQGD� \D\ÕOÕU� YH� X]XQ� LQN�EDV\RQ� V�UHOHULQGH� \D\ÕOPD�

H÷LOLPOHUL�DUWDU�>'DYLGVRQ������@�

ùHNLO�������Kanserli kemik hücresi Saos-2 nin floresans mikroskop görüntüsü.

0\OO\PDD� YH� DUNDGDúODUÕ�� 6DRV-�� K�FUHOHULQLQ� IDUNOÕ� hidrofobluk derecesine 

(72, 82 ve 100o WHPDV� DoÕOÕ�� � YH� \�]H\� HQHUMLVLQH� VDKLS� PLNURGHVHQOL�

polidimetilsiloksan yüzeyine tutunma GDYUDQÕúÕQÕ� LQFHOHPLúOHULGLU [Myllymaa et al.,

2009]. Saos-��K�FUHOHULQLQ�NDWÕ�\�]H\H� tutunma SHUIRUPDQVÕQÕ� WHPDV�DoÕVÕ�YH�\�]Hy

HQHUMLVLQLQ� HWNLOHGL÷LQL� YH� \�]H\� HQHUMLVLQLQ� SRODU� NRPSRQHQWL� LOH� GR÷UX� RUDQWÕOÕ�

olarak tutunma J|VWHUGL÷LQL EHOLUOHPLúOHUGLU�
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7. MATERYAL – METOT

Tez NDSVDPÕQGD�SROLYLQLODONRO� �392+��0HUFN��0Z ���������� SROLVWLUHQ� �36��

Sigma Aldrich, Mw = 350.000; Petkim, Mw = 230.000 ve Mw = 140.000 ), yüksek 

\R÷XQOXNOX�SROLHWLOHQ��+'3(��%DVHOO� ,QF��+267$/(1-GM8255, Mw > 1.000.000;

Petkim, pellet enjeksiyon grade (I 668 UV), Mw = 500.000 ve Mw = 250.000), 

polipropilen-polietilen kopolimeri (PPPE, Dow Chemical Co., Versify 2300, wt % 

12 polietilen içerikli), etilen vinil asetat kopolimeri (EVA-12, DuPont Inc., ELVAX 

660, wt %12 Vinil Asetat içerikli) polimerleri ticari polimerleri YH� WH]�NDSVDPÕQGD�

sentezlenen TAN-MMA kopolimerinin kopolimerizasyonunda ise perfluoro etil alkil 

akrilat (Zonyl-TAN, Dupont) ve endüstriyel monomer olarak metil metakrilat 

�00$�� NXOODQÕOPÕúWÕU�� .XOODQÕODQ� PRQRPHUOHULQ� DoÕN� IRUP�OOHUL� ùHNLO� ���¶de 

görülmektedir. 

ùHNLO������.XOODQÕODQ�PRQRPHUOHULQ�DoÕN�IRUP�OOHUL.

.XOODQÕODQ� IORUR� PRQRPHUOHU�� 'XSRQW� ILUPDVÕQÕQ� 7�UNL\H� \HWNLOL� ED\LVLQGHQ�

VDWÕQ�DOÕQPÕúWÕU�YH�LODYH�ELU�VDIODúWÕUPD�\DSÕOPDGDQ�GLUHN�NXOODQÕOPÕúWÕU��=RQ\O-TAN 

monomeri 6-���DUDVÕQGD -CF2 VD\ÕVÕ�LoHUHQ�ELU�PRQRPHU�NDUÕúÕPÕGÕU��ùHNLO����¶GH�-

CF2 VD\ÕQÕQ�=RQ\O-7$1�PRQRPHUL�LoHULVLQGHNL���GD÷ÕOÕPÕ�J|U�OPHNWHGLU�YH�=RQ\O-

7$1�PRQRPHU� GD÷ÕOÕPÕ� �-CF2 VD\ÕVÕ� \DNODúÕN� ��� GDU� ELU� GD÷ÕOÕPD� VDKLSWLU� >Web 8, 

2009@�� %X� VD\ÕODU� NHVLQ� ROPDPDNOD� ELUOLNWH��PRQRPHU� RUWDODPD�PROHN�O� D÷ÕUOÕNODUÕ�
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J|]� |Q�QH� DOÕQDUDN� KHVDSODQÕU� $\UÕFD� 7DEOR� ���¶GH� NXOODQÕODQ� PRQRPHUOHULQ� ED]Õ�

fiziksel özellikleri görülmektedir. 

ùHNLO������=RQ\O- 7$1�PRQRPHU�NDUÕúÕPODUÕ�&)2 VD\ÕVÕQÕQ���GD÷ÕOÕPÕ.

7DEOR������.XOODQÕODQ�PRQRPHUOHULQ�ED]Õ�IL]LNVHO�|]HOOLNOHUL�

.RSROLPHU�VHQWH]LQGH�EDúODWÕFÕ�RODUDN�$,%1��6LJPD�$OGULFK��YH�VROYHQW�RODUDN�

CO2 �/LQGH�*D]�� NXOODQÕOPÕúWÕU�� $,%1� KLoELU� VDIODúWÕUPD� LúOHPLQH� WDEL� WXWXOPDGDQ�

VDWÕQ� DOÕQGÕ÷Õ� JLEL� NXOODQÕOPÕúWÕU�� $\UÕFD� VHQWH]OHQHQ� SROLPHUOHULQ� VDIODúWÕUÕOPDVÕ�

LúOHPLQGH� NXOODQÕODQ� WROXen ve metanol çözgenleri teknik kalitede olarak Tekkim 

ILUPDVÕQGDQ� DOÕQPÕúWÕU�� $\UÕFD� LQFH� ILOP� NDSODPDODUÕQ� ROXúWXUXOPDVÕ� VÕUDVÕQGD��

Tekkim’den temin edilen ksilen, toluen ve Merck’den temin edilen tetrahidrofuran 

�7+)��� YH� HWDQRO� �(W2+�� o|]�F�� YH\D� o|NW�U�F�� VROYHQW� RODUDN� NXOODQÕOPÕúWÕU��

6HQWH]OHQHQ�SROLPHU�\�]H\OHULQ�WHPDV�DoÕ�|Oo�POHULQGH�NXOODQÕODQ�VDI�VX��GLRGRPHWDQ�

Fiziksek özellikler Zonyl-TAN MMA

&DV�1XPDUDVÕ 27905-45-9 80-62-6

0ROHN�O�$÷ÕUOÕN��J�PRO� 569 100.12

Formu (25oC) .DWÕ 6ÕYÕ
(ULPH�6ÕFDNOÕ÷Õ��oC) 50-60 -48

.D\QDPD�1RNWDVÕ��oC) 100-220 101

��)ORU�DWRP�LoHUL÷L 63.5 -

<R÷XQOXN��J�P/���oC) - 0.94

3DUODPD�1RNWDVÕ��oC) >100 435
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(MeI2), formamid, -bromo naftalin ( -BrNaft), HWLOHQ�JOLNRO� WHVW�VÕYÕODUÕ� LVH�0HUFN�

ILUPDVÕQGDQ�VDWÕQ�DOÕQPÕúWÕU��

Tez NDSVDPÕQGD� /���� (Fare lösemi hücreleri, ATCC® CCL-219), insan 

primer lökositi (Tam kandan), Saos-2 (insan osteosarkoma hücreleri, ATCC® HTB-

85™) ve HGF (insan Gingival Fibroblast), NIH 3T3 fibroblast hücreleri olmak üzere 

toplam 5 oHúLW�K�FUH�RUWDPÕ�ve insan plazma fibronektin proteini NXOODQÕOPÕúWÕU��øQVDQ�

primer lökosit hücreleri, tam kandan +LVWRSDTXH� �6LJPD�� NXOODQÕPÕ� LOH� \R÷XQOXN�

PHWRGX\OD�L]ROH�HGLOHUHN�HOGH�HGLOPLúWLU��+*)�K�FUHOHUL�3URI��'U��$��8��8UDO��*$7$��

$QNDUD��7�UNL\H��WDUDIÕQGDQ�NXOODQÕOPDN��]HUH�YHULOPLúWLU�

%L\RORMLN� GHQHPHOHUGH� NXOODQÕODQ� NLP\DVDOODUÕQ� W�P�� \XUWGÕúÕQGDQ� WHPLQ�

HGLOPLúWLU. %L\RORMLN� GHQHPHOHUGH� NXOODQÕODQ� NLP\DVDOODUD� GDLU� GHWD\ODU: Dulbecco's 

0RGLILHG� (DJOH� 0HGLXP� �'0(0�� K�FUH� RUWDPÕ�� )HWDO� ERYLQ� VHUXP� �)%6���

penisilin/streptomisin, tripsin-etilendiamintetraasetik asit (EDTA), Hank's Balanced 

tuz çözeltisi (Hank's Balanced Salt Solution, HBSS), MTT (3-(4,5-Dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromid), TRITC-konjüge Phalloidin (Sigma), TO-

PRO (Invitrojen) boya, L-Glutamin, Penicilin-Streptomisin, at serumu, kalsein, 

gluteraldehit, PBS (fosfat tamponlu tuz çözeltisi).

7.3. CO2-
Polimerizasyon

MMA CO2-sevmeyen monomerlerdir ve CO2 RUWDPÕQGD�SROLPHUL]DV\RQODUÕQGD�

EHOOL�EDVÕQo�YH�VÕFDNOÕNODUGD�KRPRMHQ�ID]�YHULUNHQ��SROLPHUL]DV\RQ�EDúODU�EDúODPD]��

polimer zincirlerinin büyümesi ile birlikte, polimer zincirleri CO2 içinde çözünmez 

ve heterojen faz verir. Bu nedenle CO2 LoHULVLQGH� 00$¶ÕQ� =RQ\O-TAN ile 

NRSROLPHUOHUL�KHWHURMHQ�ID]GD�\�U�U��7H]�NDSVDPÕQGD��&22 RUWDPÕQGD�S�=RQ\O-TAN-

ran-MMA) CO2-geniúOHWLOPLú� PRQRPHU� ID]ÕQGD� YH� KHWHURMHQ� SROLPHUL]DV\RQ� ile 

EDVÕQo, monomer konsantrasyonu, reaksiyon süresi gibi polimerizasyon 

parametrelerinin GH÷LúWLULOPHVL�LOH�JHUoHNOHúWLULOPLúWLU��ùHNLO�7.3).
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ùHNLO������S�=RQ\O-TAN-ran-MMA) kopolimerlerinin CO2-genLúOHWLOPLú�monomer 
fazda heterojen kopolimerizasyon reaksiyonu.

.RSROLPHUOHU� \�NVHN� EDVÕQFD� GD\DQÕNOÕ� VLOLQGLU� úHNOLQGHNL� SDVODQPD]� oHOLN�

UHDNW|UOHUGH� \DSÕOPÕúWÕU� �ùHNLO� ������ .RSROLPHU� VHQWH]LQGH� PRQRPHUOHU� KDVVDV�

WHUD]LGH� WDUWÕOÕU�� 7RSODP� PRQRPHU� PLNWDUÕQÕQ� D÷ÕUOÕNoD� ��¶L� NDGDU� $,%1� LOH�

PRQRPHUOHU�UHDNW|U� LoHULVLQH�NRQXU��5HDNW|U� LoHULVLQGHQ�oRN�\DYDú�KÕ]GD�ELU�PLNWDU�

CO2 JHoLULOHUHN� RUWDPGDNL� KDYD� YH� QHP� X]DNODúWÕUÕOÕU�� 5HDNW|U� oÕNÕú� YDQDVÕ�

NDSDWÕODUDN�� GDKD� |QFH� NDOLEUDV\RQOD� D\DUODQPÕú� PLNWDUGD�CO2 EDVÕOÕU�� 'DKD� VRQUD�

UHDNW|U� LVWHQLOHQ� VÕFDNOÕ÷D� HWUDIÕQGD� oHYULOL� RODQ� ÕVÕ� EDQWODUÕ� LOH� D\DUODQDUDN�JHWLULOLU��

,VÕ� EDQWODUÕ� UHDNW|U��� KÕ]OÕ� ELU� úHNLOGH� LVWHQLOHQ� VÕFDNOÕ÷D� �����o&� VÕFDNOÕN�

GX\DUOÕOÕ÷ÕQGD�� JHWLULOLU�� 3ROLPHUL]DV\RQ� V�UHVL� WDPDPODQGÕNWDQ sonra CO2 \DYDúoD�

UHDNW|U� LoHULVLQGHQ�ERúDOWÕOÕU� YH� UHDNW|U�RGD� VÕFDNOÕ÷ÕQD� VR÷XWXOXU��5HDNW|U� DoÕOÕU� YH�

NRSROLPHU� WRSODQÕU�� 5HDNVL\RQD� JLUPHPLú� PRQRPHU� YH\D� NÕVD� ]LQFLUOL� ROLJRPHUOHU�

NRSROLPHULQ� WROXHQGH� o|]�O�S�� PHWDQROGH� o|NW�U�OPHVL� LOH� X]DNODúWÕUÕOÕU. Çökelek 

V�]�O�S�� ELU� J�Q� RGD� VÕFDNOÕ÷ÕQGD� EHNOHWLOGLNWHQ� VRQUD�� �� J�Q� YDNXP� HW�Y�QGH�

NXUXWXOXU����9DNXP�HW�Y�QGH�VDELW�WDUWÕPD�JHOHQ�SROLPHU�WDUWÕODUDN�JUDYLPHWULN�RODUDN�

YHULP�KHVDEÕ�\DSÕOÕU�
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ùHNLO������&22 RUWDPÕQGD�SROLPHUL]DV\RQ�VLVWHPL�

7.3.1. CO2 Sistem Kalibrasyonu

CO2 RUWDPÕQGD� JHUoHNOHúWLULOHQ� SROLPHUL]DV\RQODUGD� oHOLN� UHDNW|U� LoHULVLQH�

EDVÕODQ� &22 PLNWDUÕQÕQ� EXOXQPDVÕ� DPDFÕ\OD� SROLPHUL]DV\RQ� |QFHVLQGH� VLVWHP�

NDOLEUDV\RQX� JHUoHNOHúWLULOPLúWLU�� 6LVWHP� NDOLEUDV\RQXQXQ� GHWD\ODUÕ� DúD÷ÕGD� \HU�

aOPDNWDGÕU�

Sistem kalibrasyonu NÕVDFD�úÕUÕQJD�SRPSDVÕQGDNL�VDI�&22¶LQ�ERUXODU�YDVÕWDVÕ\OD�

GHQHPHQLQ� \DSÕOGÕ÷Õ� UHDNW|UH� QH� NDGDU� DNWDUÕOGÕ÷ÕQÕQ� ELU� J|VWHUJHVLGLU�� %X�

NDOLEUDV\RQ�LOH�RUWDPD�EDVÕODQ�&22 PLNWDUÕ�KHVDEÕ�WDP�RODUDN�\DSÕOPÕú�ROXU�YH�NDSDOÕ�

bir siVWHP� ROGX÷X� LoLQ�� úÕUÕQJDGDQ� DNWDUÕODQ� &22�� VLVWHP� ERUXODUÕ� LoLQGHNL� YH�

reaktördeki CO2 WRSODPÕQD�HúLW�RODFD÷Õ�LoLQ�GHQH\�VLVWHPLQLQ�NRQWURO��GH�EX�úHNLOGH�

\DSÕOPÕú�ROXU��,VFR�úÕUÕQJD�SRPSDVÕQGDQ��UHDNW|U�LoHULVLQH�EDVÕODQ�&22 PLNWDUÕ�KHVDEÕ��

PV=ZCO2 nRT JD]�GHQNOHPL�NXOODQÕODUDN�\DSÕOPÕúWÕU�YH�EX�JD]�VLVWHPGHNL�PDNVLPXP�

JD]� PLNWDUÕGÕU�� %X� GHQNOHPGH� WHN� ELOLQPH\HQ� RODQ� &22 VÕNÕúWÕUÕODELOPH� IDNW|U�G�U�

(ZCO2���/LWHUDW�GH������\ÕOÕQGD�.HQGDOO�YH�6DJH� WDUDIÕQGDQ�=CO2 GH÷HUOHUL�GHQH\VHO�

RODUDN�EXOXQPXúWXU�>.HQGall and Sage, 1951]. Ancak bu sonuçlar çok dar bir alanda 

deneysel veriler içermektedir. Bu yüzden denemelerdeki 0-30 MPa ve 0-150o&�DUDVÕ�

ZCO2 GH÷HUOHULQLQ�KHVDSODQPDVÕ�JHUHNPHNWHGLU��%X�DPDoOD��&22 JD]ÕQÕQ�VÕFDNOÕN�YH�

EDVÕQFD�J|UH�\R÷XQOX÷XQXQ�YHULOGL÷L�6SDQ�YH�:DJQHU�oDOÕúPDVÕ�NXOODQÕOPÕúWÕU�>6SDQ�

DQG�:DJQHU�� ����@��ùHNLO�7.5’GH����EDU�EDVÕQoGD���-140o&�DUDVÕ� GH÷LúHQ� VÕFDNOÕNWD�

ZCO2 GH÷HUOHULQLQ�� .HQGDOO� GHQH\VHO� VRQXoODUÕ� LOH� 6SDQ� YH� :DJQHU� YHULOHUL� LOH�

KHVDSODQDQ�GH÷HUOHULQLQ�NDUúÕODúWÕUÕOPDVÕ�J|U�OPHNtedir.
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ùHNLO�7.5: Deneysel ZCO2 GH÷HUOHULQLQ�KHVDSODQDQ�GH÷HUOHUOH�NDUúÕODúWÕUÕOPDVÕ�

ùHNLOGH� 7.5’de GH� J|U�OG�÷�� JLEL� GHQH\VHO� GH÷HUOHUL� LOH� KHVDS� GH÷HUOHUL� WDP�

|UW�úPHNWHGLU��%X� |UW�úPH�� VÕNÕúWÕUÕODELOPH� IDNW|U�� UDSRU� HGLOPHPLú�� NHQGL� oDOÕúPD�

DUDOÕ÷ÕPÕ]GD�6SDQ�YH�:DJQHU�VRQXoODUÕ�LOH�JHQLúOHWPH�LPNDQÕ�WDQÕPÕúWÕU�

7.3.2. Sentezlenen Polimerlerin Karakterizasyonu

6HQWH]OHQHQ�NRSROLPHUOHULQ�SROLPHU�NDUDNWHUL]DV\RQODUÕQGD��+-NMR, GPC ve 

'6&�DOHWOHUL�NXOODQÕOPÕúWÕU��$\UÕFD�PROHN�O�D÷ÕUOÕNODUÕ�*3&¶QLQ�\DQÕ�VÕUD�Ubbelohde 

YLVNR]LPHWUH� NXOODQÕPÕ� LOH� LQWULQVLN� YLVNR]LWHOHULQ� EHOLUOHQPHVL� úHNOLQGH de rapor 

HGLOPLúWLU�

1H-NMR, GPC, Ubbelohde 
Viskozimetre ve DSC ile Belirlenmesi

Kopolimer içerisindeki, monomer yüzdeleri Inova-500 MHz spektrometre 

NXOODQÕODUDN� �+-105� VSHNWUXPODUÕQGDQ� WHVSLW� HGLOPLúWLU�� &LKD]GD� o|]�F�� RODUDN�
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CDCl3 NXOODQÕOPÕúWÕU�� 105� GH÷HUOHUL� Lo� VWDQGDUW� 706¶\H� NDUúÕ� SSP� RODUDN� ND\ÕW�

HGLOPLúWLU�� .RSROLPHUGHNL� NDUDNWHULVWLN� SLNOHULQ� DOWÕQGD� NDODQ� DODQ� KHVDEÕQGDQ�

NRSROLPHUGHNL� NRPRQRPHU� RUDQODUÕ� KHVDSODQPÕúWÕU�� +-MNR piklerinin alan 

KHVDSODPDODUÕ�LoLQ�³0HVW5HF´�DGOÕ ELOJLVD\DU�SURJUDPÕ�NXOODQÕOPÕúWÕU�

6HQWH]OHQHQ� NRSROLPHUOHULQ� VD\ÕFD� �0n) ve kütlece (Mw�� PROHN�O� D÷ÕUOÕNODUÕ�

*3&� �$JLOHQW� ����� *3&��:DWHUV� 6W\UDJHO� +5�(� YH� +5�(� NRORQODUÕ� LOH� ELUOLNWH��

FLKD]Õ\OD�� PRELO� ID]� RODUDN� NURPRWRJUDILN� VDIOÕNWD� 7+)� NXOODQÕODUDN� |Oo�OP�úW�U��

*3&� FLKD]Õ�PROHN�O� D÷ÕUOÕNODUÕ� ������� LOH� ���������� DUDVÕ� GH÷LúHQ� SULPOHU� VWDQGDUW�

300$� YH� 36� LOH� NDOLEUH� HGLOPLúWLU�� .RORQGDQ� SROLPHU� o|]HOWLVL� JHoLú� V�UHVL� ����

P/�GN�RODUDN�D\DUODQPÕúWÕU�

.RSROLPHU� LQWULQVLN� YLVNR]LWH� GH÷HUOHUL� � ) Ubbelohde viskozimetresi 

(Çap=3.15x10-�� P�� 5HI�� QR�� ������� NXOODQÕODUDN� |Oo�OP�úW�U�� .RSolimerler 

klorofom içerisinde 1.7 ile 10.�� J�G/� DUDVÕQGD� GH÷LúHQ� �� IDUNOÕ� NRQVDQWUDV\RQGD�

KD]ÕUODQÕU��gQFH�VDI�NORURIRP�YLVNR]LPHWUHGHQ�JHoLú�V�UHVL�EXOXQXU��6DI�NRURIRUPXQ�

3,15x10-��P� oDSÕQD� DLW�8EEHORKGH� YLVNR]LPHWUHVLQGHQ� RUWDODPD� DNÕú� V�UHVL� ��� VQ¶�

GLU��'DKD�VRQUD�VÕUDVÕ\OD�GHULúLNWHQ�VH\UHOWL÷H�GR÷UX�W�P�NRSROLPHU�o|]HOWLOHULQLQ�DNÕú�

V�UHOHUL� |Oo�O�U�� +HU� ELU� |Oo�P� �o� NH]�� DUDODUÕQGD� PDNVLPXP� �� VQ¶� OLN� ELU� VDSPD�

RODFDN� úHNLOGH� WHNUDUODQÕU� YH� RUWDODPDVÕ� DOÕQÕU�� %|\OHFH�� SROLPHU� NRQVDQWUDV\RQXQD�

ED÷OÕ� RODUDN� 8EEHORKGH� YLVNR]LPHWUHVLQGHQ� RUWDODPD� DNÕú� V�UHOHUL� KHVDSODQÕU��

3ROLPHU� o|]HOWLOHULQLQ� RUWDODPD� DNÕú� V�UHOHULQLQ�� VDI� o|]�F�Q�Q� DNÕú� V�UHVLQH� RUDQÕ�

relatif viskozite ( r) dH÷HULQL�YHULU�%XUDGDQ�VSHVLILN�YLVNR]LWH�GH÷HULQH� sp= r-1 ile 

KHVDSODQÕU��øQWULQVLN�YLVNR]LWH� GH÷HUL�LVH��� sp�F��LOH�F�DUDVÕQGD�oL]LOHQ�JUDIL÷LQ�F ��

QRNWDVÕQGDNL� GH÷HULGLU�� .RSROLPHU� YLVNR]LWH� VRQXoODUÕ� YH� *3&� VRQXoODUÕ� 0+�

denkleminde yerine konarak kopolimer Mark-Houwink (M-H) sabitleri olan K ve 

GH÷HUOHUL�KHVDSODQPÕúWÕU�

vMK (7.1)

.RSROLPHU� FDPVÕ� JHoLú� VÕFDNOÕ÷Õ� �7g�� GH÷HUleri, Perkin Emler Jade DSC aleti 

NXOODQÕODUDN� EXOXQPXúWXU�� 7g öOo�POHULQGH� VÕFDNOÕN� WDUDPDVÕ� �ºC/dakika olacak 

úHNLOGH� -50 ile 150o&� DUDVÕ� \DSÕOPÕúWÕU�� 7g KHVDSODPDODUÕQGD� LNLQFLO� ÕVÕWPD� H÷ULOHUL�

NXOODQÕOPÕúWÕU�
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K

3ROLPHU�LQFH�ILOPOHULQ�NDSODQPDVÕ�LúOHPL�|QFHVLQGH�� =13 mm ve 15 mm) yada 

VWDQGDUW� ���[��� PP[PP�� FDP� ODPODU� NURPLN� DVLW� o|]HOWLVL� NXOODQÕODUDN�

WHPL]OHQPLúWLU��.URPLN�DVLW� o|]HOWLVLQLQ�KD]ÕUODQPDVÕ� LoLQ�����J SRWDV\XP�NURPDWÕQ�

�]HULQH� \DNODúÕN����P/� VDI� VX� LODYHVL� VRQUDVÕQGD� o|]HOWLQLQ�NDUÕúWÕUÕODUDN�SRWDV\XP�

NURPDWÕQ� WDPDPHQ�o|]�OPHVL� VD÷ODQÕU��'DKD�VRQUD��]HULQH�����PL GHULúLN� V�OI�ULN�

DVLW� o|]HOWLVL� \DYDú� \DYDú� YH� DUDOÕNOÕ� RODUDN� HNOHQHUHN� NDUÕúWÕUÕOÕU�� ELU� P�GGHW�

o|]HOWLQLQ�VR÷XPDVÕ�EHNOHQHUHN�D\QÕ�LúOHP�����PL sülfürik asit çözeltisinin tamamen 

HNOHQPHVLQH�NDGDU�GHYDP�HWWLULOHUHN�NURPLN�DVLW� o|]HOWLVL�KD]ÕUODQPÕú�ROXU��.URPLN�

DVLW� o|]HOWLVLQGH� �� VDDW� EHNOHWLOHQ� \XYDUODN� FDP� ODPODU� |QFH� PXVOXN� VX\X� DOWÕQGD�

DVLWWHQ�WDPDPHQ�DUÕQDQD�NDGDU�\ÕNDQÕU�YH�VRQUD�EXQODUÕQ��]HULQL�WDPDPHQ�NDSDWDFDN�

úHNLOGH�VDI�VX� LODYH�HGLOHUHN���VDDW�EHNOHWLOLU��%X�EHNOHWPH� LúOHPLQGHQ�VRQUD�FDPODU�

de-L\RQL]H� VX� LOH� WHN� WHN� \ÕNDQDUDN� ���oC’GH� HW�Y� LoHULVLQGH� NXUXWXOXU�� $\UÕFD�

NDSODPDODU� FDP� ODPODU� \HULQH� SROLHSRNVL� SULPHU� NDSOÕ� \�]H\OHU� üzerinde de

JHUoHNOHúWLULOPLúWLU�� 3ROLHSRNVL� SULPHU� o|]HOWLVL� LNL� NRPSRQHQWOL� ���� \DSÕúWÕUÕFÕVÕQÕQ�

standart lamlar için 50 mg/mL konsantrasyonda kloroform içerisinde çözülmesi 

VRQUDVÕQGD� GDOGÕUPD\OD� NDSODPD� \|QWHPL� NXOODQÕODUDN� VWDQGDUW� ODPODUÕQ� oLIW� WDUDIOÕ�

NDSODQPDVÕ�VRQUDVÕQGD���J�Q bekletilip 1 saat 100o&�VÕFDNOÕNWD�oDSUD]�tutunmaVÕ�LoLQ�

HW�YGH�EHNOHWLOPHVL�SURVHG�U�QH�J|UH�JHUoHNOHúWLULOPLúWLU�

.DSODPDODUGD� NXOODQÕODQ� PHNDQLN� GDOGÕUPD� FLKD]Õ�� GLN� NRQXPGD� ��� LOD� ����

PP�GDNLND� KÕ]GD� NRQWUROO�� RODUDN� KDUHNHW� HGHELOPHNWHGLU�� .DSODPDODU�� \DSÕODQ� |Q�

GHQHPHOHU� QHWLFHVLQGH� HQ� X\JXQ� PRUIRORMLQLQ� ROXúPDVÕQÕ� VD÷OD\DFDN� KÕ]ÕQ�

EHOLUOHQPHVL� VRQXFXQGD�� VDELW� GDOGÕUPD� KÕ]ÕQGD�� \XYDUODN/standart FDP� ODPÕQ� ��

GDNLND� NDSODPD� o|]HOWLVLQGH� EHNOHWLOPHVL� YH� VRQUDVÕQGD� WHNUDU� D\QÕ� KÕ]GD� JHUL�

çekilmesi ile oLIW� WDUDIOÕ� RODUDN� NDSODQPDVÕ� LOH� JHUoHNOHúWLULOPLúWLU� .DSODPDODUÕQ�

ROXúWXUXOGX÷X� PHNDQLN� GDOGÕUPD� FLKD]Õ� YH� GHQH\� G�]HQH÷LQL� LoHUHQ� VLVWHP� ùHNLO�

7,6’da görülmektedir. 3ROLPHU�NDSODQPÕú�yuvarlak/standart cam lamlar önce 3-4 saat 

GHVLNDW|UGH� WXWXOPXú� YH� VRQUDVÕQGD� ��oC’de vakum etüvünde 1 gün bekletilerek 

NDSODPD� LoHULVLQGH� NDODQ� HVHU� PLNWDUGD� GD� ROVD� o|]�F�Q�Q� WDPDPHQ� X]DNODúPDVÕ�

VD÷ODQPÕúWÕU� �DNVL� WDNGLUGH� EX� VROYHQW� WRNVLN� PDGGH� RODUDN� K�FUH� |O�P�QH� VHEep 

RODELOPHNWHGLU���+D]ÕUODQDQ�SROLPHU� o|]HOWLVLQLQ�GHULúLPLQH��NDSODPD� VÕFDNOÕ÷ÕQD�YH�
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NDSODPD�KÕ]ÕQD�ED÷OÕ�RODUDN�����PLNURPHWUH�LOH���PLNURPHWUH�DUDVÕQGD�NDOÕQOÕ÷D�VDKLS�

ince film polimer NDSODPDODU� ROXúWXUXOPXúWXU�� .DSODPD� NDOÕQOÕNODUÕ� \XYDUODN�

FDPODUÕQ NDSODPD�|QFHVL�YH�VRQUDVÕQGD�KDVVDV�WHUD]L�LOH�|Oo�OPHVL�VRQXFXQGD�D÷ÕUOÕN�

DWÕúÕQÕQ�\XYDUODN�FDP�ODPÕQ�\�]H\�DODQÕQD�RUDQODQPDVÕ�LOH�WHVSLW�HGLOPLúWLU�

ùHNLO�������D��2GD�VÕFDNOÕ÷ÕQGD�NRQWUROO��GDOGÕUPD�FLKD]Õ�LOH�JHUoHNOHúWLULOHQ�VLVWHP�
IRWR÷UDIÕ��E��6ÕFDN�SROLPHU�o|]HOWLOHULQ�KD]ÕUODQGÕ÷Õ�GHQH\�G�]HQH÷L�

7H]�NDSVDPÕQGD�KD]ÕUODQDQ�KRPRSROLPHU��NRSROLPHU�YH�SROLPHU�NDUÕúÕPODUGDQ�

KD]ÕUODQDQ� LQFH� ILOP� \�]H\OHULQLQ� WDPDPÕQGD� EX� E|O�PGH� YHULOHQ� GHQH\VHO� LúOHP�

VÕUDVÕ�JHUoHNOHúWLULOPLúWLU��$QFDN�KD]ÕUODQDQ�\�]H\OHU� LoLQ�SROLPHU��o|]�F���NDSODPD�
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VÕFDNOÕ÷Õ�� NDSODPD� NRQVDQWUDV\RQX� YH� GDOGÕUPD� KÕ]Õ� JLEL� NDSODPD� |]HOOLNOHULQL�

GH÷LúWLUHQ�SDUDPHWUHOHU�SROLPHUH�|]J��ROPDVÕ�QHGHQL\OH�DúD÷ÕGDNL�E|O�POHUGH�EXQODU�

GHWD\ODQGÕUÕOPÕúWÕU��

7.4.1. Homopolimer ve Kopolimerlerden Pürüzsüz Polimerik 

7H]� NDSVDPÕQGD� S�U�]V�]� SROLPHULN� \�]H\OHULQ� KD]ÕUODQPDVÕQGD� oDSUD]� ED÷OÕ�

SROLYLQLO� DONRO� �392+��� SROLVWLUHQ� �36��� V�OIRODQPÕú-polistiren (s-PS) ve IDUNOÕ�

ELOHúLPOHUGH� KD]ÕUODQPÕú� =RQ\O-TAN ile MMA kopolimerleri (TAN-ran-MMA)

NXOODQÕOPÕúWÕU�� Tüm polimer çö]HOWLOHUL� NXOODQÕODQ� o|]�F�Q�Q� ND\QDPD� QRNWDVÕQÕQ�

10o&�DOWÕQGD�o|]�OPHVL�LOH�KD]ÕUODQPÕúWÕU YH�DúD÷ÕGD�NDSODPD�úDUWODUÕ�|]HWOHQPLúWLU�

dDSUD]�%D÷OÕ�3ROLYLQLO�$ONRO��392+��+RPRSROLPHU�<�]H\OHULQLQ�+D]ÕUODQPDVÕ�

dDSUD]� ED÷OÕ� 392+� \�]H\OHULQ KD]ÕUODQPDVÕ� LúOHPL� LNL� DúDPDGD�

JHUoHNOHúWLULOPLúWLU��%LULQFL� DúDPDGD� ���PJ�P/� NRQVDQWUDV\RQGDNL� 392+� o|]HOWLVL�

su içerisinde 90 o&�VÕFDNOÕNWD�o|]�OHUHN�KD]ÕUODQPÕú�YH� �KD]ÕUODQDQ�392+�o|]HOWLVL�

RGD�VÕFDNOÕ÷ÕQD�NDGDU�NDUÕúWÕUPD\D�GHYDP�HGLOHUHN�VR÷XWXOPXúWXU��2GD�VÕFDNOÕ÷ÕQGDNL�

392+�o|]HOWLVL� NRQWUROO�� GDOGÕUPD� WHNQL÷L� NXOODQÕODUDN� ����PP�GN�KÕ]GD� \XYDUODN�

FDP� ODPODU� �]HULQH� oLIW� WDUDIOÕ� RODUDN� NDSODQPÕúWÕU�� 392+�NDSOÕ� FDP� ODPODU� �� J�Q�

GHVLNDW|UGH� NXUXWXOPXúWXU�� øNLQFL� DúDPDGD� 392+� NDSODPDQÕQ� oDSUD]� ED÷OÕ� KDOH�

getirilmesi LoLQ�JHUoHNOHúWLULOPLúWLU�YH�\XYDUODN�FDP�ODP��]HULQGH�ROXúWXUXODQ�392+�

NDSODPDVÕ� JOXWHUDOGHKLW� o|]HOWLVL� LoHULVLQGH� �� VDDW� EHNOHWLOGLNWHQ� VRQUD� saf su ve 

VRQUDVÕQGD� GH-L\RQL]H� VX� LOH� \ÕNDQDUDN� YDNXQ� HW�Y�QGH� ��o&� VÕFDNOÕNWD� �� J�Q�

EHNOHWLOPHVL�VRQUDVÕQGD�oDSUD]�ED÷OÕ�392+�\�]H\OHUL�KD]ÕUODQPÕúWÕU�

36�+RPRSROLPHU�<�]H\OHULQLQ�+D]ÕUODQPDVÕ�

36� KRPRSROLPHU� \�]H\OHULQLQ� KD]ÕUODQPDVÕQGD� IDUNOÕ� PROHN�O� D÷ÕUOÕNOÕ� 36�

polimerlerinin THF, toluen ve ksilen çözeltilerinden hD]ÕUODQPDVÕ�YH�THF çözeltisi 

LoHULVLQGH� KD]ÕUODQDQ� 36� o|]HOWLVLQH� N|W�� o|]�F�� �HWDQRO�� LODYHVL� KD]ÕUODQDQ�

o|]HOWLOHUGHQ�36�\�]H\OHUL�KD]ÕUODQPÕúWÕU��36�\�]H\OHULQLQ�KD]ÕUODQPDVÕQGD�NXOODQÕODQ�

PS polimerlerinin HULPH� DNÕúÕ� LQGHNVL� �PHOW� IORZ� LQGH[�� 0),�� YH� PROHN�O� D÷ÕUOÕN

(Mw) özellikleri Tablo 7.2’GH�YHULOPLúWLU�



102

Tablo 7.2: PS homopolimerlerinin MFI ve Mw özellikleri.

Polimer ismi Mw

PS1 190 oC, 5kg

190 oC, 2.16kg

15.12

2.81

140.000

PS2 200 oC, 5kg 7.92-8.12 230.000

PS - - 350.000

PS1, PS2 ve PS polimerleri ksilen içerisinde 135oC’de 25 mg/mL 

NRQVDQWUDV\RQGD�o|]�OP�ú�YH�����PP�GN�NDSODPD�KÕ]ÕQGD����o&�VÕFDNOÕNWD�VWDQGDUW�

FDP� ODPODU� YH� ���� SROLHSRNVL� SULPHU� NDSOÕ� FDP� ODPODU� �]HULQH� NRQWUROO�� GDOGÕUPD�

WHNQL÷L� LOH� LQFH� ILOP� NDSODPDODU� ROXúWXUXOPXúWXU�� $\UÕFD� 36� KRPRSROLPHUL� 7+)�

içerisinde 60oC ve toluen çözücüsü içerisinde 100o&� VÕFDNOÕNWD� ��� PJ�P/�

NRQVDQWUDV\RQGD� YH� ���� PP�GN� NDSDODPD� KÕ]ÕQGD� NRQWUROO�� GDOGÕUPD� WHNQL÷L�

NXOODQÕODUDN�KD]ÕUODQPÕúWÕU��.|W��o|]�F��LODYHVL�LOH�KD]ÕUODQDQ�36�\�]HWOHUL�VDGHFH����

mg/mL konsantrasyonda THF çözücüsü içerisine etanol kötü çözücüsü ilavesi ile 320 

PP�GN� NDSDODPD� KÕ]ÕQGD� NRQWUROO�� GDOGÕUPD� WHNQL÷L� NXOODQÕODUDN� KD]ÕUODQPÕúWÕU��

+D]ÕUODQDQ�W�P�36�\�]H\OHUL���J�Q�GHVLNDW|UGH�NXUXWXOGXNWDQ�VRQUa vakum etüvünde 

40oC’GD���J�Q�EHNOHWLOPLúWLU�

6�OIRODQPÕú�PS (PS-sulfo) +RPRSROLPHU�<�]H\OHULQLQ�+D]ÕUODQPDVÕ�

<XNDUÕGD� GHWD\ODUÕ� YHULOHQ� YH� ��� PJ�P/� NRQVDQWUDV\RQGD� NRQWUROO�� GDOGÕUPD�

WHNQL÷L� NXOODQÕODUDN� 7+)� LoHULVLQGH� KD]ÕUODQDQ� 36� \�]H\LQLQ� V�OIRQDV\RQX� IDUNOÕ�

deneme koúXOODUÕQGD� JHUoHNOHúWLULOPLúWLU�� <�]H\� V�OIRQDV\RQX� LoLQ� V�OI�ULN� DVLW�

(H2SO4�� o|]HOWLVL� NXOODQÕOPÕúWÕU��<�]H\� V�OIRQDV\RQX�GHQHPHOHUL�+2SO4 (% 97) ve 

KDFLPFH��� ���� ��� YH� ��� NRQVDQWUDV\RQODUGD� KD]ÕUODQDQ�+2SO4 çözeltisi içerisinde 

IDUNOÕ� EHNOHWPH� V�UHOHULQGH� (1, 10, 20, 40 dk) PS yüzeylerinin bekletilmesi ile 

JHUoHNOHúWLULOPLúWLU�� <�]H\� V�OIRQDV\RQXQGD� NXOODQÕODQ� W�P� 36� \�]H\OHUL� ����

SROLHSRNVL� SULPHU� �]HULQH� NDSODQPÕú� 36� \�]H\OHUL� �]HULQGH� JHUoHNOHúWLULOPLúWLU��

Yüzey sülfonasyoQX� IDUNOÕ� NRQVDQWUDV\RQODUGDNL� H2SO4 çözeltileri ve bekletme 

sürelerinde JHUoHNOHúWLULOPLúWLU� YH� bekletilen PS yüzeyleri önce seyreltik H2SO4

o|]HOWLOHUL�LOH�HQ�VRQ�VDI�VX�YH�GHL\RQL]H�VX�LOH�\ÕNDQDUDN�KD]ÕUODQPÕúWÕU��6�OIRODQPÕú�

36� \�]H\OHULQLQ� \ÕNDQPDVÕ� VRQUDVÕQGD� \�]H\OHULQGH� NDODQ� VX\XQ� WDP� RODUDN�

EXKDUODúPDVÕQÕ�VD÷ODPDN�DPDFÕ\OD�GHVLNDW|UGH���J�Q�EHNOHWLOPLúWLU��
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p(TAN-ran-00$��.RSROLPHU�<�]H\OHULQLQ�+D]ÕUODQPDVÕ�

Sk-CO2 LoHULVLQGH�IDUNOÕ�=RQ\O�7$1�ELOHúLPOHULQGH (mol % 0.75, 1, 3, 5, 7.5, 10)

KD]ÕUODQDQ�S�7$1-ran-MMA) kopolimerleri kloroform içerisinde ve THF içerisinde 

50 mg/mL konsantrasyonda 60o&� VÕFDNOÕNWD� o|]�QHUHN� GDOGÕUPD� WHNQL÷L� LOH� 320

PP�GN� GDOGÕUPD� KÕ]ÕQGD� YH� RGD� VÕFDNOÕ÷ÕQGD�� VWDQGDUW� YH� \XYDUODN� FDP� ODPODU�

üzerine pürüzsüz ince fiOP� SROLPHU� \�]H\OHU� VHQWH]OHQPLúWLU�� .DSODQPÕú� LQFH� ILOP�

p(TAN-ran-MMA) kopolimer yüzeyleri 1 gün desikatörde bekletilHUHN� NXUXWXOPXú�

ve 40oC de vakum etüvünde 1 gün bekletilerek kaplama içerisinde KDSVROPXú�HVHU�

miktarda da olsa çözücünün WDPDPHQ�X]DNODúPDVÕ�VD÷ODQPÕúWÕU�

7.4.2. Homopolimer, Kopolimerler n 

7H]� NDSVDPÕQGD� S�U�]O�� SROLPHULN� \�]H\OHULQ� KD]ÕUODQPDVÕQGD� \�NVHN�

\R÷XQOXNOX�SROLHWLOHQ��+'3(��KRPRSROLPHUL��SURSLOHQ-polietilen kopolimer (PPPE), 

etilen vinil asetat kopolimer (EVA-���� YH� N|W�� o|]�F�� LODYHVL� LOH� KD]ÕUODQPÕú�

p(TAN-ran-00$�� NRSROLPHUOHUL� NXOODQÕOPÕúWÕU�� 7�P� LQFH� ILOP� SROLPHULN�

NDSDODPDODU�NRQWUROO��GDOGÕUPD�WHNQL÷L�NXOODQÕODUDN�ROXúWXUXOPXú�YH�DúD÷ÕGD�NDSODPD�

úDUWODUÕ�GHWD\ODUÕ�|]HWOHQPLúWLU�

+'3(�+RPRSROLPHU� <�]H\LQLQ�+D]ÕUODQPDVÕ� 7H]� NDSVDPÕQGD� �� IDUNOÕ� PROHN�O�

D÷ÕUOÕ÷D�VDKLS�+'3(�KRPRSROLPHUL�NXOODQÕOPÕúWÕU�YH�+'3(�KRPRSROLPHULQH�DLW�MFI 

ve Mw özellikleri Tablo 7.3’GH�YHULOPLúWLU�

HDPE, HDPE1 ve HDPE2 homopolimerleri ksilen içerisinde 30, 25, 20 ve 10 

mg/mL konsantrasyonlarda 125o&� VÕFDNOÕNWD� o|]�OP�ú� YH� ����� ���� YH� ���oC

NDSODPD� VÕFDNOÕNODUÕQGD� ���� YH� ����PP�GN� NDSODPD� KÕ]ODUÕQGD� NRQWUROO�� GDOGÕUPD�

FLKD]Õ�NXOODQÕODUDN�LQFH�ILOP�S�U�]O��+'3(�\�]H\OHUL�KD]ÕUODQPÕúWÕU��.DSODQPÕú�LQFH�

ILOP�+'3(� SROLPHU� \�]H\L� �� J�Q� GHVLNDW|UGH� EHNOHWLOHUHN� NXUXWXOPXú� YH� ��oC de 

YDNXP�HW�Y�QGH���J�Q�EHNOHWLOHUHN�NDSODPD� LoHULVLQGH�KDSVROPXú�HVHU�PLNWDUGD da 

olsa çözücünüQ�WDPDPHQ�X]DNODúPDVÕ�VD÷ODQPÕúWÕU�
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Tablo 7.3: HDPE homopolimerinin MFI ve Mw özellikleri.

Polimer ismi MFI ölçüm 

dk)

Mw

HDPE - - >1.000.000

HDPE1 190 oC, 2.16 kg

230 oC, 5 kg

0.09

0.69

500.000

HDPE2 190 oC, 2.16kg 4.4-6.5 250.000

PPPE Kopolimer YüzeylerLQLQ�+D]ÕUODQPDVÕ�

333(�NRSROLPHU�\�]H\OHUL�o|]�F��YH�o|]�F��N|W��o|]�F��RUWDPÕQGD�ROPDN��]HUH�

�� IDUNOÕ� úHNLOGH� KD]ÕUODQPÕúWÕU�� d|]�F�� RUWDPÕQGD� KD]ÕUODQDQ� 333(� NRSROLPHU�

\�]H\OHUL� LoLQ�o|]�F��RODUDN�NVLOHQ�� WROXHQ�YH�7+)�NXOODQÕOPÕúWÕU��333(�NRSROLPHUL�

ksilen, toluen ve THF çözücüOHUL� LoHULVLQGH� D\UÕ� D\UÕ� VÕUDVÕ\OD� ����� ���� YH� ��oC

VÕFDNOÕNODUGD� o|]�OP�ú� YH� NRQWUROO�� GDOGÕUPD� WHNQL÷L� NXOODQÕODUDN� ���� ���� ��� YH� ���

mg/mL konsantrasyonlarda çözünmH� VÕFDNOÕNODUÕQGD� LQFH� ILOP� NDSlamalar 

ROXúWXUXOPXúWXU�� .|W�� o|]�F�� LODYHVL� KD]ÕUODQDQ� 333(� \�]H\OHULQGH� N|W�� o|]�F��

RODUDN�HWDQRO�NXOODQÕOPÕúWÕU��.DSODQPÕú�LQFH�ILOP�S�U�]O��333(�SROLPHU�\�]H\OHUL���

J�Q� GHVLNDW|UGH� EHNOHWLOHUHN� NXUXWXOPXú� YH� ��oC’de vakum etüvünde 1 gün 

EHNOHWLOHUHN�NDSODPD�LoHULVLQGH�KDSVROPXú�HVHU�miktarda da olsa çözücünün tamamen 

X]DNODúPDVÕ�VD÷ODQPÕúWÕU�

EVA-���.RSROLPHU�<�]H\LQLQ�+D]ÕUODQPDVÕ�

$÷ÕUOÕNoD������YLQLO�DVHWDW�LoHUHQ�HWLOHQ�YLQLO�DVHWDW�NRSROLPHUL��(9$-12) toluen 

LoHULVLQGH����PJ�P/�NRQVDQWUDV\RQGD�o|]�OP�ú�YH���oC VÕFDNOÕNWD������PP�GN�VDELW�

kaSODPD�KÕ]ÕQGD�LQFH�ILOP�NDSODPDODU�ROXúWXUXOPXúWXU��.DSODQPÕú�LQFH�ILOP�(9$-12 

kopolimer yüzeyi 1 gün desikatörde bekletilerek kurutulPXú ve 40oC de vakum 

HW�Y�QGH� �� J�Q� EHNOHWLOHUHN� NDSODPD� LoHULVLQGH� KDSVROPXú� HVHU� miktarda da olsa 

çözücünün tamamen uzakODúPDVÕ�VD÷ODQPÕúWÕU��

Pürüzlü p(TAN-ran-00$��.RSROLPHU�<�]H\LQLQ�+D]ÕUODQPDVÕ�

Pürüzlü p(TAN-ran-00$��NRSROLPHU� \�]H\LQLQ� KD]ÕUODQPDVÕQGD�PROFH�����YH�

10 Zonyl TAN içeren sk-CO2 RUWDPÕQGD� VHQWH]OHQHQ� NRSROLPHUOHU� NXOODQÕOPÕúWÕU��

p(TAN-ran-MMA) kopolimerleri 50 mg/mL konsantrasyonda THF içerisinde 
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o|]�OP�ú� YH� o|]HOWL\H� N|W�� o|]�F�� IDUNOÕ� ELOHúLPOHUGH� HWDQRO� LODYHVL� VRQUDVÕQGD�

NRQWUROO��GDOGÕUPD�WHNQL÷L�NXOODQÕODUDN�RGD�VÕFDNOÕ÷ÕQGD������PP�GN�NDSODPD�KÕ]ÕQGD�

çözelti içerisinde 1 dk bekletilmek suretiyle çLIW�WDUDIOÕ�S�U�]O��LQFH�ILOP�NDSODPDODU�

KD]ÕUODQPÕúWÕU��+D]ÕUODQDQ�S�7$1-ran-MMA) kopolimer yüzeyleri 1 gün desikatörde 

EHNOHWLOHUHN� NXUXWXOPXú� YH� ��oC’de vakum etüvünde 1 gün bekletilerek kaplama 

LoHULVLQGH� KDSVROPXú� HVHU� PLNWDUGD da olsa çözücünün tamamHQ� X]DNODúPDVÕ�

VD÷ODQPÕúWÕU��

7H]� NDSVDPÕQGD� KD]ÕUODQDQ� S�U�]O�� PLNURGHVHQOL� SROLPHULN� \�]H\OHULQ�

KD]ÕUODQPDVÕQGD� S�7$1-ran-MMA)/PS, HDPE/PS ve 333(�36� SROLPHU� NDUÕúÕPODUÕ�

NXOODQÕOPÕúWÕU��0LNURGHVHQOL� \�]H\OHULQ� KD]ÕUODQPDVÕQGD�mikro desen oDSÕ�PHVDIHVL�

JLEL�\�]H\�|]HOOLNOHULQLQ�D\DUODQPDVÕ�LoLQ�NDSODPD�o|]HOWLVL�NRQVDQWUDV\RQX��SROLPHU�

NDUÕúÕP� ELOHúLPL�� o|]�F�� GH÷LúLPL�� NDSODPD� KÕ]Õ� GH÷LúLPL� YH� NXOODQÕODQ� SROLPHU�

PROHN�O�D÷ÕUOÕNODUÕQGDNL�GH÷LúLP�JLEL�SDUDPHWUHOHU�ED]�DOÕQPÕúWÕU��Tüm kapalamalar 

NRQWUROO�� GDOGÕUPD� FLKD]Õ� NXOODQÕODUDN� FDP� ya da SROLHSRNVL� SULPHU� NDSOÕ� FDP�

substratlar üzerinde kaplama çözeltisi içerisinde 1 dakika EHNOHWLOHUHN�KD]ÕUODQPÕúWÕU��

$úD÷ÕGD�EX�SDUDPHWUHOHUGHNL�GH÷LúLPLQ�GHWD\ODUÕ�KHU�ELU�SROLPHU�NDUÕúÕP grubu için 

GHWD\ODQGÕUÕOPÕúWÕU�

p(TAN-ran-00$��36�3ROLPHU�.DUÕúÕPODUGDQ�0LNURGHVHQOL�3ROLPHULN�<�]H\OHULQ�

+D]ÕUODQPDVÕ�

p(TAN-ran-00$��36� SROLPHU� NDUÕúÕPODUGD� PLNURGHVHQOL� polimerik yüzeylerin 

KD]ÕUODQPDVÕQGD� LNL�D\UÕ�JUXS�GHQH\�VHWLQGH�ROXúWXUXOPXúWXU��.XOODQÕODQ�PROFH % 5 

YH� D÷ÕUOÕNoD� �� ��� =RQ\O-TAN içermektedir ve sk-CO2 RUWDPÕQGD� KD]ÕUODQPÕúWÕU��

Birinci grupta, p(TAN-ran-00$�� NRSROLPHUOHUL� RGD� VÕFDNOÕ÷ÕQGD� YH� 36�

homopolimeri 60oC’de THF çözücüsü içerisinde 50 mg/mL çözelti 

NRQVDQWUDV\RQODUÕQGD�o|]�OHUHN�IDUNOÕ�ELOHúLPOHUGHNL�S�7$1-ran-MMA)/PS polimer 

NDUÕúÕPODUÕ� KD]ÕUODQPÕúWÕU�� )DUNOÕ� ELOHúLPOHUGH� KD]ÕUODQDQ� S�7$1-ran-MMA)/PS 

SROLPHU� NDUÕúÕPODUÕQÕQ� ELOHúLPOHUL� ������� ������� ����� polLPHU� NDUÕúÕP� RUDQODUÕQGD�

KD]ÕUODQPÕúWÕU�� øNLQFL� JUXSWD� LVH�� ELULQFL� JUXSWD� KD]ÕUODQDQ� SROLPHU� ELOHúLPOHULQGH�

o|]HOWLOHU� D\QÕ� úHNLOGH� 7+)� LoHULVLQGH� KD]ÕUODQPÕú� YH� NDUÕúWÕUÕOPÕú� YH� VRQUDVÕQGD�
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EXODQPD� QRNWDVÕQD� NDGDU� IDUNOÕ� ELOHúLPOHUGH� N|W�� o|]�F�� �HWDQRO�� ilavesi ile 

V�SHUKLGURIRELN�\�]H\OHU�VHQWH]OHQPLúWLU�

+'3(�36� 3ROLPHU� .DUÕúÕPODUGDQ� 0LNURGHVHQOL� 3ROLPHULN� <�]H\OHULQ�

+D]ÕUODQPDVÕ�

+'3(�36� SROLPHU� NDUÕúÕPODUGDQ� PLNURGHVHQOL� SROLPHULN� \�]H\OHULQ�

hD]ÕUODQPDVÕQGD� 7DEOR� ���� YH� ���¶GH� YHULOHQ� IDUNOÕ� PROHN�O D÷ÕUOÕNOÕ� +'3(� YH� 36�

SROLPHUOHUL� NXOODQÕOPÕúWÕU�� +'3(�36� SROLPHU� NDUÕúÕPODUÕQ� KD]ÕUODQPDVÕQGD� SROLPHU

NDUÕúÕP�ELOHúLPL��SROLPHU�NDUÕúÕP�NRQVDQWUDV\RQX��NDSODPD�KÕ]Õ�� NDSODPD� VÕFDNOÕ÷Õ��

NDSODPD�o|]�F�V��YH�SROLPHU�PROHN�O�D÷ÕUOÕN�GH÷LúLPLQH�ED÷OÕ�RODUDN�mikro desen

oDSÕ� YH� mikro desenler DUDVÕQGDNL� PHVDIHQLQ� NRQWURO�� KHGHIOHQPLúWLU�� Polimer 

NDUÕúÕP�ELOHúLPL�RODUDN�+'3(�36��40/60, 50/50 ve 60/40 SROLPHU�NDUÕúÕP�ELOHúLPOHUL��

çözelti konsantrasyonu olarak 25, 20, 15 ve 10 mg/mL konsantrasyonlar; kaplama 

KÕ]Õ� RODUDN����������YH� ����PP�GN�NDSODPD�KÕ]ODUÕ�� NDSODPD� VÕFDNOÕ÷Õ� RODUDN������

120, 115 ve 110o&� NDSODPD� VÕFDNOÕNODUÕ�� o|]�F�� RODUDN� NVLOHQ�� WROXHQ� \DGD� NVLOHQ-

WROXHQ�o|]�F��NDUÕúÕPÕ��SROLPHU�PROHN�O�D÷ÕUOÕ÷Õ�RODUDN�7DEOR�����YH����¶de verilen 

IDUNOÕ�PROHN�O�D÷ÕUOÕNOÕ�+'3(�YH�36�SROLPHUOHUL�NXOODQÕOPÕúWÕU��+HUELU�SDUDPHWUHQLQ�

NXOODQÕODQ� GHQH\� VHWL� LoLQGHNL� GHWD\ODUÕ� %|O�P� ���¶de kendi içerisinde 

GHWD\ODQGÕUÕOPÕúWÕU�

333(�36�3ROLPHU�.DUÕúÕPODUGDQ�0LNURGHVHQOL�3ROLPHULN�<�]H\OHULQ�+D]ÕUODQPDVÕ�

PPPE/PS polimer kDUÕúÕPODUGDQ� PLNURGHVHQOL� SROLPHULN� \�]H\OHULQ�

KD]ÕUODQPDVÕQGD� o|]�F�� RODUDN� 7+)� NXOODQÕODUDN� ���� ��� YH� ��� PJ�P/�

konsantrasyonlarda 60o&�NDSODPD�VÕFDNOÕNODUÕQGD�FDP�\DGD�FDP��]HULQH�SROLHSRNVL�

SULPHU�NDSOÕ�VXEVWUDW��]HULQH�IDUNOÕ�SROLPHU�NDUÕúÕP�ELOHúLPOHULQGH��333(�36���������

�������������������������������������������IDUNOÕ�NDSODPD�KÕ]ODUÕQGD�����-784 mm/dk 

KÕ]� DUDOÕ÷ÕQGD�� YH� D\UÕFD� D\QÕ� GHQHPHOHULQ� N|W�� o|]�F�� HWDQRO� LODYH� HGLOPHVL� LOH�

KD]ÕUODQGÕ� 'H÷LúWLULOHQ�NDSODPD�úDUWODUÕQD�ED÷OÕ�Rlarak deQH\�NRúXOODUÕ�%|O�P����¶de 

GHWD\ODQGÕUÕOPÕúWÕU�
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Yüzey Sülfonasyonu ile Modifiye Edilmesi

Bölüm 7.4.3.’GH�KD]ÕUODQPD�SURVHG�UOHUL�YHULOHQ�IDUNOÕ�ELOHúLPOHUGH�KD]ÕUODQPÕú�

HDPE/PS ve PPPE/PS pROLPHU� NDUÕúÕP� \�]H\OHULQLQ� \�]H\� KHWHURMHQOL÷LQLQ�

DUWÕUÕOPDVÕ� YH� DPILILOLN� \DSÕ� ND]DQGÕUÕOPDVÕ� DPDFÕ\OD� VDGHFH� SROLPHU� NDUÕúÕP�

\�]H\LQGHNL� 36� ORNDO� E|OJHOHULQLQ� V�OIRODQDFD÷Õ� GHQH\� NRúXOODUÕ� EHOLUOHnPLúWLU��

Denemelerde yüzey sülfonasyonu için sülfürik asiW�o|]HOWLVL�NXOODQÕOPÕúWÕU��øQFH�ILOP�

+'3(�36� YH� 333(�36� SROLPHU� NDUÕúÕPODUÕQÕQ� \�]H\� V�OIRQDV\RQX� X\JXQ� V�OI�ULN�

DVLW� NRQVDQWUDV\RQXQGD� EHOOL� EHNOHWPH� V�UHOHULQGH� EHNOHWLOHUHN� YH� VRQUDVÕQGD�

GHL\RQL]H�VX�LOH�\ÕNDQDUDN�JHUoHNOHúWLULOPLúWLU��3ROLPHU�NDUÕúÕPÕ ROXúWXUDQ�+'3(�YH�

333(� SROLPHUOHULQLQ� V�OIRODQPDGÕ÷Õ� DQFDN� 36� SROLPHULQLQ� V�OIRODQGÕ÷Õ� RSWLPXP�

sülfürik asit konsantrasyonu ve sülfürik asit içerisinde bekletme süreleri 

EHOLUOHQPLúWLU�� <�]H\� V�OIRQDV\RQX� LoLQ� GHQH\VHO� GHWD\ODU� +'3(�36� SROLPer 

NDUÕúÕPODU�için Bölüm 8.4.4.’de ve PPPE/PS polimHU�NDUÕúÕPODU�LoLQ�%|O�P�������¶de 

\HU�DOPDNWDGÕU�

7.5. Polimerik Yüzeylerin Karakterizasyonu

.RQWUROO�� GDOGÕUPD� \|QWHPL\OH� KD]ÕUODQDQ� LQFH� ILOP� NDSODPDODUÕQ� \�]H\�

|]HOOLNOHULQLQ� EHOLUOHQPHVL� DPDFÕ\OD� DúD÷ÕGDNL� \�]H\ analiz yöntemleri ve 

KHVDSODPDODUÕ�NXOODQÕOPÕúWÕU�

7.5.1. 2D Optik Mikroskop, 3D Yüzey Profilometresi ve SEM 

øQFH� ILOP� SROLPHU� NDSODPDODUÕQ� \�]H\�PRUIRORMLOHULQLQ� EHOLUOHQPHVL� DPDFÕ\OD�

Nikon SMZ-300 optik mikroskop NXOODQÕODUDN� [���, x500 ve x1000 büyütmelerde 

IDUNOÕ�E|OJHOHUGHQ�2D RSWLN�PLNURVNRS�J|U�QW�OHUL�oHNLOPLúWLU��$\UÕFD�KD]ÕUODQDQ�LQFH�

film polimer yüzeylerin rms pürüzlülük (Rrms�� GH÷HUOHULQLQ� |Oo�OPHVL� YH� \�]H\�

WRSRJUDI\DVÕQÕQ�ROXúWXUXOPDVÕ� LoLQ 3D yüzey profilometresi (Clemex kamera monte 

HGLOPLú�1LNRQ-Eclipse-LV100D Mikroskop ve Clemex Professional 3-D modelleme 

(Image Analysis System)) NXOODQÕOPÕúWÕU �ùHNLO�����.
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ùHNLO������1LNRQ-Eclipse-LV100D 2D optik mikroskobu ve 3D yüzey profilometresi.

ùekil 7.8’de KD]ÕUODQDQ ED]Õ�LQFH�ILOP�SROLPHU�\�]H\OHULQ�2D optik mikroskop ve 3D 

\�]H\� SURILORPHWUHVL� LOH� HOGH� HGLOHQ� |UQHN� J|U�QW�OHUL� YHULOPLúWLU� 2D optik 

mikroskop ve 3D yüzey profilometresi ölçümleri sonucunda seçilen yüzeylerin yüzey 

PRUIRORMLOHULQLQ�GDKD�GHWD\OÕ�J|U�QW�OHQHELOPHVL�LoLQ�4XDQWD�����)(*�PRGHO�(6(0�

(Environmental Scanning Electron Microscope) görüntüleri x2000, x5000, x10000, 

x2000���[������YH�[�������E�\�WPHOHU�LoLQ�oHNLOPLúWLU�

ùHNLO���8: ønce film polimer yüzeylerin, 3D yüzey profilometresi ile elde edilen örnek 
görüntüleri ve 2D optik mikroskop görüntüleri.
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Enerjilerinin Belirlenmesi

Pürüzsüz, pürüzlü ve mikrodesenli pürüzlü polimer yüzeyler üzerinde su 

GDPODVÕQÕQ� GHQJH ( e), ilerleyen ( a) ve gerileyen ( r) WHPDV� DoÕVÕ� |Oo�POHUL�.69-

CAM-���� FLKD]Õ� NXOODQÕODUDN� \DSÕOPÕúWÕU �ùHNLO� ������ 'HQJH� WHPDV� DoÕVÕ� � e)

ölçümleri için, yüzeyler üzerinde 5 µL KDFPLQGH�VX�GDPODVÕ�GLVSHQVHU�NRQWUROO��ELU�

KLSRGHUPLN� úÕUÕQJD-L÷QH� \ROX\OD� ROXúWXUXOPXú� YH� GDPOD� SURILO� J|U�QW�V�Q�Q�.69-

CAM-���� FLKD]ÕQGD� DQDOL]L� \DSÕODUDN� KHVDSODQPÕúWÕU�� 6RQXoODU� |Oo�P� DOÕQDQ�

numunenin en az 5 farNOÕ�E|OJHVLQGHQ�DOÕQDUDN�EHOLUOHQPLú�YH�DOÕQDQ�EX�|Oo�POHULQ�

RUWDODPDVÕ� DOÕQDUDN� ±1o hassasiyette UDSRU� HGLOPLúWLU�� øOHUOH\HQ� WHPDV� DoÕVÕ� � a)

ölçmek için yüzeyler üzerinde ilk olarak 3 µL KDFPLQGH�VX�GDPODVÕ�ROXúWXUXOPXúWXU��

'DKD� VRQUD� L÷QH� GDPOD� LOH� WHPDV� KDOLQGH� WXWXODUDN� VX� GDPODVÕQÕQ� KDFPL� �� �L’ ye 

oÕNDUÕOPÕúWÕU��'DPOD� KDFPL� DUWWÕUÕOÕUNHQ�� GDPOD� SURILOOHUL�.69-CAM-���� WDUDIÕQGDQ�

ND\GHGLOPLú� YH� GDPOD� SURILOOHULQLQ� DQDOL]� HGLOPHVL\OH� a KHVDSODQPÕúWÕU�� *HULOH\HQ�

WHPDV� DoÕVÕ� � r) ölçümünde ise, 8 µL KDFPLQGHNL� VX� GDPODVÕQGDQ� yüzey 

S�U�]O�O�÷�QH� YH� KLGURIREOXN� GHUHFHVLQH� ED÷OÕ� RODUDN� 4 veya 5 µL KDFPLQGH� VÕYÕ�

L÷QH�GDPOD�LOH�WHPDV�KDOLQGH�LNHQ�JHUL�oHNLOPLú�YH�ND\GHGLOHQ�GDPOD�J|U�QW�OHULQLQ�

analiz edilmesiyle r EXOXQPXúWXU�� r DoÕVÕQÕQ�tayini e ve a DoÕODUÕQ�EHOLUOHQPHVLQH�

J|UH� GDKD� ]RU� ROPDVÕ� QHGHQL\OH� D\UÕFD� GDPOD� EXKDUODúPDVÕ� \|QWHPL� NXOODQÕODUDN� r

WHPDV� DoÕVÕ� |Oo�POHULQLQ� GR÷UXOX÷X� NRQWURO� HGLOPLúWLU [Erbil, 2006]. Yüzey 

S�U�]O�O�÷��YH�NLP\DVDO�KHWHURMHQOL÷LQ�ELU�|Oo�W��RODQ�WHPDV�DoÕVÕ�NDUPDúDVÕ��&$+��

FRQWDFW� DQJOH� K\VWHUHVLV�� GH÷HUOHUL� LOHUOH\HQ� YH� JHULOH\HQ� WHPDV� DoÕVÕ� IDUNODUÕQGDQ�

KHVDSODQPÕúWÕU�(CAH= a- r).
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ùHNLO������.69-CAM-����7HPDV�DoÕVÕ�|Oo�P�FLKD]Õ�

3�U�]V�]� SROLPHUOHULQ� VHUEHVW� \�]H\� HQHUMLOHUL� �6)(�� GH÷HUOHUL� LVH� |Oo�OHQ� �� �L

hacimli su, MeI2�� IRUPDPLG�� Į-bromo naftalin ve etilen glikol e GH÷HUOHUL�

NXOODQÕODUDN�� YDQ-Oss Good yöntemiyle (asit-ED]� PHWRGX�� KHVDSODQPÕúWÕU� �(úLWOLN�

4.14 ve 4.15) [Erbil, 2006].

7H]� NDSVDPÕQGD L1210, lökosit, Saos-2 ve insan Gingival Fibroblast (HGF) 

K�FUHOHUL�ROPDN��]HUH�WRSODP���oHúLW�K�FUH�RUWDPÕ�NXOODQÕOPÕú�YH�EX�K�FUHOHULQ�IDUNOÕ�

polimer yüzeylerine tutunma GDYUDQÕúODUÕQÕQ�\DQÕ�VÕUD��X]XQ�V�UHOL�N�OW�U�RUWDPÕQGD�

\�]H\OHUGHNL� PRUIRORMLOHUL� YH� K�FUH� LVNHOHW� \DSÕODUÕ� GD� LQFHOHQPLúWLU�� &DQOÕOÕN�

WHVWOHULQLQ� \DSÕOPDVÕ�� K�FUH� RUWDPODUÕQÕQ� KD]ÕUODQPDVÕ� YH� \DSÕODQ� GHQHPHOHUGHNL�

NDUDNWHUL]DV\RQ� GHQHPHOHULQLQ� GHWD\ODUÕ DúD÷ÕGD� DQODWÕOPÕúWÕU� Polimerik yüzeylerin 

EL\RORMLN�GH÷HUOHQGLUPHOHUL�� WH]LPLQ�ELU�SDUoDVÕ�RODQ�78%ø7$.����0����QXPDUDOÕ�

����� DUDúWÕUPD� SURMHVL� RUWD÷Õ� %LONHQW� hQLYHUVLWHVL�� 81$0� DUDúWÕUPD� PHUNH]LQGH�

JHUoHNOHúWLULOPLúWLU�
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Yüzeylerin Toksisite Test Prosedürleri

+�FUH� oDOÕúPDODUÕQGD� LON� EDVDPDN�� SROLPHU� NDSOÕ� \�]H\OHULQ� WRNVLVLWH� WHVWL�

VRQXFXQGD�WRNVLN�ROPD\DQ�EL\RX\XPOX�\�]H\OHULQ�VHoLOPHVL�LúOHPLGLU��%XQXQ�LoLQ�LON�

DúDPDGD� VÕYÕ� D]RWWD� VDNODQan NIH 3T3 fibroblast hücreleri çözülerek kültürüne 

EDúODQPÕú��N�OW�U� úDUWODUÕ� RSWLPL]H� HGLOGLNWHQ� VRQUD� WRNVLVLWH� WHVWL� LoLQ�JHUHNOL� K�FUH�

VD\ÕVÕ�RSWLPL]H�HGLOPLúWLU��%XQXQ�LoLQ����NX\XFX÷D�VDKLS�K�FUH�N�OW�U��WDEDNODUÕQGD�

�� IDUNOÕ� K�FUH� VD\ÕVÕ�NX\XFXN� GHQHQPLúWLU�� +HU� ELU� K�FUH� VD\ÕVÕ� LoLQ� �� NX\XFXN�

NXOODQÕOPÕúWÕU� �Q ���� 'HQHQHQ� K�FUH� VD\ÕODUÕ�� ��3, 5x103, 104, 5x104 ve 105

hücre/kuyucuktur. Hücreler ekildikten 1 gün sonra MTT (3-(4,5-Dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide) test yöntemi ile 570 nm’de spektrofotometrede 

DEVRUEDQV� GH÷HUOHUL� |Oo�OP�úW�U�� 'HQH\VHO� PHWRGXQ� GHWD\ODUÕ� ùHNLO� ����¶GD�

YHULOPLúWLU�

a)

b)

ùHNLO� ������ a) 077� WHVWLQLQ� oDOÕúPD� SUHQVLEL�� 6DUÕ� UHQNOL� 077� NLP\DVDOÕ� FDQOÕ�
hücrelerdeki mitokondriyal redüktaz enzimi ile reaksiyona girer ve mor renkli 
formazan kristalleri üretilir. b) 'HQH\VHO�PHWRGXQ�úHPDWLN�DoÕNODPDVÕ�
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2SWLPL]DV\RQ�GHQH\L�VRQXFXQGD�NX\XFXN�EDúÕQD�HNLOHFHN�K�FUH�VD\ÕVÕQÕQ�DEVRUEDQV�

GH÷HUOHULQLQ� OLQHHU� úHNLOGH� DUWWÕ÷Õ� ��3-104 K�FUH� VD\ÕVÕ� DUDOÕ÷ÕQGD� ROPDVÕQD� NDUDU�

YHULOPLúWLU� �ùHNLO��������'DKD�\�NVHN�K�FUH�VD\ÕODUÕQGD� WHVWLQ�GR\JXQOX÷D�XODúPD\D�

EDúODGÕ÷Õ� YH� IDUNOÕ� K�FUH� VD\ÕODUÕ� DUDVÕQGD� DEVRUEDQV� GH÷HU� IDUNODUÕQÕQ� JLWWLNoH�

D]DOGÕ÷Õ�WHVSLW�HGLOGL÷LQGHQ�GDKD�\�NVHN�K�FUH�VD\ÕODUÕ�WHUFLK�HGLOPHPLúWLU�

ùHNLO�������077�WHVW�LoLQ�K�FUH�VD\ÕVÕ�RSWLPL]DV\RQ�GHQH\�VRQXoODUÕ�����VDDW�VRQUD��

��� NX\XFXNOX� PLNURSODNDGD� KHU� ELU� NX\XFX÷XQ� \�]H\� DODQÕ� 0.35 cm2’dir. 

3ROLPHU� NDSOÕ� FDP� ODPHOOHULQ� \HUOHúWLULOLS� WRNVLVLWH� WHVWOHULQLQ� \DSÕODFD÷Õ� ���

NX\XFXNOX�WDEDNODUGD�LVH�KHU�ELU�NX\XFX÷XQ�\�]H\�DODQÕ���FP2¶GLU��\DQL�\�]H\�DODQÕ�

��� NX\XFXNOX� PLNURSODND\D� J|UH� ���� NDW� ID]ODGÕU�� 'ROD\ÕVÕ� LOH� ��� NX\XFXNOX�

tabakODUGD� NX\XFXN� EDúÕQD� G�úHFHN� RODQ� K�FUH� VD\ÕVÕ� ���[��3 – 5.7x104 DUDOÕ÷ÕQGD�

ROPDOÕGÕU� YH� NX\XFXN� EDúÕQD� HNOHQHFHN� RODQ� 077� WHVW� NLP\DVDO� KDFLPOHUL� GH�

DUWWÕUÕODFD÷ÕQGDQ�GROD\Õ�WHVW�EX�DUDOÕNWD�VDW�UDV\RQD��GR\JXQOX÷D��XODúPD\DFDNWÕU��%X�

sonuçlardan sonra poOLPHU� NDSOÕ� \�]H\OHULQ� WRNVLVLWH� GHQH\OHULQGH� �[��4

K�FUH�NX\XFXN�NXOODQÕOPDVÕQD�NDUDU�YHULOPLúWLU�

7.6.2. Polimerik Yüzeylere Fibronektin Tutunma Prosedürü

øNL� NH]� GHVWLOH� HGLOPLú� VX� LoLQGH� ve 1 mg/mL konsantrasyonda -20oC’da 

GRQPXú�KDOGH�VDNODQDQ�)1�o|]HOWLVL�RGD�VÕFDNOÕ÷ÕQD�JHWLULOHUHN��3%6��IRVIDW�WDPSRQOX�

tuz) çözeltisi ile 10 J�P/� NRQVDQWUDV\RQD� VH\UHOWLOPLúWLU�� ��� NX\XFXNOX� WDEDNDODU�

LoHULVLQH� SROLPHU� NDSODQPÕú� FDPODU� YH� UHIHUDQV� RODUDN� NXOODQÕODQ� NDSODQPDPÕú�
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camlar eQ�D]���WHNUDU�RODFDN�úHNLOGH�\HUOHúWLULOPLú�YH����� /�NX\X�RODFDN�úHNLOGH�)1�

o|]HOWLVL�PLNURSLSHWOH� WDEDND� LoHULVLQH� \HUOHúWLULOPLúWLU �ùHNLO� �����. 37oC’da 1 saat 

HW�YGH� EHNOHWLOPLú� YH� HW�YGHQ� oÕNDUÕODQ� ��� NX\XFXNOX� PLNURSODND� LoHULVLQGHNL� )1�

çözeltisi miNURSLSHWOH� oHNLOHUHN�� �� NH]� VWHULO� XOWUD� VDI� VX� LOH� \ÕNDQPÕúWÕU�� 3ROLPHU�

yüzeylerdeki FN WXWXQPDVÕQÕQ KRPRMHQ� úHNLOGH� ROXS� ROPDGÕ÷ÕQÕ� NRQWURO� HWPHN�

DPDFÕ\OD� \�]H\OHULQ� WHPDV� DoÕVÕ� |Oo�OP�ú� YH� D\UÕFD� ���� E�\�WPHGH� RSWLN� IRWR÷UDI�

oHNLOPLúWLU�

ùHNLO������ FN tutunma GHQHPHOHULQLQ�úHPDWLN�J|VWHULPL�

Tutunma Denemeleri Prosedürü

Lökosit tutunma GHQH\OHULQL� JHUoHNOHúWLUPHN� LoLQ� NDQGDQ� SULPHU� O|NRVLW�

L]RODV\RQX� \DSÕOPÕúWÕU�� %XQXQ� LoLQ� J|Q�OO�� YH� VD÷OÕNOÕ� ELU� ELUH\GHQ� ��� PL kan 

DOÕQPÕú� YH� NDQÕQ� SÕKWÕODúPDVÕQÕ� HQJHOOHPHN� LoLQ� ('7$¶OÕ� W�S� LoHULVLQH� NRQPXúWXU��

Kan 10 mL +%66�LOH�VH\UHOWLOPLúWLU�����PL Histopaque (Sigma) 50 ml’lik bir falkon 

W�S�QH� HNOHQPLú� YH� �]HULQH� NDUÕúPD\DFDN� úHNLOGH� ��� PL VH\UHOWLOPLú� NDQ� LODYH�

HGLOHUHN� ������ USP¶GH� ��� GDNLND� VDQWULI�M� HGLOPLúWLU�� 6DQWULI�MOHPH� VRQUDVÕQGD�

NÕUPÕ]Õ� NDQ� K�FUHOHUL� IDONRQXQ� HQ� DOWÕQGD�� ELU� �VWWH�+LVWRSaque, onun üzerinde tek 

oHNLUGHNOL�K�FUHOHU�YH�HQ��VWWH�LVH�VHUXP�RODFDN�úHNLOGH�D\UÕOPÕúODUGÕU��6HUXP��VWWHQ�

DWÕODUDN�WHN�oHNLUGHNOL�K�FUHOHU�SLSHW�\DUGÕPÕ\OD�oHNLOPLú�YH����PO�EHVL�\HUL��)�����

%10 Calf Serum + 2 mM L-Glutamin + %1 Penisilin/Streptomisin) içeren falkona 

DNWDUÕOPÕúWÕU��������USP¶GH����GDNLNDOÕN�VDQWULI�MGHQ�VRQUD�o|NHQ�K�FUHOHU���PO�EHVL�

\HUL� LoHULVLQGH� \HQLGHQ� VH\UHOWLOPLú� YH� ������ USP¶GH� ��� GDNLND� GDKD� VDQWULI�M�

HGLOPLúWLU�� d|NHQ� K�FUHOHU� �� PL besi yeri içerisinde seyreltilerek standart hücre 
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N�OW�U�� úDUWODUÕQGD� ���� �&�� ��� &22�� LQN�EH� HGLOPLúWLU�� ��� VDDWOLN� LQN�EDV\RQXQ�

VRQXFXQGD�K�FUHOHU�3%6�LOH�\ÕNDQPÕú�YH�GHQH\�NDODQ�K�FUHOHU�LOH�\DSÕOPÕúWÕU��

+�FUHOHULQ�NHQGL�K�FUHOHUDUDVÕ�PDWULV�SURWHLQOHULQL�VHQWH]OHPHOHULQL�HQJHOOHPHN�

DPDFÕ\OD� K�FUHler 50 µg/mL sikloheximid ve 4 mg/mL BSA içeren besi yerinde 1 

VDDW�LQN�EH�HGLOPLúWLU��'HQH\GH�NXOODQÕODQ�W�P����YH����PP�\�]H\OHULQ�KHU�LNL�WDUDIÕ�

GD� �� VDDW� 89� DOWÕQGD� VWHULOL]H� HGLOGLNWHQ� VRQUD� PDO]HPHOHU� ��-kuyucuklu tabak 

içerisine (her kuyuya bir cam \�]H\��\HUOHúWLULOPLúWLU��+HU�NX\X\D������L besi yeri 

LoLQGH� ������� K�FUH� HNLOPLú� YH� KHU� |UQHN� �KHU� oHúLWWHQ� �¶HU� DGHW� oDOÕúÕOGÕ�� LoLQ� ���

GDNLND�YH���VDDW�VRQUD�NX\XODUGDNL�EHVL�\HUOHUL�oHNLOHUHN�DWÕOGÕNWDQ�VRQUD���NH]�+%66�

LOH�\ÕNDQPÕúWÕU��gUQHNOHU�\HQL�ELU�WDED÷D�DNWDUÕODUDN���NH]�GDKD�+%66�LOH�\ÕNDQPÕúWÕU��

6RQ�NRQVDQWUDV\RQ����0�RODFDN�úHNLOGH�&DOFHLQ��+%66
GH�VH\UHOWLOPLúWLU��LOH����GN�

LQN�EH�HGLOPLúWLU��VDGHFH�FDQOÕ�K�FUHOHUL�J|UPHN�LoLQ���)ORUHVDQV�PLNURVNRSWD��=HLVV-

Axio Observer Inverted Mikroskop) her örnekten en az ��IRWR÷UDI�oHNLOPLú�YH�,PDJH�

J [Web 9, 2014] SURJUDPÕ�LOH�K�FUHOHU�VD\ÕOPÕúWÕU��+HU�|UQHNWHQ�oHNLOHQ�IRWR÷UDIODUÕQ�

RUWDODPDODUÕ�DOÕQDUDN�GH÷HUOHQGLUPHOHU�\DSÕOPÕúWÕU��

Hücre konsantrasyoQODUÕQÕQ� EHOLUOHQPHVL� LúOHPL� ùHNLO� ����¶GH� J|U�OHQ� NDQ�

VD\ÕP�oHPEHUL��KHPRF\WRPHWHU-,VRODE��NXOODQÕODUDN�\DSÕOPÕúWÕU��+�FUH�V�VSDQVL\RQX�

YH������¶O�N�WU\SDQ�EOXH�ER\DVÕ�����RUDQÕQGD�NDUÕúWÕUÕOÕU��.DQ�VD\ÕP�oHPEHULQGH�\HU�

DODQ� �� E|OPH\H� D\UÕ� D\UÕ� ��� L ���� RUDQÕQGD� ER\D� LOH� NDUÕúWÕUÕOPÕú� K�FUH�

V�VSDQVL\RQX� HNOHQLU�� h]HULQH� FDP� NDSDWÕOÕU� YH� ÕúÕN� PLNURVNREXQGD� �� E|OPHGHNL�

K�FUHOHU� D\UÕ� D\UÕ� VD\ÕOÕU�� +HU� E|OPHGH� WRSODP� ��� NDUH� YDUGÕU�� �� E|OPHGH� \HU� DODQ�

WRSODP����NDUH� LoLQGHNL� K�FUH� VD\ÕVÕ� EHOLUOHQLU��dHPEerde bulunan büyük karedeki 

RUWDODPD�K�FUH�VD\ÕVÕ�[�VH\UHWPH�IDNW|U�������VH\UHOWPHGH�EX�VD\Õ���RODUDN�DOÕQÕU��[�

104 �G|Q�úW�UPH�NDWVD\ÕVÕ��IRUP�O��LOH���P/¶GHNL�K�FUH�VD\ÕVÕ�\DQL�K�FUH�VD\ÕVÕ�P/�

cinsinden hücre konsantrasyonu belirlenir.
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ùHNLO�������.DQ�VD\ÕP�oHPEHUL��KHPRF\WRPHWHU��

tutunma
Denemeleri Prosedürü

'HQHPHOHUGH�NXOODQÕODQ�/�����K�FUHOHUL�$7&&�K�FUH�KDWWÕGÕU��$7&&���&&/-

����� YH� VÕYÕ� D]RW� LoHULVLQGH� D\UÕ� D\UÕ� GHQHPHOHUGH� NXOODQÕOPDN �]HUH� VDNODQPÕúWÕU��

'HQHPHOHUH�EDúODPDGDQ�|QFH�GRQPXú�KDOGH�RODQ�/�����K�FUHOHULQLQ�RGD�VÕFDNOÕ÷ÕQD�

JHOPHVL� VD÷ODQPÕúWÕU�� +�FUHOHULQ� ELU� \�]H\H� tutunmaVÕ� \D� ED÷ODQGÕNODUÕ� \�]H\LQ�

kimyasal ve fiziksel özellikleri sebebiyle ya da hücrelerin kendi hücrelerarDVÕ�PDWULV�

SURWHLQOHULQL� VHQWH]OHPHOHUL� YH� EX� SURWHLQOHULQ� \�]H\H� \DSÕúÕS� K�FUHOHULQ� GH� EX�

proteinlere tutunmaVÕ�\ROX\OD�ROXU��+�FUHOHULQ�NHQGL�K�FUHOHUDUDVÕ�PDWULV�SURWHLQOHULQL�

VHQWH]OHPHOHULQL�HQJHOOHPHN�DPDFÕ\OD����FP2’lik kapta %70 doluluktaki hücreler 50 

µg/mL sikloheksimid ve 4 mg/mL %6$��VÕ÷ÕU�VHUXP�DOEXPLQ��LoHUHQ�VHUXPVX]�EHVL�

\HULQGH���VDDW�LQN�EH�HGLOPLúWLU��'HQH\GH�NXOODQÕODQ�W�P����YH����PP�\�]H\OHULQ�KHU�

LNL� WDUDIÕ�GD���VDDW� ODPLQDU�DNÕú�NDELQL�DOWÕQGD�\DNODúÕN�����QP�89�DOWÕQGD�VWHULOL]H�

edildikten sonra malzemeler 24-kuyucuklu tabaklar içerisine (her kuyuya bir cam 

\�]H\��\HUOHúWLULOPLúWLU��+HU�NX\X\D������L EHVL�\HUL�LoLQGH��������K�FUH�HNLOPLú�YH�

her örnek (her örnekten 4’er adet) için 2 saat sonra kuyulardaki besi yerleri 

oHNLOPLúWLU�� +HPHQ� DUGÕQGDQ� GD� \�]H\OHU� tutunmayan hücrelerden kurtulmak 

DPDFÕ\OD���NH]�+%66�LOH�\ÕNDQPÕúWÕU��gUQHNOHU�\HQL�ELU�WDED÷D�DNWDUÕOÕS���NH]�GDKD�

+%66� LOH� \ÕNDQPÕúWÕU�� 6RQ� NRQVDQWUDV\RQX� �� �0� RODFDN� úHNLOGH� &DOFHLQ-AM 

�,QYLWURJHQ���+%66
GH�VH\UHOWLOGL��LOH����GDNLND�LQN�EH�HGLOPLúWLU��&DOFHLQ�ER\DPDVÕ�

FDQOÕ� K�FUHOHUL� IORUHVDQV� PLNURVNRSWD� J|UHELOPHN� LoLQ� \DSÕOPÕúWÕU�� )ORUHVDQV�
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mikroskopta (Zeiss-Axio Observer Inverted Mikroskop) her örnekten en az 5 

IRWR÷UDI�oHNLOHUHN� ,PDJH�-� >:HE��������@�SURJUDPÕ�NXOODQDUDN�K�FUHOHU�VD\ÕOPÕúWÕU��

+HU� |UQHNWHQ� oHNLOHQ� IRWR÷UDIODUÕQ� RUWDODPDVÕ� DOÕQDUDN� GH÷HUOHQGLUPHOHU� \DSÕOPÕúWÕU�

(n=4).

7.6.6. Saos-
tutunma Deneme Prosedürleri

+�FUHOHULQ� ELU� \�]H\H� \DSÕúPDODUÕ� \D� \�]H\LQ� IL]LNVHO� YH� NLP\DVDO�

|]HOOLNOHULQGHQ� GROD\Õ� \D� GD� K�FUHQLQ� NHQGL� VDOJÕODGÕ÷Õ� K�FUHOHUDUDVÕ� PDWULV�

proteinlerLQLQ�\�]H\H�\DSÕúDUDN�K�FUHOHULQ�GH�EX�SURWHLQOHUH�tutunmaVÕ�\ROX\OD�ROXU��

7H]� NDSVDPÕQGD� \�]H\� |]HOOLNOHULQLQ� K�FUH� tutunmaVÕQD� RODQ� HWNLOHUL� LQFHOHQPHN�

LVWHQGL÷LQGHQ� K�FUHOHULQ� NHQGL� K�FUHOHUDUDVÕ� PDWULV� SURWHLQOHULQL� VHQWH]OHPHOHULQL�

HQJHOOHPHN� DPDFÕ\OD, hücre WXWXQPDVÕ GHQHPHOHULQGH� VLNORKHNVDPLG� NLP\DVDOÕ�

NXOODQÕOPÕú�� K�FUHOHULQ� \DSÕúPDODUÕ� VHUXPVX]� RUWDPGD� LQFHOHQPLú� YH� VSHVLILN�

olmayan tutunma\Õ�HQJHOOHPHN�LoLQ�LVH�%6$�NXOODQÕOPÕúWÕU��+HP�6DRV-2 hem de ve 

Gingival fibroblast hücreleri (HGF) hücreleri 4 mg/mL BSA ve 50 µg/mL

VLNORKHNVDPLG� LoHUHQ�VHUXPVX]�'0(0�EHVL�\HULQGH��� VDDW� LQN�EH�HGLOPLúWLU��'DKD�

sonra Saos-2 ve Gingival fibroblast hücreleri her bir kuyucukta 30.000 hücre olacak 

úHNLOGH���-NX\XFXNOX�WDEDNODUD�HNLOPLú�YH�WXWXQPDVÕQÕQ ROXúPDVÕ�LoLQ 1 saat standart 

K�FUH� N�OW�U� úDUWODUÕQGD� ���� �&�����&2�� ������QHPOLOLN�� LQN�EH� HGLOPLúWLU�� �� VDDW�

VRQUDVÕQGD� tutunmaPÕú�K�FUHOHU�+%66�LOH�\ÕNDQDUDN�D\UÕOPÕú�YH�\DSÕúDQ�K�FUHOHU���

�0�&DOFHLQ� LOH� ER\DQPÕúWÕU��+HU� ELU� NX\XFXNWDQ� HQ� D]� �� IRWR÷UDI� DOÕQDUDN� \DSÕúDQ�

hücreler florasans mikroskopta (Zeiss-Axio Observer Inverted Mikroskop) 

IRWR÷UDIODQPÕú�YH�,PDJH�-�SURJUDPÕ�NXOODQDUDN�VD\ÕOPÕúWÕU�

&DQOÕOÕN� WHVWOHUL�1,+��7���6DRV-��YH�+*)�K�FUHOHUL� LOH�\DSÕOPÕúWÕU��/�����Ye

O|NRVLW� K�FUHOHUL� \DSÕúPD\DQ� K�FUHOHU� ROGXNODUÕ� LoLQ� WRNVLVLWH� oDOÕúPDODUÕQGD�

NXOODQÕOPDPÕúWÕU�� &DQOÕOÕN� GHQH\OHUL�� 6DRV-2 ve HGF hücrelerinin polimer 

\�]H\OHUGHNL� ��� VDDWOLN� LQN�EDV\RQODUÕ� VRQXFXQGD� \DSÕOPÕúWÕU�� 'HQH\GH� NXOODQÕODQ�

W�P�NDSOÕ� ���PP�\�]H\OHULQ�KHU� LNL� WDUDIÕ� GD��� VDDW�89�DOWÕQGD� VWHULOL]H� HGLOGLNWHQ�

sonra malzemeler 24-kuyucuklu tabak içerisine (her kuyuya bir cam yüzey) 
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\HUOHúWLULOPLúWLU�� +HU� NX\X\D� ���� �L besi yeri içinde 30.000 Saos-2 veya 15.000 

+*)� K�FUHVL� HNLOPLúWLU� �KHU� |UQHNWHQ� �¶HU DGHW� oDOÕúÕOPÕúWÕU��� ��� VDDW� VRQXQGD� KHU�

NX\XGDQ� EHVL� \HUL� oHNLOHUHN� DWÕOPÕúWÕU�� +HU� NX\X\D�� NX\XGDNL� WRSODP� EHVL� \HUL�

PLNWDUÕQÕQ� ������L�����¶X� RODFDN� úHNLOGH�077� ��-(4,5-Dimethylthiazol-2-yl)-2,5-

GLSKHQ\OWHWUD]ROLXP�EURPLGH�WHVW�\|QWHPL��ELOHúLPL��6LJPD��HNOHQPLúWLU��+�FUH�EHVL�

yerine, 3 saatlik inkübasyon sonunda 300 µL “MTT Solubilization Solution (Sigma)” 

HNOHQPLú� YH� �� GDNLND� ER\XQFD� oDONDODQPÕúWÕU�� 2OXúDQ� IRUPD]DQ� NULVWDOOHULQLQ�

DEVRUEDQVÕ�VSHNWURIRWRPHWUHGH�����QP�GDOJD�ER\X�LOH�|Oo�OP�úW�U�

7.6.8. Hücre Boyama ve Hücre Morfolojisinin Belirlenmesi 
Prosedürleri

+�FUHOHU�ELU�\�]H\��]HULQH�ED÷ODQGÕNWDQ�VRQUD�NHQGL�K�FUHOHU�DUDVÕ�PDWULVOHULQL�

VHQWH]OHU�YH�K�FUHOHULQ�X]XQ�YDGHGHNL�GDYUDQÕúODUÕ�EX�PDWULV de bulunan proteinlerin 

K�FUHOHU�LOH�RODQ�HWNLOHúLPOHULQH�ED÷OÕGÕU��+�FUHOHU�DUDVÕ�PDWULV GH�EXOXQDQ�OLJDQODUÕQ�

K�FUH� �]HULQGHNL� UHVHSW|UOHU� LOH� HWNLOHúPHOHUL� VRQXFXQGD� K�FUHOHULQ� LVNHOHW� \DSÕODUÕ�

belirlenir. Hücrelerin yüzeyler üzerindeki aktin iskeletini görüntülemek için hücreler 

yüzeylere ekildikten (L1210 için 50.000 hücre veya Saos-2 için 30.000 hücre) 48 

VDDW� VRQUD� +%66� LOH� \ÕNDQPÕú�� DUGÕQGDQ� � 3.7 formaldehit ile 15 dakika 

ILNVOHQPLúWLU�� 'DKD� VRQUD�� 0.25 Triton-X ile 10 dakika inkübe edilerek geçirgen 

hale getirilen hücreler TRITC-konjüge Phalloidin (Sigma) ile 20 dakika boyunca 

ER\DQPÕúWÕU�� %R\DQDQ� K�FUHOHULQ� oHNLUGHNOHUL� 72-352� �,QYLWURJHQ�� LOH� ER\DQPÕú�

NRQIRNDO�PLNURVNRSWD��=HLVV�/60������J|U�QW�OHQPLúWLU�

<�]H\OHULQ� K�FUHOHU� LoLQ� X\XPOXOX÷XQXQ� GDKD� GHWD\OÕ� LQFHOHQPHVL� LoLQ� 6(0�

analizleri gerçeNOHúWLULOPLúWLU�� %XQXQ� LoLQ� \�]H\OHU� �]HULQH� ������� /����� YH\D�

30.000 Saos-��YH\D��������+*)�K�FUHVL� HNLOPLúWLU�����VDDW� VRQXFXQGD� tutunmayan 

K�FUHOHU�+%66�LOH�\ÕNDQPÕú�YH�NDODQ�K�FUHOHU��� VDDW�ER\XQFD�� 2’lik gluteraldehit 

solüsyonu içerisinde ILNVOHQPLúWLU��+�FUHOHU�DUWDQ�DONRO�NRQVDQWUDV\RQODUÕQGD��� 20,

% 40, % 60, % 80, % ������¶HU�GDNLND�GHKLGUH�HGLOPLú�YH�NULWLN�QRNWD�NXUXWXFXVXQGD�

(Tourismis Autosamdri®-���%��NXUXWXOPXúWXU��+�FUHOHU�6(0¶GH� �)(,�4XDQWD�����

)(*��DQDOL]�HGLOPLúWLU�

L1210 hücrelerinin morfolojilerinin belirlenmesi için hematoksilen-eosin 

ER\DPDVÕ� \HULQH� &DOFHLQ-$0� ER\DPDVÕ� \DSÕOPÕúWÕU�� +HPDWRNVLOHQ-HRVLQ� ER\DPDVÕ�

VÕUDVÕQGD�K�FUHOHU�ILNVOHQGLNWHQ�VRQUD�IDUNOÕ�DONRO�NRQVDQWUDV\RQODUÕ��KHPDWRNVLOHQ�YH�
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HRVLQ� ER\DODUÕ� YH� \ÕNDPDODUD PDUX]� NDOPDNWDGÕU�� /����� K�FUHOHUL� \�]HQ� K�FUHOHU�

ROGXNODUÕ� LoLQ� IDUNOÕ� ER\DPDODUGD� �IDOORLGLQ� ER\DPDVÕ� JLEL�� K�FUHOHULQ� \�]H\GHQ�

NDONWÕNODUÕ� J|]OHQPLúWLU�� %X� \�]GHQ� GDKD� D]� \ÕNDPD� EDVDPD÷Õ� RODQ� &DOFHLQ-AM 

ER\DPDVÕ� PRUIRORMLOHULQL� DQODPDN� LoLQ� NXOODQÕOPÕúWÕU�� %XQXQ� LoLQ� ������� /�����

K�FUHVL� SROLPHU� NDSOÕ� \�]H\OHU� �]HULQGH� �� J�Q� ER\XQFD� LQN�EH� HGLOPLú�� �� J�Q�

VRQXQGD� K�FUHOHU� +%66� LOH� \ÕNDQPÕú� YH� ��� GDNLND� V�UH� LOH� &DOFHLQ� VRO�V\RQXQGD�

ER\DQPÕúWÕU�

,
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8. BULGULAR

8.1. Sk-CO2

Karakterizasyonu

7H]�NDSVDPÕQGD�Vk-CO2 RUWDPÕQGD�S�=RQ\O-TAN-ran-MMA) kopolimerlerinin 

monomer konsantrasyonu ve CO2�7$1� PRQRPHU� RUDQÕQÕ� �7DEOR� ���� YH� ������

UHDNVL\RQ� EDVÕQFÕ� �7DEOR� ����� YH� UHDNVL\RQ� V�UHVL� �7DEOR� ����� JLEL� UHDNVL\RQ�

úDUWODUÕQÕQ� GH÷LúLPLQLQ� NRSROLPHU� PROHN�O� D÷ÕUOÕ÷Õ� �]HULQH� HWNLOHULQLQ� DUDúWÕUÕOPDVÕ�

LoLQ���IDUNOÕ�VHW�NRSROLPHU�KD]ÕUODQPÕúWÕU��%X�VHWOHUGH�KD]ÕUODQDQ�S�=RQ\O-TAN-ran-

00$�� NRSROLPHUOHULQH� GDLU� NRGODPD� úHNOL� W�P� NRSROLPHUOHUGH� D\QÕ� IRUPDWWD�

\DSÕOPÕúWÕU��S�=RQ\O-TAN-ran-00$��NRSROLPHULQH�GDLU�EX�IRUPDWÕQ�WHPVLOL�KDOL�RODQ��

A(TANB-ran-MMAC)D úHNOLQGHNL� NRGODPDGD�A�� UHDNVL\RQ� VRQ� EDVÕQFÕQÕ� �03D), B:

beslenen Zonyl TAN monomer wt %’sini, C: beslenen MMA monomer wt %’sini ve 

D ise reaksiyon süresini simgelemektedir.

Tablo 8.1’de Sk-CO2 RUWDPÕQGD� PRQRPHU� NRQVDQWUDV\RQX� YH� &22/TAN 

PRQRPHU� RUDQÕQÕQ� NRSROLPHU�PROHN�O� D÷ÕUOÕ÷Õ� �]HULQH� HWNLOHULQLQ� DUDúWÕUÕOPDVÕ� LoLQ�

KD]ÕUODQDQ� �� IDUNOÕ� VHW� S�=RQ\O-TAN-ran-MMA) kopolimerlerinin Zonyl-TAN 

PRQRPHU� EHVOHPH� RUDQÕ�� NRSROLPHUGHNL� =RQ\O-7$1� D÷ÕUOÕN� YH� PRO� \�]GHOHUL� YH�

YHULPOHUL�YHULOPLúWLU. Tablo 8.1’GH�J|U�OG�÷��JLEL� W�P�UHDNVL\RQODU����VDDWOLN� VDELW�

UHDNVL\RQ� V�UHVLQGH� JHUoHNOHúWLULOPLúWLU�� )DUNOÕ� =RQ\O-7$1� EHVOHPH� RUDQODUÕQGD�

DQFDN�EX�EHVOHPH�RUDQODUÕQÕQ����YH����03D� UHDNVL\RQ�EDVÕQoODUÕ� LoLQ�NHQGL� LoLQGH�

D\QÕ�ROGX÷X��� IDUNOÕ� VHW� NRSROLPHU� VHQWH]L�JHUoHNOHúWLULOPLúWLU��$\UÕFD�7DEOR�����GH�

verilen polimerizasyonlar için, ��� 03D� EDVÕQoWD� JHUoHNOHúWLULOHQ� W�P�

polimerizasyonlarda 36 g CO2 YH�EHVOHPHGH������J�00$�NXOODQÕOPÕúNHQ�����03D�

EDVÕQoWD� JHUoHNOHúWLULOHQ� W�P� SROLPHUL]DV\RQODUGD� ��� J� &22 ve beslemede 12 g 

00$�NXOODQÕOPÕúWÕU�� %X� LNL� VHW� NRSROLPHU� VHQWH]LQLQ� JHUoHNOHúWLULOPHVLQGHNL� DPDo�

LNL� IDUNOÕ�EDVÕQoWD� D\QÕ�=RQ\O-7$1�ELOHúLPLQGH�YH� VDELW�00$�EHVOHPH�PLNWDUÕQGD�

NRSROLPHU� PROHN�O� D÷ÕUOÕ÷ÕQÕQ� GH÷LúLP� WUHQGLQLQ� &22 PLNWDUÕQD� ED÷OÕ� RODUDN�

belirlenmesidir.
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Tablo 8.1: p(Zonyl-TAN-ran-00$��NRSROLPHULQLQ�NRGODUÕ��105�IUDNVL\RQODUÕ�YH�
kopolimer verimleri.

Kopolimer Kod
Beslenen

Zonyl-TAN 
(gram)

Zonyl-TAN
mol %

(Kopolimer)

Zonyl-TAN
wt %

(Kopolimer)

Verim
(wt 
%)

S
E

T
 1

13(TAN4-ran-MMA96)16 0.362 0.85 4.17 89

13(TAN5-ran-MMA95)16 0.485 1.05 5.69 85

13(TAN15-ran-MMA85)16 1.480 3.52 15.17 89

13(TAN23-ran-MMA77)16 2.520 5.37 24.39 83

13(TAN32-ran-MMA68)16 3.880 8.60 34.58 81

13(TAN39-ran-MMA61)16 5.315 11.85 40.18 83

S
E

T
 2

15(TAN4-ran-MMA96)16 0.515 0.81 4.22 91

15(TAN5-ran-MMA95)16 0.690 1.06 5.53 87

15(TAN15-ran-MMA85)16 2.110 3.53 17.17 87

15(TAN23-ran-MMA77)16 3.590 5.39 24.53 85

15(TAN32-ran-MMA68)16 5.530 8.51 38.31 79

15(TAN39-ran-MMA61)16 7.580 11.57 43.43 81

Tablo 8.2: p(Zonyl-TAN-ran-00$��NRSROLPHULQLQ�FDPVÕ�JHoLú�VÕFDNOÕ÷Õ��7g),
0ROHN�OHU�D÷ÕUOÕN��0w��YH�LQWULQVWLN�YLVNR]LWH�VRQXoODUÕ�

Kopolimer Kod
% mol
TAN

(Besleme)

Tg

(oC) (dL/g)

Mw

(kg/
mol)

Mv

(kg/
mol)

PDI

S
E

T
 1

13(TAN4-ran-MMA96)16 0.75 79,06 0.426 178 172 3.71

13(TAN5-ran-MMA95)16 1.00 78.63 0.362 127 137 3.53

13(TAN15-ran-MMA85)16 3.00 71.65 0.255 89 84 2.87

13(TAN23-ran-MMA77)16 5.00 69.44 0.246 84 81 2.90

13(TAN32-ran-MMA68)16 7.50 66.98 0.226 76 75 2.81

13(TAN39-ran-MMA61)16 10.00 63.51 0.208 66 66 2.54

S
E

T
 2

15(TAN4-ran-MMA96)16 0.75 81.30 0.432 184 175 4.00

15(TAN5-ran-MMA95)16 1.00 77.20 0.360 125 136 3.21

15(TAN15-ran-MMA85)16 3.00 72.11 0.254 86 84 3.07

15(TAN23-ran-MMA77)16 5.00 70.45 0.244 82 80 3.04

15(TAN32-ran-MMA68)16 7.50 67.75 0.224 74 74 2.96

15(TAN39-ran-MMA61)16 10.00 64.70 0.207 65 66 2.71
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Tablo 8.2’GH� 6(7� �� YH� 6(7� �� GH� KD]ÕUODQDQ� S�=RQ\O-TAN-ran-MMA) 

NRSROLPHULQLQ�'6&�GHQ�HOGH�HGLOHQ�FDPVÕ�JHoLú�VÕFDNOÕ÷Õ��7g) , GPC den elde edilen 

kopolimer PROHN�OHU� D÷ÕUOÕ÷Õ� �0w) ve Ubbelhold viskozimetreden elde edilen 

LQWULQVWLN�YLVNR]LWH�VRQXoODUÕ�J|U�OPHNWHGLU�

RHDNVL\RQ� EDVÕQFÕQGDNL� GH÷LúLPLQ PROHN�O� D÷ÕUOÕ÷Õ� �]HULQH� HWNLVLQLQ�

EHOLUOHQPHVL� DPDFÕ\OD� KD]ÕUODQan SET-3 kopolimerlerinin CO2 PRO� VD\ÕODUÕ,

CO2�7$1�PRQRPHU� RUDQÕ�� LQWULQVWLN� YLVNR]LWH� VRQXoODUÕ� YH� YHULPOHUL�Tablo 8.3’de 

görülmektedir. SET-�� GH� KD]ÕUODQDQ� W�P� NRSROLPHUOHU� VDELW� =RQ\O-TAN (5 g) ve 

MMA (12 g) monomer beslemelerinde JHUoHNOHúWLULOPLúWLU�YH�12-���03D�DUDVÕQGDNL�

EDVÕQo�GH÷LúLPLQH�ED÷OÕ RODUDN�PRQRPHU�EDúÕQD�G�úHQ�&22 PRO�VD\ÕVÕ�GH÷LúPLúWLU�

Tablo 8.3: Sabit Zonyl-7$1�ELOHúLPLQGH�UHDNVL\RQ�EDVÕQFÕQÕQ�S�7$1-ran-MMA) 
NRSROLPHUOHULQLQ�PROHN�O�D÷ÕUOÕ÷ÕQD�HWNLVLQLQ�EHOLUOHQPHVL�LoLQ�NRSROLPHU�&22 mol 
VD\ÕVÕ��NRSROLPHUGHNL�&22�7$1�D÷ÕUOÕNoD�RUDQÕ��LQWULQVWLN�YLVNR]LWH�VRQXoODUÕ�YH�

verimleri.

Kopolimer Kod nCO2

TAN

mol %

(Kopolm.)
TAN

CO

W

W 2
(dL/

g)

Mv

(kg/

mol)

Verim

(wt %)

S
E

T
 3

12(TAN23-ran-MMA77)16 0.83 4.90 10.41 0.225 72 95

14(TAN23-ran-MMA77)16 1.07 5.33 12.28 0.231 75 93

15(TAN23-ran-MMA77)16 1.19 5.41 13.43 0.244 81 85

16.5(TAN23-ran-MMA77)16 1.36 4.75 17.58 0.258 87 88

22(TAN23-ran-MMA77)16 2.01 4.38 28.14 0.336 127 82

$\UÕFD� UHDNVL\RQ� V�UHVLQLQ� GH÷LúLPLQH� ED÷OÕ� RODUDN� NRSROLPHU� için molekül 

a÷ÕUOÕ÷ÕQÕQ�GH÷LúLPLQLQ�EHOLUOHQPHVL�D\QÕ�=RQ\O�7$1�ELOHúLPLQGH����YH����03D¶OÕN���

D\UÕ�EDVÕoWD�6(7-4 ve SET-5 kopolimerleri senWH]OHQPLúWLU��7DEOR����¶de SET-4 ve 5 

NRSROLPHUOHUL� LoLQ� LQWULQVWLN� YLVNR]LWH�� NRSROLPHU� PROHN�O� D÷ÕUOÕNODUÕ� YH� NRSROLPHU�

YHULPOHUL� YHULOPLútir. SET-4 deki tüm polimerizasyonlarda 36 g sabit CO2 ve 

beslemede 2.52 g Zonyl-7$1�LOH�����J�00$�NXOODQÕOPÕúWÕU�YH�UHDNVL\RQ�V�UHVL��-24 

VDDW�DUDVÕQGD�GH÷LúWLULOPLúWLU��6(7-5 de ise, tüm polimerizasyonlarda 52 g sabit CO2

ve beslemede 3.59 g Zonyl-TAN ile 12 J�00$�NXOODQÕOPÕúWÕU�YH�UHDNVL\RQ�V�UHVL��-

���VDDW�DUDVÕQGD�GH÷LúWLULOPLúWLU�
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Tablo 8.4: Sabit Zonyl-7$1�ELOHúLPLQGH�UHDNVL\RQ�V�UHVLQLQ�S�7$1-ran-MMA) 
NRSROLPHUOHULQLQ�PROHN�O�D÷ÕUOÕ÷ÕQD�HWNLVLQLQ�EHOLUOHQPHVL�LoLQ�NRSROLPHU�LQWULQVWLN

YLVNR]LWHVL��PROHN�O�D÷ÕUOÕ÷Õ�YH�YHULPOHUL�

Kopolimer Kod
(dL/g)

Mw

(kg/mol)

Mv

(kg/mol)
PDI

Verim

(wt %)
S

E
T

-4

13(TAN23-ran-MMA77)24 0.295 103 105 2.94 85

13(TAN23-ran-MMA77)16 0.246 84 81 2.90 83

13(TAN23-ran-MMA77)8 0.238 80 78 2.86 84

13(TAN23-ran-MMA77)6 0.223 76 75 3.04 84

13(TAN23-ran-MMA77)4 0.209 63 64 2.86 75

S
E

T
-5

15(TAN23-ran-MMA77)24 0.271 89 93 3.87 86

15(TAN23-ran-MMA77)16 0.244 82 80 3.04 85

15(TAN23-ran-MMA77)8 0.229 74 73 2.31 76

15(TAN23-ran-MMA77)6 0.211 67 65 1.86 74

15(TAN23-ran-MMA77)4 0.205 61 63 1.61 74

8.1.1. CO2-
p(TAN-ran-MMA) 

Kopolimerlerinin Sentezi ve Karakterizasyonu

5HDNVL\RQ�úDUWODUÕQÕQ�GH÷LúLPLQLQ�NRSROLPHU�PROHN�O�D÷ÕUOÕ÷Õ��]HULQH�HWNLVLQLQ�

EHOLUOHQPHVLQLQ� DPDoODQGÕ÷Õ� EX� oDOÕúPD� &22-JHQLúOHWLOPLú� PRQRPHU� RUWDPÕQGD�

SROLPHUL]DV\RQXQ�GR÷DVÕQD�X\JXQ�RODUDN�G�ú�N�EDVÕQo����-���03D��YH�VÕFDNOÕNODUGD�

(oC 80) JHUoHNOHúWLULOPLúWLU� Sentezlenen kopolimerlerin karakterizasyonunda 1H-

NMR spektrumu, difaransiyel tarama kalorimetresi (DSC), Jel geçirgenlik 

NURPRWRJUDILVL��*3&��YH�8EEHORKGH�YLVNR]LPHWUHVL�NXOODQÕOPÕúWÕU��

p(Zonyl-TAN-ran-00$�� NRSROLPHUOHULQLQ� NLP\DVDO� \DSÕVÕ� YH� NRSROLPHU�

IUDNVL\RQODUÕ� 1H-NMR spektroskopisi NXOODQÕODUDN� WHVSLW� HGLOPLúWLU ve ùHNLO� ���¶de 

13(TAN32-co-MMA68)16 kopolimerlerinin temsili 1H-NMR spektrumu görülmektedir. 

4.3’ppm de yer alan pik (pik c) p(TAN-ran-MMA) kopolimerinin Zonyl-TAN 

NÕVPÕQGDNL�NDUERNVLOLN�DVLGH�ED÷OÕ�PHWLOHQ�JUXEXQD�YH�����ppm’de yer alan pik (pik 

D��LVH�D\QÕ�NÕVÕPGDNL�SHUIORUR�DNULODW�NÕVPÕQD�ED÷OÕ�PHWLOHQ�JUXEXQD�DLWWLU������SSP�GH�

\HU�DODQ�SLN��SLN�E��LVH�00$�NÕVPÕQD�DLW�PHWLO�JUXEXQD�DLWWLU��ùHNLO������>Choi et al.,

2004], [Cengiz et al., 2011]. p(TAN-ran-MMA) kopolimerindeki MMA ve Zonyl-

TAN JUXSODUÕQÕQ�PLNWDUÕ�300$ JUXEXQGDNL�PHWLO�SURWRQODUÕQÕQ��-COOCH3) ve PFA 
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JUXSODUÕQGDNL� PHWLOHQ� SURWRQODUÕQÕQ� �-H25I�� LQWHJUDO� RUDQODUÕ� MestReC paket 

SURJUDPÕQGDQ� EHOLUOHQHUHN� KHVDSODQPÕúWÕU. 1H-105� VSHNWUXPX� VRQXoODUÕQD� J|UH�

sentezlenen NRSROLPHUOHULQ� ZW� �� =RQ\O� 7$1� ELOHúLPOHUL� PRQRPHU� EHVOHPH�

RUDQÕQGDQ� GDKD� \�NVHN� EXOXQPXúWXU� �7DEOR� ���-8.3) ve bu sonuç literatürle 

uyumludur [Desimone et. al., 1992], [Cengiz et. al., 2013].

ùHNLO������13(TAN32-ran-MMA68)16 kopolimerinin temsili 1H-NMR spektrumu.

p(TAN-ran-00$�� NRSROLPHUOHULQLQ� FDPVÕ� JHoLú� VÕFDNOÕNODUÕ� �7g) DSC 

NXOODQÕODUDN WHVSLW� HGLOPLúWLU� YH� ùHNLO� ���¶de 13(TAN32-ran-MMA68)16 

kopolimerlerinin temsili '6&�WHUPRJUDPÕ görülmektedir.



124

ùHNLO������13(TAN32-ran-MMA68)16 NRSROLPHULQLQ�WHPVLOL�'6&�WHUPRJUDPÕ�

Tg GH÷HUOHUL� VDGHFH� 6(7-1 ve SET-2 de sentezlenen p(TAN-ran-MMA)

NRSROLPHUL�LoLQ�EHOLUOHQPLúWLU��7DEOR�������6(7-1 ve SET-2 de sentezlenen p(MMA-

ran-Zonyl-TAN) kopolimerinin Tg GH÷HUOHUL� OLWHUDW�UGH� UDSRr edilen PMMA ve 

poli(Zonyl-TAN) Tg GH÷HUOHULQLQ� DUDVÕQGD� EXOXQPXúWXU� YH� NRSROLPHUGHNL� ZW� ��

Zonyl-7$1�ELOHúLPLQLQ����¶GDQ�����¶H�DUWPDVÕ� LOH�NRSROLPHU�7g GH÷HUOHUL���oC’dan 

64o&¶D�D]DOPÕúWÕU���7DEOR�������/LWHUDW�UH�J|UH�300$¶ÕQ�7J�GH÷HUL�����oC [Zhou et 

al., 2008], poli(Zonyl-TAN) polimerinin -3.3o&¶GÕU�>0DZVRQ�et al., 1995]. SET-1 (13 

MPa) ve SET-2 (15 MPa) da sentezlenen kopolimerler için kopolimerdeki wt % 

Zonyl-7$1�ELOHúLPLQLQ�NRSROLPHU�7g dH÷HUOHUL�LOH�GH÷LúLPL�ùHNLO����¶GH�YHULOPLúWLU��

Her iki set kopolimerlerininde wt % Zonyl-7$1� ELOHúLPLQLQ� DUWPDVÕ� LOH�

kopolimerdeki CF3(CF2)x- yan zincirindeki -CF2 JUXEXQXQXQ� DUWÕúÕQGDQ� GROD\Õ� 7g 

GH÷HUOHULQLQ� \�NVHN� UHJUDV\RQ�GH÷HUOHULQGH� OLQHHU� úHNLOGH� D]DOGÕ÷Õ� EHOLUOHQPLúWLU� YH�

bu sonuç literatür ile uyumludur [van-de Grampel et al., 2004], [Cengiz et al., 2011]
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ùHNLO������FDUNOÕ�EDVÕQoODUGD�KD]ÕUODQDQ�S�7$1-ran-MMA) kopolimerleinin wt % 
Zonyl-7$1�ELOHúLPL�LOH�7g GH÷HUOHULQLQ�GH÷LúLPL�

8.1.1.1. p(TAN-ran-MMA) Kopolimerlerinin Monomer 
Konsantrasyonu ve Monomer/CO2 O

Etkisi

Monomer konsantrasyonu [(w/w %) TAN/(TAN+MMA)] ve monomer/CO2

[(w/w %) CO2/TAN] RUDQODUÕQÕQ� NRSROLPHU� PROHN�O� D÷ÕUOÕNODUÕ� �]HULQH� HWNLVLQL�

belirlemek için, 13 (SET-1) ve 15 MPa (SET-2) baVÕQoODUGD� CO2-JHQLúOHWLOPLú�

PRQRPHU�RUWDPÕQGD�p(TAN-ran-00$��NRSROLPHUOHUL�VHQWH]OHQPLúWLU��7DEOR�����YH�

8.2). Reaktördeki CO2 NRQVDQWUDV\RQX� ��� YH� ���03D� EDVÕQoODU� LoLQ� VÕUDVÕ\OD� �� YH�

11.39 mol/L olarak sabitken ve CO2�00$�RUDQÕ�ZW��������GH�VDELWNHQ��beslemedeki 

Zonyl-TAN monomer konsantrasyonu her iki set kopolimer için wt % 4.1’den 

38.7’\H�DUWÕUÕOPÕúWÕU��Beslemedeki Zonyl-7$1�NRQVDQWUDV\RQXQXQ�DUWÕUÕOPDVÕ�LOH�KHU�

LNL� VHW� LoLQ� NRSROLPHU� PROHN�O� D÷ÕUOÕ÷ÕQÕQ� �0w�� D]DOGÕ÷Õ� EHOLUOHQPLúWLU� �ùHNLO� ������

Bunun nedeni Zonyl-7$1� NRQVDQWUDV\RQXQXQ� DUWÕUÕOPDVÕ� LOH� ]LQFLU� VRQODQPD�

UHDNVL\RQODUÕQÕQ�GDKD�HUNHQ�ROXúPDVÕGÕU� >Zwolak et al., 2005], [Wang et al., 2008],

[Zwolak et al., 2008]. MMA monomeri homojen sk-CO2 ID]ÕQGDNLQGHQ�GDKD�\�NVHN�

NRQVDQWUDV\RQODUGD�PRQRPHUFH�]HQJLQ�VÕYÕ�ID]ÕQGD�o|]�QPH�H÷LOLPLQGHGLU�>1LVKLQR�

et al., 2004], [Wang et al.�� ����@�� %X� QHGHQOH� KHWHURMHQ� VÕYÕ� ID]GDNL� 00$¶ÕQ�

y = -0.3963x + 80.135
R² = 0.9708

y = -0.3846x + 80.524
R² = 0.9375
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SROLPHUL]DV\RQ�KÕ]Õ� KRPRMHQ� VN-CO2 ID]ÕQGDQ�GDKD�KÕ]OÕ� ROXU�YH�EX�GXUXPGa daha 

NÕVD� ]LQFLUOHULQ� ROXúPDVÕQD� QHGHQ� ROXU�� 6RQXo� RODUDN� NRSROLPHUGHNL� =RQ\O-TAN 

NRQVDQWUDV\RQXQXQ� DUWPDVÕ� LOH� VÕYÕ� ID]GD� \HU� DODQ� 00$� NRQVDQWUDV\RQXQXQ�

D]DOPDVÕQGDQ� GROD\Õ� her iki setteki kopolimerler için GDKD� NÕVD� ]LQFLUOHU� ROXúXU ve 

EXQD�ED÷OÕ�RODUDk da Mw D]DOÕU (Tablo 8.1 ve 8.2).

ùHNLO������%HVOHPHGHNL�=RQ\O-7$1�ELOHúLPLQLQ�DUWÕúÕ�LOH�NRSROLPHU�0w GH÷LúLPL�

Monomer/CO2 [(w/w %) CO2�7$1@� RUDQÕQÕQ�0w üzerine etkisini belirlemek 

LoLQ� 7DEOR� ���� YH� ���� GH� \HU� DODQ� GH÷HUOHUL� NXOODQDUDN� WCO2/WTAN RUDQÕ�

KHVDSODQPÕúWÕU�� :CO2/WTAN RUDQÕ� LOH� NRSROLPHU log Mw DUDVÕQGD� oL]LOHQ� JUDILNWHQ�

WCO2/WTAN RUDQÕQÕQ� NRSROLPHU� PROHN�O� D÷ÕUOÕ÷Õ� ile her iki set kopolimerleri için 

(SET-��YH����\�NVHN�UHJUDV\RQ�GH÷HUOHULQGH���6(7���LoLQ�52 = 0.9536 ve SET-2 için 

R2  ���������OLQHHU�WUHQG�EXOXQPXúWXU��ùHNLO�8.5)��$\UÕFD�UHDNVL\RQ�EDVÕQoODUÕ�KHU�LNL�

VHWWH� VHQWH]OHQHQ� NRSROLPHUOHU� LoLQ� IDUNOÕ� ROPDVÕQD� UD÷PHQ�� D\QÕ� =RQ\O-TAN 

ELOHúLPLQGH� NRSROLPHU� 0w’larÕnÕn da QHUHGH\VH� D\QÕ� ROGX÷X� EHOLUOHQPLúWLU�� %X�

durumun nedeni, her QH�NDGDU�EDVÕQoODU�IDUNOÕ�ROVD�GD�ELULP�=RQ\O-7$1�EDúÕQD�G�úHQ�
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CO2 PLNWDUÕ� �:CO2/WTAN�� VDELW� ROGX÷X� LoLQ�� SROLPHU� ]LQFLUOHUL� HWUDIÕQÕ� VDUDQ� &22

VROYHQWL�PLNWDUÕ�VDELWWLU�YH�EX�GD�NRSROLPHU�0w¶QÕQ�VDELW�NDOPDVÕQD�QHGHQ�ROXU� CO2

RUWDPÕQGD�SROLPHUL]DV\RQODUGD�UHDNVL\RQ�úDUWODUÕQÕQ�0w üzerine etkisine dair birçok 

oDOÕúPD� ROPDVÕQD� UD÷PHQ� &22�PRQRPHU� RUDQÕQÕQ� �:CO2/WTAN�� D\DUODQPDVÕ� LOH�

kopolimer Mw NRQWURO�QH�\|QHOLN�oDOÕúPDODU�OLWHUDW�UGH�\HU�DOPDPDNWDGÕU�

ùHNLO������S�7$1-ran-MMA) kopolimerlerinin WCO2/WTAN RUDQÕ�LOH�0w GH÷LúLPL.

8.1.1.2. p(TAN-ran-MMA) Kopolimerlerinin Kopolimer Molekül 

Etkisi

Zonyl-TAN ve MMA CO2-JHQLúOHWLOPLú�PRQRPHU� RUWDPÕQGD� ��o&� VÕFDNOÕNWD�

YH�D÷ÕUOÕNoD�����$,%1�NRQVDQWUDV\RQXQGD����IDUNOÕ�EDVÕQoWD (12, 14, 15, 16.5, ve 22 

MPa), sabit Zonyl-7$1� PRQRPHU� RUDQÕQGD� �� EHVOHPHGH� D÷ÕUOÕNoD� �� ����

NRSROLPHUL]DV\RQODUÕ� JHUoHNOHúWLULOPLú� �6(7-��� YH� EDVÕQoWDNL� GH÷LúLPLQ� kopolimer 

PROHN�O� D÷ÕUOÕNODUÕ� �]HULQH� HWNLVL LQFHOHQPLúWLU� �7DEOR� ������ Reaktördeki CO2

konsantrasyonu IDUNOÕ� EDVÕQoODU� LoLQ� VÕUDVÕ\OD� �, 10, 11, 13 ve 19 mol/L olarak 

GH÷LúLUNHQ beslemedeki Zonyl-TAN ve MMA monomer konsantrasyonODUÕ� 6(7-3

NRSROLPHUOHULQLQ� KHSVL� LoLQ� VDELW� WXWXOPXúWXU� Literatürde sk-CO2 RUDWPÕQGD�

y = 0.0099x + 11.138
R² = 0.9536

y = 0.0102x + 11.109
R² = 0.963
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kopolimer PROHN�O� D÷ÕUOÕ÷Õ �]HULQH� EDVÕQFÕQ� HWNLVLQH� GDLU� ELUoRN� oDOÕúPD� UDSRU�

HGLOPLúWLU� YH� EDVÕQFÕQ� DUWPDVÕ� LOH� UHDNVL\RQ� KÕ]Õ� YH� PROHN�O� D÷ÕUOÕ÷ÕQÕQ� DUWWÕ÷Õ�

EXOXQPXúWXU� [Teng, 2003], [Kwon et al., 2004], [Shin et al., 2007], [Wang et al.,

����@��/LWHUDW�UGH�HOGH�HGLOHQ�EX�VRQXFD�EHQ]HU�úHNLOGH�ùHNLO����¶GDQ�J|U�OG�÷��JLEL�

p(TAN-ran-00$��NRSROLPHUOHULQGH�EDVÕQFÕQ�DUWPDVÕ�LOH�NRSROLPHU�PROHN�O�D÷ÕUOÕ÷Õ

\�NVHN�UHJUDV\RQ�GH÷HULQGH��52 = 0.9563) OLQHHU�úHNLOGH�DUWPÕúWÕU��

ùHNLO������FDUNOÕ EDVÕQoODUGD�VHQWH]OHQHQ�S�7$1-ran-00$��NRSROLPHUOHULQ�EDVÕQo�
GH÷LúLPLQLQ�NRSROLPHU�PROHN�O�D÷ÕUOÕ÷Õ LOH�GH÷LúLPL�

.ZRQ� YH� DUNDGDúODUÕ�� �����-trifloroetil metakrilat homopolimerini (TFEMA) 

GH÷LúLN� &22 ELOHúLPOHULQGH� VHUEHVW� UDGLNDO� SROLPHUL]DV\Rnu LOH� VHQWH]OHPLúOHU� YH�

CO2¶LQ� D÷ÕUOÕNoD� ELOHúLPL� YH� EDVÕQo� GH÷LúLPL� LOH� � KRPRSROLPHU�PROHN�O� D÷ÕUOÕ÷ÕQÕQ�

GH÷LúWL÷LQL�EHOLUOHPLúOHUGLU [Kwon et al., 2004]��$\UÕFD�ELULP�PRQRPHU�EDúÕQD�&22 

PLNWDUÕQÕQ� EDVÕQo� GH÷LúLPL� LOH� QDVÕO� HWNLOHQGL÷LQLQ� EHOLUOHQPHVL� LoLQ WCO2/WTAN

RUDQODUÕ� KHU� ELU� NRSROLPHU� LoLQ� KHVDSODQPÕúWÕU�� )DUNOÕ� EDVÕQolarda sentezlenen 

p(TAN-ran-MMA) kopolimerlerinin WCO2/WTAN RUDQÕQÕQ� �����¶den 28.14’e 

DUWÕUÕOPDVÕ�LOH�NRSROLPHU�PROHN�O�D÷ÕUOÕ÷Õ�������¶GHQ���������J�PRO¶H�OLQHHU�úHNLOGH�

DUWPÕúWÕU� �ùekil 8.7). WCO2/WTAN RUDQÕQÕQ� DUWPDVÕ� LOH�GDKD�E�\�N�PROHN�O� D÷ÕUOÕNOÕ�

NRSROLPHUOHULQ� �UHWLOPHVLQLQ� QHGHQL� VÕYÕ� &22 ID]ÕQGD� PRQRPHU� EDúÕQD� G�úHQ� &22

y = 5805.9x - 4114.5
R² = 0.9563
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PLNWDUÕQÕQ� DUWPDVÕQGDQ� GROD\Õ� NRSROLPHULQ� o|NPHVLQLQ� GDKD� X]XQ� V�UHGH�

JHUoHNOHúPHVLQGHQ� ND\QDNODQÕU� >Teng, 2003], [Kwon et al., 2004], [Wang et al.,

2008].

ùHNLO������)DUNOÕ�EDVÕQoODUGD�&22 ortaPÕQGD�VHQWH]OHQHQ�S�7$1-ran-MMA) 
kopolimerlerinin WCO2/WTAN RUDQÕ�LOH�PROHN�O�D÷ÕUOÕN�GH÷LúLPL�

%DVÕQo� GH÷LúLPLQLQ� \DQÕ� VÕUD� NRSROLPHUL]DV\RQ� úDUWODUÕQÕQ� NRSROLPHU�molekül 

D÷ÕUOÕ÷ÕQD� HWNLVLQLQ�EHOLUOHQPHVLQH� \|QHOLN� WH]�NDSVDPÕQGD�D\UÕFD�NRSROLPHUL]DV\RQ�

V�UHVLQGHNL� GH÷LúLP� LQFHOHQPLúWLU��5HDNVL\RQ� V�UHVLQGHNL� GH÷LúLP� SROLPHU�PROHN�O�

D÷ÕUOÕ÷ÕQÕQ�YH�SROLPHUL]DV\RQ�YHULPL��]HULQGH�HWNLQ�SDUDPHWUHGLU ve polimer Mw ile 

vHULPL�UHDNVL\RQ�V�UHVL�LOH�GR÷UXVDO�RODUDN�GH÷LúLU [Kendall et al., 1999], [Kennedy et 

al., 2005], [Liu et al., 2008], [Pu et al., 2010]. Reaksiyon süresinin kopolimer Mw

�]HULQH�HWNLVLQLQ�EHOLUOHQPHVLQH�\|QHOLN�\DSÕODQ�EX�oDOÕúPDGD�����6(7-4) ve 15 MPa 

(SET-��� UHDNVL\RQ� EDVÕQoODUÕQGD�� D\QÕ� =RQ\O-7$1� PRQRPHU� ELOHúLPLQGH�� ��oC

reaksiyon süresi ve wt % 1 AIBN konsantrasyonuda CO2 RUWDPÕQGD� NRSROLPHUOHU�

VHQWH]OHQPLúWLU��7DEOR ������+HU�LNL�EDVÕQoWD��UHWLOHQ�D\QÕ�=RQ\O-TAN ELOHúLPLQGHNL�

kopolimerlerde WCO2/WTAN  ������RUDQÕ�VDELW�WXWXOPXú�YH�UHDNVL\RQ�V�UHVL����������

16 ve 24 saat olaUDN�GH÷LúWLULOPLúWLU��ùHNLO����¶GHQ�J|U�OG�÷��JLEL�reaksiyon süresinin 

DUWPDVÕ�LOH�NRSROLPHU�0Z¶L�SROLPHUL]DV\RQ�KÕ]ÕQÕQ�DUWPDVÕQGDQ�GROD\Õ�OLQHHU�úHNLOGH�

y = 13592x + 23905
R² = 0.9534
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DUWPÕúWÕU�� $\UÕFD� 7DEOR� ���¶GHQ� J|U�OG�÷�� JLEL� NRSROLPHU� YHULPOHUL� J|]� |Q�QH�

DOÕQGÕ÷ÕQGD�6(7-4 için 6 saat ve SET-5 için 16 saatlik reaksiyon süreleri optimum 

reaksiyon süreleridir.

ùHNLO����� )DUNOÕ�UHDNVL\RQ�V�UHOHULQGH�LNL�IDUNOÕ�EDVÕQoWD�&22 RUWDPÕQGD�VHQWH]OHQHQ�
p(TAN-ran-MMA) kopolimerlerinin UHDNVL\RQ�V�UHVL�LOH�PROHN�O�D÷ÕUOÕN�GH÷LúLPL�

8.1.1.3. p(TAN-ran-MMA) Kopolimerlerinin Mark-Houwink 
Sabitlerinin Belirlenmesi

)DUNOÕ� =RQ\O-TAN biOHúLPOHULQGH� VHQWH]OHQHQ� S�7$1-ran-MMA) 

NRSROLPHUOHULQLQ�(úLWOLN����¶de yer alan Mark-Houwink (MH) GHQNOHPLQLQ�NXOODQÕPÕ�

ile Mark-Houwink sabitleri EHOLUOHQPLúWLU� Tablo 8.2 ve 8.4’de p(TAN-ran-MMA) 

kopolimerlerinin Mw, Mn�� LQWULQVLN�YLVNR]LWH�VRQXoODUÕ�NXOODQÕODUDN�ùHNLO����¶da yer 

DODQ� LQWULQVWLN� YLVNR]LWH\H� NDUúÕ� 0w JUDIL÷L� ROXúWXUXOPXúWXU�� ùHNLO� ���¶XQ� H÷LP� YH�

NHVLP�QRNWDODUÕQGDQ�KHVDSODQDQ�0+�VDELWOHUL�Tablo 8.5’de yer DOPDNWDGÕU��Tablo 8.2-

8.4’de yer alan viskozite-PROHN�O� D÷ÕUOÕNODUÕQÕQ� �0v�� WDPDPÕ Tablo 8.5’de yer alan 

0+�VDELWOHULQGHQ�KHVDSODQPÕúWÕU��

y = 1651.2x + 62047
R² = 0.8902

y = 1305.2x + 59459
R² = 0.928
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75000
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ùHNLO������)DUNOÕ�=RQ\O-7$1�ELOHúLPOHUL�LoLQ�S�7$1-ran-MMA) kopolimerlerinin 
PROHN�O�D÷ÕUOÕ÷ÕQD��OQ�0w��NDUúÕ�LQWULQVWLN�YLVNR]LWH��OQ� ��GH÷LúLPL�

Mv genellikle Mw ile Mn DUDVÕQGD� GH÷HU� DOÕU�� .RSROLPHU� IUDNVL\RQODUÕQGDNL�

GH÷LúLP� 0+� VDELWOHULQLQ� GH÷HULQL� GH÷LúWLUGL÷L� LoLQ� ùHNLO� ���¶dan MH sabitlerinin 

EHOLUOHQPHVLQGH� \DNÕQ� IUDNVL\RQODU� NHQGL� LoLQGH� D\UÕ� D\UÕ� GH÷HUOHQGLULOPLú� YH� EX�

IUDNVL\RQ� DUDOÕNODUÕQGD� 0+� VDELWOHULQLQ� GH÷LúPHGL÷L� YDUVD\ÕOPÕúWÕU�� .RSROLPHUGHNL�

Zonyl-7$1� ELOHúLPLQLQ� DUWPDVÕ� LOH� GH÷HULQLQ� D]DOGÕ÷Õ� YH� .� GH÷HULQLQ� DUWWÕ÷Õ�

EHOLUOHQPLúWLU� �7DEOR� ������ .RSROLPHUOHUGHNL� IDUNOÕ� =RQ\O-7$1� IUDNVL\RQODUÕ� LoLQ�

ùHNLO����¶GDQ�EHOLUOHQHQ�0+�HúLWOLNOHUL�úX�úHNLOGH�EXOXQPXúWXU������-3 mol % Zonyl 

TAN fraksiyonu için × 10
–5 

Mv
0.717; 5 mol % Zonyl TAN fraksiyonu için 

× 10
–5 

Mv
0.706 ve 5-10 mol % Zonyl TAN fraksiyonu için × 10

–5 

Mv
0.691. $\UÕFD�7DEOR� ���� GH� \HU� DODQ�300$�YH� NRSROLPHUOHULQ�0+� VDEitleri göz 

|Q�QH� DOÕQGÕ÷ÕQGD�� NRSROLPHUGHNL� =RQ\O-7$1� ELOHúLPLQLQ� DUWÕúÕ� 300$�

homopolimerine göre GH÷HULQLQ� D]DOPDVÕQD� YH� .� GH÷HULQLQ� DUWPDVÕQD� QHGHQ�

ROPXúWXU�

y = 0.7176x - 9.5043
R² = 0.9629

y = 0.7063x - 9.3867
R² = 0.9728

y = 0.6912x - 9.2413
R² = 0.987

-2

-1.5

-1

-0.5
10.5 11 11.5 12 12.5

ln
 

ln Mw

4-15 wt % p(TAN-co-
MMA)

23 wt % p(TAN-co-MMA)
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Tablo 8.5: PMMA ve p(TAN-ran-00$��NRSROLPHUOHULQLQ�IDUNOÕ�=RQ\O-7$1�ELOHúLP�
DUDOÕNODUÕ�LoLQ�KHVDSODQPÕú�Mark-Houwink sabitleri.

Polimer

TAN

(%

mol)

Wt % 

TAN

Kx10-5

(dL/g)

Mw 

(kg/mol)
Referans

PMMA 0 0 4.8 0.80 83-1500 [Wagner,1987]

p(TAN-ran-MMA) 0.75-3 4-15 7.45 0.72 86-184 7H]�oDOÕúPDVÕ

p(TAN-ran-MMA) 5 23 8.38 0.71 63-103 7H]�oDOÕúPDVÕ

p(TAN-ran-MMA) 5-10 23-39 9.70 0.69 65-84 7H]�oDOÕúPDVÕ

8.2. Ticari Homopolimer ve Kopolimerlerden Polimerik 
Yüzeylerin Sentezi ve Yüzey Karakterizasyonu

7H]�NDSVDPÕQGD� WLFDUL� KRPRSROLPHU� YH� NRSROLPHUOHUGHQ� S�U�]V�]� YH� S�U�]O��

SROLPHULN� \�]H\OHULQ� VHQWH]L� JHUoHNOHúWLULOPLúWLU�� 36�� 36-sulfo ve PVOH 

KRPRSROLPHUOHULQGHQ� S�U�]V�]� \�]H\OHU� KD]ÕUODQPÕúNHQ�� +'3(� KRPRSROLPHUL� YH�

PPPE ile EVA-12 kopolimerlerinden püU�]O�� \�]H\OHU� NRQWUROO�� GDOGÕUPD� WHNQL÷L�

NXOODQÕODUDN� ID]� GD÷ÕOÕPÕ� SURVHVL\OH� KD]ÕUODQPÕúWÕU��+D]ÕUODQDQ� S�U�]V�]� YH� S�U�]O��

\�]H\OHUH�DLW�RSWLN�PLNURVNRS�YH�6(0�J|U�QW�OHUL�ùHNLO�8.10’GD�\HU�DOPDNWDGÕU��

ùHNLO�������Pürüzsüz ve pürüzlü homopolimer ve kopolimer yüzeylerinin optik 
mikroskop ve SEM görüntüleri.

PVOH, PS ve PS-sulfo homopolimer x40000 buyutmede dahi herhangi bir 

S�U�]O�O�N� J|U�OPHGL÷L� LoLQ� S�U�]V�]� RODUDN� NDEXO� HGLOPLúWLU��.DSODPD� NDOÕQOÕNODUÕ�
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SROLPHU� WLSL�� NDSODPD� VÕFDNOÕ÷Õ�� GDOGÕUPD� KÕ]Õ� JLEL� NDSODPD� SDUDPHWUHOHULQH� J|UH�

GH÷LúLNOLN� J|VWHULU� YH� EX� oDOÕúPDGD� NDSODPD� NDOÕQOÕNODUÕ� D÷ÕUOÕN� GH÷LúLPLQH� ED÷OÕ�

RODUDN�KHVDSODQPÕúWÕU��392+�NDSODPDVÕQÕQ�NDOÕQOÕ÷Õ��� P¶GHQ�G�ú�N�LNHQ��36�YH�36-

sulfo kaplamalarÕQÕQ� NDOÕQOÕ÷Õ� �.5-2 P� DUDVÕQGD� GH÷LúPHktedir. Pürüzsüz polimer 

\�]H\OHULQLQ� VX� WHPDV� DoÕVÕ� VRQXoODUÕ� ���o olarak) Tablo 8.6’da YHULOPLúWLU�� Tablo 

8.6’dan J|U�OG�÷��JLEL� 392+�YH�36-VXOIR¶GDQ�KD]ÕUODQDQ� \�]H\OHU�KLGURILOLN� LNHQ��

36� \�]H\L� KLGURIRELNWLU�� $\UÕFD� &$+�  � adv - UHF� úHNOLQGH� KHVDSODQPDNWDGÕU��

Pürüzsüz SROLPHU� \�]H\OHUGH�&$+�GH÷HUOHUL� ��-32o LNHQ�� EXQODUÕQ� \�]H\� HQHUMLOHUL�

34.8-52.�� P1�P� úHNOLQGH� JHQLú� ELU� DUDOÕNWD� GH÷LúPHNWHGLU�� 6�OIRODQPÕú� 36�

\�]H\LQGH�� WHPDV� DoÕVÕ� GH÷HUOHUL�� 36� \�]H\LQH� J|UH� EHNOHQGL÷L� JLEL� \�]H\�

sülfonasyonu ile olXúWXUXODQ� V�OIR� JUXSODUÕ� QHGHQL\OH� FLGGL� RODUDN� G�úW�÷�� KDOGH��

&$+� GH÷HUL� QHUHGH\VH� �� NDW� DUWPÕúWÕU�� &$+� GH÷HULQGHNL� EX� DUWÕú� \�]H\� NLP\DVDO�

KHWHURMHQOL÷LQ�36-VXOIR�\�]H\LQGH�ID]ODVÕ\OD�DUWWÕ÷ÕQÕ�J|VWHUPHNWHGLU�

Tablo 8.6: Pürüzsüz ve pürüzlü homopolimer ve kopolimer yüzeyleri üzerindeki 
WHPDV�DoÕVÕ�VRQXoODUÕ�

Polimer Kod

o) TOT

(mN/m)

R

(rms)e (o) adv (
o) rec (

o) CAH

PVOH 46 48 38 12 34.8 N.A.

PS 93 96 79 17 40.6 N.A.

(PS-sulfo) 55 57 23 32 52.5 N.A.

HDPE 105 114 87 27 32.9 0.63

PPPE 106 107 83 24 30.8 1.07

EVA 85 94 81 13 34.8 0.28

ùHNLO� ����¶GD� \HU� DODQ� +'3(�� 333(�� YH� (9$� S�U�]O�� SROLPHU� \�]H\OHULQLQ�

optik mikroskop ve SEM görüntülerinden J|U�OG�÷��JLEL�+'3(�\�]H\L��]HULQGH���-

���PLNURQ�ER\XWWD�DGDFÕNODU�YDUGÕU�YH�EX�DGDFÕNODU��]HULQGH�W�\�úHNOLQGH� LQFH�QDQR�

oÕNÕQWÕODU�LoHUPHNWHGLU��'L÷HU�S�U�]O��\�]H\OHU��]HULQGH�LVH�ERQFXN�úHNOLQGH�PLNURQ�

YH�PLNURQ� DOWÕQGDNL� ER\XWODUGD� oÕNÕQWÕODU� \HU� DOPDNWDGÕU�� $\UÕFD� HQ� S�U�]O�� \�]H\�

PPPE kopolimer yüzeyi iken en az pürüzlü yüzey ise EVA kopolimer yüzeyidir.

Pürüzlü yüzey veren homopolimer (HDPE) ve kopolimerlerin (PPPE ve EVA) temas 

DoÕVÕ� VRQXoODUÕ�� \�]H\� HQHUMLVL� YH� \�]H\� SURILORPHWUHVLQGHQ� HOGH� HGLOHQ� \�]H\�
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S�U�]O�O�÷���5-UPV��GH÷HUOHUL��7DEOR�8.6’da \HU�DOPDNWDGÕU��7DEOR�8.6’dan J|U�OG�÷��

JLEL�W�P�S�U�]O��\�]H\OHU��]HULQGHNL�VX�WHPDV�DoÕODUÕ�(9$�KDULF��� o’den büyüktür. 

Hidrofobluk derecesi en yüksek olan yüzeyler HDPE ve PPPE yüzeyleri iken, 

KLGURIREOXN� GHUHFHVL� HQ� G�ú�N� RODQ� \�]H\� VDKLS� ROGX÷X� DVHWDW� JUXSODUÕ� QHGHQL\OH�

EVA kopolimer yüzeyidir. 

8.3. CO2 p(TAN-ran-MMA) 
Kopolimerinden Polimerik Yüzeylerin Sentezi ve Yüzey 
Karakterizasyonu

7H]�NDSVDPÕQGD�&22 RUWDPÕQGD�VHQWH]OHQHQ�S�7$1-ran-MMA) kopolimerleri 

S�U�]O�O�N� YH� KLGURIREOXN� GHUHFHOHULQH� ED÷OÕ� RODUDN� �� IDUNOÕ� oDOÕúPD�

JHUoHNOHúWLULOPLúWLU��%XQODU�DúD÷ÕGD�PDGGHOHU�KDOLQGH�EHOLUWLOPLúWLU�YH�%|O�P����¶�Q�

DOW�EDúOÕNODUÕQGD�GHWD\ODQGÕUÕOPÕúWÕU�

)DUNOÕ� =RQyl-7$1� ELOHúLPOHULQGH� S�7$1-ran-MMA) kopolimerlerinden 

pürüzsüz hidrofob yüzeylerin sentezi,

Molce % 5 Zonyl-TAN içeren p(TAN-ran-MMA) kopolimeri ile PS’nin polimer 

NDUÕúÕPODUÕQGDQ�S�U�]O��KLGURIRE�\�]H\OHULQ�VHQWH]L�

Molce % 5 Zonyl-TAN içeren p(TAN-ran-MMA) kopolimeri ile PS’nin polimer 

NDUÕúÕPODUÕQD�N|W��o|]�F��LODYHVL�LOH�S�U�]O��V�SHUKLGURIRELN�\�]H\OHULQ�VHQWH]L�

- -ran-MMA) 

Yüzey Karakterizasyonu

)DUNOÕ� =RQ\O-7$1� ELOHúLPOHULQGH� S�7$1-ran-MMA) kopolimerlerinden 2 

IDUNOÕ� VHW� LoLQ� S�U�]V�]� KLGURIRE� \�]H\OHULQ� KD]ÕUODQPDVÕ� LúOHPL� NRQWUROO�� GDOGÕUPD�

FLKD]Õ� NXOODQÕODUDN� ID]� GD÷ÕOÕPÕ� SURVHVL\OH� JHUoHNOHúWLULOPLúWLU�� 3�7$1-ran-MMA) 

NRSROLPHUOHUL� NXOODQÕOarak elde edilen pürüzsüz ince filmlerin denge, ilerleyen, 

JHULOH\HQ� VX� GDPODVÕ� WHPDV� DoÕVÕ� YH� WHPDV� DoÕ� NDUPDúDVÕ� �&$+�� GH÷HUOHUL� 7DEOR�

8.7’de ve metilen iyodür (MI), -bromo naftalin (BN), formamide (FA) ve etilen 

JOLNRO� �(*�� GDPODODUÕ� LOH� |Oo�OP�ú� VÕYÕ� WHPDV� DoÕODUÕ� GH÷HUOHUL� 7DEOR� ���¶GH�

YHULOPLúWLU� .RSROLPHUOHULQ� VHUEHVW� \�]H\� HQHUML� GH÷HUOHUL� DVLW-ED]� \DNODúÕPÕ� �YDQ�
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Oss-Good PHWRGX��NXOODQÕODUDN�7DEOR����¶GH� \HU� DODQ� IDUNOÕ� WHVW� VÕYÕODUÕ� LoLQ� WHPDV�

DoÕVÕ�VRQXoODUÕQGDQ�KHVDSODQPÕúWÕU�

Table 8.7: p(TAN-ran-MMA) kopolimer yüzeylerindeki denge, ilerleyen ve gerileyen 
WHPDV�DoÕVÕ�VRQXoODUÕ�

Kopolimer Kod e (o) a (
o) r (o) CAH

S
E

T
 1

13(TAN4-ran-MMA96)16 109 114 49 80

13(TAN5-ran-MMA95)16 114 118 53 87

13(TAN15-ran-MMA85)16 117 119 55 92

13(TAN23-ran-MMA77)16 118 121 58 94

13(TAN32-ran-MMA68)16 119 122 60 95

13(TAN39-ran-MMA61)16 121 123 63 98

S
E

T
 2

15(TAN4-ran-MMA96)16 110 112 49 79

15(TAN5-ran-MMA95)16 113 117 54 86

15(TAN15-ran-MMA85)16 115 119 57 92

15(TAN23-ran-MMA77)16 119 121 60 96

15(TAN32-ran-MMA68)16 119 122 63 97

15(TAN39-ran-MMA61)16 120 123 65 98

Her iki set kopolimer içinde kopolimerdeki Zonyl-7$1�ELOHúLPLQLQ�DUWPDVÕ�LOH�

WHPDV�DoÕVÕ�GH÷HUOHUL�DUWPÕúWÕU �ùHNLO�8.11) ve bu sonuç literatür ile uyumludur [Yang 

et al., ����@��$\UÕFD Zonyl-TAN ELOHúLPL�ZW������GHQ� VRQUD�QHUHGH\VH� VDELW� ���o

WHPDV� DoÕVÕQD� XODúÕOPÕúWÕU� &KDQJ� YH� DUNDGDúODUÕ� >&KDQJ� et al., 2007], Zonyl-TAN 

KRPRSROLPHULQLQ�WHPDV�DoÕVÕ�GH÷HULQL������o RODUDN�UDSRU�HWPLúOHUGLU�YH�EX�oDOÕúPD�

ile wt % 15 Zonyl-TA1� ELOHúLPL� VRQUDVÕQGD� GDKL� ���o¶OLN� WHPDV� DoÕVÕ� GH÷HULQH�

XODúÕOPDVÕ� SDKDOÕ� ELU� PRQRPHU� RODQ� =RQ\O-7$1¶QÕQ� NXOODQÕP� PLNWDUÕQÕ� D]DOWPDVÕ�

DoÕVÕQGDQ�|QHPOL�ELU�DYDQWDMGÕU� $\UÕFD�KHU� LNL�VHW�S�7$1-ran-MMA) kopolimerleri 

LoLQ�&$+�GH÷HUOHUL�=RQ\O-7$1�ELOHúLPLQLQ DUWPDVÕ�LOH����GDQ���o¶\H�DUWPÕúWÕU��&$+�

GH÷HUL�NLP\DVDO�KHWHURMHQOLN�YH�S�U�]O�O�÷�Q�DUWÕúÕQD�ED÷OÕ�RODUDN�DUWDU��p(TAN-ran-

MMA) kopolimerleri x40.000 büyütmedeki SEM görüntülerine göre pürüzsüzdür ve 
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WHPVLOL�6(0�J|U�QW�V��ùHNLO����2’GH�\HU�DOPDNWDGÕU��'ROD\ÕVÕ\OD�&$+�GH÷HULQGHNL�

DUWÕú�S�7$1-ran-MMA) kopolimerlerinde Zonyl-7$1�ELOHúLPLQ�DUWPDVÕ�LOH�NLP\DVDO�

KHWHURMHQOL÷LQ�DUWPDVÕQGDQ�ND\QDNODQDELOLU��$\UÕFD�=RQ\O-7$1�SRODU�IORU�JUXSODUÕQD�

(-CF2CF3�� � VDKLSWLU� YH� SRODU� IORU� JUXSODUÕ� WHPDV� DoÕVÕ� |Oo�P�� VÕUDVÕQGD� VX� LOH�

HWNLOHúHUHN� UHRU\DQWDV\RQ� KDUHNHWL� \DSDUDN� JHULOH\HQ� WHPDV� DoÕVÕQÕQ� D]DOPDVÕ�

VRQXFXQGD�&$+�GH÷HULQLQ�DUWPDVÕQD�QHGHQ�ROXU��+DOEXNL�7DEOR����¶GHQ�J|U�OG�÷��

gibi Zonyl-TAN ELOHúLPLQLQ�DUWPDVÕ� LOH�JHULOH\HQ� WHPDV� DoÕVÕ DUWPÕúWÕU�YH�EHNOHQHQ�

sRQXo�&$+�GH÷HULQLQ� D]DOPDVÕGÕU��%X�QHGHQOH� artan Zonyl-7$1�ELOHúLPL� LOH�&$+�

GH÷HULQGHNL�DUWÕúÕQ�QHGHQL�\�]H\GHNL�NLP\DVDO�KHWHURMHQOL÷LQ�DUWPDVÕ�RODELOLU�

Tablo 8.8: p(TAN-ran-MMA) kopolimer yüzeylerindeki metilen iyodür, -bromo 
naftalin, formamid ve etiOHQ�JOLNRO��(*��GDPODODUÕ�LOH�|Oo�OP�ú�VÕYÕ�WHPDV�DoÕODUÕ�

VRQXoODUÕ�

Kopolimer Kod MI  (
o) BN (

o) FA  (
o) EG (

o)

S
E

T
 1

13(TAN4-ran-MMA96)16 80 74 99 94

13(TAN5-ran-MMA95)16 87 77 101 96

13(TAN15-ran-MMA85)16 92 82 104 99

13(TAN23-ran-MMA77)16 94 84 105 100

13(TAN32-ran-MMA68)16 95 86 106 101

13(TAN39-ran-MMA61)16 98 90 108 103

S
E

T
 2

15(TAN4-ran-MMA96)16 79 73 98 95

15(TAN5-ran-MMA95)16 86 77 100 96

15(TAN15-ran-MMA85)16 92 81 103 97

15(TAN23-ran-MMA77)16 96 87 107 101

15(TAN32-ran-MMA68)16 97 87 107 101

15(TAN39-ran-MMA61)16 98 88 108 102
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ùHNLO�������p(TAN-ran-00$��NRSROLPHUOHULQLQ���IDUNOÕ�VHW�LoLQ�����YH����03D����
wt Zonyl-7$1�ELOHúLPLQLQ�GH÷LúLPLQH�ED÷OÕ�RODUDN�VX�WHPDV�DoÕVÕ�VRQXoODUÕQÕQ�
GH÷LúLPL�����03D�� : e, : a, : r ve 13 MPa; : e, : a, : r.

ùHNLO�������13(TAN23-ran-MMA77)16 kopolimerinin temsili optik mikroskop ve SEM 
görüntüsü.

Pürüzsüz p(TAN-ran-00$��NRSROLPHU�ILOPOHULQLQ�6)(�GH÷HUOHUL��7DEOR����¶GD�

görülmektedir. Kopolimerlerdeki artan Zonyl-7$1�RUDQÕ�LOH�NRSROLPHU�6)(�GH÷HUOHUL�

yüzeydeki –CF3 JUXSODUÕQÕQ� \R÷XQOX÷XQXQ� DUWÕúÕQGDQ� GROD\Õ� EHOLUJLQ� úHNLOGH�

G�úPHNWHGLU��ùHNLO�8.13). Tablo 8.9’da pürüzsüz p(TAN-ran-MMA) kopolimer film 
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yüzeylerinin 6)(�GH÷HUOHUL��0.41 ile 18.7 mJ/m2 DUDVÕnda GH÷LúPHNWHGLU� Literatürde 

PMMA, PFDDA, PFDA, PFOA, PFHA floro akrilat homopolimerleri ve wt % 61 

floroakrilat içeren PMA-ran-PFA kopolimerinin 6)(� GH÷HUOHUL� VÕUDVÕ\OD� ������ �����

6.9, 7.0, 12.9 ve 9.0 mJ/m2 RODUDN�UDSRU�HGLOPLúWLU [Rark et al., 1998], [Morita et al.,

1999], [Honda et al., 2005], [Chang et al., 2007]�� 7H]� NDSVDPÕQGD� VHQWH]OHQHQ�

p(TAN-ran-00$�� NRSROLPHUOHUL� D÷ÕUOÕNoD� �� �� LOH� ��� =RQ\l-7$1� ELOHúLPOHULQH�

VDKLSWLU� YH� HQ� G�ú�N� =RQ\O-7$1� ELOHúLPLQH� VDKLS� 13(TAN4-ran-MMA96)16 ve 

15(TAN4-ran-MMA96)16 NRSROLPHUOHULQGH� GDKL� 300$¶ÕQ� 6)(� GH÷HULQGH� �����

mJ/m2�� ROGXNoD�N�o�N�6)(�GH÷HUL� EXOXQPXúWXU�YH������)$� LoHUHQ�30$-ran-PFA 

NRSROLPHULQLQ� 6)(� GH÷HULQH� EX� oDOÕúPDGD� VHQWH]OHQHQ� �� ��� =RQ\O-TAN içeren 

p(TAN-ran-00$��NRSROLPHUOHULQGH�\DNODúÕOPÕúWÕU�� $\UÕFD�6)(¶QLQ�/HZLV�DFLG�� s
+)

komponenti ve dispersiyon komponenti ( s
LW) kopolimerdeki floroakrilat (Zonyl-

7$1��ELOHúLPLQLQ�DUWPDVÕ�LOH�D]DOPÕúWÕU��$\UÕFD�6)(¶QLQ�/HZLV�DFLG�� s
+) komponenti 

ve dispersiyon komponenti ( s
LW) kopolimerdeki floroakrilat (Zonyl-TAN) 

ELOHúLPLQLQ�DUWPDVÕ�LOH�D]DOPÕúWÕU��6RQXo�RODUDN�=RQ\O-TAN uzun polar pendant flor 

JUXSODUÕQD�VDKLS�ROPDVÕ�QHGHQL\OH�6)(�YH�6)(�NRPSRQHQWOHUL�NRSROLPHUGHNL�=RQ\O-

7$1�ELOHúLPLQLQ�DUWPDVÕ�LOH�D]DOPDNWDGÕU�
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Tablo 8.9: p(TAN-ran-00$��NRSROLPHU�\�]H\OHULQLQ�6)(�GH÷HUOHUL (mJ/m2).

Kopolimer Kod s
-

s
+

s
AB

s
LW

s
tot

S
E

T
 1

13(TAN4-ran-MMA96)16 2.246 0.000 0.000 17.97 17.97

13(TAN5-ran-MMA95)16 0.886 0.000 0.000 15.53 15.53

13(TAN15-ran-MMA85)16 0.617 0.000 0.000 13.27 13.27

13(TAN23-ran-MMA77)16 0.541 0.000 0.000 12.41 12.41

13(TAN32-ran-MMA68)16 0.471 0.000 0.000 11.77 11.77

13(TAN39-ran-MMA61)16 0.350 0.005 0.041 10.37 10.41

S
E

T
 2

15(TAN4-ran-MMA96)16 1.745 0.000 0.000 18.47 18.47

15(TAN5-ran-MMA95)16 1.057 0.000 0.000 15.77 15.77

15(TAN15-ran-MMA85)16 0.905 0.001 0.031 13.49 13.52

15(TAN23-ran-MMA77)16 0.560 0.003 0.041 11.37 11.41

15(TAN32-ran-MMA68)16 0.560 0.004 0.043 11.17 11.21

15(TAN39-ran-MMA61)16 0.491 0.005 0.053 10.85 10.90
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%WtZonyl TAN 

ùHNLO����3: p(TAN-ran-00$��NRSROLPHUOHULQLQ���IDUNOÕ�VHW�LoLQ�����ve 15 MPa) % 
wt Zonyl-7$1�ELOHúLPLQLQ�GH÷LúLPLQH�ED÷OÕ�RODUDN�6)(�GH÷LúLPL�����03D� : s

tot,
: s

- and at 15 MPa: : s
tot, : s

-.



140

8.3.2. p(TAN-ran-MMA)/PS Pürüzlü

MROFH� �� �� YH� D÷ÕUOÕNoD� �� ��� =RQ\O-TAN içeren p(TAN-ran-MMA) 

NRSROLPHUL� LOH� 36� GHQ� IDUNOÕ� ELOHúLPOHUGH� �������� ������� ������� S�7$1-ran-

00$��36�SROLPHU�NDUÕúÕPODUÕ�KD]ÕUODQPÕú�YH�NRQWUROO��GDOGÕUPD WHNQL÷L�LOH�LQFH�ILOP�

S�U�]O�� SROLPHULN� \�]H\OHU� KD]ÕUODQPÕúWÕU�� +D]ÕUODQDQ� S�7$123-ran-MMA77)/PS 

SROLPHU� NDUÕúÕPODUÕQD� (PS/TAN23) GDLU� RSWLN�PLNURVNRS� YH� 6(0� J|U�QW�OHUL� ùHNLO�

����¶GH� YHULOPLúWLU� p(TAN23-ran-MMA77��36� SROLPHU� NDUÕúÕPODUÕ� EX� E|O�PGH�

ATAN23+PSB úHNOLQGH� NRGODQPÕúWÕU� YH� EX� NRGODPDGD� $�� S�7$123-ran-MMA77)

NRSROLPHULQLQ�SROLPHU�NDUÕúÕP�LoLQGHNL�D÷ÕUOÕNoD�\�]GHVLQL�WHPVLO�HGHUNHQ��%��36¶QLQ�

SROLPHU�NDUÕúÕP�LoLQGHNL�D÷ÕUOÕNoD�\�]GHVLQL�WHPVLO�HWPHNWHGLU�

ùHNLO������ p(TAN23-ran-MMA77)/PS SROLPHU�NDUÕúÕPODUÕQÕQ�D÷ÕUOÕNoD�IDUNOÕ�NDUÕúÕP�
RUDQODUÕQGD�NDUÕúWÕUÕOPDVÕ�HOGH�HGLOHQ�\�]H\OHULQ�RSWLN�PLNURVNRS�YH�6(0�

görüntüleri. (a) 80PS+20TAN23, (b) 50PS+50TAN23, (c) 20PS+80TAN23, (d) 100PS+0TAN23,
(e) 0PS+100TAN23.

ùHNLO� ����¶GHQ� J|U�OG�÷�� JLEL� PS homopolimer yüzeyi pürüzlüyken, TAN23

kopolimer yüzeyi pürüzsüzdür ve PS/TAN23 SROLPHU� NDUÕúÕPODUÕ� KHP� 36� KHP de 

TAN23 kopolimer yüzeylerinden daha pürüzlüdür. TAN23/PS SROLPHU�NDUÕúÕPODUÕQÕQ�

\�]H\OHUL� IDUNOÕ�ER\XWODUGD�ERQFXN�úHNOLQGH�S�U�]O�O�NOHU� LoHULU��TAN23/PS polimer 
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NDUÕúÕPODUÕQGDNL� 7$123 ELOHúLPLQLQ� DUWPDVÕ� LOH� ERQFXN� úHNOLQGHNL� S�U�]O�O�NOHULQ�

oDSÕ� ��� m’den 10’ P�\H�� YH� S�U�]O�O�NOHU� DUDVÕQGDNL�PHVDIH� DUWPDNWDGÕU��%XQXQ�

nedeni TAN23 kopolimerinin PS GHQ�GDKD�G�ú�N�\�]H\�JHULOLPLQH�VDKLS�ROPDVÕQGDQ�

GROD\Õ� \�]H\GH� ]HQJLQOHúPH� H÷LOLPLQLQ� DUWPDVÕGÕU�� $\UÕFD� 36� KRPRSROLPHULQLQ�

PROHN�O� D÷ÕUOÕ÷Õ� (Mw=300000 g/mol) TAN23 (Mw=84000 g/mol) kopolimerinden 

\�NVHN� ROPDVÕ� QHGHQL\OH� TAN23 NRSROLPHUL� \�]H\GH� GDKD� ID]OD� ]HQJLQOHúPH�

H÷LOLPLQGHGLU� YH� PS yüzeyi TAN23 kopolimer yüzeyine göre daha pürüzlü

ROPDVÕQGDQ�GROD\Õ�TAN23/PS SROLPHU�NDUÕúÕPODUÕQGDNL�7$123 ELOHúLPLQLQ�DUWPDVÕ�ile 

pürüzlülük D]DOPÕúWÕU. Tablo 8.10’da IDUNOÕ�ELOHúLPOHUGHNL�TAN23/PS SROLPHU�NDUÕúÕP

\�]H\OHULQH� VX� GDPODVÕQÕQ� GHQJH�� LOHUOH\HQ� YH� JHULOH\HQ� WHPDV� DoÕVÕ� VRQXoODUÕ��

PHWLOHQ�L\RG�U�YH�KHN]DGHNDQ�GDPODODUÕQÕQ�WHPDV�DoÕVÕ�VRQXoODUÕ�YH�5rms pürüzlülük 

VRQXoODUÕ� J|U�OPHNWHGLU� $\UÕFD� 7DEOR� ����¶GDQ� J|U�OG�÷�� JLEL�TAN23/PS polimer 

NDUÕúÕPODUÕQGDNL� 7$123 ELOHúLPLQLQ� DUWPDVÕ� LOH� 5rms S�U�]O�O�N� GH÷HUOHULQGH� GH�

azalma J|]OHQPLúWLU��

Tablo 8.10: )DUNOÕ�ELOHúLPOHUGHNL�TAN23/PS SROLPHU�NDUÕúÕP�\�]H\OHULQH�VX�
GDPODVÕQÕQ�GHQJH��LOHUOH\HQ�YH�JHULOH\HQ�WHPDV�DoÕVÕ�VRQXoODUÕ��PHWLOHQ�iyodür ve 
KHN]DGHNDQ�GDPODODUÕQÕQ�WHPDV�DoÕVÕ�VRQXoODUÕ�YH�5rms S�U�]O�O�N�VRQXoODUÕ.

Polimer 
Polimer 

Zonyl-TAN
wt %

e(
o) a(

o) r(
o) CAH

Rrms

( m)

0PS+100TAN23 24.4 118 121 49 72

20PS+80TAN23 19.52 118 123 52 71 0.47

50PS+50TAN23 12.20 116 120 62 58 0.49

80PS+20TAN23 4.88 113 117 59 58 0.81

100PS+0TAN23 0 98 100 81 19 0.42

Tablo 8.10’GD� \HU� DODQ� WHPDV� DoÕVÕ� VRQXoODUÕQD� J|UH� 7$123 ( e=118º)

kopolimeri PS ( e=98º) homopolimerine göre daha hidrofobiktir. TAN23/PS polimer 

NDUÕúÕPODUÕQGDNL�7$123 ELOHúLPLQLQ�DUWPDVÕ� LOH� VX� WHPDV�DoÕVÕ�GH÷HUOHUL� DUWPÕúWÕU�YH�

20PS+80TAN23 SROLPHU�NDUÕúÕPÕQGD�WHPDV�DoÕVÕ�VRQXoODUÕ�QHUHGH\VH�7$123 kopolimer 

\�]H\L� LOH� D\QÕGÕU� $\UÕFD� TAN23/PS SROLPHU� NDUÕúÕPODUÕQGDNL� 7$123 ELOHúLPLQLQ�
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artPDVÕ� LOH� S�U�]O�O�N� D]DOPDVÕQD� UD÷PHQ� WHPDV� DoÕVÕ� GH÷HUOHULQLQ� DUWWÕ÷Õ�

EHOLUOHQPLúWLU�EX�GXUXP�7$123 NRSROLPHULQLQ�\�]H\GH�]HQJLQOHúPH�H÷LOLPLQLQ�36¶H�

J|UH� GDKD� ID]OD� ROPDVÕQÕ� D\UÕFD� GHVWHNOH\HQ� ELU� VRQXoWXU� YH� 7$123 kopolimerinin 

G�ú�N�\�]H\�HQHUMLVL�QHGHQL\OH�\�]H\GH�]HQJLQOHúPH�H÷LOLPLQLQ�36¶H�J|UH�GDKD�ID]OD�

ROPDVÕ�OLWHUDW�U�VRQXoODUÕ�LOH�X\XPOXGXU�>Kano et al., 1997], [Huang et al., 2004] .

8.3.3. p(TAN-ran-MMA)/PS a Kötü Çözücü 
Süperhidrofob Yüzey Sentezi ve Yüzey Karakterizasyonu

%|O�P� �����¶GH� KD]ÕUODQDQ� S(TAN-ran-MMA)/PS SROLPHU� NDUÕúÕPODUÕQÕQ�

yüzeylerinin daha fazla pürü]OHQGLULOPHVL�YH�WHPDV�DoÕVÕ�GH÷HUOHULQLQ�DUWÕUÕOPDVÕ�LoLQ�

D\QÕ�SROLPHU�NDUÕúÕP�o|]HOWLOHULQH (TAN23/PS: 20/80, 50/50, and 80/20) kötü çözücü 

LODYHVL� V�SHUKLGURIRELN� S�U�]O�� \�]H\OHU� VHQWH]OHQPLúWLU��Bu bölümde p(TAN-ran-

MMA)/PS SROLPHU� NDUÕúÕPODUÕQD� (W2+� LODYHVL� LOH� KD]ÕUODQDQ� \�]H\OHUGH�

APS+BTAN23-H�úHNOLQGH�NRGODPD�NXOODQÕOPÕúWÕU��%XUDGD�$��SROLPHU�NDUÕúÕPGDNL�36�

ELOHúLPLQL��%�� SROLPHU� NDUÕúÕPGDNL� 7$123 NRSROLPHU� ELOHúLPLQL� YH� ³H´� LVH� SROLPHU�

NDUÕúÕPÕQ�(W2+�LODYH�HGLOHUHN�KD]ÕUODQGÕ÷ÕQÕ�J|VWHUPHNWHGLU��Süperhidrofobik yüzey 

VHQWH]LQH�\|QHOLN�ELUoRN�\|QWHP�YDUGÕU�DQFDN�EX�\|QWHPOHULQ�SDKDOÕ�ROPDVÕ�YH�JHQLú�

DODQODUD� X\JXODQDELOLUOLNOHULQLQ� ]RU� ROPDVÕ� QHGHQL\OH� EX� oDOÕúPDGD� XFX]� YH� NROD\�

X\JXODQDELOLU� RODQ� ID]� GD÷ÕOÕPÕ� SURVHVL� NXOODQÕOPÕúWÕU�� 3ROLPHU� NDUÕúÕP� o|]HOWLOHUL�

7+)� LoHULVLQGH� KD]ÕUODQPÕú� YH� N|W�� o|]�F�� RODUDN� (W2+� LODYHVL� \DSÕODUDN� ID]�

GD÷ÕOÕPÕ�SURVHVL�LOH�o|]HOWLQLQ�EXODQPD�QRNWDVÕ�|QFHVLQGH�V�SHUKLGURIRELN�\�]H\OHULQ�

VHQWH]L�JHUoHNOHúWLULOPLúWLU��(UELO�YH�DUNDGDúODUÕ�>(UELO�et al., 2003] ticari polimer olan 

SROLSURSLOHQL� NVLOHQ� LoHULVLQGH� o|]P�ú� YH� N|W�� o|]�F�� RODUDN� PHWLO� HWLO� NHWRQ��

siklohekzDQRQ�YH�L]RSURSLO�DONRO�NXOODQDUDN�ID]�GD÷ÕOÕPÕ�SURVHVL�LOH�KLGURIRE�RODQ�33�

\�]H\LQL� EXODQPD� QRNWDVÕ� |QFHVLQGH� \DSWÕNODUÕ� NDSODPD� LOH� V�SHUKLGURIRE� KDOH�

JHWLUPLúOHUGLU�� TAN23/PS SROLPHU� NDUÕúÕPODUÕQGDQ� V�SHUKLGURIRELN� \�]H\�

sentezindede benzer yöntem uyguODQPÕúWÕU� YH� ùHNLO� ����¶GH� TAN23/PS polimer 

NDUÕúÕPODUÕQGDQ� KD]ÕUODQDQ� V�SHUKLGURIRELN� \�]H\OHULQ� 6(0� J|U�QW�OHUL� YH� \�]H\�

üzerindeki damla profilOHUL�\HU�DOPDNWDGÕU��ùHNLO�����¶GHQ�J|U�OG�÷��JLEL�TAN23/PS-

H� SROLPHU� NDUÕúÕPGDNL� 7$123 ELOHúLPLQLQ� DUWPDVÕ� LOe daha pürüzlü yüzeyler elde 

HGLOPLú ve SDUoDFÕNOÕ� WDEDND� �]HULQGH� oDSODUÕ� �-5 P� DUDVÕQGD� GH÷LúHQ� ERQFXN�

úHNOLQGH S�U�]O�O�NOHU�\HU�DOPDNWDGÕU�
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ùHNLO�������TAN23/PS SROLPHU�NDUÕúÕPODUÕQD�(W2+�LODYHVL�LOH�KD]ÕUODQDQ�IDUNOÕ�
ELOHúLPOHUGHNL�TAN23/PS-e SROLPHU�NDUÕúÕP�\�]H\OHULQLQ�6(0�J|U�QWüleri ve su 
GDPODVÕ�SURILOOHUL�a) 100PS+0TAN23-e, b) 80PS+20TAN23-e, c) 50PS+50TAN23-e,

d) 20PS+80TAN23-e, e) 0PS+100TAN23-e.

Tablo 8.11’de fDUNOÕ� ELOHúLPOHUGH� KD]ÕUODQDQ� TAN23/PS-H� SROLPHU� NDUÕúÕP�

yüzeyleri �]HULQGH�EHOLUOHQHQ�GHQJH�� LOHUOH\HQ�YH�JHULOH\HQ� WHPDV�DoÕVÕ�VRQXoODUÕ�YH�

Rrms S�U�]O�O�N�VRQXoODUÕ�\HU�DOPDNWDGÕU� 7DEOR�����¶GHQ�J|U�OG�÷��JLEL�TAN23/PS-e

SROLPHU� NDUÕúÕPODUGD� 7$123 ELOHúLPLQLQ� D]DOPDVÕ� LOH� GDKD� \�NVHN� WHPDV� DoÕVÕ�

GH÷HUOHUL�HOGH�HGLOPLúWLU��gUQH÷LQ�7$123 ELOHúLPLQLQ�����¶GHQ��20PS+80TAN23-e) % 

20’ye (80PS+20TAN23-H�� D]DOPDVÕ� LOH� GHQJH� WHPDV� DoÕVÕ� ���¶GHQ� ���o¶\H� DUWPÕúWÕU��

7HPDV�DoÕVÕQD�EHQ]HU�úHNLOGH�\�]H\�pürüzlülü÷� de 20PS+80TAN23-e yüzeyinde 0.26 

m iken, 80PS+20TAN23-e yüzeyinde TAN23 ELOHúLPLQLQ� DUWPDVÕ� LOH� ���� m’ye 

DUWPÕúWÕU�� $\UÕFD� 7DEOR� ����¶GD� \HU� DODQ� (W2+� LODYH� HGLOPHPLú� 80PS+20TAN23

SROLPHU� NDUÕúÕP� \�]H\L� LOH� D\QÕ� SROLPHU� NDUÕúÕPD� (W2+� LODYHVL� LOH� KD]ÕUlanan 

80PS+20TAN23-H� \�]H\L� NDUúÕODúWÕUÕOGÕ÷ÕQGD�� 80PS+20TAN23 yüzeyinde yüzey 

S�U�]O�O�÷�� ����� m iken, 80PS+20TAN23-H� \�]H\LQGH� \�]H\� S�U�]O�O�÷�� �� NDWÕQD�

oÕNPÕúWÕU�� Hidrofob olan 80PS+20TAN23 yüzeyi EtOH ilavesi ile 80PS+20TAN23-e

süperhidrofob hale JHOPLúWLU�� $\UÕFD� (W2+� LODYHVL\OH� KD]ÕUODQPÕú� 36�7$123-e

SROLPHU� NDUÕúÕPODUÕQGD� 7$123 ELOHúLPLQLQ� DUWPDVÕ� WHPDV� DoÕVÕ� VRQXoODUÕQGD� ROGX÷X�

JLEL�&$+�GH÷HULQL�GH�G�ú�UP�úW�U�
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Tablo 8.11: )DUNOÕ�ELOHúLPOHUGH�KD]ÕUODQDQ�TAN23/PS-H�SROLPHU�NDUÕúÕP�\�]H\OHUL�
üzHULQGH�EHOLUOHQHQ�GHQJH��LOHUOH\HQ�YH�JHULOH\HQ�WHPDV�DoÕVÕ�VRQXoODUÕ�YH�5rms 

S�U�]O�O�N�VRQXoODUÕ�

Polimer 
Zonyl-TAN

wt %
(Polimer 

WEtOH

%
e

(o)
a

(o)
r

(o)
CAH

Rrms 

( m)

0PS+100TAN23-e 24.4 16.14 139 141 132 9

20PS+80TAN23-e 19.52 20.01 142 148 138 18 0.26

50PS+50TAN23-e 12.20 24.28 168 176 162 14 0.68

80PS+20TAN23-e 4.88 33.91 170 176 159 17 1.45

100PS+0TAN23-e 0 26.52 120 127 61 66 0.17

ùHNLO� ����¶GD� IDUNOÕ� 7$123 ELOHúLPOHULQGH�� (W2+� LODYHVL� LOH� KD]ÕUODQDQ�

TAN23/PS-H� SROLPHU� NDUÕúÕPODUÕQÕQ� (W2+� PLNWDUÕQD� ED÷OÕ� RODUDN�� WHPDV� DoÕVÕ�

GH÷LúLPL� J|U�OPHNWHGLU�� :W� �� (W2+� PLNWDUÕQÕQ� DUWPDVÕ� LOH� KHP� 36� YH� 7$123

polimerlerinde hem de TAN23/PS SROLPHU� NDUÕúÕPODUÕQGD� dHQJH� WHPDV� DoÕVÕQÕQ� ID]�

GD÷ÕOÕPÕ�SURVHVL�LOH�\�]H\�S�U�]O�O�÷�Q�Q�DUWPDVÕQGDQ�GROD\Õ�DUWWÕ÷Õ�EHOLUOHQPLúWLU�

ùHNLO�������)DUNOÕ�7$123 ELOHúLPOHULQGH�(W2+�LODYHVL�LOH�KD]ÕUODQDQ�TAN23/PS-e
SROLPHU�NDUÕúÕPODUÕQÕQ�(W2+�LODYHVL�PLNWDUÕQD�ED÷OÕ�RODUDN�WHPDV�DoÕVÕ�GH÷LúLPL.
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ùHNLO� ����¶GH�TAN23/PS-H�SROLPHU�NDUÕúÕPÕQODUÕQGDNL�=RQ\O-7$1�ELOHúLPLQLQ�

DUWÕúÕQD�ED÷OÕ� RODUDN�GHQJH� WHPDV� DoÕVÕQGDNL�GH÷LúLP�J|U�OPHNWHGLU��ùHNLO� ����¶GHQ�

J|U�OG�÷�� JLEL� VX�� KHN]DGHNDQ� YH� PHWLOHQ� L\RG�U� WHVW� VÕYÕODUÕ� LOH� EHOLUOHQHQ� WHPDV�

DoÕVÕ� VRQXoODUÕ�� SROLPHU� NDUÕúÕPGDNL� =RQ\O� 7$1� ELOHúLPLQLQ� ZW� �� ����� LOH� �����

DUDVÕQGDNL�E|OJHGH�PDNVLPXP�YH�QHUHGH\VH�VDELW�RODUDN�EXOXQPXúWXU��6RQXo�RODUDN�

SROLPHU�NDUÕúÕPGDNL�=RQ\O�7$1�ELOHúLPLQLQ�DUWPDVÕ�LOH�\�]H\�S�U�]O�O�÷��EXODQPD�

QRNWDVÕQGDQ� |QFH� D]DOPDVÕQD� UD÷PHQ� =RQ\O� 7$1� ELOHúLPLQLQ wt % 4.12 ile 12.2 

DUDVÕQGDNL� E|OJHGH� 7$123 NRSROLPHULQLQ� \�]H\GH� ]HQJLQOHúPH� H÷LOLPL� DUWWÕ÷Õ� LoLQ�

PDNVLPXP�WHPDV�DoÕOÕ�\�]H\OHU�VHQWH]OHQPLúWLU��

ùHNLO�������TAN23/PS-H�SROLPHU�NDUÕúÕPODUÕQGDNL�=RQ\O-7$1�ELOHúLPLQLQ�DUWÕúÕQD�
ED÷OÕ�RODUDN�GHQJH�WHPDV�DoÕVÕQGDNL�GH÷LúLP.

8.4. HDPE/PS

+'3(�36� SROLPHU� NDUÕúÕPODUGDQ� ID]� GD÷ÕOÕPÕ� SURVHVL� LOH� NRQWUROO�� GDOGÕUPD�

FLKD]Õ� NXOODQÕODUDN� PLNURGHVHQOL� SROLPHULN� LQFH� ILOP� \�]H\OHU� KD]ÕUODQPÕúWÕU��

Mikrodesenli yüzeylerdeki mikro desen oDSÕ�YH�mikro desenler DUDVÕQGDNL�PHVDIHQLQ�

kontrol edilebilmesi için polimer NDUÕúÕP�ELOHúLPL��SROLPHU�NDUÕúÕP�NRQVDQWUDV\RQX��

NDSODPD� KÕ]Õ�� NDSODPD� VÕFDNOÕ÷Õ�� NDSODPD� o|]�F�V�� YH� SROLPHU� PROHN�O� D÷ÕUOÕN�
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GH÷LúLPL�JLEL�NDSODPD�SDUDPHWUHOHULQLQ�HWNLOHUL�LQFHOHQPLúWLU�YH�%|O�P�������LOH�������

DUDVÕQGD�GHWD\ODUÕ�\HU�DOPDNWDGÕU�

8.4.1. HDPE/PS

HDPE/PS: 40/60, 50/50 ve ������ IDUNOÕ� SROLPHU� NDUÕúÕP�ELOHúLPOHULQLQ� \�]H\�

S�U�]O�O�÷�QH� HWNLVLQL� LQFHOHPHN� DPDFÕ\OD� üç IDUNOÕ� SROLPHU� NDUÕúÕP� o|]HOWLVL� LOH�

NRQWUROO�� GDOGÕUPD� \|QWHPL� LOH� NDSODPDODU� ROXúWXUXOPXúWXU� 25 mg/mL sabit 

konsantrasyon, 125o&� VDELW� VÕFDNOÕN� YH� ���� PP�GN� GDOGÕUPD� KÕ]Õ� LoLQ� ksilen 

LoHULVLQGH� KD]ÕUODQDQ� +'3(�36� SROLPHU� NDUÕúÕPODUÕQ ELOHúLPL HDPE/PS: 40/60, 

50/50 ve 60/��� RODUDN� GH÷LúWLULOPLúWLU�� %X� \�]H\OHULQ� \�]H\� PRUIRORMLOHULQGHNL�

GH÷LúLPH� DLW� RSWLN� PLNURVNRS� YH� 6(0� J|U�QW�OHUL ùHNLO� ����¶GH� YHULOPLúWLU� Bu

oDOÕúPDGD� 7DEOR� ���¶de yer alan Mw >1.000.000 olan HDPE ve Tablo 7.2’de yer 

DODQ� 0Z�  � �������� RODQ� 36� NXOODQÕOPÕúWÕU� ùHNLO� ���8¶GHQ� J|U�OG�÷�� +'3(�36�

SROLPHU� NDUÕúÕPODUÕQGDNL� 36� PLNWDUÕQÕQ� DUWPDVÕ� LOH� mikro desen oDSÕ� DUWPDNWD� YH�

mikro desenler DUDVÕQGDNL� PHVDIH� D]DOPDNWDGÕU�� 36� \�]H\L� ùHNLO� ����¶GDQ� GD�

J|U�OG�÷�� JLEL� [������� E�\�WPHGH� oHNLOHQ� 6(0� J|U�QW�V�QGH� GDKL� S�U�]V�]NHQ��

+'3(� \�]H\L� DGDFÕNODUÕQ� ROGX÷X� YH� DGDFÕNODU� �]HULQGH� LVH� W�\� úHNOLQGH� S�U�]OHULQ�

ROGX÷X�S�U�]O��ELU� \�]H\GLU��%X�QHGHQOH�+'3(�36�SROLPHU�NDUÕúÕP�\�]H\OHULQGHNL�

ERQFXN� úHNOLQGHNL�mikro desenler 36� LNHQ�� DUDGD� NDODQ� W�\� úHNOLQGHNL� PRUIRORMLN�

\DSÕ�+'3(�SROLPHULQH�DLWWLU [Atalay Gengec et al., 2014].
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ùHNLO����8: +'3(�KRPRSROLPHUL�YH�IDUNOÕ�SROLPHU�NDUÕúÕP�ELOHúLPOHULQGHNL�
+'3(�36�SROLPHU�NDUÕúÕPODUÕQÕQ�RSWLN�PLNURVNRS�YH�6(0�J|U�QW�OHUL�

)DUNOÕ�ELOHúLPOHUGH�+'3(�36�SROLPHU�NDUÕúÕPODUÕQGDQ�KD]ÕUODQDQ�ùHNLO����8’de 

\HU� DODQ� \�]H\OHUH� GDLU� WHPDV� DoÕVÕ� VRQXoODUÕ� 7DEOR 8.12’GH� YHULOPLúWLU� Tablo 

8.12’GHQ�J|U�OG�÷��JLEL�+'3(�36�SROLPHU�NDUÕúÕPODUÕQGD�36�ELOHúLPLQLQ�DUWPDVÕ�LOH�

VX� WHPDV�DoÕVÕ�GH÷HUOHUL� D]DODUDN�36�KRPRSROLPHU�GH÷HULQH� \DNODúPD\D�EDúODPÕúWÕU�

YH�&$+�GH÷HUL�LVH�QHUHGH\VH�VDELW�NDOPÕúWÕU��$\UÕFD�SROLPHU�NDUÕúÕPODUÕQ�WHPDV�DoÕVÕ�

VRQXoODUÕ�+'3(�YH�36�KRPRSROLPHUOHULQLQ�DUDVÕQGD�EXOXQPXúWXU��36¶QLQ�6)(�GH÷HUL�

(40.6 mN/m) HDPE’ninkinden (32.9 mN/m) daha yüksektir��%X�QHGHQOH�G�ú�N�6)(�

GH÷HULQGHQ� GROD\Õ� HDPE’QLQ� \�]H\GH� ]HQJLQOHúPH� H÷LOLPLQLQ� PS’den daha fazla 

ROPDVÕ� EHNOHQHQ� ELU� GXUXPGXU� ancak, WHPDV� DoÕVÕ� VRQXoODUÕ� EX� EHNlentiyi 

desteklememektedir. %X� EHNOHQWLQLQ� DNVL� VRQXoODUÕQ� HOGH� HGLOPHVLQLQ� QHGHQL�

+'3(�36� SROLPHU� NDUÕúÕPODUÕQGD� NXOODQÕODQ� +'3(� KRPRSROLPHULQLQ� 0w’i 

36¶QLQNLQGHQ� QHUHGH\VH� �� NDWÕ� NDdar büyüktür ve bu nedenlede PS’nin yüzeyde 

]HQJLQOHúPH�H÷LOLPLQLQ�+'3(¶GHQ�GDKD�ID]OD�ROPDVÕ�EHNOHQLU��6RQXo�RODUDN�SROLPHU�

NDUÕúÕPGD�NXOODQÕODQ�SROLPHUOHULQ�0w IDUNOÕOÕNODUÕ�36¶QLQ�\�]H\GH�+'3(¶H�J|UH�GDKD�

ID]OD�]HQJLQOHúPH�H÷LOLPLQGH�ROPDVÕ�sonucuna dayanarak WHPDV�DoÕVÕ�VRQXoODUÕndaki 

WUHQG�DoÕNODQDELOLU�
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Tablo 8.12: HDPE, 36�YH�+'3(�36�SROLPHU�NDUÕúÕP�\�]H\OHULQLQ�WHPDV�DoÕVÕ�YH�6)(�
VRQXoODUÕ�

e adv rec CAH
TOT

(mN/m)
HDPE100 105 114 87 27 32.9

HDPE60+PS40 104 109 85 24 N.A.
HDPE50+PS50 99 106 84 22 N.A.
HDPE40+PS60 98 105 84 21 N.A.

PS100 93 96 79 17 40.6

%X� E|O�PGH� YHULOHQ� IDUNOÕ� ELOHúLPOHUGHNL� +'3(�36� NDUÕúÕPODUÕ� VWDQGDUW� FDPODU�

�]HULQH� KD]ÕUODQPÕúWÕU�� 6WDQGDUW� FDP� ODPODUÕQ� NDOÕQOÕ÷Õ� ��PP�� \XYDUODN� FDPODrdan 

ID]OD�ROPDVÕ�QHGHQL\OH�NDSODPD�VÕUDVÕQGD�ÕVÕ�WUDQVIHUL�GH÷LúLU�ve böylece ID]�GD÷ÕOÕPÕ�

SURVHVLQGH� IDUNOÕ� \�]H\� |]HOOLNOHULQLQ� HOGH� HGLOPHVLQH� QHGHQ� ROXU��%X�QHGHQOH� D\QÕ�

\�]H\OHULQ� \XYDUODN� FDPODU� �]HULQGH� KD]ÕUODQPDVÕ� LoLQ� RSWLPXP� GHQH\� NRúXOODUÕ�

EHOLUOHQPLúWLU��%X�RSWLPXP�GHQH\�NRúXOODUÕ�����PP�GN�NDSODPD�KÕ]Õ�YH����PJ�P/�

sabLW�NRQVDQWUDV\RQ�RODUDN�EHOLUOHQPLúWLU�

8.4.2. HDPE/PS

%X�oDOÕúPD, +'3(�36�SROLPHU�NDUÕúÕPODUÕQGDQ�KD]ÕUODQDQ�LQFH�ILOP�SROLPHULN�

yüzeylerin kaplama özelliklerinin yüzey morfolojisine etkisinin incelenmesi ve 

sentezlenen yüzeylerdeki mikro desen oDSÕQÕQ� NRQWURO� HGLOPHVL� DPDFÕ\OD�

JHUoHNOHúWLULOPLúWLU��d|]�F��HWNLVL��NDSODPD�NRQVDQWUDV\RQX�HWNLVL��NDSODPD�VÕFDNOÕ÷Õ�

etkisi ve NDSODPD�KÕ]ÕQÕQ�HWNLVL�JLEL�NDSODPD�úDUWODUÕ�ID]�GD÷ÕOÕPÕ�SURVHVL�LOH�NRQWUROO��

GDOGÕUPD� WHNQL÷L� NXOODQÕODUDN� D\UÕ� D\UÕ� LQFHOHQPLú� YH� DúD÷ÕGD� DOW� E|O�POHUGH�

GHWD\ODQGÕUÕOPÕúWÕU�

8.4.2.1. Çözücü Etkisi

3ROLPHU� NDUÕúÕPODUÕQGD� o|]�F�Q�Q� \�]H\� S�U�]O�O�÷�QH� HWNLVLQL� LQFHOHPHN�

DPDFÕ\OD� +'3(�36� SROLPHU� NDUÕúÕP� o|]HOWLOHUL� LNL� D\UÕ� o|]�F�� �NVLOHQ� YH�

NVLOHQ�WROXHQ��LoHULVLQGH�KD]ÕUODQDUDN�NRQWUROO��GDOGÕUPD�\|QWHPL�LOH�KD]ÕUODQPÕúWÕU�

20 mg/mL sabit konsantrasyon, %50:50 HDPE/PS SROLPHU� NDUÕúÕPÕQÕQ� ����

PP�GN� GDOGÕUPD� KÕ]Õ� YH� ���� YH 105o&� VÕFDNOÕNODU� LoLQ� HOGH� HGLOHQ� \�]H\�
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PRUIRORMLOHULQH� GDLU� RSWLN� PLNURVNRS� J|U�QW�OHUL� ùHNLO� ����¶GD� YHULOPLúWLU�� ùHNLO�

����¶GDQ� J|U�OG�÷��JLEL�� NVLOHQ�WROXHQ�o|]�F��NDUÕúÕPODUÕQGD�KD]ÕUODQDQ�+'3(�36�

SROLPHU�NDUÕúÕP�LQFH�ILOPOHULQGH�PLNUR-desenlerin çaSÕ��NVLOHQ�o|]�F�V��NXOODQÕODUDN�

elde edilen ince filmlerin mikro-GHVHQ� oDSÕQD� J|UH� DUWPÕúWÕU�� $QFDN� IDUNOÕ� KÕ]�

GHQHPHOHULQGH� \DSÕODQ� oDOÕúPDODUGD� NVLOHQ� o|]�F�V�Q�Q� NXOODQÕPÕ� NDSODPDODUGDNL�

mikro-GHVHQOHULQ� GDKD� KRPRMHQ� GD÷ÕOÕPÕQÕ� VD÷ODPÕúWÕU��%X� QHGHQOH�bundan sonraki 

oDOÕúPDODUGD�o|]�F��RODUDN�.VLOHQ�NXOODQÕOPDVÕQD�NDUDU�YHULOPLúWLU�

ùHNLO�������6DELW�NRQVDQWUDV\RQ�YH�VÕFDNOÕNODUGD�NVLOHQ�YH�NVLOHQ�WROXHQ�
çözücüOHULQGH�KD]ÕUODQDQ�+'3(�36���������SROLPHU�NDUÕúÕPÕQGDQ�����PP�GN�

dDOGÕUPD�KÕ]Õnda VHQWH]OHQHQ�LQFH�ILOP�NDSODPDODUÕQ�RSWLN�PLNURVNRS�J|U�QW�OHUL.

8.4.2.2. Kaplama Konsantrasyonu Etkisi

+'3(�36���������SROLPHU�NDUÕúÕPODUÕQGD�NDSODPD�o|]HOWLVL�NRQVDQWUDV\RQXQXQ�

\�]H\�S�U�]O�O�÷�QH�HWNLVLQL�LQFHOHPHN�DPDFÕ\OD�SROLPHU�NDUÕúÕP�o|]HOWLOHUL�LNL�D\UÕ�

NRQVDQWUDV\RQGD� KD]ÕUODQDUDN� NRQWUROO�� GDOGÕUPD� \|QWHPL� LOH� NDSODPDODU�

ROXúWXUXOPXúWXU����������HDPE/PS SROLPHU�NDUÕúÕPÕQÕQ�NVLOHQ�o|]�F�V�� LoHULVLQGH�

���� PP�GN� VDELW� GDOGÕUPD� KÕ]ÕQGD� YH� ���o&� VDELW� VÕFDNOÕN� LoLQ� ��� PJ�P/� YH� ���

mg/mL kaplama konsantrasyonunda sentezlenen mikrodesenli yüzeylere ait optik 

PLNURVNRS� J|U�QW�OHUL� ùHNLO� ����¶GH� YHULOPLúWLU�� ùHNLO� ����¶GHQ� J|U�OG�÷�� gibi 

kaplama NRQVDQWUDV\RQXQ�DUWPDVÕ� LOH�PLNUR-GHVHQOHULQ�oDSÕ�YH�PLNUR-GHVHQOHU�DUDVÕ�

PHVDIH�DUWPÕúWÕU�
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ùHNLO�������6DELW�VÕFDNOÕN�YH�GDOGÕUPD�KÕ]Õ�LoLQ�SROLPHU�NDUÕúÕP�NRQVDQWUDV\RQXQXQ�
GH÷LúLPLQH�ED÷OÕ�RODUDN�VHQWH]OHQHQ�+'3(�36�SROLPHU�NDUÕúÕP�\�]H\OHULQLQ�optik 

mikroskop görüntüleri.

8.4.2.3.

+'3(�36� �������� SROLPHU� NDUÕúÕPODUÕQGD� NDSODPD� VÕFDNOÕ÷ÕQÕQ� \�]H\�

S�U�]O�O�÷�QH� HWNLVLQL� LQFHOHPHN� DPDFÕ\OD� SROLPHU� NDUÕúÕP� o|]HOWLOHUL� ����� ���� YH�

120o&� ROPDN� �]HUH� �o� D\UÕ� VÕFDNOÕNWD� NRQWUROO�� GDOGÕUPD� \|QWHPL� PLNUR desenli 

SROLPHULN� \�]H\OHU� VHQWH]OHQPLúWLU�� �� ������HDPE/PS SROLPHU� NDUÕúÕPÕQÕQ� NVLOHn

o|]�F�V�� LoHULVLQGH� ���� PP�GN� VDELW� GDOGÕUPD� KÕ]ÕQGD� YH� ��� PJ�P/� VDELW�

NRQVDQWUDV\RQ� LoLQ�VÕFDNOÕN�GH÷LúLPLQH�ED÷OÕ�RODUDN�\�]H\�S�U�]O�O�÷�Q�Q�GH÷LúLPL�

ùHNLO�����¶GH�YHULOPLúWLU��ùHNLO�����¶GHQ�J|U�OG�÷��JLEL�VÕFDNOÕ÷ÕQ�DUWPDVÕ�LOH�PLNUR�

desenlerin çaplDUÕQGD� oRN� E�\�N� ELU� GH÷LúLP� J|]OHQPH]NHQ�� PLNUR desenler 

DUDVÕQGDNL�PHVDIH�DUWPDNWDGÕU�

ùHNLO�������SDELW�NRQVDQWUDV\RQ�YH�GDOGÕUPD�KÕ]Õ�LoLQ�NDSODPD�VÕFDNOÕ÷ÕQGDNL�
GH÷LúLPH�ED÷OÕ�RODUDN�+'3(�36���������SROLPHU�NDUÕúÕP�\�]H\OHULQLQ�RSWLN�

mikroskop görüntüleri.
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8.4 Etkisi

HDPE/PS pROLPHU� NDUÕúÕPODUÕQGD� NDSODPD� KÕ]ÕQÕQ� \�]H\� S�U�]O�O�÷�QH�

HWNLVLQL�LQFHOHPHN�DPDFÕ\OD�SROLPHU�NDUÕúÕP�o|]HOWLOHUL�LOH�DOWÕ D\UÕ�NDSODPD�KÕ]ÕQGD�

NRQWUROO�� GDOGÕUPD� \|QWHPL� NXOODQÕODUDN� LQFH� ILOP� NDSODPDODU� ROXúWXUXOPXúWXU�

%50:50 HDPE/PS NDUÕúÕPÕ�����PJ�P/�VDELW�NRQVDQWUDV\RQGD���0o&�VDELW�VÕFDNOÕNWD��

748, 464, 312, 280, 262 ve 226 PP�GN� GDOGÕUPD� KÕ]ÕODUÕQGDNL yüzey 

S�U�]O�O�÷�QGHNL� GH÷LúLP�ùHNLO�8.22’GH� YHULOPLúWLU�� ùHNLO�8.22’deQ�J|U�OG�÷�� JLEL��

kaSODPD�KÕ]ÕQÕQ�DUWPDVÕ�LOH�mikro desenler DUDVÕQGDNL�PHVDIH�DUWDUNHQ, mikro desen

oDSÕ�D]DOPDNWDGÕU.

ùHNLO�������6DELW�NRQVDQWUDV\RQ�YH�GDOGÕUPD�KÕ]Õ�LoLQ��������+'3(�36�NDUÕúÕP�
\�]H\OHULQLQ�IDUNOÕ�NDSODPD�KÕ]ODUÕQGD�VHQWH]OHQHQ�LQFH�ILOP�\�]H\OHULQH�ait optik

mikroskop görüntüleri.

.DSODPD� KÕ]ÕQÕQ� GH÷LúLPLQH� ED÷OÕ� RODUDN� WHPDV� DoÕVÕQGDNL� GH÷LúLPL� 7DEOR�

����¶GH�YHULOPLúWLU��7DEOR�����¶H�J|UH�GDOGÕUPD�KÕ]ÕQÕQ�D]DOPDVÕ� LOH�GHQJH�� LOHUOHPH�

YH� JHULOHPH� WHPDV� DoÕODUÕ� D]DOPÕúWÕU� YH� WHPDV� DoÕVÕ� GH÷HUOHUL� +'3(�

KRPRSROLPHULQGHQ� 36� KRPRSROLPHULQH� GR÷UX� GH÷LúPLúWLU�� $QFDN� WHPDV� DoÕVÕ�

NDUPDúDVÕ��&$+��GH÷HUL�VDELW�NDOPÕúWÕU��7HPDV�DoÕVÕ�NDUPDúDVÕ�NLP\DVDO�KHWHURMHQOLN�

YH� S�U�]O�O�÷�Q� ELU� |Oo�W�� ROGX÷XQGDQ�� GDOGÕUPD� KÕ]ÕQÕQ� D]DOPDVÕ� LOH� \�]H\�

S�U�]O�O�÷��DUWPÕúWÕU�ancak CAH GH÷HULQGH�KHUKDQJL�ELU�GH÷LúLPLQ�J|]OHQPHPLúWLU��
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%X�GXUXP�\�]H\GHNL�NLP\DVDO�KHWHURMHQOL÷LQ�D]DOGÕ÷ÕQÕ�YH�GDOGÕUPD�KÕ]ÕQÕQ�DUWPDVÕ�

LOH�\�]H\LQ�36¶FH�GDKD�ID]OD�]HQJLQOHúWL÷LQL�J|VWHUPHNWHGLU��%X�NRQXQXQ�WDP�RODUDN�

DQODúÕOPDVÕ� LoLQ� \�]H\OHULQ� ;36� |Oo�POHULQLQ� DOÕQPDVÕ� JHUHNPHNWHGLU� YH� WH]�

NDSVDPÕQGD�EX�oDOÕúPD�\DSÕOPDPÕúWÕU�

Tablo 8.13: HDPE/PS polimeU�NDUÕúÕPODUÕQGD�NDSODPD�KÕ]ÕQÕQ�GH÷LúLPLQH�ED÷OÕ�
RODUDN�WHPDV�DoÕVÕQGDNL�GH÷LúLPL.

(mm/dk)
e (o) adv (o) rec (o) CAH

748 104 110 87 23

464 102 109 86 23

312 101 107 84 23

280 100 106 83 23

262 99 106 86 23

226 98 106 83 23

8.4.3. HDPE/PS

%X� oDOÕúPD�� +'3(�36� SROLPHU� NDUÕúÕPODUÕQGDQ� KD]ÕUODQDQ� PLNURGHVHQOL�

\�]H\OHUGH�SROLPHU�PROHN�O�D÷ÕUOÕ÷ÕQÕQ�\�]H\�|]HOOLNOHULQH�HWNLVLni �PLNURGHVHQ�oDSÕ�

ve mesafesi gibi) LQFHOHPHN� DPDFÕ\OD� JHUoHNOHúWLULOPLúWLU YH� \DSÕODQ� oDOÕúPDODU�

Bölüm 8.4.3.1 ve 8.4.3.2’GH�GHWD\ODQGÕUÕOPÕúWÕU��dDOÕúPDGD�NXOODQÕODQ�36�YH�+'3(�

için 0),�GH÷HUOHUL�7DEOR�����YH����¶GH� \HU� DOPDNWDGÕU ve MFI GH÷HUOHULQH�J|UH�EX�

oDOÕúPDGD� LQFHOHQHQ� SROLPHUOHULQ� PROHN�O� D÷ÕUOÕNODUÕ� 362>PS1>PS ve 

HDPE>HDPE1>HDPE2 VÕUDODPDVÕQGDGÕU�� 0),� GH÷HUOHULQH� J|UH� NXOODQÕODQ�

SROLPHUOHULQ� PROHN�O� D÷ÕOÕNODUÕ� +'3(1>PS1, PS1>HDPE2 ve HDPE1>PS2

úHNOLQGHGLU�� 'ROD\ÕVÕ\OD� NXOODQÕODQ SROLPHUOHULQ� PROHN�O� D÷ÕUOÕ÷Õ� GH÷LúLPL� LoLQ�

HDPE1>PS2>PS1>HDPE2 ROGX÷X� V|\OHQHELOLU�� 'HQHPHOHU�� �� ������ HDPE/PS, % 

50:50 HDPE1/PS ve  % 50:50 HDPE/PS1 SROLPHU�NDUÕúÕPODUÕ�LOH�\DSÕOPÕúWÕU�
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8.4.3.1. 

Tablo 7.3’de yer alan HDPE1 ve HDPE2 ile Tablo 7.2’de yer alan PS1

polimerlerinLQ� NDUÕúWÕUÕOPDVÕ� LOH� % 50:50 ELOHúLPGH� KD]ÕUODQDQ� HDPE/PS polimer 

NDUÕúÕPODUÕ�VDELW�312 ve 280 mm/dk GDOGÕUPD�KÕ]Õ, 125oC NDSODPD�VÕFDNOÕ÷ÕQGD ve 25 

mg/mL NRQVDQWUDV\RQGD� NRQWUROO�� GDOGÕUPD� WHNQL÷L� NXOODQÕODUDN� KD]ÕUODQPÕúWÕU��

+D]ÕUODQDQ�+'3(�36�ince film mikrodesenli polimerik yüzeylerinin optik mikroskop 

J|U�QW�OHUL� ùHNLO� ����¶GH� YHULOPLúWLU� ùHNLO� ����¶de yer alan % 50:50 HDPE/PS 

SROLPHU� NDUÕúÕP \�]H\OHULQLQ� KD]ÕUODQPDVÕQGD NXOODQÕODQ� +'3(1 polimerinin 

PROHN�O� D÷ÕUOÕ÷Õ� +'3(2’den büyüktür (HDPE1 > HDPE2) ve PS1 PROHN�O� D÷ÕUOÕ÷Õ�

sabitWLU��øNL�D\UÕ�KÕ]GD�VHQWH]OHQHQ�\�]H\OHU�LoLQ�+'3(�PROHN�O�D÷ÕUOÕ÷ÕQÕQ�D]DOPDVÕ�

ile yüzeydeki mikro desen oDSÕ�DUWarken, mikro desenler DUDVÕ�PHVDIH�D]DOmakta ve 

yüzeyde daha homojen mikro desen ROXúXPXQD�QHGHQ� ROPDNWDGÕU��$\UÕFD� NDSODPD�

KÕ]Õ� DUWWÕNoD�� +'3(� SROLPHU� 0w¶LQLQ� N�o�N� ROGX÷X� GXUXPGD� (HDPE2/PS1) mikro 

desen oDSÕ�ve mikro desenler DUDVÕ�PHVDIH�artarken, HDPE polimer Mw’inin büyük 

ROGX÷X�GXUXPGD (HDPE1/PS1) NDSODPD�KÕ]Õ�DUWÕQFD mikro desen oDSÕ�D]almakta ve 

mikro desenler DUDVÕ�PHVDIH�DUtPDNWDGÕr.
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ùHNLO�������)DUNOÕ�PROHN�O�D÷ÕUOÕNOÕ�361, HDPE1 ve HDPE2 polimerlerinden % 50:50 
+'3(�36�SROLPHU�NDUÕúÕP�ELOHúLPLQGH�VDELW�����YH�����PP�GN�GDOGÕUPD�KÕ]Õ�YH����
PJ�P/�NRQVDQWUDV\RQ�LoLQ�KD]ÕUODQDQ�LQFH�ILOP�SROLPHU�NDUÕúÕP�\�]H\OHULQLQ�RSWLN�

mikroskop görüntüleri.

ùHNLO� ����¶GH� RSWLN� PLNURVNRp görüntüleri yer aODQ� IDUNOÕ� 0w’li 50:50 

+'3(�36� SROLPHU� NDUÕúÕPODUÕQÕQ� WHPDV� DoÕVÕ� VRQXoODUÕ� 7DEOR� ����¶GH� YHULOPLúWLU��

PS1¶LQ� PROHN�O� D÷ÕUOÕ÷Õ� +'3(1 ve HDPE2’nin Mw¶GDQ� G�ú�NW�U ve bu nedenle 

PS’nin yü]H\GH� ]HQJLQOHúPH� H÷LOLPLQLQ� +'3(¶GHQ� GDKD� ID]OD� ROPDVÕ� EHNOHQLU�

$\UÕFD� 36¶QLQ� 6)(� GH÷HUL� ������ P1�P�� +'3(¶QLQNLQGHQ� ����9 mN/m) daha 

yüksektir��%X�QHGHQOH�G�ú�N�6)(�GH÷HULQGHQ�GROD\Õ�HDP’ QLQ�\�]H\GH�]HQJLQOHúPH�

H÷LOLPLQLQ� PS¶GHQ� GDKD� ID]OD� ROPDVÕ� EHNOHQLU�� Tablo 8.14’GH� \HU� DODQ� WHPDV� DoÕVÕ�

VRQXoODUÕQD� J|UH� D\QÕ� NDSODPD� KÕ]ÕQGD� +'3(�36� SROLPHU� NDUÕúÕPODUÕQGD� +'3(�

polimerinin Mw¶L� DUWPDVÕ� LOH� WHPDV� DoÕVÕ� VRQXoODUÕ� +'3(� KRPRSROLPHULQLQNLQH�

\DNODúPDNWDGÕU� \DQL� +'3(� SROLPHUL� +'3(�36� SROLPHU� NDUÕúÕP� \�]H\LQGH�

]HQJLQOHúPH� H÷LOLPL� DUWPDNWDGÕU�� %X� GXUXPXQ� QHGHQL� 0Z� GHNL� GH÷Lúime nazaran 

+'3(�SROLPHULQLQ�6)(�GH÷HULQLQ�36¶GHQ�GDKD�G�ú�N�ROPDVÕ�úHNOLQGH�DoÕNODQDELOLU�
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Tablo 8.14: )DUNOÕ�PROHN�O�D÷ÕUOÕNOÕ�361, HDPE1 ve HDPE2 polimerlerinden % 50:50 
+'3(�36�SROLPHU�NDUÕúÕP�\�]H\OHULQe DLW�WHPDV�DoÕVÕ�VRQXoODUÕ�

Polimer Kod

Kaplama 

(oC)

e

(o)

adv

(o)

rec 

(o)
CAH

50PS1+50HDPE1 320 125 102 109 86 23

50PS1+50HDPE2 320 125 96 105 83 22

50PS1+50HDPE1 282 125 101 107 84 23

50PS1+50HDPE2 282 125 98 106 84 22

$\UÕFD� 361 ve HDPE2 SROLPHUOHULQGHQ��� ������ SROLPHU� NDUÕúÕP� ELOHúLPLQGH�

D\QÕ� NDSODPD� KÕ]ÕQGD� IDUNOÕ� NDSODPD� VÕFDNOÕNODUÕQGD� KD]ÕUODQDQ� +'3(�36� SROLPHU�

NDUÕúÕP�\�]H\OHULQLQ�RSWLN�PLNURVNRS�J|U�QWüOHUL�ùHNLO�����¶GH�\HU�DOPDNWDGÕU� ùHNLO�

����� GHQ� J|U�OG�÷�� JLEL� KHP� ����PP�GN� Kem GH� ����PP�GN� GDOGÕUPD� KÕ]ODUÕQGD�

VÕFDNOÕ÷ÕQ� D]DOPDVÕ� LOH� mikro desen oDSÕ� YH� mikro desenler DUDVÕQGDNL� PHVDIH�

D]DOPDNWDGÕU� 6DELW� VÕFDNOÕNWD� LVH� GDOGÕUPD� KÕ]ÕQÕQ� DUWÕúÕ� LOH� mikro desen oDSÕ� YH�

mikro desenler DUDVÕ� PHVDIH� DUWPÕúWÕU�� %X� oDOÕúPDGD�mikro desen oDSÕ� ��-40 m

DUDOÕ÷ÕQGD�JHQLú�ELU�DUDOÕNWD�GH÷LúPHNWHGLU�

ùHNLO�����¶GH�\HU�DODQ�+'3(�36�\�]H\OHULQH�GDLU� WHPDV�DoÕVÕ�VRQXoODUÕ�7DEOR�

8.15’GH� \HU� DOPDNWDGÕU�� ùHNLO� ����¶de yer alan yüzeylerde her ne kadar kaplama 

VÕFDNOÕ÷Õ� YH� GDOGÕUPD� KÕ]ÕQD� ED÷OÕ� RODUDN� \�]H\� S�U�]O�O�÷�� GH÷LúVH de, Tablo 

����¶GHQ�J|U�OG�÷��JLEL�WHPDV�DoÕVÕ�VRQXoODUÕ�QHUHGH\VH�VDELW�NDOPÕúWÕU�YH�S�U�]V�]�

36� \�]H\LQLQ� WHPDV� DoÕVÕ� GH÷HUOHULQH� \DNÕQGÕU�� %X� QHGHQOH� G�ú�N�0Z� GH÷HULQGHQ�

GROD\Õ� \�]H\GH�36�KRPRSROLPHULQLQ� ]HQJLQOHúPH� H÷LOLPLQin HDPE’den daha fazla 

ROGX÷X�V|\OHQHELOLU�
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ùHNLO�������361 ve HDPE2 SROLPHUOHULQGHQ���������SROLPHU�NDUÕúÕP�ELOHúLPLQGH�D\QÕ�
NDSODPD�KÕ]ÕQGD�IDUNOÕ�NDSODPD�VÕFDNOÕNODUÕQGD�KD]ÕUODQDQ�+'3(�36�SROLPHU�NDUÕúÕP�

yüzeylerinin optik mikroskop görüntüleri.

7DEOR�������)DUNOÕ�PROHN�O�D÷ÕUOÕNOÕ�361 ve HDPE2 SROLPHUOHULQGHQ�KD]ÕUODQDQ���
������+'3(�36�SROLPHU�NDUÕúÕP�\�]H\OHULQGH�NDSODPD�VÕFDNOÕ÷Õ�YH�KÕ]ÕQÕQ�GH÷LúLPL�

ile sentezlenen yüzeylerde temas DoÕVÕ�VRQXoODUÕ�

Polimer Kod

Kaplama 

(oC)

e

(o)

adv

(o)

rec 

(o)
CAH

50PS1+50HDPE2 386 130 97 105 83 22

50PS1+50HDPE2 312 130 96 104 84 20

50PS1+50HDPE2 386 125 96 105 83 22

50PS1+50HDPE2 312 125 98 106 84 22
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8.4.3.2. HDPE , PS Polimer 

Tablo 7.3’de yer alan HDPE1 ile Tablo 7.2’de yer alan PS1 ve PS2

SROLPHUOHULQLQ� NDUÕúWÕUÕOPDVÕ� LOH� �� ������ ELOHúLPGH� KD]ÕUODQDQ� +'3(�36� SROLPHU�

NDUÕúÕPODUÕ��VDELW�����YH�����PP�GN�GDOGÕUPD�KÕ]Õ���25o&�NDSODPD�VÕFDNOÕ÷ÕQGD�YH����

PJ�P/� NRQVDQWUDV\RQGD� NRQWUROO�� GDOGÕUPD� WHNQL÷L� NXOODQÕODUDN� VHQWH]OHQPLúWLU��

+'3(�36� SROLPHU� NDUÕúÕPODUÕQGDQ� VHQWH]OHQHQ� LQFH� ILOP� PLNURGHVHQOL� SROLPHULN�

\�]H\OHULQLQ� RSWLN� PLNURVNRS� J|U�QW�OHUL� ùHNLO� ���5¶GH� YHULOPLúWLU� YH� PS2

SROLPHULQLQ� PROHN�O� D÷ÕUOÕ÷Õ� PS1’den büyüktür (PS2 > PS1) ve HDPE1 molekül 

D÷ÕUOÕ÷Õ� VDELWWLU ve her iki PS polimerinden büyüktür. øNL� D\UÕ� KÕ]GD� VHQWH]OHQHQ�

yüzeyler için PS PROHN�O� D÷ÕUOÕ÷ÕQÕQ� D]DOPDVÕ� LOH� \�]H\GHNL� mikro desen çapÕ�

D]DOPÕúWÕU YH� D\QÕ� ]DPDQGD� \�]H\GHNL�mikro desen KRPRMHQOL÷L� D]DOPÕúWÕU. $\UÕFD�

NDSODPD� KÕ]Õ� DUWWÕNoD�� PS SROLPHU� 0Z¶LQLQ� N�o�N� ROGX÷X� GXUXPGD� �PS1/HDPE1)

mikro desen oDSÕ� D]DOÕUNHQ� mikro desenler DUDVÕ� PHVDIH� DUWPDNWDGÕU� PS polimer 

0Z¶LQLQ�E�\�N�ROGX÷X durumda (PS2/HDPE1��NDSODPD�KÕ]Õ�DUWÕQFD�mikro desen oDSÕ�

artmakta ve mikro desenler DUDVÕ�PHVDIH�D]DOPDNWDGÕU.

ùHNLO�������)DUNOÕ�0w¶OL�36�SROLPHUOHULQGHQ�KD]ÕUODQDQ���������+'3(�36�SROLPHU�
NDUÕúÕP�\�]H\OHULQLQ�RSWLN�PLNURVNRS�J|U�QW�OHUL�
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ùHNLO� ���� GH� \HU� IDUNOÕ� 0w¶OL� 36� SROLPHUOHULQGHQ� KD]ÕUODQDQ� �� ������

+'3(�36� SROLPHU� NDUÕúÕP� \�]H\OHULQLQ� WHPDV� DoÕVÕ� VRQXoODUÕ� 7DEOR� ���6’da

YHULOPLúWLU�� 7DEOR� ���6’daQ� J|U�OG�÷�� JLEL� WHPDV� DoÕVÕ� GH÷HUOHUL� G|UW� \�]H\� LoLQGH�

neredeyse sabittir ve pürüzsüz PS yüzeyinLQ� WHPDV�DoÕVÕ�GH÷HUOHULQH� \DNÕQ� VRQXoODU�

HOGH� HGLOPLúWLU�� 3�U�]O�O�NWHNL� DUWÕú� WHPDV� DoÕVÕ� GH÷HUOHULQL� DUWÕUÕFÕ� HWNL�

J|VWHUHFH÷LQGHQ� \�]H\GH� 36� SROLPHULQLQ� +'3(¶H� J|UH� GDKD� ID]OD� ]HQJLQOHúWL÷L�

söylenebilir.

Tablo 8.16��)DUNOÕ�0Z¶OL�36�SROLPHUOHULQGHQ�KD]ÕUODQDQ���������+'3(�36�SROLPHU�
NDUÕúÕP�\�]H\OHULQLQ�WHPDV�DoÕVÕ�VRQXoODUÕ�

Polimer Kod

(mm/dk)

Kaplama 

(oC)

e

(o)

adv

(o)

rec 

(o)
CAH

50PS1+50HDPE1 320 125 102 109 86 23

50PS2+50HDPE1 320 125 101 106 84 22

50PS1+50HDPE1 282 125 101 107 84 23

50PS2+50HDPE1 282 125 102 108 85 23

Sonuç olarak HDPE/PS SROLPHU� NDUÕúÕPODUÕQGD� 36� GHQ� GDKD� G�ú�N� PROHN�O�

D÷ÕUOÕNOÕ� +'3(� NXOODQÕPÕ� PLNUR-GHVHQ� oDSÕQÕ� DUWWÕUDUDN� DGDFÕNODU� DUDVÕ� PHVDIHQLQ�

D]DOPDVÕQD�QHGHQ�ROXUNHQ��36�GHQ�GDKD�\�NVHN PROHN�O�D÷ÕUOÕNOÕ�+'3(�NXOODQÕPÕ�36�

DGDFÕN� oDSÕQÕ� D]DOWDUDN� PLNUR-GHVHQOHU� DUDVÕQGDNL� PHVDIH\L� DUWWÕUPDNWDGÕU�� %X�

VRQXoODU� GR÷UXOWXVXQGD� SROLPHU� PROHN�O� D÷ÕUOÕ÷ÕQÕQ� PLNUR-GHVHQ� oDSÕ� YH� PLNUR-

GHVHQOHU�DUDVÕ�PHVDIH�NRQWURO�QGH�|QHPOL�ELU�SDUDPHWUH�ROGX÷X�V|ylenebilir.

8.4.4. HDPE/PS

BX� oDOÕúPD� %|O�P� �����¶de yer alan PS ve HDPE homopolimerleri ve 

KRPRSROLPHUOHUGHQ� KD]ÕUODQDQ� IDUNOÕ� ELOHúLPOHUGHNL� SROLPHU� NDUÕúÕPODUÕQÕQ�

\�]H\OHULQLQ� KHWHURMHQOL÷LQLQ� DUWWÕUÕOPDVÕ� DPDFÕ\OD� \DSÕOPÕúWÕU�� <�]H\� V�OIRQDV\RQ�

LúOHPL� LoLQ� +2SO4 o|]HOWLVL� NXOODQÕOPÕúWÕU�� +2SO4 çözeltisinin konsantrasyonu 

KRPRSROLPHU�+'3(�\�]H\LQLQ�V�OIRQODQPDPDVÕ�YH�36�\�]H\LQLQ�V�OIRQODQPDVÕ�HVDV�

alÕQDUDN� \DSÕODQ� GHQHPHOHU� VRQXFXQGD� �� ��� +2SO4 içerikli sülfirik asit çözeltisi 



159

RODUDN� EHOLUOHQPLúWLU�� $\UÕFD� +2SO4 çözeltisi içinde yüzeylerin bekletilme süreleri 

LoLQ�\DSÕODQ�GHQHPHOHUGH�EX�NRQVDQWUDV\RQ� LoLQ�HQ�X\JXQ�V�OIRQDV\RQ�V�UHVL����GN�

olarak belirOHQPLúWLU��6DELW�NRQVDQWUDV\RQ�����PJ�P/���VÕFDNOÕN�����o&��YH�GDOGÕUPD�

KÕ]ÕQGD� ����� PP�GN�� VHQWH]OHQHQ� KRPRSROLPHU� YH� SROLPHU� NDUÕúÕPODUÕQÕQ� \�]H\�

V�OIRQODQDV\RQX� VRQXFXQGD� HOGH� HGLOHQ� \�]H\OHULQ� WHPDV� DoÕVÕ� VRQXoODUÕ� 7DEOR�

8.17’de YHULOPLúWLU���

Tablo 8.17��6�OIRQODQPÕú�YH�V�OIRQODQPDPÕú�\�]H\OHUGH�+'3(�36�SROLPHU�NDUÕúÕP
ELOHúLPL�GH÷LúLPL�LOH�WHPDV�DoÕVÕ�GH÷LúLPL�

e e adv rec CAH
HDPE100 104 105 114 87 27

HDPE60+PS40 83 104 109 85 24
HDPE50+PS50 76 99 106 84 22
HDPE40+PS60 73 98 105 84 21

PS100 61 93 96 80 16

)LOP�V�OIRQDV\RQX�VRQXFXQGD�36�ELOHúLPLQ�DUWPDVÕ� LOH� WHPDV�DoÕVÕQGD�D]DOPD�

J|]OHQPLúWLU�� %X� oDOÕúPDGD� HOGH� HGLOHQ� VRQXoODUOD� \�]H\GH� KLGURILO� YH� KLGURIRE�

JUXSODUÕQ�ELU�DUDGD�\HU�DOGÕ÷Õ�KHWHURMHQ�\�]H\�VHQWH]L�JHUoHNOHúWLULOPLúWLU��

8.5. PPPE/PS Polimer 

333(�36� SROLPHU� NDUÕúÕPODUGDQ� ID]� GD÷ÕOÕPÕ� SURVHVL� LOH� NRQWUROO�� GDOGÕUPD�

\|QWHPL� NXOODQÕODUDN� PLNURGHVHQOL� SROLPHULN� LQFH� ILOP� \�]H\OHU� KD]ÕUODQPÕúWÕU��

Mikrodesenli yüzeylerdeki mikro desen oDSÕ�YH�mikro desenler DUDVÕQGDNL�PHVDIHQLQ�

kontrol edilebilmesi için polimer NDUÕúÕP�ELOHúLPL��NDSODPD�KÕ]Õ ve iyi/kötü çözücü 

PLNWDUÕ�GH÷LúLPL�JLEL�SDUDPHWUHOHULQLQ�HWNLOHUL�LQFHOHQPLúWLU�YH�%|O�P���5.1 ile 8.5.3

DUDVÕQGD�KD]ÕUODQDQ�PLNURGHVHQOL�\�]H\OHUH�DLW�detaylar \HU�DOPDNWDGÕU�
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PPPE/PS
Mikrodesenli Yüzeylerin Sentezi ve Karakterizasyonu

20:80, 40:60, 50:50, 60:40 ve 80:20 PPPE/PS polimer NDUÕúÕP ELOHúLPOHULnde 

sabit kaplama konsantrasyonunda (15 mg/mL) ve kaplama KÕ]ÕQGD� ���� mm/dk),

60o&� NDSODPD� VÕFDNOÕ÷ÕQGD� ID]� GD÷ÕOÕPÕ� \|QWHPL� LOH� KD]ÕUODQDQ� PLNURGHVHQOL� LQFH�

ILOP� SROLPHULN� \�]H\OHUH� DLW� RSWLN�PLNURVNRS� J|U�QW�OHUL� ùHNLO� ����’da YHULOPLúWLU�

ùHNLO� ����¶GDQ� J|U�OG�÷�� JLEL� VDELW� NDSODPD� úDUWODUÕ� LoLQ� SROLPHU� NDUÕúÕPGDNL� 36�

PLNWDUÕQÕQ�DUWPDVÕ�36�ELOHúLPL������RODQD�NDGDU�\�]H\GH�ROXúDQ�mikro desen oDSÕ�YH�

mikro desenler DUDVÕQGDNL�PHVDIH� DUWDUNHQ�������36�ELOHúLPLQGH�mikro desen oDSÕ�

D]DOPDNWDGÕr.  )DUNOÕ�ELOHúLPOHUGH�KD]ÕUODQDQ�333(�36�SROLPHU�NDUÕúÕPODU�LoLQ�WHPDV�

DoÕVÕ� VRQXoODUÕ� 7DEOR� ���8’de YHULOPLúWLU� YH� 333(� NRSROLPHUL� �ș e=106º) PS 

KRPRSROLPHULQGHQ� �șe ����� GDKD� KLGURIRELNWLU� YH� SROLPHU� NDUÕúÕPODUÕQ� WHPDV� DoÕVÕ�

GH÷HUOHUL� \DNODúÕN�RODUDN�ELUELULQH�HúLW�YH�333(�NRSROLPHULQLQ� WHPDV�DoÕVÕ�GH÷HULQH�

\DNÕQGÕU��%X�GXUXPXQ�QHGHQL�36�YH�333(�SROLPHUOHULQLQ�VHUEHVW�\�]H\�HQHUML��6)(��

GH÷HUOHUL�VÕUDVÕ\OD����DQG����P-�P2 FLYDUÕQGDGÕU��333(�NRSROLPHULQLQ�6)(�GH÷HUL�36�

KRPRSROLPHULQGHQ� GDKD� G�ú�N� ROGX÷XQGDQ�� 333(� NRSROLPHUL� NDWÕ�KDYD�

DUD\�]H\LQGH� ]HQJLQOHúPH\L� WHUFLK� HGHU��'ROD\ÕVÕ\OD�ùHNLO� ����¶de görülen polimer 

NDUÕúÕP�\�]H\OHULQGH�WHSH�úHNOLQGHNL�S�U�]O�O�NOHU�333(�NRSRlimerini, flat bölgeler 

LVH�36�KRPRSROLPHULQL�ROXúWXUGX÷X�V|\OHQHELOLU [Atalay Gengec et al., 2014]. Sonuç 

RODUDN� 333(� YH� 36� SROLPHUOHULQLQ� \�]H\� HQHUMLVL� DUDVÕQGDNL� IDUNOÕOÕN� 333(�

NRSROLPHULQLQ� \�]H\H� oÕNPD� H÷LOLPLQH� QHGHQ� ROXU� YH� EX� \�]GHQ� SROLPHU� NDUÕúÕm

kompozis\RQXQD� ED÷OÕ� RODUDN� WHPDV� DoÕVÕ� YH� WHPDV� DoÕVÕ� NDUPDúDVÕ (CAH) 

GH÷HUOHULQGH�|QHPOL�ELU�GH÷LúLNOLN�J|]OHQPHPLúWLU�



161

ùHNLO�������SDELW�NDSODPD�KÕ]ÕQGD�IDUNOÕ�SROLPHU�NDUÕúÕP�ELOHúLPOHULQGH�KD]ÕUODQDQ�
333(�36�SROLPHU�NDUÕúÕP�\�]H\OHULQLQ�RSWLN�PLkroskop görüntüleri.

Tablo 8.18: ����PP�GN�VDELW�NDSODPD�KÕ]ÕQGD�IDUNOÕ�SROLPHU�NDUÕúÕP�ELOHúLPOHULQGH�
KD]ÕUODQDQ�333(�36�SROLPHU�NDUÕúÕP�\�]H\OHULQLQ�WHPDV�DoÕVÕ�VRQXoODUÕ�

Polimer Kod e (o) adv (o) rec (
o) CAH

PPPE 106 107 83 24

80PPPE+PS20 106 112 89 23

60PPPE+PS40 106 112 88 24

50PPPE+PS50 105 111 89 23

40PPPE+PS60 105 111 91 20

20PPPE+PS80 104 111 92 19

PS 93 96 79 17

PPE/PS

ve Karakterizasyonu

PS homopolimer ve PPPE kopolimerinin (THF) çözücüsü içerisinde 10 mg/mL 

NRQVDQWUDV\RQGD�D\UÕ�D\UÕ�o|]�OPHVL�YH�IDUNOÕ�RUDQODUGD�NDUÕúWÕUÕOPDVÕ\OD�HOGH�HGLOHQ�

o|]HOWLOHUH��NDSODQDFDN�LQFH�ILOPOHUGHNL�\�]H\�S�U�]O�O�÷�Q��DUWÕUDELOPHN�LoLQ�VDELW�

PLNWDUGD� N|W�� o|]�F�� ��� P/�� (W2+� LODYH� HGLOHUHN�� ³GDOGÕUPD\OD� NDSODPD´� �GLS�

coating) metoduyla, 60o&� VÕFDNOÕNWD� YH� VDELW� NDSODPD� KÕ]ÕQGD� GDLUHVHO� FDP� ODPlar 
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�]HULQH� LQFH� ILOP� NDSODPDODU� ROXúWXUXOPXúWXU�� %X� DPDoOD� 36�� 333(� SROLPHUOHUL� YH�

D÷ÕUOÕNoD� �� ������� ������� ������� ������ YH� ������ kompozis\RQODUÕQGD� 36�333(�

NDUÕúÕPODUÕ� NXOODQÕOPÕúWÕU�� +D]ÕUODQDQ� W�P� o|]HOWLOHU� WRSODP� KDFPL� ���� P/¶GLU� YH�

(W2+�PLNWDUÕ�LVH ���P/¶GH�VDELW�WXWXOPXúWXU��øQFH�ILOP�NDSODPDODUÕQ�VHQWH]LQGH�����

YH����PP¶OLN�oDSODUD�VDKLS�GDLUHVHO�FDP�ODPODU�NXOODQÕOPÕúWÕU��+D]ÕUODQDQ�\�]H\OHULQ�

WHPDV� DoÕVÕ� VRQXoODUÕ� 7DEOR� ���9’da YH� RSWLN� PLNURVNRS� IRWR÷UDIODUÕ� YH� 6(0�

J|U�QW�OHUL�LVH�ùHNLO�����¶GH YHULOPLúWLU��

Tablo 8.19: PS homopolimer, PPPE kopolimer ve polimer kompozis\RQX�GH÷LúWLULOHQ�
36�333(�SROLPHU�NDUÕúÕPODUÕQÕQ�VX�WHPDV�DoÕVÕ������YH�5rms S�U�]O�O�N�VRQXoODUÕ.

KODU o) R (rms)

e (o) a (
o) r (o) CAH

(PPPE)EtOH-10 106 112 89 23 <0.13

(PS10/PPPE90)EtOH-10 106 110 85 25 0.14

(PS20/PPPE80)EtOH-10 105 111 81 30 0.15

(PS30/PPPE70)EtOH-10 106 110 90 20 0.16

(PS50/PPPE50)EtOH-10 106 109 88 21 0.18

(PS70/PPPE30)EtOH-10 107 111 87 24 0.23

(PS)EtOH-10 100 101 87 13 <0.13

Tablo 8.19’daQ�J|U�OG�÷��JLEL�o|]HOWL\H�(W2+�LODYH�HGLOGL÷LQGH��333(�YH�36�

homopolimer yüzeylerinin e GH÷HUOHUL� ELUELULQH� \DNÕQ� oÕNPÕúWÕU� YH� 333(�� 36�

\�]H\OHULQLQ�&$+�GH÷HUOHUL�DUDVÕQGD���o IDUNOÕOÕN�YDUGÕU��7�P�SROLPHU�NDUÕúÕPODUGD�

a ve r GH÷HUOHUL�ELUELULQH�oRN�\DNÕQGÕU��

ùHNLO�8.27¶GHQ�J|U�OG�÷��JLEL�333(/PS SROLPHU�NDUÕúÕPODUGD���-10 mikrometre 

DUDVÕQGD� GH÷LúHQ� oDSODUD� VDKLS� 36� DGDFÕNODUÕ� YDUGÕU�� 3ROLPHU� NDUÕúÕPODUGD� \�]H\�

S�U�]O�O�÷��(W2+�PLNWDUÕQD�ED÷OÕ�RODUDN�GH÷LúPHVLQH�UD÷PHQ��WHPDV�DoÕVÕ�YH�&$+�

GH÷HULQLQ� QHUHGH\VH� VDELW� NDOPDVÕ� QHGHQL\OH� SROLPHU� NDUÕúÕm yüzeylerinin (PS 

DGDFÕNODUÕQÕQ��]HUL� GDKLO���333(�SROLPHUL\OH�NDSODQPÕú�ROGX÷X� V|\OHQHELOLU [Atalay 

Gengec, et al., 2014]�� 'L÷HU� WDUDIWDQ� 36�333(� RUDQÕQÕQ� GH÷LúLPL� LOH� \�]H\GHNL�

GDLUHVHO�GHVHQOHULQ�oDSODUÕ��]HULQGH�ELU�NRQWURO�VD÷ODQDELOPHNWHGLU��36�QLQ�50:50’ye 

NDGDU�DUWÕúÕ�LOH�36�DGDFÕN�oDSODUÕ�DUWPDNWD�EXQGDQ�VRQUD�D]DOPD\D�EDúODPDNWDGÕU�
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ùHNLO�������36�KRPRSROLPHU��333(�NRSROLPHU�YH�SROLPHU�kompozis\RQX�GH÷LúWLULOHQ�
36�333(�SROLPHU�NDUÕúÕPODUÕQGDQ�KD]ÕUODQDQ�LQFH�ILOP�NDSODPDODUÕQ�RSWLN�PLNURVNRS�
ve SEM görüntüleri.

8.5.3. (60:40) ve (80:20) PPPE/PS

Karakterizasyonu

PS ve PPPE polimerlerinin THF çözücüsü içerisinde 10 mg/mL 

NRQVDQWUDV\RQGD�D\UÕ�D\UÕ�o|]�OPHVL\OH�HOGH�HGLOHQ�o|]HOWLOHULQ�D÷ÕUOÕNoD���60:40 ve 

80:20 PPPE:PS RUDQÕQGD� NDUÕúWÕUÕOPDVÕ� VRQUDVÕQGD�� ROXúDFDN� SROLPHU� NDSODPDQÕQ�

\�]H\� S�U�]O�O�÷�Q�� DUWÕUDELOPHN� LoLQ� SROLPHU� o|]HOWLVLQH� IDUNOÕ� PLNWDUODUGD� N|W��

o|]�F�� HWLO� DONRO� �(W2+�� LODYH� HGLOHUHN�� ³GDOGÕUPD\OD� NDSODPD´� �GLS� FRDWLQJ��

metoduyla, 60o&�VÕFDNOÕNWD�YH�VDELW�NDSODPD�KÕ]ÕQGD�GDLUHVHO�FDP�ODPODU��]HULQH�LQFH�

ILOP�NDSODPDODU�ROXúWXUXOPXúWXU��PPPE/PS çözeltileri, toplam hacim 100 mL olacak 

úHNLOGH�KD]ÕUODQPÕúWÕU�YH�NDWÕODQ�(W2+�PLNWDUÕ�LVH�4-18 P/�DUDVÕQGD�GH÷LúWLULOPLúWLU��

øQFH� ILOP� NDSODPDODUÕQ� VHQWH]LQGH�� �3 ve 15 mm’lik çaplara sahip dairesel cam 

ODPODU�NXOODQÕOPÕúWÕU��+D]ÕUODQDQ�% 60:40 ve 80:20 PPPE:PS yüzeylerinin WHPDV�DoÕVÕ�

VRQXoODUÕ� 7DEOR� 8.20¶GH� YH� RSWLN� PLNURVNRS� IRWR÷UDIODUÕ� YH� 6(0� J|U�QW�OHUL� LVH�

VÕUDVÕ\OD�ùHNLO�8.28 ve 8.29’da YHULOPLúWLU��
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Tablo 8.20: )DUNOÕ�PLNWDUGD�o|NW�U�F��VROYHQW�LODYH�HGLOPLú���������36�333(�
SROLPHU�NDUÕúÕPODUÕQÕQ�VX�WHPDV�DoÕVÕ����o��YH�\�]H\�S�U�]O�O�÷��VRQXoODUÕ�

o)
R (rms)

e (o) a (
o) r (o) CAH

(PS)EtOH-10

(10 mL EtOH ilaveli)
100 101 87 13 <0.13

(PPPE)EtOH-10

(10 mL EtOH ilaveli)
106 112 89 23 <0.13

(PS40/PPPE60)EtOH-4

(4 mL EtOH ilaveli)
105 110 92 18 0.22

(PS40/PPPE60)EtOH-10

(10 mL EtOH ilaveli)
105 111 87 24 1.54

(PS40/PPPE60)EtOH-14

(14mL EtOH ilaveli)
105 112 86 26 0.27

(PS40/PPPE60)EtOH-18

(18 mL EtOH ilaveli)
106 112 84 28 0.14

(PS20/PPPE80)EtOH-6

(6 mL EtOH ilaveli)
105 112 86 26 0.16

(PS20/PPPE80)EtOH-10

(10 mL EtOH ilaveli)
105 111 81 30 0.15

(PS20/PPPE80)EtOH-14

(14 mL EtOH ilaveli)
106 111 80 31 0.14

Tablo 8.20¶GHQ� J|U�OG�÷�� JLEL� �������� 36�333(� SROLPHU� NDUÕúÕPODUGD� GHQJH�

( e) ve ilerleyen ( a�� WHPDV� DoÕVÕ� GH÷HUOHUL� QHUHGH\VH� VDELWNHQ�� (W2+� LODYHVL� LOH�

gerileyen ( r�� WHPDV� DoÕVÕ� GH÷HULQGH� ELU� D]DOPD� H÷LOLPL� YH� EXQD� ED÷OÕ� RODUDN� &$+�

GH÷HULQGH� DUWÕú� J|U�OPHNWHGLr. ùHNLO� ����¶GH� YHULOHQ� RSWLN� PLNURVNRS� YH� 6(0�

J|U�QW�OHULQGHQ� J|U�OG�÷�� JLEL� SROLPHU� NDUÕúÕPÕ� \�]H\OHULQGH�� LQFH� ILOP� ROXúXPX�

HVQDVÕQGD� ID]� D\UÕPÕQGDQ� ND\QDNODQDQ� �-��� PLNURQ� oDSODUÕQD� VDKLS� 36�

DGDFÕNODUÕQGDQ� ROXúPXú� PLNURGHVHQOHU� YDUGÕU�� 36� DGDFÕN� oDSODUÕQÕQ� NDWÕODQ� (W2+�

PLNWDUÕQD�J|UH�|QFH�DUWWÕ÷Õ��VRQUD�LVH�\DNODúÕN�RODUDN�VDELW�NDOGÕ÷Õ�J|U�OP�úW�U�� r ve 

&$+� GH÷HUOHULQGHNL� GH÷LúLP� oRN� E�\�N� IDUNOÕOÕNODU� LoHUPHGL÷L� LoLQ�

(PS40/PPPE60)EtOH-4 GÕúÕQGDNL� E�W�Q� \�]H\OHULQ� &$+� GH÷HUOHUL� VDELW� RODUDN� NDEXO�

edilebilir.
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ùHNLO�8.2���)DUNOÕ�PLNWDUGD� o|NW�U�F�� VROYHQW�(W2+� LODYH� HGLOPLú� ��������36�333(�
SROLPHU�NDUÕúÕPODUÕQGDQ�KD]ÕUODQDQ�LQFH�ILOP�NDSODPDODUÕQ�RSWLN�PLNURVNRS�YH�6(0�
görüntüleri.

$\UÕFD�7DEOR���20¶GHQ�J|U�OG�÷��JLEL���������36�333(�SROLPHU�NDUÕúÕPODUGD�

e ve a WHPDV� DoÕVÕ� GH÷HUOHUL� QHUHGH\VH� VDELWNHQ�� (W2+� LODYHVL� LOH� JHULOH\HQ� � r)

WHPDV�DoÕVÕ�GH÷HULQGH�D]DOPD�WUHQGL�YH�EXQD�ED÷OÕ�RODUDN�&$+�GH÷HULQGH�DUWÕú�WUHQGL�

görülmektedir. Ancak gerileyen vH� &$+� GH÷HUOHULQGHNL� GH÷LúLP� oRN� E�\�N�

IDUNOÕOÕNODU�LoHUPHGL÷L�LoLQ�EX�GH÷HUOHU�VDELW�RODUDN�NDEXO�HGLOHELOLU��ùHNLO�����¶GD���

������36�333(�SROLPHU�NDUÕúÕP�\�]H\OHULQH�DLW�RSWLN�PLNURVNRS�YH�6(0�J|U�QW�OHUL�

VRQXoODUÕQGDQ� J|U�OG�÷�� JLEL� SROLPHU� NDUÕúÕPODUÕQGD� ID]� D\UÕPÕQGDQ� ND\QDNODQDQ�

0.5-���� PLNURQ� oDSODUÕQD� VDKLS� DGDFÕNODU� YDUGÕU�� $\UÕFD� o|NW�U�F�� VROYHQW� (W2+�

LODYHVLQH�ED÷OÕ�RODUDN�PLNURGHVHQ�oDSODUÕ�GH÷LúPHNWHGLU��&$+�GH÷HUL�W�P�\�]H\OHUGH�

QHUHGH\VH� VDELW� ROGX÷XQGDQ�� (W2+� LODYHVL� LOH� S�U�]O�O�N� DUWDUNHn, kimyasal 

KHWHURMHQOL÷LQ�D]DOGÕ÷Õ�V|\OHQHELOLU�
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ùHNLO� ����� )DUNOÕ�PLNWDUGD� o|NW�U�F�� VROYHQW�(W2+� LODYH� HGLOPLú� ��������36�333(�
SROLPHU�NDUÕúÕPODUÕQGDQ�KD]ÕUODQDQ�LQFH�ILOP�NDSODPDODUÕQ�RSWLN�PLNURVNRS�YH�6(0�
görüntüleri.

8.5.4. PPPE/PS

Karakterizasyonu

333(�36�SROLPHU�NDUÕúÕPODU�Bölüm 8.5.1’de EHOLUWLOGL÷L�úHNLOGH�VHQWH]OHQGL�YH�

ùHNLO�8.26 da RSWLN�PLNURVNRS�J|U�QW�OHULQGHQ�J|U�OG�÷��JLEL�SROLPHU�NDUÕúÕPODUGDQ�

sentezlenen yüzeylerde homopolimerlere göre oldukça pürüzlü, mikrodesenli 

\�]H\OHU� HOGH� HGLOGL�� 6HQWH]OHQHQ� KRPRSROLPHU� YH� IDUNOÕ� ELOHúLPOHUGHNL� SROLPHU�

NDUÕúÕP� \�]H\OHULQLQ� \�]H\� V�OIRQDV\RQX� �� ��¶OÕk H2SO4 çözeltisinde 40 dakika 

EHNOHWLOHUHN� JHUoHNOHúWLULOGL�� %X� V�OIRQDV\RQ� SURVHG�U��� 36� \�]H\LQL� V�OIROD\DQ�

ancak PPPE yüzeyini sulfolamayan H2SO4 konsantrasyonu ve bekletme süresi tespit 

HGLOHUHN� \DSÕOPÕúWÕU�� 6�OIRODQPÕú� YH� V�OIRODQPDPÕú� \�]H\OHU� �]HULQGH� .69 CAM-

���� FLKD]Õ� LOH� WHPDV� DoÕVÕ� |Oo�POHUL� VRQXoODUÕ� 7DEOR� 8.21’de verilmektedir. Tablo 

8.21’den de J|U�OG�÷��JLEL�333(�\�]H\LQLQ�V�OIRQDV\RQ�|QFHVL�YH�VRQUDVÕQGD�GHQJH�

WHPDV� DoÕVÕ� VRQXoODUÕQGD� KHUKDQJL� ELU� GH÷LúLNOLN� \HU� DOPD]NHQ�� 36� \�]H\LQGH�

sülfonasyon VRQUDVÕQGD� \DNODúÕN� ��o¶OLN� G�úPH� VD÷ODQPÕú� YH� RUWD� KLGURIREOXN�

GHUHFHVLQH� VDKLS� 36� \�]H\L� V�OIRQDV\RQ� VRQUDVÕQGD� KLGURILO� KDOH� JHWLULOPLúWLU��

3ROLPHU�NDUÕúÕPODU�LoLQ�D\QÕ�UHoHWHQLQ�X\JXODQPDVÕ�VRQUDVÕQGD��SROLPHU�NDUÕúÕPGDNL�

36�PLNWDUÕQÕQ�DUWPDVÕQD�ED÷OÕ�RODUDN�WHPDV�DoÕVÕQGD�D]DOPD�J|]OHQPLúWLU�
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Tablo 8.21. PS, PPPE ve PPPE/PS polimer NDUÕúÕPODUÕQÕQ�262 PP�GN�GDOGÕUPD�KÕ]Õ��
15 mg/mL çözelti konsantrasyonu ve 60o&�NDSODPD�VÕFDNOÕ÷Õ�LoLQ�V�OIRODQPÕú�YH�

V�OIRODQPDPÕú�\�]H\OHUH�DLW�VX�WHPDV�DoÕVÕ�VRQXoODUÕ�

Polimer 

Kod
e

(o)
adv (o) rec (

o) CAH
e

(o)

adv

(o)

rec 

(o)
CAH

PPPE 106 107 83 24 106 107 83 24

80PPPE+PS20 106 112 89 23 92 96 78 18

60PPPE+PS40 106 112 88 24 76 79 65 14

50PPPE+PS50 105 111 89 22 69 73 62 11

40PPPE+PS60 105 111 91 20 64 71 60 11

20PPPE+PS80 104 111 92 19 58 67 58 9

PS 93 96 79 17 55 64 55 9

8.6
Yüzeylerinin L1210/lökosit ve Saos-2/HGF Hücre 
Çiftlerinin Seçimli Tutunma

7H]� NDSVDPÕQGD� /������ O|NRVLW�� 6DRV-2 ve insan Gingival Fibroblast (HGF) 

K�FUHOHUL�ROPDN��]HUH�WRSODP���oHúLW�K�FUH�RUWDPÕ�NXOODQÕOPÕú�YH�EX�K�FUHOHULQ�IDUNOÕ�

polimer yüzeylerine tutunma GDYUDQÕúODUÕQÕQ�\DQÕ�VÕUD��X]XQ�V�UHOL�N�OW�U�RUWDPÕQGD�

yüzeylerdeki morfoORMLOHUL� YH� K�FUH� LVNHOHW� \DSÕODUÕ� GD� LQFHOHQPLúWLU�� &DQOÕOÕN�

WHVWOHULQLQ� \DSÕOPDVÕ�YH� seçimli tutunma denemelerinin VRQXoODUÕ�%|O�P�8.�¶QÕQ alt 

EDúOÕNODUÕQGD�GHWD\ODQGÕUÕOPÕúWÕU��

8.6 ,
Saos-
Testleri

3ROLPHU�\�]H\OHULQ�K�FUH�FDQOÕOÕNODUÕQD��EL\RX\XPOXOXNODUÕQD��RODQ�\DQÕWODUÕQÕQ�

EHOLUOHQPHVL� LoLQ� 1,+� �7�� K�FUHOHUL� NXOODQÕOPÕúWÕU�� Yüzeylerin biyouyumlu 

VD\ÕODELOPHVL� LoLQ� �� K�FUH� FDQOÕOÕN� GH÷HUOHULQLQ� �� ��¶ÕQ� �]HULQGH� ROPDVÕ� LVWHQHQ�

NRúXOGXU� Öncelikle oSWLPL]DV\RQ� oDOÕúPDODUÕ� VRQXFXQGD� PVOH, PS, HDPE, 
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(HDPE50/PS50), (MMA95-TAN5) ve (MMA90-TAN10) polimer yüzeylerinin 

EL\RX\XPOXOX÷X� 1,+� �7�� K�FUHOHUL� LOH� GHQHQPLú� YH� 392+�� 36�� +'3(��

(HDPE50/PS50) \�]H\OHULQLQ� K�FUHOHULQ� \DúDPDODUÕ� LoLQ� \HWHULQFH� X\XPOX� ROPDGÕ÷Õ�

J|]OHQPLúWLU� �ùHNLO� 8.30). 3ROLPHU� \�]H\OHULQ� EL\RX\XPOXOXNODUÕQÕQ� \�NVHN� ROGX÷X�

OLWHUDW�UGHQ� ELOLQHQ� JHQHO� ELU� ELOJL� ROPDVÕQD� UD÷PHQ� VHQWH]OHQHQ� �� \�]H\LQ�

EL\RX\XPOX� ROPDPDVÕQÕQ� QHGHQL� VROYHQWLQ� L\L� EXKDUODúPDPDVÕ� ROGX÷X� G�ú�Q�OP�ú�

ve bu nedenle PVOH, PS, HDPE ve (HDPE50/PS50) yüzeyleri \HQLGHQ�VHQWH]OHQPLú�

YH� NXOODQÕODQ� VROYHQW� YDNXP� HW�Y�QGH� WDmDPHQ� X]DNODúWÕUÕOPÕúWÕU�� Solventin 

WDPDPHQ� X]DNODúWÕUÕOGÕ÷Õ� Eu yüzeyler üzerinde tekrar edilen MTT FDQOÕOÕN� deneyi 

sonucunda NIH 3T3 hücrelerinin PVOH, PS, HDPE, (HDPE50/PS50), (MMA95-

TAN5) ve (MMA90-TAN10) SROLPHU� \�]H\OHULQGH� FDQOÕOÕNODUÕQÕ� NRUXGXNODUÕ� YH� EX�

yüzeylerin K�FUH�N�OW�U��oDOÕúPDODUÕ� LoLQ�biyoX\XPOX�ROGXNODUÕ�EHOLUOHQPLúWLU �ùHNLO�

8.31). 

ùHNLO�������1,+��7��K�FUHOHULQLQ�SROLPHU�NDSOÕ�\�]H\OHU��]HULQGHNL�FDQOÕOÕN�WHVWOHUL.
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ùHNLO� 8.3��� 1,+� �7�� K�FUHOHULQLQ� \HQLGHQ� VHQWH]OHQHQ� SROLPHU� NDSOÕ� \�]H\OHU�
�]HULQGHNL�FDQOÕOÕN�WHVWOHUL.

7H]� NDSVDPÕQGD� /������ O|NRVLW�� 6DRV-2 ve HGF hücrelerinin tutunma

GHQHPHOHUL� |QFHVLQGH� JHUoHNOHúWLULOHQ� biyouyumluluk denemeleri sonucunda Tablo 

8.22’de sentezlenen SROLPHU�\�]H\OHULQLQ�WDPDPÕ�EL\RX\XPOX�RODUDN�EHOLUOHQPLúWLU�

Tablo 8.22: Tutunma denemelHUL�LoLQ�KD]ÕUODQDQ�SROLPHU�\�]H\OHULQ�OLVWHVL.

Polimer Kompozisyonu Polimer Kodu (v/v) % EtOH
PVOH100 PVOH 0
EVA-12 EVA 0

6XOIRODQPÕú-PS PS-Sulfo 0
HDPE100 HDPE 0
PPPE100 PPPE 0

PS100 PS 0
(MMA95-TAN5) (MMA95-ran-TAN5) 0
(MMA95-TAN5) (MMA95-ran-TAN5)EtOH 27.8
(MMA90-TAN10) (MMA90-ran-TAN10) 0

PS80/(TAN5)20 [PS80/(MMA95-ran-TAN5)20] 0
PS80/(TAN5)20 [PS80/(MMA95-TAN5)20]EtOH 26.3
PS50/HDPE50 (PS50/HDPE50) 0
PS40/PPPE60 (PS40/PPPE60) 0
PS40/PPPE60 (PS40/PPPE60)EtOH-4 4
PS40/PPPE60 (PS40/PPPE60)EtOH-10 10
PS40/PPPE60 (PS40/PPPE60)EtOH-14 14
PS40/PPPE60 (PS40/PPPE60)EtOH-18 18

PPPE100 (PPPE)EtOH-10 10
PS20/PPPE80 (PS20/PPPE80)EtOH-10 10
PS30/PPPE70 (PS30/PPPE70)EtOH-10 10
PS50/PPPE50 (PS50/PPPE50)EtOH-10 10
PS70/PPPE30 (PS70/PPPE30)EtOH-10 10

PS100 (PS)EtOH-10 10

0 

20 

40

60 

80 

100 

120 

140 

 

PVOH 

PS 

HDPE 

(PS50/HDP

E50) 

Glass 

PVOH 

PS 

HDPE 

(PS50/HDPE50) 

CAM 



170

1,+� �7�� K�FUHOHUL� LOH� \DSÕODQ� FDQOÕOÕN� GHQH\OHUL�� D\UÕFD Saos-2 ve HGF 

K�FUHOHUL� LOH�GH� WHNUDUODQPÕú�YH� VHQWH]OHQHQ� W�P�\�]H\OHULQ�EL\RX\XPOXOX÷X�EX� LNL�

K�FUH�oHúLGL�LOH�GHQHQPLúWLU��&DQOÕOÕN�GHQH\OHUL��6DRV-2 ve HGF hücrelerinin polimer 

\�]H\OHUGHNL����VDDWOLN�LQN�EDV\RQODUÕ�VRQXFXQGD�\DSÕOPÕúWÕU��6DRV-���ùHNLl 8.32-35) 

YH�+*)��ùHNLO�8.36-3���K�FUHOHULQLQ�W�P�\�]H\OHUGHNL�FDQOÕOÕN�WHVWOHUL�ùHNLO������LOH�

ùHNLO������DUDVÕQGD�YHULOPLúWLU�

ùHNLO� 8.32: Saos-2 hücrelerinin pürüzsüz ve pürüzlü polimerik yüzeyler üzerindeki 
FDQOÕOÕN�WHVWOHUL.

ùHNLO� 8.33: Saos-2 hücrelerinin pürüzlü SROLPHULN� \�]H\OHU� �]HULQGHNL� FDQOÕOÕN�
testleri.
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ùHNLO� 8.34: Saos-2 hücrelerinin IDUNOÕ� ELOHúLPOHUGHNL� 333(�36� SROLPHU� NDUÕúÕP�
SROLPHULN�\�]H\OHU��]HULQGHNL�FDQOÕOÕN�WHVWOHUL.

ùHNLO� 8.35: Saos-2 hücrelerinin 333(�36� SROLPHU� NDUÕúÕP� polimerik yüzeyleri
�]HULQGHNL�FDQOÕOÕN�WHVWOHUL.
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ùHNLO�8.36: +*)�K�FUHOHULQLQ�SROLPHULN�\�]H\OHU��]HULQGHNL�FDQOÕOÕN�WHVWL�VRQXoODUÕ.

ùHNLO�8.37: HGF hücrelerinin pürüzlü SROLPHULN�\�]H\OHU��]HULQGHNL�FDQOÕOÕN�WHVWOHUL.

0 

0.2 

0.4 

0.6 

0.8 

1 

 

PVOH 

PS 

HDPE 

(PS50/HDPE

50) 
(MMA95-

TAN5) 
(MMA90-

TAN10) 
Glass 

PVOH 

PS 

HDPE 

(PS50/HDPE50) 

(MMA95-TAN5) 

(MMA90-TAN10) 

CAM 

0 

0.2 

0.4 

0.6 

0.8 

1 

 

PS-sulfo 

[PS80/(MMA95-

TAN5)20] 
(MMA95-

TAN5)EtOH 
[PS80/(MMA95-

TAN5)20]EtOH 
PPPE 

(PS40/PPPE60) 

(PS40/PPPE60)EtO

H-5 
EVA 

glass 

[PS80/(MMA95-TAN5)20]EtOH 

PS-sulfo 

PPPE 

(PS40/PPPE60)EtOH-5 

[PS80/(MMA95-TAN5)20] 

(MMA95-TAN5)EtOH 

CAM 

(PS40/PPPE60) 

EVA 



173

ùHNLO� 8.38: HGF hücrelerinin IDUNOÕ� ELOHúLPGH� 333(�36� SROLPHU� NDUÕúÕP� polimerik 
\�]H\OHU��]HULQGHNL�FDQOÕOÕN�WHVWOHUL.

<DSÕODQ� WHVWOHU� VRQXFXQGD� KHP� 6DRV-2 hem de HGF hücrelerinin polimer 

\�]H\OHUL� �]HULGH� ��� VDDW� LQN�EDV\RQODUÕ� VRQXFXQD� FDQOÕOÕNODUÕQÕ NRUXGXNODUÕ�

J|]OHQPLúWLU��%|\OHFH�K�FUHOHULQ�\�]H\OHU��]HULQGHNL�\DSÕúPD��\D\ÕOPD�YH�PRUIRORML�

oDOÕúPDODUÕ�JHUoHNOHúWLULOHELOPLúWLU�

8.6.2. Homopolimer ve Kopolimer Yüzeylerine L1210 ve Lökosit 
Hücrelerinin Tutunma

2 saatlik hücre inkübasyonu VRQUDVÕQGD�D\UÕ�D\UÕ�\DSÕODQ�GHQHPHOHUGH��/�����

YH� VD÷OÕNOÕ� O|NRVLW� K�FUHOHULQLQ� Bölüm 8.2’de verilen çok az pürüzlü polimer 

yüzeylerine tutunma VRQXoODUÕ�ùHNLO�����’GD�YHULOPLúWLU��%X�úHNLOGH�J|U�OG�÷��JLEL��

hidrofilik olan PVOH ve PS-sulfo yüzeylerine hHP�/������KHP�GH� VD÷OÕNOÕ� O|NRVLW�

hücre WXWXQPDVÕQÕQ� ID]OD� ROGX÷X� YH� KLGURIRELN� \�]H\OHUH� LVH� ID]OD� ELU� K�FUH�

WXWXQPDVÕ ROPDGÕ÷Õ� VDSWDQPÕúWÕU�� %XUDGDNL� (MMA-TAN) kopolimerlerinde, TAN 

RUDQÕ� DUWWÕNoD� KHP� /������ KHP� GH� VD÷OÕNOÕ� O|NRVLW� K�FUH� WXWXQPDVÕ DUWPDNWDGÕU��

PVOH hariç EX� WHVW� HGLOHQ� G�]� \�]H\OHU� �]HULQGH� ELU� K�FUH� VHoLPOLOL÷L� \RNWXU�� (Q�

fazla seçimli tutunma�� HQ� KLGURILOLN� RODQ�392+�\�]H\LQGH� J|]OHQPLúWLU��$QFDN� EX�
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\�]H\H�ED÷ODQDQ� VD÷OÕNOÕ� O|NRVLW� RUDQÕ��/�����GHQ�GDKD� ID]ODGÕU��3URMHGH� DPDFÕPÕ]

/����� K�FUHOHULQLQ� GDKD� ID]OD� ED÷ODQGÕ÷Õ� YH� VD÷OÕNOÕ� O|NRVLW� K�FUHOHULQLQ� LVH�

tutunmaGÕ÷Õ� \�]H\OHULQ� KD]ÕUODQPDVÕGÕU� YH� 392+� \�]H\L� KHU� QH� NDGDU� VHoLPOL�

tutunma GDYUDQÕúÕ� J|VWHUVH� GH�� YHUGL÷L� VRQXo� amaca terstir. Amaca uygun seçimli 

tutunma biraz (MMA95-TAN5) ve PS-V�OIR� \�]H\OHULQGH� JHUoHNOHúPLúWLU� DPD�

EXUDGDNL�VHoLPOLOLN�RUDQÕ�oRN�G�ú�NW�U�

ùHNLO�8.39: Çok az pürüzlü homopolimer ve kopolimer yüzeylerine L1210 ve sD÷OÕNOÕ�
lökosit hücre tutunma VRQXoODUÕ��

392+� \�]H\L� LQFHOHQHQ� GL÷HU� KRPRSROLPHU� YH� NRSROLPHU� \�]H\OHU� DUDVÕQGD�

&$+�GH÷HUL�HQ�G�ú�N�RODQ�\�]H\GLU��392+�\�]H\L�QHUHGH\VH�S�U�]V�]�ROGX÷XQGDQ�

&$+� GH÷HULQGHNL� EX� GH÷LúLP� VDGHFH� NLP\DVDO� KHWHURMHQOLNWHQ� ND\QDNODQPDNWDGÕU��

6RQXo�RODUDN�VD÷OÕNOÕ�O|NRVLW�K�FUHOHULQLQ�NLP\DVDO�KHWHURMHQOL÷LQ�G�ú�N�ROGX÷X��G�]�

kabul edilebilecek hidrofil yüzeylere tutunma H÷LOLPLQLQ� /����� K�FUHOHULQH� J|UH�

GDKD�ID]OD�ROGX÷X�VDSWDQPÕúWÕU��

Bölüm 8.2’de yüzey özellikleri verilen pürüzlü yüzey elde edebilmek için 

sadece hidrofob SROLPHUOHULQ� NXOODQÕOPDVÕ� JHUHNPLúWLU�� ùHNLO� �.40’da pürüzlü 

homopolimer ve kopolimer yüzeylerine L1210 ve lökosit tutunma VRQXoODUÕ�

verilmektedir. 
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ùHNLO� �.40: Pürüzlü homopolimer ve kopolimer yüzeylerine L1210 ve Lökosit 
K�FUHOHULQLQ�K�FUH�\DSÕúPDVÕ GDYUDQÕúÕ�

ùHNLO��.40¶GD�LON�J|]OHQHQ�VRQXo��S�U�]O��\�]H\OHUH�UHODWLI�K�FUH�\DSÕúPDVÕQÕQ��

çok az pürüzlü olanlaUD� J|UH� GDKD� ID]OD� ROPDVÕGÕU�� ����� DOWÕQGD� GH÷HUH� VDKLS� G�]�

(MMA95-TAN5��GH÷HUOHUL�EXUDGD��00$95-TAN5)EtOH için 0.75’H�oÕNPÕúWÕU��%X�DUWÕú�

|]HOOLNOH� VD÷OÕNOÕ� O|NRVLW� K�FUHOHULQLQ� WXWXQPDVÕ için geçerlidir. Ancak burada düz 

(MMA95-TAN5��LoLQ�J|]OHQHQ�XIDN�ROXPOX�VHoLPOLOLN�WHUVLQH�G|QP�úW�U��gWH�\DQGDQ��

GL÷HU���KLGURIRE�\�]H\��]HULQGH�LVH�ROXPOX�VHoLPOLOLN�J|U�OP�úW�U��HDPE ile PPPE 

SROLPHU� \�]H\OHULQGH� /����¶QÕQ� tutunma SHUIRUPDQVÕ�� O|NRVLW� tutunma

SHUIRUPDQVÕQD� J|UH� \DNODúÕN� �� NDW� ID]ODGÕU�� %XUDGD� NXOODQÕODQ� 333(� \�]H\L�+'3(�

\�]H\LQH�J|UH�GDKD�S�U�]O�G�U�YH�333(�\�]H\LQH�KHP�VD÷OÕNOÕ�O|NRVLW�KHP�GH�/�����

hücreleri HDPE den daha fazla tutunmaNWDGÕU�� %XUDGDQ� \�]H\� S�U�]O�O�÷�QGHNL�

DUWÕúÕQ��/�����K�FUHOHULQLQ�VD÷OÕNOÕ�O|NRVLWOHUH�J|UH�ELUD]�GDKD�VHoLPOL�tutunma etkisi 

J|VWHUGL÷L�V|\OHQHELOLU��6RQXo�RODUDN�S�U�]O��\�]H\OHUGH�LVWHQLOHQ�GR÷UXOWXGD�VHoLPOL�

tutunma JHUoHNOHúWL÷L� ancak tutunma RUDQODUÕ� DUDVÕQGDNL� IDUNÕQ� \HWHUVL]� ROGX÷X�

J|U�OP�úW�U� YH� EX� QHGHQOH� KRPRSROLPHU� YH� NRSROLPHU� \HULQH�� SROLPHU� NDUÕúÕPODU�

NXOODQÕODUDN� GDKD� S�U�]O�� \�]H\OHULQ� KD]ÕUODQPDVÕQD� YH� EX� \�]H\OHUGHNL� tutunma

SHUIRUPDQVODUÕQÕQ�LQFHOHQPHVLQH�NDUDU�YHULOPLúWLU�
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8.6.3. Homopolimer ve Kopolimer Yüzeylerine Saos-2 ve HGF 
Hücrelerinin Tutunma

Saos-2 hücreleri osteojenik hücrelerdir. Gingival fibroblastlar (HGF) ise 

GLúHWLQGH�EXOXQDQ�ILEUREODVW�\DSÕGD�K�FUHOHUGLU��g]HOOLNOH�GLú�LPSODQWODUÕQGD�+*)¶OHU�

LPSODQWÕQ� HWUDIODUÕQÕ� NDSOD\ÕS�� \XPXúDN� ED÷� GRNX� ROXúWXUDUDN� EX� LPSODQWÕQ� oHQH\H�

X\XP� VD÷ODPDVÕQÕ� HQJHOOHUOHU�� 6DRV-2 hücreleri ve HGF hücrelerinin, polimer 

yüzeylere tutunma GDYUDQÕúODUÕQÕ� NDUúÕODúWÕUDUDN�� 6DRV-�� K�FUHOHULQLQ� \DSÕúWÕ÷Õ� YH�

+*)� K�FUHOHULQLQ� \DSÕúPDGÕ÷Õ�� VHoLPOL� tutunma gösteren uygun yüzeylerin 

VDSWDQPDVÕ� KHGHIOHQPLúWLU��Bölüm 8.2’de yüzey özellikleri verilen çok az pürüzlü 

homopolimer ve kopolimer yüzeylerine Saos-2 ve Gingival fibroblast (HGF) 

K�FUHOHULQLQ�K�FUH�\DSÕúPDVÕ�GDYUDQÕúÕ�ùHNLO�����¶GH�görülmektedir. 

ùHNLO� ������ dRN� D]� S�U�]O�� KRPRSROLPHU� YH� NRSROLPHU� \�]H\OHULQH� Saos-2 ve 
*LQJLYDO�)LEUREODVW��+*)��K�FUHOHULQLQ�\DSÕúPD�VRQXoODUÕ�

ùHNLO�����¶GHQ�J|U�OG�÷��JLEL�+*)�K�FUHOHUL�E�W�Q�G�]�\�]H\OHUGH�\�NVHN�ELU�

\DSÕúPD�J|VWHUPLú��DQFDN�6DRV-2 hücreleri sadece hidrofob ve flor içeren yüzeylere 

NDUúÕ� ELU� \DSÕúPD� VD÷ODPÕúODUGÕU�� %X� \�]GHQ� KLGURILOLN� RODQ� 392+� YH� 36-sulfo 

yüzeyler üzerinde HGF/Saos-��VHoLPOLOLN�RUDQÕ�ID]ODGÕU��$QFDN�6DRV-��+*)�RUDQÕQÕQ�

ID]OD�ROPDVÕ KHGHIOHQHQ� GXUXPXQD� WHUV�ELU� VHoLPOLOLN�J|]OHQGL÷LQGHQ�EX� \�]H\OHULQ�

DPDFD�X\JXQ�RODUDN�NXOODQÕPÕ�V|]�NRQXVX�GH÷ildir ve bu seçimlilik olumsuzdur. PS 

ve (MMA90-TAN10) \�]H\OHULQGH�GH�JHUoHNOHúHQ�VHoLPOL�tutunma GDYUDQÕúÕ�GD�DPDFD�

WHUV�RODUDN�JHUoHNOHúPLúWLU�
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$\UÕFD� %|O�P� ���¶de yüzey özellikleri verilen pürüzlü homopolimer ve 

kopolimer yüzeylerine Saos-��YH�+*)�K�FUHOHULQLQ�\DSÕúPD�GDYUDQÕúÕ�ùHNLO�����¶GH�

görülmektedir. 

ùHNLO� ������ 3�U�]O�� KRPRSROLPHU� YH� NRSROLPHU� \�]H\OHULQH� 6DRV-2 ve Gingival 
)LEUREODVW��+*)��K�FUHOHULQLQ�\DSÕúPDVÕ�VRQXoODUÕ�

ùHNLO ����¶GHQ� J|U�OG�÷��JLEL� S�U�]O�� \�]H\OHUGH� GH� DPDoODQDQ� H÷LOLPGH� ELU�

seçimli tutunma J|]OHQPHPLúWLU�� 3�U�]O�O�÷�Q� DUWPDVÕ� LOH� JHQHOGH� E�W�Q� +*)�

hücresi tutunPDODUÕQGD��� ��� FLYDUÕQGD� G�ú�ú� J|]OHQPLúWLU�� 6DRV-2 için sonuçlarda 

E�\�N� ELU� IDUN� \RNWXU�� øVWLVQD olarak, (MMA95-TAN5) ve pürüzlü (MMA95-

TAN5)EtOH \�]H\OHUL� NDUúÕOúWÕUÕOGÕ÷ÕQGD�� Saos-2 hücre WXWXQPDVÕQÕQ \DUÕ� \DUL\D�

G�úW�÷��J|]OHQPLúWLU��

8.6.4. PS/(MMA-ZONYL 
Sentezlenen Yüzeylere L1210 ve Lökosit Hücrelerinin Tutunma

Bölüm 8.3’de yüzey özellikleri verilen PS, (MMA95-TAN5) kopolimer, 

PS80/(MMA95-TAN5)20 SROLPHU� NDUÕúÕP�� [PS80/(MMA95-TAN5)20]EtOH polimer 

NDUÕúÕP�YH�(MMA95-TAN5)EtOH yüzeylerinin, L1210 ve lökosit hücre çifti ile tutunma

VRQXoODUÕ�ùHNLO�����¶GH�YHULOPHNWHGLU��%X�úHNLOGH�J|U�OG�÷��JLEL�VDGHFH�S�U�]O��RODQ�

yüzeylerde, yani (PS80/(MMA95-TAN5)20, [PS80/(MMA95-TAN5)20]EtOH ve (MMA95-
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TAN5)EtOH) yüzeylerinde seçimli tutunma GDYUDQÕúÕ� J|]OHQPLúWLU�� $QFDN� EX�

seçimlilik amaca terstLU�� \DQL� O|NRVLW� K�FUHOHULQLQ�ED÷ODQGÕ÷Õ�YH�/�����K�FUHOHULQLQ�

tutunmaGÕ÷Õ� \�]H\OHU� HOGH� HGLOPLúWLU�� %X� \�]H\OHUH�� (W2+� LODYHVL� HVQDVÕQGD�� 7$1�

içinde mevcut -CF2- JUXSODUÕQÕQ� \�]H\� VHJUHJDV\RQX� VRQXFXQGD� \�]H\GH� DUWPDVÕ��

EXQODUÕQ� �]HULQH� VD÷OÕNOÕ� O|NRVLWOHri fazla tutunmaVÕ� LOH� VRQXoODQPÕúWÕU�� /�����

hücreleri de pürüzlü ve flor içeren yüzeylere daha fazla tutunmaNWDGÕU�DPD�EXQODUÕQ�

RUDQÕ�O|NRVLWOHUH�J|UH�G�ú�NW�U�

ùHNLO� ������ 36��00$95-TAN5�� SROLPHU� NDUÕúÕPODUÕQGDQ� KD]ÕUODQDQ� LQFH� ILOP�
yüzeylerine L1210 YH�O|NRVLW�K�FUH�\DSÕúPDVÕ��

'L÷HU� WDUDIWDQ�� EXUDGDNL� [PS80/(MMA95-TAN5)20]EtOH QXPXQHVL� LoLQ� G�ú�N�

lökosit tutunmaVÕ�� G�ú�N�&$+� YH� oRN� \�NVHN� r YDUOÕ÷ÕQGD� JHUoHNOHúPLúWLU�� o�QN��

(MMA95-TAN5)EtOH ve (PS80/(MMA95-TAN5)20 yüzeylerinde CAH yüksek ve r

G�ú�NW�U��
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8.6.5. PS/(MMA-
Sentezlenen Yüzeylere Saos-2 ve HGF Hücrelerinin Tutunma

Bölüm 8.3’GH� \�]H\� |]HOOLNOHUL� GHWD\OÕ� RODUDN� YHULOHQ� Zonyl TAN-MMA/PS 

SROLPHU� NDUÕúÕPODUÕQGDQ� KD]ÕUODQDQ� LQFH� ILOP� \�]H\OHULQH�� 6DRV-2 ve HGF hücre 

\DSÕúPDVÕ�GDYUDQÕúÕ�VRQXoODUÕ�ùHNLO�����¶GH�\HU�DOPDNWDGÕU��

ùHNLO� ������ 36�(MMA95-TAN5�� SROLPHU� NDUÕúÕPODUÕQGDQ� KD]ÕUODQDQ� LQFH� ILOP�
yüzeylerine Saos-2 ve H*)�K�FUH�\DSÕúPDVÕ�

ùHNLO� ����¶GHQ� J|U�OG�÷�� JLEL� [PS80/(MMA95-TAN5)20]EtOH hariç bütün 

yüzeylerde HGF hücresi tutunma SHUIRUPDQVÕ� ELUELULQH� \DNÕQGÕU�� 6DRV-2 tutunma

SHUIRUPDQVÕ� LVH� \�]H\H� J|UH� IDUN� HWPHNWH�YH�EX� \�]GHQ�GHQHQHQ�E�W�Q� \�]H\OHUGH�

KHGHIOHQHQ� H÷LOLPLQ� WHUVL� ELU� VHoLPOL� GDYUDQÕú� J|]OHQPLúWLU�� \DQL� +*)� tutunmaVÕ�

Saos-��HQ�GDKD� ID]ODGÕU��%X� WHUV� VHoLPOLOLN� HQ� ID]OD� (MMA95-TAN5)EtOH yüzeyinde 

J|]OHQPLúWLU��%X \�]H\GH�&$+�GH÷HUL���o olup çok büyüktür. Burada mevcut -CF2-

LoHUHQ� X]XQ� JUXSODUÕQ�� WHVW� VÕYÕVÕ� LoLQGH� KDUHNHWOL� ROPDVÕQGDQ� GROD\Õ�� GHQHPH�

HVQDVÕQGD�6DRV-��K�FUHOHUL�EX�\�]H\H�ED÷ODQDPDPÕú�RODELOLU�
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8.6.6. PS, HDPE Homopolimerleri ve (50:50) HDPE/PS Polimer 
Tutunma

Bölüm 8.4’de yüzey özellikleri verilen PS, HDPE homopolimerleri ve 

PS50/HDPE50 SROLPHU�NDUÕúÕPÕQGDQ�ROXúWXUXODQ�\�]H\OHUH��/�����YH�VD÷OÕNOÕ� O|NRVLW�

hücre çifti ile tutunma GDYUDQÕúÕ�VRQXoODUÕ�ùHNLO�����¶GH�YHULOPLúWLU�

ùHNLO� ������ 36�� +'3(� KRPRSROLPHUOHUL� YH� PS50/HDPE50 SROLPHU� NDUÕúÕPÕQGDQ�
KD]ÕUODQDQ�LQFH�ILOP�SROLPHU�\�]H\OHULQH�/�����YH�/|NRVLW�K�FUH�\DSÕúPDVÕ�

ùHNLO�����¶GH�J|U�OG�÷��JLEL��oRN�D]�S�U�]O��36�\�]H\LQGH�KHP�/�����KHP�GH�

O|NRVLW� LoLQ� oRN� G�ú�N� tutunma GDYUDQÕúÕ� J|]OHQLUNHQ�� S�U�]O�� +'3(� \�]H\LQH�

\DSÕúDQ�/�����K�FUH�VD\ÕVÕQÕQ�36�\H�QD]DUDQ���NDW�NDGDU�DUWPDVÕ�\�]�QGHQ��ROXPOX�

ELU�VHoLPOLOLN�YDUGÕU��%X�VHoLPOLOLN�RUDQÕ�ùHNLO�8.46’daQ�J|U�OG�÷��JLEL��¶GHQ�ELUD]�

GDKD� D]GÕU�� 'L÷HU� WDUDIWDQ�� �-��� �P� DUDVÕQGD� GH÷LúHQ� oDSODUD� VDKLS� 36� PLNUR�

DGDFÕNODUD� VDKLS� PS50/HDPE50 SROLPHU� NDUÕúÕPÕQGDQ� KD]ÕUODQDQ� \�]H\GH�� L\L� ELU�

L1210 hücresi seçimli tutunmaVÕ� J|]OHQPLútir. Burada, L1210 hücrelerinin yüzeye 

tutunma SHUIRUPDQVÕ�36�\H�QD]DUDQ���NDW��+'3(¶\H�QD]DUDQ� LVH������ ID]ODGÕU��%X�

\�]H\GH�� VD÷OÕNOÕ� O|NRVLW� tutunma PLNWDUÕ� LVH�+'3(¶\H� QD]DUDQ� D]DOPDNWDGÕU� NL� EX�

GXUXP�SURMHPL]LQ�KHGHIL\OH�X\XPOXGXU��ùHNLO�8.46’dan görüOG�÷��JLEL�PLNUR�GHVHQOL�

PS50/HDPE50 yüzeyinde, L1210 hücresinin lökosite nazaran seçimli tutunma RUDQÕ�

\DNODúÕN����¶Wir.
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ùHNLO� 8.46: PS, HDPE homopolimerleri ve PS50/HDPE50 SROLPHU� NDUÕúÕPÕQGDQ�
KD]ÕUODQDQ�LQFH�ILOP�SROLPHU�\�]H\OHULQH�/�����/|NRVLW�K�FUH�\DSÕúPDVÕ�RUDQÕ�

L1210 hücrelerinin, 5-��� �P� DUDVÕQGD� GH÷LúHQ� oDSODUD� VDKLS� 36� PLNUR�

DGDFÕNODUD� VDKLS� PS50/HDPE50 yüzeyin hangi bölgelerini ve neden tercih ettikleri 

GHQHO� RODUDN� EHOOL� GH÷LOGLU�� $QFDN� 36� DGDFÕNODUÕ� DUDVÕQGD� NDODQ� +'3(� \�]H\OHULQL�

tercih ettikleri ileri sürülebilir, çünkü L1210 hücreleri düz PS yüzeylerini hiç 

sevmemektedir [Atalay Gengec, et al., 2014]��'XUXPXQ�DQODúÕOPDVÕ�LoLQ�PLNURGHVHQOL�

\�]H\OHUGH� K�FUH� PRUIRORMLVL� GHQHPHOHUL� \DSÕOPDVÕ gerekmektedir ancak tez 

NDSVDPÕQGD�EX�GHQHPHOHUH�\HU�YHULOPHPLúWLU�

8.6.7. PS, HDPE Homopolimerleri ve (50:50) HDPE/PS Polimer 
-2 ve HGF Hücrelerinin Tutunma

Bölüm 8.4’de yüzey özellikleri verilen PS, HDPE homopolimerleri ve 

PS50/HDPE50 SROLPHU�NDUÕúÕPÕQGDQ�ROXúWXUXODQ�\�]H\OHUH��6DRV-2 ve HGF hücre çifti 

ile tutunma GDYUDQÕúÕ�VRQXoODUÕ�ùHNLO�����¶GH�YHULOPHNWHGLU�
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ùHNLO� ������ 36�� +'3(� YH� PS50/HDPE50 SROLPHU� NDUÕúÕPÕQGDQ� KD]ÕUODQDQ� LQFH� ILOP�
polimer yüzeylerine Saos-2 ve HGF hücre \DSÕúPDVÕ�

ùHNLO� ����¶GH� J|U�OG�÷��JLEL�+*)�K�FUHOHUL� KD]ÕUODQDQ��� \�]H\H�GH�ELUELULQH�

\DNÕQ�PLNWDUGD�\�NVHN�ELU�\DSÕúPD�J|VWHUPLú��DQFDN�6DRV-2 hücreleri HDPE içeren 

\�]H\OHUGH�GDKD�\�NVHN�ELU�\DSÕúPD�VD÷ODPÕúODUGÕU����\�]H\GH�GH�LVWHQLOHQ�H÷LOLPGH�

yani, Saos-�� K�FUHOHULQLQ� ED÷ODQGÕ÷Õ�� DQFDN� +*)� K�FUHOHULQLQ� tutunmaGÕ÷Õ� VHoLPOL�

tutunma GDYUDQÕúÕ�J|]OHQPHPLúWLU��KHSVLQGH�VHoLPOLOLN�WHUVWLU�

8.6 zisyonlardaki PPPE/PS
zeylerin 

L1210 ve Lökosit Hücreleriyle Tutunma

Bölüm 8.5.2’de yüzey özellikleri verilen PS homopolimer, PPPE kopolimer ve 

kompozis\RQX� GH÷LúWLULOHQ� 333(�PS polimer NDUÕúÕPODUÕQGDQ� KD]ÕUODQDQ�

PLNURGHVHQOL�LQFH�ILOP�\�]H\OHULQH�/�����YH�O|NRVLW�K�FUH�\DSÕúPDVÕ�VRQXoODUÕ�ùHNLO�

����¶GH� YHULOPHNWHGLU�� %X� úHNLOGHQ� J|U�OG�÷�� JLEL�� VDELW� PLNWDUGD� ���� P/� (W2+��

o|NW�U�F�� VROYHQW� LODYH� HGLOPLú� PPPE)EtOH-10, (PS)EtOH-10 polimerleri ile

(PS10/PPPE90)EtOH-10, (PS20/PPPE80)EtOH-10, (PS50/PPPE50)EtOH-10 SROLPHU�NDUÕúÕP� ince 

film yüzeylerinde, L1210 hücresinin WXWXQPDVÕQÕQ fazla ve lökosit WXWXQPDVÕQÕQ az 

ROGX÷X�J|]OHQPLúWLU�
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ùHNLO�������36�KRPRSROLPHU��333(�NRSROLPHU�YH�SROLPHU�kompozis\RQX�GH÷LúWLULOHQ�
36�333(�SROLPHU�NDUÕúÕPODUÕQGDQ�KD]ÕUODQDQ�LQFH�ILOP�\�]H\OHULQH�/�����YH�O|NRVLW�
K�FUH�\DSÕúPDVÕ��

$\UÕFD� ùHNLO� ����¶GHNL� \DSÕúPD� PLNWDUODUÕQGDQ� hesaplanan L1210/Lökosit 

K�FUH� \DSÕúPD� RUDQODUÕ� ùHNLO� ����¶GH� YHULOPLúWLU� ùHNLO� ����¶GDQ� J|U�OG�÷�� JLEL� HQ�

fazla olumlu seçimlilik gösteren yüzey (PPPE)EtOH-10’dir ve VD÷OÕNOÕ�O|NRVLWH�QD]DUDQ�

����NDW�GDKD�ID]OD�/�����K�FUHVL�EX�\�]H\H�\DSÕúPÕúWÕU��%XQGDQ�VRQUDNL�HQ�EDúDUÕOÕ�

yüzey ise 7.8 kat seçimlilik gösteren (PS20/PPPE80)EtOH-10,  y�]H\LGLU��%XUDGD�D\UÕFD�

DGDFÕN� oDSODUÕQÕQ� N�o�N� ROPDVÕQÕQ� /����� \DSÕúPDVÕQGD� ELU� DYDQWDM� VD÷ODGÕ÷Õ

söylenebilir [Atalay Gengec, et al., 2014].
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ùHNLO�������36�KRPRSROLPHU��333(�NRSROLPHU�YH�SROLPHU�kompozis\RQX�GH÷LúWLULOHQ�
36�333(� SROLPHU� NDUÕúÕPODUÕQGDQ� KD]ÕUODQDQ� LQFH� ILOP� \�]H\OHULQH� /�����O|NRVLW�
tutunma RUDQÕ��

8.6 Kompozisyonlardaki PPPE/PS
Çözücü

Yüzeylere Saos-2 ve HGF Hücrelerinin Tutunma

Bölüm 8.5.2’de yüzey özellikleri verilen PS homopolimer, PPPE kopolimer ve 

kompozis\RQX� GH÷LúWLULOHQ� 36�PPPE polimer NDUÕúÕPODUÕQGDQ� KD]ÕUODQDQ� LQFH� ILOP�

yüzeylerine Saos-��YH�+*)�K�FUH� \DSÕúPDVÕ� VRQXoODUÕ�ùHNLO�8.50’de verilmektedir. 

ùHNLO�����¶GHQ J|U�OG�÷��JLEL�tüm PS/PPPE mikrodesnli pürüzlü yüzeylerine Saos-2

K�FUHOHULQLQ� ED÷ODQGÕ÷Õ� DQFDN� +*)� K�FUHOHULQLQ� D]� ED÷ODQGÕ÷Õ� ROXPOX� VHoLPOL�

tutunma GDYUDQÕúÕ�J|]OHQPLúWLU���
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ùHNLO�8.50: PS homopolimer, PPPE kopolimer ve polimer kompozis\RQX�GH÷LúWLULOHQ�
36�333(� SROLPHU� NDUÕúÕPODUÕQGDQ� KD]ÕUODQDQ� LQFH� ILOP� \�]H\OHULQH� 6DRV-2 ve HGF 
K�FUH�\DSÕúPDVÕ��

ùHNLO� 8.50’deNL� \�]H\OHUH� K�FUHOHULQ� UHODWLI� \DSÕúPD� PLNWDUÕQGDQ hesaplanan 

Saos-��+*)�K�FUH�\DSÕúPD�RUDQODUÕ�LVH�ùHNLO�8.51’de verilmektedir. Burada en fazla 

olumlu seçimlilik gösteren yüzey (PS30/PPPE70)EtOH-10 dir, HGF’ye lökosite nazaran 

9.3 kat daha fazla Saos-��K�FUHVL�EX�\�]H\H�\DSÕúPÕúWÕU��%XQGDQ�VRQUDNL�HQ�EDúDUÕOÕ�

yüzey ise 8.9 kat seçimlilik gösteren (PS70/PPPE30)EtOH-10 yüzeyidir. Burada da 

DGDFÕN� oDSODUÕQÕQ� N�o�N� ROPDVÕQÕQ� 6DRV-�� \DSÕúPD� VHoLPOLOL÷LQGH� ELU� DYDQWDM�

JHWLUGL÷L EHOLUOHQPLúWLU.

ùHNLO� 8.51�� )DUNOÕ� 36� KRPRSROLPHU�� 333(� NRSROLPHU� YH� SROLPHU� kompozisyonu 
GH÷LúWLULOHQ�36�333(�SROLPHU�NDUÕúÕPODUÕQGDQ�KD]ÕUODQDQ�LQFH�ILOP�\�]H\OHULQH�6DRV-
���+*)�K�FUH�\DSÕúPD�RUDQÕ�
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8.6

Lökosit Hücrelerinin Tutunma

36�� 333(�� YH� IDUNOÕ� miktarda (W2+� NXOODQÕlarak IDUNOÕ� PLNURGHVHQ� oDSÕ� YH�

mesafesinde Bölüm 8.5.3’de yüzey özellikleri verilen (PS40/PPPE60) ve 

(PS20/PPPE80) SROLPHU�NDUÕúÕP�yüzeylerinin, L1210 ve lökosit hücre çifti ile tutunma

VRQXoODUÕ�ùHNLO�8.52 ile 8.55’de verilmLúWir. 

ùHNLO�8.52��)DUNOÕ�PLNWDUGD� o|NW�U�F�� VROYHQW�(W2+� LODYH� HGLOPLú� ��������36�333(�
SROLPHU� NDUÕúÕPODUÕQGDQ� KD]ÕUODQDQ� LQFH� ILOP� \�]H\OHULQH� /����� YH� O|NRVLW� K�FUH�
\DSÕúPDVÕ��

ùHNLO�����¶GHQ J|U�OG�÷��JLEL��IDUNOÕ�PLNWDUGD�o|NW�U�F��VROYHQW�LODYH�HGLOPLú�

�������� 36�333(� SROLPHU� NDUÕúÕPODUÕQGDQ� KD]ÕUODQDQ�� (PS40/PPPE60)EtOH-4,

(PS40/PPPE60)EtOH-10, (PS40/PPPE60)EtOH-14 ve (PS40/PPPE60)EtOH-18 yüzeylerinde, 

L1210/lökosit hücre çifti için olumlu seçimli tutunma GDYUDQÕúÕ�J|]OHQPLúWLU��/�����

K�FUHOHULQLQ� GDKD� ID]OD� ED÷ODQGÕ÷Õ� YH� O|NRVLW� K�FUHOHULQLQ� D]� ED÷ODQGÕ÷Õ� \�]H\OHU�

seçimli tutunma GDYUDQÕúÕ� LoLQ� KHGHIOHQHQ \�]H\OHUGLU� YH� EX� KHGHIH�� ùHNLO� �.40’da

YHULOHQ�333(��ùHNLO�8.45’de verilen HDPE ve PS/HDPE yüzeyleriQGHQ�VRQUD��ùHNLO�

8.52¶GH�YHULOHQ���\�]H\GH�GH�XODúÕOPÕúWÕU��ùHNLO�8.52’deNL�\�]H\OHU��]HULQGH��VD÷OÕNOÕ�

O|NRVLW� \DSÕúPD� RUDQODUÕQÕQ� D]� ROGX÷X� YH� ID]OD� IDUN� HWPHGL÷L�� DQFDN� /�����

hücrelerinin özellikle (PS40/PPPE60)EtOH-18 \�]H\LQH� oRN� ID]OD� \DSÕúWÕ÷Õ�

J|U�OPHNWHGLU�� ùHNLO� 8.52’dHNL� O|NRVLW� YH� /����� K�FUH� \DSÕúPD� PLNWDUODUÕQGDQ
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KHVDSODQDQ� /�����/|NRVLW� K�FUH� \DSÕúPD� RUDQODUÕ� LVH� ùHNLO� 8.53’de D\UÕFD�

YHULOPLúWLU�

ùHNLO�8.53��)DUNOÕ�PLNWDUGD� o|NW�U�F�� VROYHQW�(W2+� LODYH� HGLOPLú� ��������36�333(�
SROLPHU� NDUÕúÕPODUÕQGDQ� KD]ÕUODQDQ� LQFH� ILOP� \�]H\OHULQH� /�����/|NRVLW� K�FUH�
\DSÕúPD�RUDQÕ�

ùHNLO� 8.53’de verilen L�����O|NRVLW� \DSÕúPD� RUDQODUÕ� ��2-9.�� DUDVÕQGD� ROXS��

GDKD�|QFH�HOGH�HGLOHQ�YH�ùHNLO��.40’da verilen PPPE’ye ait 1.��YH�ùHNLO���¶GD�YHULOHQ�

PS50/HDPE50’ye ait 3.�� RUDQÕQGDQ� ID]ODVÕ\OD� L\LGLU�� Seçimli WXWXQPDQÕQ en fazla 

J|]OHQGL÷L�\�]H\��333(�EtOH ve (PS40/PPPE60)EtOH-18 yüzeyleridir. Bu durum, (40:60) 

36�333(�\�]H\OHULQGH��LQFH�ILOP�ROXúXPX�HVQDVÕQGD�NLP\DVDO�JUXSODUÕQ�\�]H\GH�ID]�

D\UÕPÕ�\DSPDVÕ�HVQDVÕQGD��KHP�36�DGDFÕNODUÕ��]HULQGH�KHP�GH�EXQODUÕQ�GÕúÕQGD�NDODQ�

DODQODUGDNL� \�]H\� KHWHURMHQOL÷LQLQ� YH� \�]H\� S�U�]O�O�÷�Q�Q�� polimer çözeltisinde 

NXOODQÕODQ� (W2+� PLNWDUÕQD� ED÷OÕ� RODUDN� DUWPDVÕQGDQ� ND\QDNODQPDNWDGÕU��

(PS40/PPPE60)EtOH-18 \�]H\LQGHNL� 36� DGDFÕNODUÕ� �]HULQGH� EHOLUHQ� \HQL� S�U�]OHUL�

ROXúWXUDQ� SROLPHULQ� GH� 333(� ROGX÷X� G�ú�Q�OPHNWHGLU. Çünkü PS homopolimer 

çözeltisi üzerinde fazla miktarda EtOH ilave edilmesinde bile bir pürüzlülük 

ROXúPDGÕ÷ÕQGDQ�� EX� S�U�]O�� SROLPHULQ� 36� ROPDVÕ� LKWLPDO� GÕúÕGÕU�� 'L÷HU� WDUDIWDQ��

Tablo 8.17’te PPPE kopolimeri için, gerileyen ( r�� WHPDV� DoÕVÕ� GH÷HUL� ��o olarak 

EXOXQPXú� ROXS�� EX� GD� 7DEOR� 8.18’de verilen (PS40/PPPE60)EtOH-18 yüzeyine ait 

JHULOH\HQ�WHPDV�DoÕVÕ�84o GH÷HULQH�oRN�\DNÕQGÕU��%X�VRQXo�GD��36�DGDFÕNODUÕ��]HULQGH�
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36� GH÷LO� GH� 333(� SROLPHULQGHQ� ROXúDQ� S�U�]OHU� ROGX÷X� KDNNÕQGDNL� öngörüyü

desteklemektedir [Atalay Gengec, et al., 2014].

$\UÕca PS40/PPPE60 yüzeylerine ilaveten a\QÕ�NDUÕúÕP�RUDQÕQD�VDKLS��D÷ÕUOÕNoD�

�� ������ 36�333(�� YH� IDUNOÕ� PLNWDUGD� o|NW�U�F�� VROYHQW� �(W2+�� LODYH� HGLOPLú�

SROLPHU�NDUÕúÕPODUÕQGDQ�KD]ÕUODQDQ� LQFH�ILOP�\�]H\OHULQH�/�����YH� O|NRVLW� tutunma

VRQXoODUÕ�ùHNLO�8.54¶GH�YHULOPLúWLU��ùHNLO�����¶GHQ J|U�OG�÷��JLEL�(PS20/PPPE80)EtOH-

6, (PS20/PPPE80)EtOH-10, ve (PS20/PPPE80)EtOH-14 yüzeylerinin hepsinde L1210 

K�FUHOHULQLQ� oRN� ED÷ODQGÕ÷Õ� YH� O|NRVLW� K�FUHOHULQLQ� D]� ED÷ODQGÕ÷Õ� ROXPOX� VHoLPOL�

tutunma GDYUDQÕúÕ�J|]OHQPLúWLU��

ùHNLO� 8.54�� �������� 36�333(� SROLPHU� NDUÕúÕPODUÕQD� IDUNOÕ� PLNWDUGD� N|W�� o|]�F��
�(W2+��LODYHVL\OH�KD]ÕUODQDQ�LQFH�ILOP�\�]H\OHULQH�/�����YH�O|NRVLW�K�FUH�\DSÕúPDVÕ��

ùHNLO�8.54’den J|U�OG�÷����������36�333(�SROLPHU�NDUÕúÕPODUÕQD�6 mL den 14

mL’ye artan EtOH ilave edilmesiyle, L1210 tutunmaVÕQGD� GR÷UXVDO� ELU� DUWÕú� WUHQGL�

J|]OHQPLúWLU��$\UÕFD�ùHNLO� ����¶GH� \HU� DODQ� O|NRVLW� YH�/�����K�FUHOHULQLQ� \DSÕúPD�

PLNWDUODUÕQGDQ hesaplanan L1210/Lökosit hüFUH� \DSÕúPD� RUDQODUÕ� LVH� ùHNLO� ����¶GH

verilmLúWLr.
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ùHNLO� 8.55�� �������� 36�333(� SROLPHU� NDUÕúÕPODUÕQD� IDUNOÕ� PLNWDUGD� N|W�� o|]�F��
�(W2+�� LODYHVL\OH� KD]ÕUODQDQ� LQFH� ILOP� \�]H\OHULQH� /�����/|NRVLW� K�FUH� \DSÕúPDVÕ�
RUDQÕ��

ùHNLO� 8.55¶GHQ� J|U�OG�÷�� JLEL� �������� 36�333(� SROLPHU� NDUÕúÕPODUÕQD� 6 mL 

den 14 mL ye artan EtOH ilave edilmesiyle, L1210/lökosit tutunma RUDQÕQGD���NDW�

FLYDUÕQGD� ELU� SODWR� YHUHFHN� úHNLOGH� ELU� DUWÕú� WUHQGL� J|]OHQPLúWLU�� %X� GXUXPGD�� ��

������ 36�333(� \�]H\OHULQGH� (W2+� PLNWDUÕQÕQ� DUWPDVÕ� LOH� \�]H\� S�U�]O�O�÷�Q�Q�

DUWPDVÕQÕQ�� /����� K�FUHOHULQLQ� \DSÕúPD� H÷LOLPLQL� DUWÕUPDVÕ� \|Q�QGH� SR]LWLI� HWNL�

VD÷ODGÕ÷Õ�V|\OHQHELOLU�

8.6
-2 ve HGF 

Hücrelerinin Tutunma

Bölüm 8.5.3’de yüzey özellikleri verilen 36��333(�� YH� IDUNOÕ�miktarda EtOH 

ilavesi ile ROXúWXUXODQ� (PS40/PPPE60) yüzeylerinin, Saos-2 ve HGF hücre çifti ile 

tutunma VRQXoODUÕ�ùHNLO�8.56’da verilmLúWir. 
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ùHNLO�8.56��)DUNOÕ�PLNWDUGD�o|NW�U�F��VROYHQW EtOH LODYH�HGLOPLú��������36�333(�
SROLPHU� NDUÕúÕPODUÕQGDQ� KD]ÕUODQDQ� LQFH� ILOP� \�]H\OHULQH� 6DRV-2 ve HGF hücre 
\DSÕúPDVÕ�

ùHNLO�8.56’dan J|U�OG�÷��JLEL� IDUNOÕ�PLNWDUGD�o|NW�U�F��VROYHQW� LODYH�HGLOPLú�

�������� 36�333(� SROLPHU� NDUÕúÕPODUÕQGDQ� KD]ÕUODQDQ� LQFH� ILOm yüzeyleri DUDVÕQGD

(PS40/PPPE60)EtOH-4 ve (PS40/PPPE60)EtOH-18 yüzeylerinde yüksek oranda Saos-2

tutunmaVÕ� JHUoHNOHúPHVLQH� UD÷PHQ� bu yüzeylere HGF hücrelerinin oldukça az 

ED÷ODQGÕ÷Õ� LoLQ� E�\�N� ELU� ROXPOX� VHoLPOL� tutunma GDYUDQÕúÕ� J|]OHQPLúWLU�� <DQL� EX�

yüzeyler seçimli olarak HGF yerine Saos-2 hücresi tutunmaVÕQÕ�VD÷ODPDNWDGÕUODU�

ùHNLO�8.56’dD� \HU� DODQ� O|NRVLW� YH� /����� K�FUHOHULQLQ� \DSÕúPD�PLNWDUODUÕQGDQ

hesaplanan Saos-��+*)� K�FUH� \DSÕúPD� RUDQODUÕ� LVH� ùHNLO�8.57’de verilmLúWLU�� ùHNLO�

8.57’ye göre, seçimli WXWXQPDQÕQ HQ� ID]OD� J|]OHQGL÷L� SROLPHU� NDUÕúÕP� \�]H\L�

(PS40/PPPE60)EtOH-4 YH� HQ� D]� J|]OHQGL÷L� \�]H\� LVH� (PS40/PPPE60)EtOH-14
‘dir. Bu da 

\�]H\GHNL� GDLUHVHO� DGDFÕNODUGDQ� ROXúDQ� GHVHQLQ� |]HOOLNOH� 6DRV-2 hücrelerinin 

\DSÕúPD�SHUIRUPDQVÕQÕ�HWNLOL�ELU�úHNLOGH�DUWWÕUGÕ÷ÕQÕ�J|VWHUPHNWHGLU�
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ùHNLO�8.57��)DUNOÕ�PLNWDUGD� o|NW�U�F�� VROYHQW�(W2+� LODYH� HGLOPLú� ��������36�333(�
SROLPHU�NDUÕúÕPODUÕQGDQ�KD]ÕUODQDQ�LQFH�ILOP�\�]H\OHULQH�6DRV-��+*)�K�FUH�\DSÕúPD�
RUDQÕ�

ùHNLO�8.57¶GHQ� J|U�OG�÷�� JLEL (PS40/PPPE60)EtOH-4 yüzeyinde 15 kattan fazla,  

(PS40/PPPE60)EtOH-10 yüzeyinde 10 kat ve (PS40/PPPE60)EtOH-18 yüzeyinde 8 kat, Saos-

�� K�FUHOHULQLQ� VHoLPOL� ED÷ODQGÕ÷Õ�� +*)� K�FUHOHULQLQ� LVH� SHN� D]� ED÷ODQGÕ÷Õ� ROXPOX�

tutunma GDYUDQÕúÕ�EXOXQPXúWXU��

8.7. PVOH, PS, S-PS, PPPE ve Zonyl TAN-MMA 
Kopolimer Yüzeylerine Fibronektin ve Yüzey 
Karakterizasyonu

Bölüm 8.2’de ticari polimerlerin (PVOH, PS, PS-sulfo ve PPPE) direkt 

NXOODQÕPÕ� LOe ve Bölüm 8.3’de CO2 RUWDPÕQGD� VHQWH]OHQHQ� S�7$1-ran-MMA) 

NRSROLPHUOHULQLQ� NXOODQÕPÕ� LOH� KD]ÕUODQDQ� \�]H\OHULQ� \�]H\� |]HOOLNOHUL� YHULOPLúWLU��

Bölüm 8.2 ve 8.3’de yüzey özellikleri verilen PVOH, PS, PS-sulfo, PPPE ve 

(MMA95-TAN5) polimer yüzeylerine fibronektin (FN) tutunma denemelerine dair 

GHWD\ODU�LVH�DúD÷ÕGD�GHWD\ODQGÕUÕOPÕúWÕU�

øNL�NH]�GHVWLOH�HGLOPLú�VX� LoLQGH���PJ�P/�NRQVDQWUDV\RQGD� -20o&�GD�GRQPXú�

halde saklanan FN çözeOWLVL� RGD� VÕFDNOÕ÷ÕQD� JHWLULOHUHN�� 3%6� �IRVIDW� WDPSRQOX� WX]��

çözeltisi ile 10 J�P/� NRQVDQWUDV\RQD� VH\UHOWLOPLúWLU�� ��� NX\XFXNOX� WDEDNDODU�

LoHULVLQH� SROLPHU� NDSODQPÕú� FDPODU� YH� UHIHUDQV� RODUDN� NXOODQÕODQ� NDSODQPDPÕú�
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FDPODU�HQ�D]���WHNUDU�RODFDN�úHNLOGH�\HUOHúWLULOPLú�YH����� /�NX\X�RODFDN�úHNLOGH�)1�

o|]HOWLVL� PLNURSLSHWOH� WDEDND� LoHULVLQH� \HUOHúWLULOPLúWLU�� ��oC da 1 saat etüvde 

EHNOHWLOPLú�YH�HW�YGHQ�oÕNDUÕODQ����NX\XFXNOX�PLNURSODND� LoHULVLQGHNL�)1�o|]HOWLVL�

mikropipetle çekilerek, 5 kez steril ultra saf VX�LOH�\ÕNDQPÕúWÕU��3ROLPHU�\�]H\OHUGHNL�

FN WXWXQPDVÕQÕQ KRPRMHQ� úHNLOGH� ROXS� ROPDGÕ÷ÕQÕ� NRQWURO� HWPHN� DPDFÕ\OD�

\�]H\OHULQ�WHPDV�DoÕVÕ�|Oo�OP�ú�YH�D\UÕFD�����E�\�WPHGH�RSWLN�IRWR÷UDI�oHNLOPLúWLU��

�� IDUNOÕ� )1� o|]HOWLVL� NRQVDQWUDV\RQXQGD� 36� YH� 333(� \�]H\OHULne FN WXWXQPDVÕ

VRQUDVÕQGD� HOGH� HGLOHQ� \�]H\OHULQ� RSWLN� PLNURVNRS� J|U�QW�OHULQGH�� SROLPHU� NDSOÕ�

\�]H\OHUGHQ� IDUNOÕ� ELU� \�]H\� J|U�QW�V�� EXOXQDPDPÕúWÕU� YH� RSWLN� PLNURVNRSOD� )1�

NDSODPD�J|U�QW�V��VDSWDQDPD\DFD÷Õ�DQODúÕOPÕúWÕU��<�]H\OHU��]HULQGH�|Oo�OHQ�GHQJH�

sX�WHPDV�DoÕVÕ�VRQXoODUÕ�7DEOR�8.23’de YHULOPLúWLU��

Tablo 8.23: PVOH, PS, PS-sulfo, PPPE ve MMA95-TAN5 kopolimer yüzeylerine 
fibronektin WXWXQPDVÕ VRQUDVÕQGD�|Oo�OHQ�VX�GHQJH��LOHUOHPH�YH�JHULOHPH�WHPDV�DoÕVÕ�

�����VRQXoODUÕ�

e (o) a (o) r (o) CAH e (o) CAH

PVOH 35 38 23 15 46 10

PS-sulfo 54 65 35 30 20 <20

PS 68 78 64 14 93 17

PPPE 83 86 73 13 106 24

MMA95-TAN5 93 110 90 20 118 72

Tablo 8.23’deQ�J|U�OG�÷��JLEL�392+��36��36-sulfo, PPPE ve MMA95-TAN5

kopolimer yüzeylerine fibronektin WXWXQPDVÕ JHUoHNOHúPLúWLU��+LGURILO�RODQ�392+�YH�

PS-sulfo yüzeylerinde e GH÷HUOHUL�ILEURQHNWLQ�WXWXQPDVÕ VRQUDVÕQGD���-54o DUDVÕQGD�

NDOÕUNHQ�� KLGURIRE� RODQ� 36�� 333(� YH� 00$95-TAN5 yüzeylerine fibronektin 

WXWXQPDVÕ� VRQUDVÕQGD� e GH÷HUOHUL� ��-93o DUDVÕQGD� EXOXQPXúWXU�� +LGURIRE� \�]H\OHU�

�]HULQGH� &$+� GH÷HUL� D]DOPÕúWÕU�� %X� VRQXoODU FN tutunmaVÕQÕQ� E�W�Q� \�]H\OHU�

�]HULQGH� JHUoHNOHúWL÷LQL� DQFDN� KHU� \�]H\LQ� QH� NDGDUÕQÕQ� WDPDPHn FN ile 

NDSODQGÕ÷ÕQÕQ� EHOOL� ROPDGÕ÷ÕQÕ� J|VWHUPHNWHGLU�� 6RQXoWD� )1� NDSODPDQÕQ� KRPRMHQ�

ROPDGÕ÷Õ�YH�DOWWDNL�SROLPHU�\�]H\H�ED÷OÕ�RODUDN�KHP�\�]H\�NDSODPDVÕQGD�ERúOXklar 
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ROGX÷X� KHP� GH� ILEURQHNWLQ� LoLQGHNL� NLP\DVDO� JUXSODUÕQ� \HQLGHQ� \|QOHQPH� �UH-

VWUXFWXULQJ��\DSDUDN�HQ�\XNDUÕ\D�IDUNOÕ�NLP\DVDO�JUXSODUÕ�oÕNDUGÕ÷Õ�G�ú�Q�OPHNWHGLU�

8.7.1. Fibronektin PVOH, PS, PS-sulfo, PPPE ve Zonyl 
TAN-MMA Kopolimer Yüzeylerine L1210 ve Lökosit Hücrelerinin 
Tutunma

L1210 ve lökosit hücrelerinin, FN tutunPDPÕú� oÕSODN� PVOH, PS, MMA95-

TAN5, PS-sulfo ve PPPE yüzeylerine ve bu yüzeylerin FN tutunduktan sonraki, 

(PVOH+FN), (PS+FN), [(MMA95-TAN5)+FN], (PS-sulf+FN), (PPPE+FN)

numunelerine tutunma GHQHPHVL�VRQXoODUÕ�ùHNLO�����¶GH�\HU�DOPDNWDGÕU��

ùHNLO� 8.58: Fibronektin WXWXQPDPÕú ve fibronektin WXWXQPXú PVOH, PS, PS-sulfo, 
PPPE ve MMA95-TAN5 yüzeylerine L1210 ve lökosit hücrelerinin tutunma GDYUDQÕúÕ��

ùHNLO� 8.58’GHQ� J|U�OG�÷�� JLEL� )LEURQHNWLQ� WXWXQPXú yüzeyler içerisinde 

(PVOH+FN) ve (PPPE+FN) yüzeylerinde istenilen e÷ilimde seçimli tutunma

gözlenirken, PS+FN), [(MMA95-TAN5)+FN] ve (PS-sulf+FN) yüzeylerinde ise ters 

seçimlilik söz konusudur. $\UÕFD� ILEURQHNWLQ� tutunPDPÕú� SROLPHU� \�]H\OHULQGH�

PVOH, MMA95-TAN5 ve PS-VXOIR� \�]H\OHULQGH� GH� WHUV� VHoLPOLOLN� J|]OHQPLúWLU��

Sadece PVOH yüzeyine fibronektin tutunPDVÕ� LVWHQLOHQ� H÷LOLPGH� VHoLPOLOL÷H� QHGHQ�

olurken, (PS+FN) ile [(MMA95-TAN5)+FN] yüzeylerinde lökosit tutunmaVÕQÕ� DUWÕFÕ�

HWNL� \DUDWPDNWDGÕU� ùHNLO� ����� GH� YHULOHQ� ILEURQHNWLQ� WXWXQPXú� [(PVOH+FN), 
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(PS+FN), [(MMA95-TAN5)+FN], (PS-sulf+FN), (PPPE+FN)] ve tutunPDPÕú�

(PVOH, PS, MMA95-TAN5, PS-sulfo ve PPPE) polimer yüzeylerine L1210 ve 

lökosit tutunma PLNWDUODUÕQGDQ� KHVDSODQDQ� /�����O|NRVLW� tutunma RUDQÕ� ùHNLO�

����¶GD�YHULOPLúWLU��

ùHNLO� 8.59: Fibronektin WXWXQPDPÕú� YH� ILEURQHNWLQ� WXWXQPXú PVOH, PS, PS-sulfo, 
PPPE ve MMA95-TAN5 yüzeylerine L1210/lökosit tutunma RUDQÕ.

ùHNLO�8.59’daQ�J|U�OG�÷��JLEL� ILEURQHNWLQ� WXWXQPXú (PVOH+FN)  yüzeyinde, 

fibronektin tutunPDPÕú�392+�\�]H\LQH�J|UH�\DNODúÕN��.8 kat fazla seçimli tutunma

H÷LOLPL� J|]OHQPLúWLU�� )LEURQHNWLQLQ� 392+� \�]H\LQH� JHQLú� ELU� DODQGD� WXWXQGX÷X� ve 

ROXPOX�VHoLPOLOLN�VD÷ODGÕ÷Õ�VDSWDQPÕúWÕU�

8.7.2. Fibronektin PVOH, PS, PS-sulfo, PPPE ve Zonyl 
TAN-MMA Kopolimer Yüzeylerine Saos-2 ve HGF Hücrelerinin 
Tutunma

FN tutunPDPÕú�PVOH, PS, MMA95-TAN5, PS-sulfo ve PPPE yüzeylerine ve 

bu yüzeylerin FN tutunduktan sonraki, (PVOH+FN), (PS+FN), [(MMA95-

TAN5)+FN], (PS-sulf+FN), (PPPE+FN) numunelerine Saos-2 ve HGF hücrelerinin 

tutunma GHQHPHVL�VRQXoODUÕ�ùHNLO��.60’da yer DOPDNWDGÕU��ùHNLO�8.60’dDQ�J|U�OG�÷��

gibi, Saos-2 hücrelerinin tutunma H÷LOLPOHULQLQ�ILEURQHNWLQ�WXWXQPXú ve tutunPDPÕú�

\�]H\OHUGH� DQODPOÕ� ELU� IDNOÕOÕN� J|VWHUPHGL÷L� DQFDN� +*)� K�FUHOHULQLQ� \DSÕúPD�

H÷LOLPOHUL� 392+� YH� 36-sulfo yüzeyinin fibronektin ile tutunPDVÕ� VRQXFXQGD� DUWÕú�

J|VWHULUNHQ��GL÷HU�\�]H\OHUGH�DQODPOÕ�ELU�IDUN�J|VWHUPHGL÷L�J|]OHQPLúWLU�

0

1

2

3

4

5

6 Polimer+FN

Polimer

PVOH PS (MMA95-TAN5) (PS-sulfo) PPPE



195

ùHNLO�8.60: Saos-2 ve Gingival fibroblast fibronektin WXWXQPXú ve WXWXQPDPÕú PVOH, 
PS, PS-sulfo, PPPE ve (MMA95-TAN5) yüzeylerine Saos-2 ve Gingival fibroblast
(HGF) hücrelerinin tutunma GDYUDQÕúÕ.

Yüzeylere fibronektin tutunPDVÕ� LOH� HOGH� HGLOHQ� \�]H\OHUGH� \DSÕODQ� oDOÕúPD�

sonucunda Saos-�� K�FUHOHULQLQ� +*)� K�FUHOHULQH� J|UH� DQODPOÕ� RODUDN� GDKD� ID]OD�

\DSÕúWÕ÷Õ� ELU� \�]H\� HOGH� HGLOHPHPLúWLU��%XQXQOD� EHUDEHU�� )1¶QLQ� 392+� \�]H\LQGH�

JHQLú� ELU� DODQGD� WXWXQGX÷X kabul edilirse, bu durumun HGF hücrelerinin seçimli 

\DSÕúPDVÕQD�\RO�DoWÕ÷Õ�VDSWDQPÕúWÕU��

8.8

+�FUHOHU�ELU�\�]H\��]HULQH�ED÷ODQGÕNWDQ�VRQUD�NHQGL�K�FUHOHU�DUDVÕ�PDWULVOHULQL�

VHQWH]OHU�YH�K�FUHOHULQ�X]XQ�YDGHGHNL�GDYUDQÕúODUÕ�EX�PDWULVGH�EXOXQDQ�SURWHLQOHULQ�

K�FUHOHU� LOH�RODQ�HWNLOHúLPOHULQH�ED÷OÕGÕU��+�FUHOHU�DUDVÕ�PDWULVGH�EXOXQDQ�OLJDQODUÕQ�

K�FUH� �]HULQGHNL� UHVHSW|UOHU� LOH� HWNLOHúPHOHUL� VRQXFXQGD� K�FUHOHULQ� LVNHOHW� \DSÕODUÕ�

belirlenir. Hücrelerin yüzeyler üzerindeki aktin iskeletini görüntülemek için hücreler 

IDOORLGLQ� LOH� ER\DQPÕúWÕU�� /����� K�FUHOHULQLQ� ��� VDDW� VRQXFXQGD� PRUIRORMLOHULQL�

NRUXGX÷X�YH�G�]J�Q�DNWLQ�LSOLNOHULQH�VDKLS�ROGXNODUÕ�J|]OHQPLúWLU��ùHNLO�8.61).
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ùHNLO�8.61��/�����K�FUHOHULQLQ�DFWLQ�ER\DPDODUÕ��.ÕUPÕ]Õ��IDOORLGLQ���

Saos-2 hücreleri de falloidin ve TO-352� LOH� ER\DQPÕúODUGÕU�� %R\DPDGDQ� ���

VDDW�VRQUD�oHNLOHQ�J|U�QW�OHU�ùHNLO�8.62’de verilmektedir. 48 saat sonucunda Saos-2

K�FUHOHULQGH�GH�RUJDQL]H�ROPXú�DNWLQ�LSOLNOHUL�YH�VWUHV�ILEHUOHUL�J|U�OP�úWür.
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ùHNLO� 8.62: Saos-�� K�FUHOHULQLQ� IDOORLGLQ� ER\DPDODUÕ��<HúLO�� IDOORLGLQ��.ÕUPÕ]Õ�� 72-
PRO.

ùHNLO� 8.62’dHQ� J|U�OG�÷�� JLEL� DNWLQ� LSOLNOHUL� �3620/PPPE80)EtOH-10 ve 

(PS40/PPPE60)EtOH-10 (PS)EtOH-10 \�]H\OHULQGH�GDKD�D]�RUJDQL]H�LNHQ�GL÷HU�\�]H\OHUGH�

DNWLQ�LSOLNOHUL�GDKD�G�]HQOL�YH�K�FUHOHU�GDKD�\D\ÕOPÕú�J|]�NPHNWHGLU�

<�]H\OHULQ� K�FUHOHU� LoLQ� X\XPOXOX÷XQXQ� GDKD� GHWD\OÕ� LQFHOHQPHVL� LoLQ� 6(0�

DQDOL]OHUL� JHUoHNOHúWLULOPLúWLU�� %XQXQ� LoLQ� \�]H\OHU� �]HULQH� ������� /����� YH\D�

30.000 Saos-2 veya 30.000 Gingival ILEUREODVW�K�FUHVL�HNLOPLúWLU�����VDDW�VRQXFXQGD�

tutunma\DQ� K�FUHOHU� +%66� LOH� \ÕNDQPÕú� YH� NDODQ� K�FUHOHU� �� VDDW� ER\XQFD���¶OLN�

JOXWHUDOGHKLW� VRO�V\RQX� LoHULVLQGH� ILNVOHQPLúWLU�� +�FUHOHU� DUWDQ� DONRO�

NRQVDQWUDV\RQODUÕQGD�����������������������������¶HU�GDNLND�GHKLGUH�HGLOPLú�YH�

kritik nokta kurutucusunda (Tourismis Autosamdri®-���%��NXUXWXOPXúWXU��+�FUHOHU�

6(0¶GH� �)(,� 4XDQWD� ���� )(*�� DQDOL]� HGLOPLúWLU�� %X� DQDOL]OHU� VRQXFXQGD� /�����

K�FUHOHULQLQ� W�P� \�]H\OHU� �]HULQGH� PRUIRORMLOHULQL� NRUXGXNODUÕ� J|]OHQPLúWLU� �ùekil 

8.63).
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ùHNLO�8.63: L1210 hücrelerinin polimer yüzeyler üzerindeki SEM görüntüleri.

Saos-��K�FUHOHULQLQ�\�]H\��]HULQGHNL�6(0�J|U�QW�OHUL�LVH�ùHNLO�8.64¶GH�YHULOPLúWLU��

ùHNLO�8.64: Saos-2 hücrelerinin polimer yüzeyler üzerindeki SEM görüntüleri.
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Saos-2 hücrelerinin (PS40/PPPE60)EtOH-4, (PS40/PPPE60)EtOH-14 ve 

(PS40/PPPE60)EtOH-18 \�]H\OHUL�GÕúÕQGDNL�\�]H\OHUGH�WLSLN�PRUIRORMLOHULQL�NRUXGXNODUÕ��

EX� \�]H\OHUGH� LVH� \D\ÕODPDGÕNODUÕ� J|]OHQPLúWLU� �ùHNLO� 8.64). HGF hücrelerinin 

polimer yüze\OHU��]HULQGHNL�6(0�J|U�QW�OHUL�ùHNLO�8.65’de verilmektedir.

ùHNLO�8.65: HGF hücrelerinin polimer yüzeyler üzerindeki SEM görüntüleri.

ùHNLO� 8.65’den J|U�OG�÷�� JLEL� +*)� K�FUHOHULQLQ� ��� VDDW� VRQXFXQGD� úLúNLQ�

K�FUH� J|YGHVL� YH� X]XQ� VLWRSOD]PDODUÕ� LOH� L÷� úHNOLQGHNL� WLSLN� ILEUREODVWLN�

PRUIRORMLOHULQH� NDYXúWXNODUÕ� YH� \D\ÕOGÕNODUÕ� J|]OHQPHNWHGLU� <DSÕODQ� EX� PRUIRORML�

oDOÕúPDODUÕ� VRQXFXQGD� K�FUHOHULQ� \�]H\OHU� �]HULQGH� VD÷OÕNOÕ� ELU� úHNLOGH�

\DúD\DELOGLNOHUL�����VDDW�VRQXQGD�EHNOHQHQ�PRUIRORMLOHULQL�ND]DQGÕNODUÕ ve hücre içi 

LVNHOHW� \DSÕODUÕQÕQ� G�]J�Q� ELU� úHNLOGH� NRUXQGX÷X� J|U�OP�úW�U�� %XGD� GHQH\HOHU�

sentezlenen polimer ince filmlerinin, hüFUH� oDOÕúPDODUÕ� LoLQ� X\Jun biyouyumlu 

\�]H\OHU�ROXúWXUGXNODUÕQÕ�J|VWHUPHNWHGLU�
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L1210 hücrelerinin morfolojilerinin belirlenmesi için hematoksilen-eosin 

ER\DPDVÕ� \HULQH� &DOFHLQ-$0� ER\DPDVÕ� \DSÕOPÕúWÕU�� %XQXQ� LoLQ� ������� /�����

K�FUHVL� SROLPHU� NDSOÕ� \�]H\OHU� �]HULQGH� �� J�Q� ER\XQFD� LQN�EH� HGLOPLú�� �� J�Q�

VRQXQGD� K�FUHOHU� +%66� LOH� \ÕNDQPÕú� YH� ��� GDNLND� V�UH� LOH� &DOFHLQ� VRO�V\RQXQGD�

ER\DQPÕúWÕU��%R\DPD�VRQXFXQGD�/�����K�FUHOHULQLQ�D\QÕ�PRUIRORMLOHULQL�NRUXGXNODUÕ�

J|]OHQPLúWLU��ùHNLO�8.66).

ùHNLO�8.66: L1210 hücrelerinin 3 günlük inN�EDV\RQ�VRQXQGDNL�&DOFHLQ�ER\DPDODUÕ��

%XQXQ� VRQXFXQGD� K�FUHOHULQ� �� J�Q�Q� VRQXFXQGD� VD÷OÕNOÕ� ELU� úHNLOGH�

PRUIRUORMLOHULQL�NRUXGXNODUÕ�YH�SROLPHU�NDSOÕ�\�]H\OHUH�KRPRMHQ�ELU�úHNLOGH�GD÷ÕODUDN�

ED÷ODQGÕNODUÕ�J|U�OP�úW�U�

ùXDQD�NDGDU�D\UÕ�N�OW�U�RUWDPODUÕQGD biyotutunma GHQHPHOHUL�\DSÕODUDN�/�����

ve lökosit hücrelerinin seçimli tutunma GDYUDQÕúÕQÕQ� LQFHOHQPLúWLU�� %X� LQFHOHPHOHU�

sonucunda olumlu VHoLPOLOLN�J|VWHUHQ�\�]H\OHUGH�K�FUH�oLIWLQLQ�ELU�DUDGD�EXOXQGX÷X�

úDUWODUGD� GHQHPHOHU� JHUoHNOHúWLUHUHN� JHUoHN� úDUWODUGD� EX� VHoLPOLOL÷LQ� ROXS-

ROPD\DFD÷Õ� WHVSLW� HGLOPHVL� D\UÕFD� DPDoODQPÕúWÕU�� L1210 ve lökosit hücrelerinin 

ELUOLNWH� EXOXQGXNODUÕ� RUWDPGD� K�FUH� \DSÕúPD� GDYUDQÕúODUÕQÕQ� LQFHOHQPHVL� LoLQ�
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hücreler Qtracker® Hücre Boyama Kiti (Invitrogen) ile firma protokolüne uygun 

RODUDN�ER\DQPÕúWÕU��/�����YH� O|NRVLW� K�FUHOHUL� D\QÕ� HNVLWDV\RQ�GH÷HULQGH� ����-485 

QP�� LNL� IDUNOÕ� HPLV\RQ� GH÷HUL� �/����-525 nm, lökosit-���QP�� YHUHFHN� úHNLOGH�

VÕUDVÕ\OD�4WUDFNHU® 525 Hücre Boyama Kiti ve Qtracker® 585 Hücre Boyama Kiti ile 

ER\DQPÕúODUGÕU. Buradaki amaç kültürlenen hücrelerin içlerine Qdot nanokristallerini 

DODUDN� J�oO�� ELU� IORUDVDQV� ÕúÕPD� \DSPDODUÕQÕ� VD÷ODPDN� YH� LNL� IDUNOÕ� K�FUH� oHúLGLQL�

D\QÕ� RUWDPGD� D\ÕUW� HGHELOPHNWLU�� 4GRW� QDQRNULVWDOOHUL� K�FUH� VLWRSOD]PDVÕQD� JLUHUHN�

EXUDGD�IORUDVDQV�ÕúÕPD�\DSDUODU�YH�EX�NULVWDOOHULQ�E|O�QHQ�K�FUHOHUGH�GH�EXOXQGXNODUÕ�

YH�HQ�D]���KDIWD�ER\XQFD�K�FUH� LoHULVLQGH�NDOGÕNODUÕ bilinmektedir. Kitte belirtilGL÷L�

�]HUH� 4GRW� QDQRNULVWDOOHULQLQ� K�FUH� LoLQH� DOÕQPD� V�UHOHUL� K�FUH� oHúLGLQH� J|UH� ���

dakika ile 24 saat arDVÕQGD�GH÷LúPHNWHGLU��.LW�GDKD�|QFH�oHúLWOL� oDOÕúPDODUGD�&+2��

+H/D���7���+89(&�JLEL�K�FUH�KDWODUÕQGD�GHQHQPLúWLU�YH�RSWLPDO�K�FUH�DOÕP�V�UHOHUL�

ELOLQPHNWHGLU�� $QFDN� \DSÕODQ� OLWHUDW�U� oDOÕúPDODUÕ� VRQXFXQGD� /����� YH\D� O|NRVLW�

K�FUHOHULQH�EX�W�U�ELU�oDOÕúPD\D UDVWODQPDPÕúWÕU��EX�\�]GHQ�|QFH�RSWLPDO�K�FUH�DOÕP�

V�UHVLQLQ�EHOLUOHQPHVL�LoLQ�GHQHPH�oDOÕúPDODUÕ�\DSÕOPÕúWÕU��%XQXQ�LoLQ�NLW�LoHULVLQGHQ�

oÕNDQ� ER\DPD� VRO�V\RQODUÕ� RODQ� .RPSRQHQW� $� YH� .RPSRQHQW� %� KHU� ELULQGHQ� ��O�

RODFDN� úHNLOGH� NDUÕúWÕUÕOPÕú� YH� RGD� VÕFDNOÕ÷ÕQGD� �� GDNLND� LQN�EH� HGLOPLúWLU�� 'DKD�

sonra üzerine 0.2 mL WD]H� K�FUH� EHVL� \HUL� HNOHQPLú� YH� ��� VDQL\H� ER\XQFD�

YRUWHNVOHQPLúWLU�� %R\DPD� VRO�V\RQXQXQ� �]HULQH� �[��6 hücre (L1210 veya lökosit) 

HNOHQPLúWLU� YH� K�FUHOHULQ� 4GRW� NULVWDOOHULQL� LoOHULQH� DODUDN� IORUesans boyama 

\DSPDODUÕQÕ� VD÷ODPDN� LoLQ�� K�FUHOHU� VWDQGDUW� K�FUH� N�OWüU� NRúXOODUÕQGD� ����&�� ���

CO2������QHPOLOLN�� LQN�EH�HGLOPLúWLU�� øON���VDDW� Loerisinde L1210 veya lökositlerin 

4GRW� QDQRNULVWDOOHULQL� LoOHULQH� DOPDGÕNODUÕ� J|]OHQPLúWLU�� +�FUHOHU� ��� VDDW� ER\unca 

LQN�EH�HGLOPLú�YH�EX�oDOÕúPDQÕQ�VRQXFXQGD�K�FUHOHULQ����VDDW�VRQXFXQGD�IORUDVDQV�

ÕúÕPD� YHUPH\H� EDúODGÕNODUÕ� J|]OHQPLú�� DPD� W�P� K�FUHOHULQ� ER\DQPDGÕNODUÕ� IDUN�

HGLOPLúWLU��%X�QHGHQOH�K�FUHOHU����VDDW�YH����VDDW�ER\XQFD�GD�J|]OHPOHQPH\H�GHYDP�

HGLOPLú�DQFDN�\LQH�GH�N�OW�UGHNL�W�P�K�FUHOHULQ�KRPRMHQ�ELU�úHNLOGH�ER\DQPDGÕNODUÕ�

IDUN� HGLOPLúWLU�� %X� GXUXPXQ� /����� YH� O|NRVLW� K�FUHOHULQLQ� K�FUH� GÕúÕ� RUWDPOD�

\DSWÕNODUÕ� PDGGH� DOÕúYHULúLQGHNL� �HQGRF\WRVLV�� IDUNOÕOÕNWDQ� ND\QDNODQGÕ÷Õ�

G�ú�Q�OPHNWHGLU��.DUúÕODúÕODQ�EX�VRUXQ�QHGHQL�LOH�/�����YH�O|NRVLW�K�FUHOHULQLQ�D\QÕ�

RUWDPGD�\DSÕúPD�GDYUDQÕúODUÕ�WH]�NDSVDPÕQGD�LQFHOHQHPHPLúWLU�
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9.1. CO2

ve Kopolimer Filmlerinin Yüzey 
Özellikleri

7H]�NDSVDPÕQGD�&22 RUWDPÕQGD�SROLPHUL]DV\RQODUGD�PRQRPHU�RODUDN�=RQ\O-

7$1� YH� 00$� NXOODQÕOPÕúWÕU�� =RQ\O-7$1� IORURDNULODW� SHQGDQW� JUXSODUÕQD� VDKLS�

SDKDOÕ� ELU� PRQRPHUNHQ�� 00$� XFX]� ELU� PRQRPHUGLU�� %X� QHGHQOH� =RQ\O-TAN 

PRQRPHULQLQ� PLQLPXP� PLNWDUGD� NXOODQÕPÕ� LVWHQLOHQ� DPDFD� X\JXQ� \�]H\�

|]HOOLNOHULQGH�PDWHU\DOOHU�KD]ÕUODQPDVÕQGD�HNRQRPLN�RODUDN�DYDQWDMOÕ hale gelmesini 

VD÷OD\DUDN�� HQG�VWUL\HO� RODUDN� EX� PRQRPHULQ� |QHPLQL� DUWÕUÕU�� %X� DPDoOD� &22

RUWDPÕQGD�=RQ\O-7$1�PRQRPHUL�00$�LOH�NRSROLPHUOHúWLULOHUHN�PLQLPXP�PLNWDUGD�

Zonyl-7$1� NXOODQÕODUDN� S�7$1-ran-00$�� NRSROLPHUOHUL� VHQWH]OHQPLúWLU�� $\UÕFD�

polimer molek�O� D÷ÕUOÕ÷ÕQÕQ�NRQWURO� HGLOHELOPHVL�SROLPHULQ�NXOODQÕP�DODQÕQÕ� HWNLOHU��

Bu nedenle CO2 RUWDPÕQGD� VHQWH]OHQHQ� S�7$1-ran-MMA) kopolimerlerinin 

NRSROLPHU� ELOHúLPL� LOH� PRQRPHU� NRQVDQWUDV\RQX�� &22�7$1� PRQRPHU� RUDQÕ��

UHDNVL\RQ� EDVÕQFÕ� YH� UHDNVL\RQ� V�UHVL� JLEL� UHDNVL\RQ� úDUWODUÕQÕQ� NRSROLPHU�PROHN�O�

D÷ÕUOÕ÷ÕQD�RODQ�HWNLVL�LQFHOHQPLúWLU�

p(TAN-ran-MMA) kopolimerlerinin CO2 RUWDPÕQGD� VHQWH]L�00$¶ÕQ�PHYFXW�

UHDNVL\RQ� úDUWODUÕQGD� �7 � ��oC ve P= 12-200 MPa) çözünmemesi nedeniyle 

KHWHURMHQ� RUWDPGD� JHUoHNOHúLU�� &22-JHQLúOHWLOPLú� PRQRPHU� RUWDPÕQGD� KHWHURMHQ�

NRSROLPHUL]DV\RQXQXQ� JHUoHNOHúPHVLQH� ED÷OÕ� RODUDN� SROLPHU� PROHN�O� D÷ÕUOÕ÷Õ�

ortamda var olan çözücü CO2 LQ� PLNWDUÕ� YH� &22 RUWDPÕQGD� o|]�QHQ� =RQ\O-TAN 

PLNWDUÕQD� ED÷OÕ� RODUDN� GH÷LúLU� >=ZRODN� DQG� /XFLHQ�� ����], [Cengiz et al., 2013]. 

3ROLPHUL]DV\RQ� RUWDPÕQGDNL� &22 PLNWDUÕQÕQ� DUWPDVÕ� LOH� NRSROLPHUOHULQ� o|NPH�

V�UHOHUL� GH÷LúLU� YH� o|NPH� V�UHVLQGHNL� GH÷LúLPH� ED÷OÕ� RODUDN� GD� NRSROLPHU�PROHN�O�

D÷ÕUOÕ÷Õ� GH÷LúLU�� $\UÕFD� =RQ\O-TAN monomeri uzun floroakrilat yan zincirlerine 

sahiptir ve EX� X]XQ� \DQ� ]LQFLUOHU� SROLPHUL]DV\RQ� LOHUOHGLNoH� ELUELUL\OH� HWNLOHúHUHN�

NRSROLPHU� o|NPH� V�UHVLQL� GH÷LúWLULU�� 0RQRPHU� NRQVDQWUDV\RQX� >�Z�Z� ���

TAN/(TAN+MMA)] ve monomer/CO2 [(w/w %) CO2�7$1@�RUDQODUÕQÕQ�NRSROLPHU�

PROHN�O�D÷ÕUOÕNODUÕ��]HULQH�HWNLVLQL�EHOLUOHPHN�LoLQ�����YH����03D�LNL�IDUNOÕ�UHDNVL\RQ�

EDVÕQFÕQGD� NRSROLPHUOHU� VHQWH]OHQPLúWLU�� +HU� LNL� UHDNVL\RQ� EDVÕQFÕQGD� VHQWH]OHQHQ�
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kopolimerler için Zonyl-7$1� NRQVDQWUDV\RQXQXQ� DUWÕUÕOPDVÕ� LOH� NRSROLPHU� o|NPH�

V�UHVLQLQ� D]DOPDVÕQGDQ� GROD\Õ�NRSROLPHU�PROHN�O� D÷ÕUOÕNODUÕ� �0w�� D]DOPÕúWÕU� �ùHNLO�

������$\UÕFD�PRQRPHU�&22 (WCO2/WTAN��RUDQÕQÕQ�NRSROLPHU�PROHN�O�D÷ÕUOÕ÷Õ�LOH�KHU�

LNL�EDVÕQoWDNL�NRSROLPHUOHU�LoLQ�\�NVHN�UHJUDV\RQ�GH÷HUOHULQGH�OLQHHU�RODUDN�DUWPÕúWÕU�

YH� UHDNVL\RQ� EDVÕQoODUÕ� IDUNOÕ� ROPDVÕQD� UD÷PHQ�� D\QÕ� =RQ\l-7$1� ELOHúLPLQGH�

SROLPHU� ]LQFLUOHUL� HWUDIÕQÕ� VDUDQ� &22 PLNWDUÕ� VDELW� ROPDVÕQGDQ� GROD\Õ� NRSROLPHU�

Mw’lerinin GH�QHUHGH\VH�VDELW�ROGX÷X�EHOLUOHQPLúWLU��ùHNLO�������

Zonyl-TAN ve MMA CO2-JHQLúOHWLOPLú�PRQRPHU�RUWDPÕQGD���IDUNOÕ�EDVÕQoWD�

sabit Zonyl-TAN monomHU� RUDQÕQGD� NRSROLPHUOHúWLULOPHVL� VRQXFXQGD� S�7$1-ran-

00$�� NRSROLPHUOHULQGH� EDVÕQFÕQ� DUWPDVÕ� LOH� NRSROLPHU� PROHN�O� D÷ÕUOÕ÷Õ� \�NVHN�

UHJUDV\RQ� GH÷HULQGH� OLQHHU� úHNLOGH� DUWPÕúWÕU� �ùHNLO� ������ /LWHUDW�UGH� VN-CO2

RUDWDPÕQGD� EDVÕQFÕQ� DUWPDVÕ� LOH� UHDNVL\RQ� KÕ]Õ� YH� PROHN�O� D÷ÕUOÕ÷ÕQÕQ� DUWWÕ÷Õ�

EHOLUWLOPLúWLU�YH�EL]LP�VRQXoODUÕPÕ]GD�EX�VRQXoODUOD�X\XP�LoHULVLQGHGLU [Teng, 2003],

Kwon et al., 2004], [Shin et al., 2007], [Wang et al., 2008]. 

5HDNVL\RQ�V�UHVLQLQ�NRSROLPHU�0Z��]HULQH�HWNLVLQLQ�EHOLUOHQPHVL�DPDFÕ\OD����

YH� ��� 03D� UHDNVL\RQ� EDVÕQoODUÕQGD�� VDELW� =RQ\O-7$1� PRQRPHU� ELOHúLPLQGH��

reaksiyon süresinde ve AIBN konsantrasyonunda CO2 RUWDPÕQGD� NRSROLPHUOHU�

VHQWH]OHQPLúWLU�� +HU� LNL� EDVÕQoWD� �UHWLOHQ� D\QÕ� =RQ\O-7$1� ELOHúLPLQGHNL�

kopolimerlerde WCO2/WTAN  ������ RUDQÕ� VDELW� WXWXOPXú� YH� UHDNVL\RQ� V�UHVLQLQ�

DUWPDVÕ�LOH�NRSROLPHU�0Z¶L�SROLPHUL]DV\RQ�KÕ]ÕQÕQ�DUWPDVÕQGDQ�GROD\Õ�OLQHHU�úHNLOGH�

DUWPÕúWÕU� �ùHNLO������ 5HDNVL\RQ�V�UHVLQGHNL�GH÷LúLP�SROLPHU�PROHN�O�D÷ÕUOÕ÷ÕQÕQ�YH�

polimerizasyon verimi üzerinde etkin parametredir ve polimer Mw ile verimi 

UHDNVL\RQ� V�UHVL� LOH�GR÷UXVDO�RODUDN�GH÷LúLU� >.HQGDOO�et al., 1999], [Kennedy et al.,

2005], [Liu et al., 2008], [Pu et al., 2010].

7H]� NDSVDPÕQGD� &22 RUWDPÕQGD� VHQWH]OHQHQ� S�7$1-ran-MMA) 

NRSROLPHUOHULQGHQ� KD]ÕUODQDQ� LQFH� ILOPOHULQ� \�]H\� |]HOOLNOHUL� EHOLUOHQPLúWLU� �ùHNLO�

������ ������ ������� +D]ÕUODQDQ� W�P� S�7$1-ran-MMA) kopolimer yüzeylerinin 

S�U�]V�]� ROGX÷X� �ùHNLO� ������ YH� NRSROLPHU� ELOHúLPLQGHNL� =RQ\O� 7$1� ELOHúLPLQLQ�

DUWPDVÕ�LOH�=RQ\O-7$1¶QÕQ�VDKLS�ROGX÷X�SHQGDQW�IORU�JUXSODUÕQGDQ�GROD\Õ�WHPDV�DoÕVÕ�

GH÷HULQGH�ELU�DUWÕú��6)(�HQHUMLVLQGH�ELU�D]DOPD�EHOLUOHQPLúWLU��$\UÕFD�WHPDV�DoÕVÕ�YH�

6)(� GH÷HUOHULQGH� KHU� QH� NDGDU� DUWÕú� YH� D]DOPD� WUHQGL� J|]OHQVH� GH�� ZW�� 15 (% 3 

PROFH�� =RQ\O� 7$1� JLEL� G�ú�N� ELOHúLPLQGH� ELU� SODWR� GH÷HULQH� XODúPDNWDGÕU�� EX�

QHGHQOH� NRSROLPHU� X\JXODPDODUÕQGD� ZW� �� ��� =RQ\O� 7$1� ELOHúLPLQH� VDKLS�

NRSROLPHUOHULQ�NXOODQÕPÕQÕQ�DYDQWDMOÕ�RODFD÷Õ�EHOLUOHQPLúWLU�
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9.2. Polimer
Film Polimerik Yüzeylerin Özellikleri ve Mikrodesenli 

Yüzey Özelliklerinin Kontrolüne Etkisi

7LFDUL�KRPRSROLPHU��NRSROLPHUOHU�YH�SROLPHU�NDUÕúÕPODUGDQ�NRQWUROO��GDOGÕUPD�

WHNQL÷L� NXOODQÕODUDN� ID]� GD÷ÕOÕPÕ� SURVHVL� LOH� S�U�]V�]�� S�U�]O�� YH� PLNURGHVHQOL�

S�U�]O�� SROLPHULN� \�]H\OHULQ� VHQWH]L� JHUoHNOHúWLULOPLúWLU�� 36�� 36-sulfo, PVOH, 

(MMA95-TAN5) ve (MMA90-TAN10) polimerlerinden pürüzsüz yüzeyler 

KD]ÕUODQPÕúNHQ� �ùHNLO� ������ ������� +'3(�� 333(�� (9$-12, (MMA95-TAN5)EtOH

SROLPHUOHULQGHQ� S�U�]O�� \�]H\OHU� �ùHNLO� ������ ������ YH� 36�7$1�� 333(�36� LOH�

+'3(�36�SROLPHU�NDUÕúÕPODUGDQ�LVH�PLNURGHVHQOL�S�U�]O��SROLPHULN�\�]H\OHU��ùHNLO�

8.14, 8.15, 8.18-������KD]ÕUODQPÕúWÕU�

3�U�]V�]� \�]H\OHULQ� WHPDV� DoÕVÕ� |Oo�POHULQGHQ� EHOLUOHQHQ� GHQJH� WHPDV� DoÕVÕ�

VRQXoODUÕQD� J|UH� 392+� YH� 36-VXOIR¶GDQ� KD]ÕUODQDQ� \�]H\OHU� KLGURILOLN� LNHQ�� 36��

(MMA95-TAN5) ve (MMA90-TAN10) yüzeyleri hidrofobiktir. Pürüzsüz polimer 

\�]H\OHUGH�&$+�GH÷HUOHUL���-72o DUDVÕQGD\NHQ��EXQODUÕQ�\�]H\�HQHUMLOHUL�����-52.5

P1�P�úHNOLQGH�JHQLú�ELU�DUDOÕNWD�GH÷LúWL÷L�EHOLUOHQPLúWLU��6�OIRODQPÕú�36�\�]H\LQGH��

WHPDV� DoÕVÕ� GH÷HUOHUL�� 36� \�]H\LQH� J|UH� \�]H\� V�OIRQDV\RQX� LOH� ROXúWXUXODQ� V�OIR�

JUXSODUÕ QHGHQL\OH� FLGGL� RODUDN� G�úW�÷�� KDOGH�� \�]H\GHNL� NLP\DVDO� KHWHURMHQOL÷LQ�

DUWPDVÕQGDQ�GROD\Õ�&$+�GH÷HUL�QHUHGH\VH���NDW�DUWPÕúWÕU��

HDPE, PPPE, EVA ve (MMA95-TAN5)EtOH pürüzlü polimer yüzeyleridir ve 

HDPE yüzeyi üzerinde 20-��� PLNURQ� ER\XWWD� DGDFÕNODU� YDUGÕU� YH� EX� DGDFÕNODU�

�]HULQGH� W�\�úHNOLQGH� LQFH�QDQR�oÕNÕQWÕODU� LoHUGL÷L�6(0�J|U�QW�OHPHOHUL� VRQXFXQGD�

EHOLUOHQPLúWLU� �ùHNLO� ������� 'L÷HU� S�U�]O�� \�]H\OHU� �]HULQGH� LVH� ERQFXN� úHNOLQGH�

PLNURQ�YH�PLNURQ�DOWÕQGDNL�ER\XWODUGD� oÕNÕQWÕODU�\HU�DOPDNWDGÕU��$\UÕFD�HQ�pürüzlü 

yüzey PPPE kopolimer yüzeyi iken en az pürüzlü yüzey ise EVA kopolimer 

\�]H\LGLU�� 7�P� S�U�]O�� \�]H\OHU� �]HULQGHNL� VX� WHPDV� DoÕODUÕ� (9$� KDULo� ��o’den 

büyüktür. Hidrofobluk derecesi en yüksek olan yüzey uzun -CF2- içeren gruplara 

VDKLS�\DQ�NROODUÕ�VDyesinde (MMA95-TAN5)EtOH yüzeyi iken, hidrofobluk derecesi en 

G�ú�N�RODQ�\�]H\�VDKLS�ROGX÷X�DVHWDW�JUXSODUÕ�QHGHQL\OH�(9$�NRSROLPHU�\�]H\LGLU��

0LNUR� GHVHQOL� SROLPHU� \�]H\OHULQ� KD]ÕUODQPDVÕQGD� \�]H\� WRSRJUDI\DVÕQÕQ�

NRQWURO� HGLOHELOPHVL� LoLQ� SROLPHU� NDUÕúÕPODU� NXOODQÕOPÕúWÕU�� 3ROLPHU� NDUÕúÕPODUGDQ�

KD]ÕUODQDQ�PLNURGHVHQOL�\�]H\OHUGH�NDSODPD�úDUWODUÕ�LOH�VROYHQW�PLNWDU�oHúLGLQH�ED÷OÕ�
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RODUDN�PLNURGHVHQ� oDSÕ� YH�PHVDIHVL� ID]�GD÷ÕOÕPÕ�SURVHVL� LOH�NRQWURO� HGLOPLúWLU��7H]�

NDSVDPÕQGD� 36� KRPRSROLPHU� LOH� �MMA95-TAN5) kopolimer, HDPE ve PPPE 

NRSROLPHUOHULQL�LoHUHQ���IDUNOÕ�JUXS�SROLPHU�NDUÕúÕPÕQ�NRQWUROO��GDOGÕUPD�WHNQL÷L�LOH�

PLNURGHVHQOL�SROLPHU�\�]H\OHULQ�KD]ÕUODQPDVÕQD�RODQDN�VD÷ODPÕúWÕU��

(MMA95-TAN5) YH�36�KRPRSROLPHUGHQ�KD]ÕUODQDQ�IORU�LoHUHQ�ELULQFL�JUXSWDNL�

poOLPHU� NDUÕúÕPODU� SROLPHU� o|]HOWLVLQH� o|NW�U�F�� VROYHQW� �(W2+�� LODYHOL�LODYHVL]�

RODUDN�� NRQWUROO�� GDOGÕUPD� WHNQL÷L� NXOODQÕODUDN� VHQWH]OHQPLúWLU�� 3ROLPHU� o|]HOWLVLQH�

EtOH ilavesiyle, pürüzsüz olan TAN-00$� NRSROLPHU� \�]H\OHUL� �ùHNLO� �������

pürüzlü ve daha yükVHN�VX�LWPH�|]HOOL÷LQH�VDKLS�KDOH�JHWLULOPLúWLU��ùHNLO���������36�YH�

(MMA95-TAN5) kopolimer yüzeyleri çok az pürüzlü iken, EtOH ilaveli/ilavesiz 

PS80/(MMA95-TAN5)20, PS80/(MMA95-TAN5)20]EtOH ve (MMA95-TAN5)EtOH polimer 

NDUÕúÕP� \�]H\OHUL� LVH� S�U�]O�G�U� �ùHNLO� ����� YH� ������� $\UÕFD� 36�� 7$1� MMA95-

TAN5, PS80/(MMA95-TAN5)20 ve (MMA95-TAN5)EtOH kopolimer yüzeyleri 

hidrofobik iken, [PS80/(MMA95-TAN5)20]EtOH \�]H\L� LVH� V�SHUKLGURIRELNWLU� �ùHNLO�

8.16). PS, MMA95-TAN5 ve PS/MMA95-TAN5 SROLPHU�NDUÕúÕPODUÕQGD�&$+�GH÷HUOHUL�

15-90o úHNOLQGH� YH� VHUEHVW� \�]H\� HQHUMLVL� GH÷HUL� ��-��� P1�P� úHNOLQGH� JHQLú� ELU�

DUDOÕNWD� GH÷LúPHNWHGLU�� �MMA95-TAN5) kopolimerine EtOH ilavesiyle ile yüzey 

S�U�]O�O�÷�� �5rms�� YH� &$+� GH÷HUL�� ID]� GD÷ÕOÕPÕQGDQ� GROD\Õ� \�]H\GHNL� IORU�

JUXSODUÕQÕQ�\R÷XQOX÷XQXQ�DUWPDVÕ�QHGHQL\OH�DUWPDNWDGÕU��

+'3(�YH�333(�SROLPHUOHULQLQ�36�LOH�SROLPHU�NDUÕúÕPODUÕQGDQ�KD]ÕUODQDQ�LNLQFL�

YH� �o�QF�� JUXS� SROLPHU� NDUÕúÕPODU�PLNURGHVHQ� oDSÕ� YH�PHVDIHVLQLQ� HQ� L\L� NRQWURO�

HGLOGL÷L� SROLPHU� NDUÕúÕPODU� RODUDN� EHOLUOHQPLúWLU�� +'3(� LOH� PS polimerlerinin 

NDUÕúWÕUÕOPDVÕ� HOGH� HGLOHQ� SROLPHU� NDUÕúÕPODUGD� SROLPHU� NDUÕúÕP� ELOHúLPL�� SROLPHU�

PROHN�O� D÷ÕUOÕNODUÕQGDNL� IDUNOÕOÕN� YH� NDSODPD� o|]�F�V��� NRQVDQWUDV\RQX�� GDOGÕUPD�

KÕ]Õ�YH�VÕFDNOÕ÷Õ�JLEL�NDSODPD�|]HOOLNOHULQLQ�GH÷LúLPLQH�ED÷OÕ�RODUDN�PLNURGHVHQ�oDSÕ�

YH�PLNURGHVHQOHU� DUDVÕ�PHVDIH� EDúDUÕOÕ� úHNLOGH� NRQWURO� HGLOGL÷L� LQFH� ILOP� SROLPHULN�

\�]H\OHU� VHQWH]OHQPLúWLU�� +'3(�36� SROLPHU� NDUÕúÕPODUGD� PLNURGHVHQ� oDSÕ� YH�

PLNURGHVHQOHU� DUDVÕ� PHVDIHQLQ� NRQWURO�QGH� NDSODPD� úDUWODUÕQÕQ� HWNLVLQH� \|QHOLN�

\DSÕODQ�oDOÕúPDODUD�GDLU�WDUWÕúPDODU�DúD÷ÕGD�DOW�EDúOÕNODU�KDOLQGH�|]HWOHQPLúWLU�

i) 3ROLPHU� NDUÕúÕP� ELOHúLPLQLQ� HWNLVL� 6DELW� NRQVDQWUDV\RQ�� VÕFDNOÕN� YH� GDOGÕUPD�

KÕ]Õ� LoLQ� +'3(�36�� ������� ������ YH� ������ IDUNOÕ� SROLPHU� NDUÕúÕP� ELOHúLPOHULQLQ�

\�]H\�S�U�]O�O�÷�QH�HWNLVLQL�LQFHOHPHN�DPDFÕ\OD�NRQWUROO��GDOGÕUPD�\|QWHPL�LOH�LQFH�

ILOP� NDSODPDODU� ROXúWXUXOPXúWXU�� %X� oDOÕúPDGD� +'3(� PROHN�O� D÷ÕUOÕ÷Õ� �0w



206

!����������� � 36� PROHN�O� D÷ÕUOÕ÷ÕQGDQ� �0w  � ��������� \DNODúÕN� �� NDW� ID]ODGÕU��

+'3(�36�SROLPHU�NDUÕúÕPODUÕQ�KHSVLQGH�ERQFXN úHNOLQGH�oDSODUÕ��-20 P�DUDVÕQGD�

GH÷LúHQ� YH� PLNURGHVHQOHU� DUDVÕQGDNL� PHVDIHQLQ� �-10 P� DUDVÕQGD� GH÷LúWL÷L�

PLNURGHVHQOL� \�]H\OHU� KD]ÕUODQPÕúWÕU� �ùHNLO� ������� $\UÕFD� +'3(�36� SROLPHU�

NDUÕúÕPODUÕQGDNL� 36� PLNWDUÕQÕQ� DUWPDVÕ� LOH� PLNURGHVHQ� oDSÕQÕQ� DUWWÕ÷Õ� YH�

mLNURGHVHQOHU� DUDVÕQGDNL� PHVDIHQLQ� D]DOGÕ÷Õ� EHOLUOHQPLúWLU�� <�]H\GHNL� ERQFXN�

úHNOLQGHNL� PLNURGHVHQOHULQ� 36¶GLU� o�QN�� 36� \�]H\L� S�U�]V�]NHQ�� +'3(� \�]H\L�

DGDFÕNODUÕQ�ROGX÷X�YH�DGDFÕNODU��]HULQGH�LVH�W�\�úHNOLQGH�S�U�]OHULQ�ROGX÷X�S�U�]O��

bir yüzeydir. Bu nedeQOH� +'3(�36� SROLPHU� NDUÕúÕP� \�]H\OHULQGHNL� ERQFXN�

úHNOLQGHNL� PLNURGHVHQOHU� 36� LNHQ�� DUDGD� NDODQ� W�\� úHNOLQGHNL� PRUIRORMLN� \DSÕQÕQ�

+'3(� SROLPHULQH� DLW� ROGX÷X� LQFHOHQHQ� 6(0� J|U�QW�OHULQGHQ� DQODúÕOPÕúWÕU�� $\UÕFD�

+'3(�36� SROLPHU� NDUÕúÕPODUÕQGD� NXOODQÕODQ� +'3(� homopolimerinin Mw’i 

36¶QLQNLQGHQ� QHUHGH\VH� �� NDWÕ� NDGDU� E�\�NW�U� YH� EX� QHGHQOHGH� 36� QLQ� \�]H\GH�

]HQJLQOHúPH�H÷LOLPLQLQ�+'3(¶GHQ�GDKD�ID]OD�ROPDVÕ�OLWHUDW�UH�J|UH�GH�EHNOHQHQ�ELU�

durumdur [Affrossman et al., 1996], [Tanaka et al., 1998], [Kawaguchi et al., 2007]. 

)DUNOÕ� ELOHúLPOHUGH� +'3(�36� SROLPHU� NDUÕúÕPODUÕQGDQ� KD]ÕUODQDQ� \�]H\OHUH� GDLU�

WHPDV�DoÕVÕ�VRQXoODUÕQD�J|UH�+'3(�36�SROLPHU�NDUÕúÕPODUÕQGD�36�ELOHúLPLQLQ�DUWPDVÕ�

LOH�VX�WHPDV�DoÕVÕ�GH÷HUOHUL�D]DODUDN�36�KRPRSROLPHU�GH÷HULQH�\DNODúPD\D�EDúODU�YH�

CAH GH÷HUL� LVH� QHUHGH\VH� VDELW� NDOÕU�� 36¶QLQ� 6)(� GH÷HUL� ������ P1�P��

+'3(¶QLQNLQGHQ� ������ �P1�P��GDKD� \�NVHNWLU��%X�QHGHQOH�G�ú�N�6)(�GH÷HULQGHQ�

GROD\Õ� +'3(� QLQ� \�]H\GH� ]HQJLQOHúPH� H÷LOLPLQLQ� 36¶GHQ� GDKD� ID]OD� ROPDVÕ�

OLWHUDW�UGH� \HU� DODQ� oDOÕúPDODUD� J|UH� EHNOHnen bir durumdur [Tanaka et al., 1998], 

DQFDN� WHPDV� DoÕVÕ� VRQXoODUÕ� EX� EHNOHQWL\L� GHVWHNOHPHPHNWHGLU�� %X� EHNOHQWLQLQ� DNVL�

VRQXoODUÕQ� HOGH� HGLOPHVLQLQ� QHGHQL�� +'3(�36� SROLPHU� NDUÕúÕPODUÕQGD� NXOODQÕODQ�

HDPE homopolimerinin Mw¶L� 36¶QLQNLQGHQ� \�NVHN� ROPDVÕ� QHGeniyle PS’nin 

\�]H\GH�]HQJLQOHúPH�H÷LOLPLQLQ�ID]OD�ROPDVÕGÕU��

ii) Çözücünün etkisi: 3ROLPHU� NDUÕúÕPODUÕQGD� o|]�F�Q�Q� \�]H\� S�U�]O�O�÷�QH�

HWNLVLQL� LQFHOHPHN� DPDFÕ\OD� +'3(�36� SROLPHU� NDUÕúÕP� o|]HOWLOHUL� LNL� D\UÕ� o|]�F��

(ksilen ve ksilen+toluen) içerisinde kRQWUROO�� GDOGÕUPD� \|QWHPL� LOH� KD]ÕUODQPÕúWÕU��

.VLOHQ�WROXHQ� o|]�F�� NDUÕúÕPODUÕQGD� KD]ÕUODQDQ� +'3(�36� SROLPHU� NDUÕúÕP� LQFH�

filmlerinde mikro-GHVHQOHULQ� oDSÕ�� NVLOHQ� o|]�F�V�� NXOODQÕODUDN� HOGH� HGLOHQ� LQFH�

filmlerin mikro-GHVHQ� oDSÕQD� J|UH� DUWPÕúWÕU� �ùHNLO� ��19). Bu durumun nedeni 

NVLOHQ�WROXHQ� VROYHQW� NDUÕúÕPÕQGD� o|]�F�Q�Q� EXKDUODúPD� KÕ]Õ� NVLOHQ� o|]�F�V�QH�
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J|UH�GDKD�G�ú�NW�U�YH�EX�VROYHQW�NDUÕúÕPÕQÕQ�GDKD�\DYDú�EXKDUODúPDVÕ�VRQXFXQGD�ID]�

GD÷ÕOÕPÕ�SURVHVLQLQ�GDKD�\DYDú�JHUoHNOHúPHNWH�YH�S�U�]O�O�÷�Q�GDKD�D]�ROPDNWDGÕU�

iii) Polimer çözeltisi konsantrasyonunun etkisi: +'3(�36�SROLPHU�NDUÕúÕPODUÕQGD�

NDSODPD� o|]HOWLVL� NRQVDQWUDV\RQXQXQ� \�]H\� S�U�]O�O�÷�QH� HWNLVLQL� LQFHOHPHN�

DPDFÕ\OD�SROLPHU�NDUÕúÕP�o|]HOWLOHUL� ���PJ�P/�YH����PJ�P/�ROPDN��]HUH� LNL� D\UÕ�

konsantrasyoQGD� KD]ÕUODQDUDN� LQFH� ILOP� PLNURGHVHQOL� SROLPHULN� \�]H\OHU�

ROXúWXUXOPXúWXU��ùHNLO��������.DSODPD�NRQVDQWUDV\RQXQ�DUWPDVÕ�LOH�PLNUR-desenlerin 

oDSÕ� YH� PLNUR-GHVHQOHU� DUDVÕ� PHVDIH� DUWPÕúWÕU�� %X� GXUXPXQ� QHGHQL� ID]� GD÷ÕOÕPÕ�

SURVHVLQGH� NRQVDQWUDV\RQXQ� DUWPDVÕ� Lle daha viskoz olan polimer çözeltisindeki 

SROLPHU� ]LQFLUOHULQLQ� GDKD� VÕNÕ� úHNLOGH� ELUELULQL� WXWPDVÕ� VRQXFXQGD� GDKD� NDUDUOÕ�

ROPDVÕ�YH�GDKD�S�U�]O��\�]H\OHU�HOGH�HGLOPHVLQH�RODQDN�VD÷ODPDVÕGÕU�

iv) 3ROLPHU�o|]HOWLVL�VÕFDNOÕ÷ÕQÕQ�HWNLVL��HDPE/PS (50/50) poliPHU�NDUÕúÕPODUÕQGD�

NDSODPD� VÕFDNOÕ÷ÕQÕQ� \�]H\� S�U�]O�O�÷�QH� HWNLVLQL� LQFHOHPHN� DPDFÕ\OD� SROLPHU�

NDUÕúÕP� o|]HOWLOHUL� ����� ���� YH� ���� o&� ROPDN� �]HUH� �o� D\UÕ� VÕFDNOÕNWD� NRQWUROO��

GDOGÕUPD�\|QWHPL�LOH�PLNURGHVHQOL�S�U�]O��SROLPHULN�\�]H\OHU�VHQWH]OHQPLúWLU��ùHkil 

������� +'3(�36� SROLPHU� NDUÕúÕPODUGD� VÕFDNOÕ÷ÕQ� DUWPDVÕ� LOH� PLNUR-desenlerin 

oDSODUÕQGD� oRN� E�\�N� ELU� GH÷LúLP� J|]OHQPH]NHQ�� PLNUR-GHVHQOHU� DUDVÕQGDNL�

PHVDIHQLQ� DUWWÕ÷Õ� EHOLUOHQPLúWLU��%XQXQ�QHGHQL�SROLPHU� o|]HOWLVLQLQ�YLVNR]LWHVLQGHNL�

azalma sonucunda sROYHQWLQ� EXKDUODúPD� KÕ]ÕQÕQ� GDKD� \DYDú� ROPDVÕ� YH� GDKD� D]�

pürüzlü yüzeylerin elde edilmesidir.

v) 'DOGÕUPD� KÕ]ÕQÕQ� HWNLVL� ������� +'3(�36� SROLPHU� NDUÕúÕPODUÕQGD� NDSODPD�

KÕ]ÕQÕQ�\�]H\�S�U�]O�O�÷�QH�HWNLVLQL�LQFHOHPHN�DPDFÕ\OD�SROLPHU�NDUÕúÕP�o|]HOWLOHUL�

ile ����� ����� ����� ����� ���� YH� ����PP�GN� ROPDN� �]HUH� DOWÕ� D\UÕ� NDSODPD� KÕ]ÕQGD�

NRQWUROO��GDOGÕUPD�\|QWHPL�NXOODQÕODUDN�LQFH�ILOP�NDSODPDODU�ROXúWXUXOPXúWXU��ùHNLO�

������� .DSODPD� KÕ]ÕQÕQ� DUWPDVÕ� LOH� ID]� GD÷ÕOÕPÕ� SURVHVLQGH� o|]�F�Q�Q� EXKDUODúPD�

KÕ]ÕQGDNL� IDUNOÕOÕNWDQ� GROD\Õ�PLNURGHVHQOHU� DUDVÕQGDNL�PHVDIH� DUWDUNHQ��PLNURGHVHQ�

oDSÕ� D]DOPDNWDGÕU�� .DSODPD� KÕ]ÕQÕQ� D]DOPDVÕQD� ED÷OÕ� RODUDN� GHQJH�� LOHUOHPH� YH�

JHULOHPH�WHPDV�DoÕODUÕ�D]DOPÕúWÕU�YH�WHPDV�DoÕVÕ�GH÷HUOHUL�+'3(�KRPRSROLPHULQGHQ�

36�KRPRSROLPHULQH� GR÷UX� GH÷LúPLúWLU��$QFDN� WHPDV� DoÕVÕ� NDUPDúDVÕ� �&$+��GH÷HUL�

VDELW� NDOPÕúWÕU�� 7HPDV� DoÕVÕ� NDUPDúDVÕ� NLP\DVDO� KHWHURMHQOLN� YH� S�U�]O�O�÷�Q� ELU�

|Oo�W�G�U� YH� &$+� GH÷HULQGH� KHUKDQJL� ELU� GH÷LúLPLQ� J|]OHQPHPHVL� \�]H\GHNL�

NLP\DVDO�KHWHURMHQOL÷LQ�D]DOGÕ÷ÕQÕ�YH�GDOGÕUPD�KÕ]ÕQÕQ�DUWPDVÕ�LOH�\�]H\LQ�36¶FH�GDKD�

ID]OD�]HQJLQOHúWL÷LQL�J|VWHUPHNWHGLU��
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vi) 3ROLPHU� PROHN�O� D÷ÕUOÕ÷ÕQÕQ� HWNLVL� +'3(�36� SROLPHU� NDUÕúÕPODUÕQGDQ�

KD]ÕUODQDQ�PLNURGHVHQOL�\�]H\OHUGH�SROLPHU�PROHN�O�D÷ÕUOÕ÷ÕQÕQ�PLNURGHVHQ�oDSÕ�YH�

mesafesi gibi yüzey |]HOOLNOHULQH� HWNLVLQL� LQFHOHPHN� DPDFÕ\OD� IDUNOÕ� PROHN�O�

D÷ÕUOÕNODUÕ� RODQ� �� IDUNOÕ� 36� YH� +'3(� NXOODQÕOPÕúWÕU�� � %XQODUÕQ� 0),� VÕUDODPDVÕ�

PS2>PS1>PS ve HDPE>HDPE1>HDPE2 úHNOLQGHGLU�� $\UÕFD� 0),� VÕUDODPDVÕ�

GH÷HUOHULQH� J|UH� oLIW� RODUDN� NXOODQÕODQ� SROLPHUOHULQ�PROHN�O� D÷ÕOÕNODUÕ�+'3(1>PS1,

PS1>HDPE2, HDPE1>PS2 ve HDPE1>PS2>PS1>HDPE2 úHNOLQGH� GH÷LúPHNWHGLU�� ��

������ ELOHúLPLQGH� KD]ÕUODQDQ� +'3(�36�� +'3(1/PS ve HDPE/PS1 polimer 

NDUÕúÕPODUGDQ� PLNURGHVHQ� oDSÕ� ��-40 P� DUDOÕ÷ÕQGD� JHQLú� ELU� DUDOÕNWD� GH÷LúWL÷L�

yüzeyler KD]ÕUODQPÕúWÕU� �ùHNLO� ������ ������� +'3(� PROHN�O� D÷ÕUOÕ÷ÕQÕQ� D]DOPDVÕ� LOH�

\�]H\GHNL� PLNURGHVHQ� oDSÕ� DUWDUNHQ�� PLNURGHVHQOHU� DUDVÕ� PHVDIH� D]DOPDNWDGÕU��

PS1¶LQ� PROHN�O� D÷ÕUOÕ÷Õ� +'3(1 ve HDPE2 nin Mw¶GDQ� G�ú�NW�U� YH� EX� QHGHQOH�

36¶QLQ� \�]H\GH� ]HQJLQOHúPH� H÷LOLPLQLQ� +'3(¶GHQ� GDKD� ID]OD� ROPDVÕ� EHNOHQLU���

36¶QLQ�6)(�GH÷HUL�������P1�P��+'3(¶QLQNLQGHQ�������P1�P��GDKD�\�NVHNWLU��%X�

QHGHQOH� G�ú�N� 6)(� GH÷HULQGHQ� GROD\Õ� +'3(� QLQ� \�]H\GH� ]HQJLQOHúPH� H÷LOLPL�

36¶GHQ�GDKD�ID]ODGÕU��7HPDV�DoÕVÕ�VRQXoODUÕQD�J|UH�D\QÕ�NDSODPD�KÕ]ÕQGD�+'3(�36�

SROLPHU� NDUÕúÕPODUÕQGD� +'3(� SROLPHULQLQ� 0Z¶L� DUWPDVÕ� LOH� WHPDV� DoÕVÕ� VRQXoODUÕ�

+'3(� KRPRSROLPHULQLQNLQH� \DNODúPDNWDGÕU� \DQL� +'3(�36� SROLPHU� NDUÕúÕP�

\�]H\LQGH�+'3(�SROLPHULQLQ�]HQJLQOHúPH�H÷LOLPL�DUWPDNWDGÕU��%X�GXUXPXQ�QHGHQL�

0Z� GHNL� GH÷LúLPH� QD]DUDQ� +'3(� SROLPHULQLQ� 6)(� GH÷HULQLQ� 36¶GHQ� GDKD� G�ú�N�

ROPDVÕGÕU�

HDPE1 ile PS1 ve PS2 SROLPHUOHULQLQ� NDUÕúWÕUÕOPDVÕ� LOH� �� ������ ELOHúLPGH�

KD]ÕUODQDQ� PLNURGHVHQOL� +'3(�36� SROLPHU� NDUÕúÕPODUÕ� NRQWUROO�� GDOGÕUPD� WHNQL÷L�

NXOODQÕODUDN� VHQWH]OHQPLúWLU� �ùHkil 8.25). PS2 SROLPHULQLQ�PROHN�O� D÷ÕUOÕ÷Õ� 361’den 

büyüktür ve HDPE1 PROHN�O� D÷ÕUOÕ÷Õ� VDELWWLU� YH� +'3(1 Mw’si her iki PS 

SROLPHULQGHQ� E�\�NW�U�� 36�PROHN�O� D÷ÕUOÕ÷ÕQÕQ� D]DOPDVÕ� LOH� \�]H\GHNL�PLNURGHVHQ�

oDSÕ� D]DOPÕúWÕU� YH� D\QÕ� ]DPDQGD� \�]H\GHNL�PLNURGHVHQ� KRPRMHQOL÷L� D]DOPÕúWÕU��%X�

SROLPHU� NDUÕúÕPODU� LoLQ� WHPDV� DoÕVÕ� GH÷HUOHUL� QHUHGH\VH� VDELWWLU� YH� S�U�]V�]� 36�

\�]H\LQLQ�WHPDV�DoÕVÕ�GH÷HUOHULQH�\DNÕQ�VRQXoODU�HOGH�HGLOPLúWLU��3�U�]O�O�NWHNL�DUWÕú�

WHPDV� DoÕVÕ� GH÷HUOHULQL� DUWÕUÕFÕ� HWNL� J|VWHUHFH÷LQGHQ� \�]H\GH� 3S polimeri HDPE’e 

J|UH�GDKD� ID]OD�]HQJLQOHúLU��6RQXo�RODUDN�+'3(�36�SROLPHU�NDUÕúÕPODUÕQGD�36�GHQ�

GDKD�G�ú�N�PROHN�O�D÷ÕUOÕNOÕ�+'3(�NXOODQÕPÕ�PLNUR-GHVHQ�oDSÕQÕ�DUWWÕUDUDN�DGDFÕNODU�

DUDVÕ� PHVDIHQLQ� D]DOPDVÕQD� QHGHQ� ROXUNHQ�� 36� GHQ� GDKD� \�NVHN� PROHN�O� D÷ÕUOÕNOÕ�
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+'3(� NXOODQÕPÕ� 36� DGDFÕN� oDSÕQÕ� D]DOWDUDN� PLNUR-GHVHQOHU� DUDVÕQGDNL� PHVDIH\L�

DUWWÕUPDNWDGÕU��%X� VRQXoODU� GR÷UXOWXVXQGD� SROLPHU�PROHN�O� D÷ÕUOÕ÷ÕQÕQ�PLNUR-desen 

oDSÕ�YH�PLNUR-GHVHQOHU�DUDVÕ�PHVDIH�NRQWURO�QGH�|QHPOL�ELU�SDUDPHWUHGLU�

Mikrodesenli polimeULN� \�]H\OHULQ� VHQWH]LQGH� NXOODQÕODQ� +'3(� YH� 333(�

SROLPHUOHULQGHQ�+'3(�SROLPHUL�VR÷XNWD�o|]�QPHGL÷L�LoLQ�NXOODQGÕ÷ÕPÕ]�o|]�F�OHULQ�

\�NVHN� VÕFDNOÕNODUGD� oDOÕúÕOPDVÕQÕ� JHUHNWLUPHNWHGLU� YH� EX� QHGHQOH� GDKD� G�ú�N�

VÕFDNOÕNODUGD�NDSODPD�\DSÕOPDVÕQD�RODQDN� VD÷OD\Dn PPPE polimeri ile mikrodesenli 

SROLPHULN� \�]H\OHULQ� VHQWH]L� WHUFLK� HGLOPLúWLU�� ������� ������� ������� ������ YH� ������

333(�36� SROLPHU� NDUÕúÕP� ELOHúLPOHULQGH� VDELW� NDSODPD� NRQVDQWUDV\RQXQGD� ����

PJ�P/��YH�NDSODPD�KÕ]ÕQGD������PP�GN������o&�NDSODPD�VÕFDNOÕ÷ÕQGD�ID]�GD÷ÕOÕPÕ�

\|QWHPL� LOH� PLNURGHVHQOL� LQFH� ILOP� SROLPHULN� \�]H\OHU� KD]ÕUODQPÕúWÕU� YH� SROLPHU�

NDUÕúÕPGDNL� 36� PLNWDUÕQÕQ� DUWPDVÕ� 36� ELOHúLPL� �� ��� RODQD� NDGDU� \�]H\GH� ROXúDQ�

PLNURGHVHQ�oDSÕ�YH�PLNURGHVHQOHU�DUDVÕQGDNL�PHVDIH�DUWDUNHQ�������36�ELOHúLPLQGH�

miNURGHVHQ�oDSÕ�D]DOPDNWDGÕU��ùHNLO���������)DUNOÕ�ELOHúLPOHUGH�KD]ÕUODQDQ�333(�36�

SROLPHU�NDUÕúÕPODU� LoLQ� WHPDV�DoÕVÕ� VRQXoODUÕQD�J|UH�333(�NRPRSROLPHUL� �ș e=106º) 

36� KRPRSROLPHULQGHQ� �șe ����� GDKD� KLGURIRELNWLU� YH� SROLPHU� NDUÕúÕPODUÕQ� WHPDV�

DoÕVÕ� GH÷HUOHUL� \DNODúÕN� RODUDN� ELUELULQH� HúLW� YH� 333(� NRSROLPHULQLQ� WHPDV� DoÕVÕ�

GH÷HULQH� \DNÕQGÕU�� 333(� NRSROLPHULQLQ� 6)(� GH÷HUL� 36� KRPRSROLPHULQGHQ� GDKD�

G�ú�N� ROGX÷XQGDQ�� 333(� NRSROLPHUL� NDWÕ�KDYD� ara yüzeyinde ]HQJLQOHúPHNWHGLU��

'ROD\ÕVÕ\OD� SROLPHU� NDUÕúÕP� \�]H\OHULQGH WHSH� úHNOLQGHNL� S�U�]O�O�NOHU� 333(�

NRSROLPHULQL�� G�]� E|OJHOHU� LVH� 36� KRPRSROLPHULQGHQ� ROXúPDNWDGÕU�� 6RQXo� RODUDN�

333(� YH� 36� SROLPHUOHULQLQ� \�]H\� HQHUMLVL� DUDVÕQGDNL� IDUNOÕOÕN� 333(� NRSROLPHULQLQ�

\�]H\H� oÕNPD� H÷LOLPLQH� QHGHQ� ROPDNWDGÕU� YH� EX� \�]GHQ� SROLPHU� NDUÕúÕP�

kompozis\RQXQD� ED÷OÕ� RODUDN� WHPDV� DoÕVÕ� YH� WHPDV� DoÕVÕ� NDUPDúDVÕ� �&$+��

GH÷HUOHULQGH�|QHPOL�ELU�GH÷LúLNOLN�J|]OHQPHPLúWLU�

PS homopolimer ve PPPE kopolimerinin (THF) çözücüsü içerisinde 10 mg/mL 

NRQVDQWUDV\RQGD�D\UÕ�D\UÕ�o|]�OPHVL�YH�IDUNOÕ�RUDQODUGD�NDUÕúWÕUÕOPDVÕ\OD��D÷ÕUOÕNoD���

10:90, 20:80, 30:70, 50:50 ve 70:30 kompozis\RQODUÕQGD� 36�333(�� HOGH� HGLOHQ�

o|]HOWLOHUH��NDSODQDFDN�LQFH�ILOPOHUGHNL�\�]H\�S�U�]O�O�÷�Q��DUWÕUDELOPHN�LoLQ�VDELW�

miktarda kötü çözücü EtOH ilave edilerek ince film mikrodesenli polimerik yüzeyler 

ROXúWXUXOPXúWXU� >ùHNLO� ����@�� 333(�36� SROLPHU� NDUÕúÕPODUGD�� �-10 mikrometre 

DUDVÕQGD�GH÷LúHQ�oDSODUD�VDKLS�36�DGDFÕNODUÕ�YDUGÕU��36¶QLQ�������\H�NDGDU�DUWÕúÕ�LOH�

36�DGDFÕN�oDSODUÕ�DUWPDNWD�EXQGDQ�VRQUD�D]DOPD\D�EDúODPDNWDGÕU��36�333(�Solimer 

NDUÕúÕP�o|]HOWLVLQH�(W2+� LODYH�HGLOGL÷LQGH��333(�YH�36�KRPRSROLPHU�\�]H\OHULQLQ�
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e GH÷HUOHUL� ELUELULQH� \DNÕQ� EXOXQPXúWXU� YH� 333(�� 36� \�]H\OHULQLQ�&$+�GH÷HUOHUL�

DUDVÕQGD���o IDUNOÕOÕN�YDUGÕU�YH�W�P�SROLPHU�NDUÕúÕPODUGD� a ve r GH÷HUOHUL�ELUELULQH�

oRN�\DNÕQGÕU��3ROLPHU�NDUÕúÕPODUGD�\�]H\�S�U�]O�O�÷��(W2+�PLNWDUÕQD�ED÷OÕ�RODUDN�

GH÷LúPHVLQH� UD÷PHQ�� WHPDV� DoÕVÕ� YH� &$+� GH÷HULQLQ� QHUHGH\VH� VDELW� NDOPDVÕ�

QHGHQL\OH� SROLPHU� NDUÕúÕP� \�]H\OHULQLQ� �36� DGDFÕNODUÕQÕQ� �]HUL� GDKLO��� 333(�

polimHUL\OH� NDSODQPÕú� ROGX÷X� WHPDV� DoÕVÕ� VRQXoODUÕQD� J|UH� |QJ|U�OHELOLU� >$WDOD\�

Gengeç et al., 2014]. 

PS ve PPPE polimerlerinin THF çözücüsü içerisinde 10 mg/mL 

NRQVDQWUDV\RQGD�D\UÕ�D\UÕ�o|]�OPHVL\OH�HOGH�HGLOHQ�o|]HOWLOHULQ�D÷ÕUOÕNoD���������YH�

80:20 PPPE:PS RUDQÕQGD� NDUÕúWÕUÕOPDVÕ� VRQUDVÕQGD�� ROXúDFDN� SROLPHU� NDSODPDQÕQ�

\�]H\� S�U�]O�O�÷�Q�� DUWÕUDELOPHN� LoLQ� SROLPHU� o|]HOWLVLQH� IDUNOÕ� PLNWDUODUGD� N|W��

çözücü EtOH (4-18 mL) ilave edilerek ince film mikrodesenli polimerik yüzeyler 

ROXúWXUXOPXúWXU�� �������� 36�333(� SROLPHU� NDUÕúÕPODUGD� GHQJH� YH� LOHUOH\HQ� WHPDV�

DoÕVÕ�GH÷HUOHUL�QHUHGH\VH�VDELWNHQ��(W2+�LODYHVL� LOH�JHULOH\HQ� WHPDV�DoÕVÕ�GH÷HULQGH�

ELU� D]DOPD� H÷LOLPL� YH� EXQD� ED÷OÕ� RODUDN� &$+� GH÷HULQGH� DUWÕú� J|U�OPHNWHGLU��

36�333(�SROLPHU�NDUÕúÕPÕ�\�]H\OHULQGH��LQFH�ILOP ROXúXPX�HVQDVÕQGD�ID]�D\UÕPÕQGDQ�

kaynaklanan 4-���PLNURQ�oDSODUÕQD�VDKLS�36�DGDFÕNODUÕQGDQ�ROXúPXú�PLNURGHVHQOHU�

\HU�DOPDNWDGÕU��ùHNLO��������36�DGDFÕN�oDSODUÕQÕQ�NDWÕODQ�(W2+�PLNWDUÕQD�J|UH�|QFH�

DUWWÕ÷Õ��VRQUD�LVH�\DNODúÕN�RODUDN�VDELW�NDOGÕ÷Õ�J|U�OP�úW�r. r YH�&$+�GH÷HUOHULQGHNL�

GH÷LúLP� oRN� E�\�N� IDUNOÕOÕNODU� LoHUPHGL÷L� LoLQ� (PS40/PPPE60)EtOH-4 GÕúÕQGDNL� E�W�Q�

\�]H\OHULQ� &$+� GH÷HUOHUL� VDELW� RODUDN� NDEXO� HGLOHELOLU�� $\UÕFD� �� ������ 36�333(�

SROLPHU�NDUÕúÕPODUGD� e ve a WHPDV�DoÕVÕ�GH÷HUOHUL�QHUHGH\VH�VDELtken, EtOH ilavesi 

ile gerileyen ( r�� WHPDV� DoÕVÕ� GH÷HULQGH� D]DOPD� WUHQGL� YH� EXQD� ED÷OÕ� RODUDN� &$+�

GH÷HULQGH� DUWÕú� WUHQGL� J|U�OPHNWHGLU�� $QFDN� JHULOH\HQ� YH� &$+� GH÷HUOHULQGHNL�

GH÷LúLP� oRN� E�\�N� IDUNOÕOÕNODU� LoHUPHGL÷L� LoLQ� EX� GH÷HUOHU� VDELW� RODUDN� NDEXO�

ediOHELOLU����������36�333(�SROLPHU�NDUÕúÕPODUÕQGD�ID]�D\UÕPÕQGDQ�ND\QDNODQDQ����-

����PLNURQ� oDSODUÕQD� VDKLS� DGDFÕNODU� YDUGÕU� �ùHNLO� �������$\UÕFD� o|NW�U�F�� VROYHQW�

(W2+� LODYHVLQH� ED÷OÕ� RODUDN� PLNURGHVHQ� oDSODUÕ� GH÷LúPHNWHGLU�� &$+� GH÷HUL� W�P�

yüzeylerde nerede\VH� VDELW� ROGX÷XQGDQ�� (W2+� LODYHVL� LOH� S�U�]O�O�N� DUWDUNHQ��

NLP\DVDO�KHWHURMHQOLN�D]DOPDNWDGÕU��



211

9.3
Hücreleri ile Seçimli Tutunma

L1210 ve lökosit hücrelerinin tutunma GHQHPHOHULQGH�NXOODQÕODQ�W�P�SROLPHULN�

\�]H\OHULQ� WRNVLN� ROPDGÕ÷Õ� \DSÕODQ� WRNVLVLWH� GHQHPHOHUL� VRQXFXQGD� EHOLUOHQPLúWLU��

7H]� oDOÕúPDVÕQGD� SROLPHULN� \�]H\OHUH� VHoLPOL� tutunma GDYUDQÕúÕQD� GDLU� DPDFÕPÕ]�

/����� K�FUHOHULQLQ� VD÷OÕNOÕ� O|NRVLW� K�FUHOHULQGHQ� GDKD� ID]OD� ED÷ODQGÕ÷Õ� \�]H\OHULQ�

EHOLUOHQPHVLGLU�� %X� DPDo� GR÷UXOWXVXQGD� VHoLPOL� tutunma GHQHPHOHULQGH� NXOODQÕODQ�

polimerik yüzeyler yüzey özelliklerine göre pürüzsüz, pürüzlü ve mikrodesenli 

RODUDN� D\UÕ� D\UÕ� VÕQÕIODUGD� LQFHOHQPLúWLU� YH� DúD÷ÕGD� DOW� EDúOÕNODU� KDOLQGH� GHWD\ODUÕ�

YHULOPLúWLU��

i) Pürüzsüz Polimerik Yüzeylere Seçimli Tutunma 6RQXoODUÕ� 2 saatlik hücre 

LQN�EDV\RQX� VRQUDVÕQGD� D\UÕ� D\UÕ� \DSÕODQ� GHQHPHOHUGH�� /����� YH� VD÷OÕNOÕ� O|NRVLW�

hücrelerinin çok az pürüzlü (pürüzsüz) polimer yüzeylerine tutunma sonuoODUÕQD�

göre, hidrofilik olan PVOH ve PS-VXOIR� \�]H\OHULQH� KHP� /����� KHP� GH� VD÷OÕNOÕ�

lökosit hücre WXWXQPDVÕQÕQ ID]OD� ROGX÷X� YH� KLGURIRELN� \�]H\OHUH� LVH� ID]OD� K�FUH�

WXWXQPDVÕ ROPDGÕ÷Õ� VDSWDQPÕúWÕU� �ùHNLO� ������� 3�U�]V�]� (MMA-TAN) 

kopolimerlerinde, TAN monoPHU�RUDQÕ�DUWWÕNoD�KHP�/������KHP�GH�VD÷OÕNOÕ�O|NRVLW�

hücre WXWXQPDVÕ�DUWPDNWDGÕU��ùHNLO��������(Q�ID]OD�VHoLPOL�tutunma, en hidrofilik olan 

392+� \�]H\LQGH� J|]OHQPLúWLU� YH� 392+� KDULo� WHVW� HGLOHQ� G�]� \�]H\OHU� �]HULQGH�

K�FUH�VHoLPOLOL÷L�EHOLUOHQPHPLúWLU��$QFDN�392+�\�]H\LQH�ED÷ODQDQ�VD÷OÕNOÕ� O|NRVLW�

RUDQÕ�� /����� GHQ� GDKD� ID]ODGÕU� YH� WH]� oDOÕúPDPÕ]ÕQ� DPDFÕQD� WHUV� ELU� VHoLPOLOLk

J|]OHQPLúWLU�� $PDFD� X\JXQ� VHoLPOL� tutunma (MMA95-TAN5) ve PS-sülfo 

\�]H\OHULQGH� JHUoHNOHúPLúWLU� DPD� EXUDGDNL� VHoLPOLOLN� RUDQÕ� oRN� G�ú�NW�U�� PVOH 

\�]H\L�LQFHOHQHQ�GL÷HU�KRPRSROLPHU�YH�NRSROLPHU�\�]H\OHU�DUDVÕQGD�&$+�GH÷HUL�HQ�

G�ú�N� RODQ� \�]H\GLU�� 392+� \�]H\L� QHUHGH\VH� S�U�]V�]� ROGX÷XQGDQ� &$+�

GH÷HULQGHNL� EX� GH÷LúLP� VDGHFH� NLP\DVDO� KHWHURMHQOLNWHQ� ND\QDNODQPDNWDGÕU�� 6RQXo�

RODUDN�VD÷OÕNOÕ� O|NRVLW�K�FUHOHULQLQ�NLP\DVDO�KHWHURMHQOL÷LQ�G�ú�N�ROGX÷X��G�]�NDEXO�

edilebilecek hidrofil yüzeylere tutunma H÷LOLPLQLQ�/�210 hücrelerine göre daha fazla 

ROGX÷X�VDSWDQPÕúWÕU��

ii) Pürüzlü Polimerik Yüzeylere Seçimli Tutunma 6RQXoODUÕ� 2 saatlik hücre 

LQN�EDV\RQX� VRQUDVÕQGD� D\UÕ� D\UÕ� \DSÕODQ� GHQHPHOHUGH�� /����� YH� VD÷OÕNOÕ� O|NRVLW�

hücrelerinin (MMA95-TAN5)EtOH, HDPE ve PPPE pürüzlü polimer yüzeylerine 
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tutunma VRQXoODUÕQD� J|UH� KLGURIRE� |]HOOLNWHNL� S�U�]O�� \�]H\OHUH� ED÷ÕO� K�FUH�

\DSÕúPDVÕQÕQ��S�U�]V�]�\�]H\OHUH�J|UH�GDKD�ID]OD�ROGX÷X�EHOLUOHQPLúWLU��ùHNLO��������

$QFDN� |UQH÷LQ� S�U�]V�]� (MMA95-TAN5) yüzeyindeki seçimli tutunma davranÕúÕ�

pürüzlü (MMA95-TAN5)EtOH \�]H\LQGH�\DNODúÕN���NDW�DUWPÕúWÕU�DPD�VHoLPOLOLN�WUHQGL�

WHUVLQH� G|QP�úW�U� \DQL� O|NRVLW� K�FUHOHUL� /����� K�FUHOHULQGHQ� GDKD� ID]OD�

ED÷ODQPÕúWÕU��+'3(�LOH�333(�SROLPHU�\�]H\OHULQGH�/����¶QÕQ�tutunma SHUIRUPDQVÕ��

lökosit tutunma SHUIRUPDQVÕQD�J|UH�\DNODúÕN���NDW�ID]ODGÕU��%XUDGD�NXOODQÕODQ�333(�

\�]H\L�+'3(�\�]H\LQH�J|UH�GDKD�S�U�]O�G�U�YH�333(�\�]H\LQH�KHP�VD÷OÕNOÕ�O|NRVLW�

hem de L1210 hücreleri HDPE den daha fazla tutunmaNWDGÕU�� <�]H\�

S�U�]O�O�÷�QGHNL� DUWÕúÕQ�� /����� K�FUHOHULQLQ VD÷OÕNOÕ� O|NRVLWOHUH� J|UH� GDKD� ID]OD�

seçimli tutunma HWNLVL� J|VWHUGL÷L� V|\OHQHELOLU�� 6RQXo� RODUDN� S�U�]O�� \�]H\OHUGH�

LVWHQLOHQ�GR÷UXOWXGD�VHoLPOL�tutunma JHUoHNOHúWL÷L�DQFDN�tutunma RUDQODUÕ�DUDVÕQGDNL�

IDUNÕQ�\HWHUVL]�ROGX÷X�J|U�OP�úW�U�YH�EX�QHGHQOH�KRPRpolimer ve kopolimer yerine, 

SROLPHU� NDUÕúÕPODU� NXOODQÕODUDN� GDKD� S�U�]O�� PLNURGHVHQOL� SROLPHULN� \�]H\OHU�

KD]ÕUODQPÕúWÕU��

iii) Mikrodesenli Polimerik Yüzeylere Seçimli Tutunma 6RQXoODUÕ� Mikrodesenli 

polimerik yüzeylere seçimli tutunma GDYUDQÕúÕQGD� HWNLQ� olan parametrenin 

EHOLUOHQPHVL� DPDFÕ\OD� PS80/(MMA95-TAN5)20, [PS80/(MMA95-TAN5)20]EtOH,

PS50/HDPE50�� YH� IDUNOÕ� SROLPHU� NDUÕúÕP� ELOHúLPOHULQGH� YH� N|W�� o|]�F�� �(W2+��

PLNWDUÕQGD� KD]ÕUODQDQ� 36�333(� SROLPHU� NDUÕúÕPODU� NXOODQÕOPÕúWÕU�� 3�U�]V�]� PS, 

(MMA95-TAN5) kopolimer yüzeyleri ile pürüzlü (MMA95-TAN5)EtOH yüzeyi ve 

mikrodesenli PS80/(MMA95-TAN5)20, [PS80/(MMA95-TAN5)20]EtOH yüzeylerinin 

seçimli tutunma VRQXoODUÕQD� J|UH�� PLNURGHVHQOL� �PS80/(MMA95-TAN5)20, ile 

[PS80/(MMA95-TAN5)20]EtOH ve pürüzlü (MMA95-TAN5)EtOH) yüzeylerinde pürüzsüz 

PS ve (MMA95-TAN5) yüzeylerine göre daha etkili seçimli tutunma GDYUDQÕúÕ�

EHOLUOHQPLúWLU� �ùHNLO� ������� [PS80/(MMA95-TAN5)20]EtOH mikrodesenli polimer 

NDUÕúÕP�\�]H\L�LoLQ�G�ú�N�O|NRVLW�tutunmaVÕ��G�ú�N�&$+�YH�oRN�\�NVHN� r YDUOÕ÷ÕQGD�

JHUoHNOHúPLúWLU�� $QFDN� O|NRVLW� K�FUHOHULQLQ� ED÷ODQGÕ÷Õ� YH� /����� K�FUHOHULQLQ�

tutunmaGÕ÷Õ� \�]H\OHU� HOGH� HGLOPLúWLU� YH� EX� VHoLPOLOLN� DPDFD� WHUV� WUHQG�

göstermektedir. 

dRN� D]� S�U�]O�� 36� \�]H\LQGH� KHP� /����� KHP� GH� O|NRVLW� LoLQ� oRN� G�ú�N�

tutunma daYUDQÕúÕ� J|]OHQLUNHQ�� S�U�]O�� +'3(� \�]H\LQH� \DSÕúDQ� /����� K�FUH�

VD\ÕVÕQÕQ�36�\H�QD]DUDQ���NDW�NDGDU�DUWPDVÕ�\�]�QGHQ��ROXPOX�ELU�VHoLPOLOLN�YDUGÕU�
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�ùHNLO� ������� 'L÷HU� WDUDIWDQ�� �-��� �P� DUDVÕQGD� GH÷LúHQ� oDSODUD� VDKLS� 36� PLNUR�

DGDFÕNODUÕ� LoHUHQ� PS50/HDPE50 poOLPHU� NDUÕúÕP� \�]H\LQGH�� /����� K�FUHOHULQLQ�

yüzeye tutunma SHUIRUPDQVÕ� 36� \H� QD]DUDQ� �� NDW�� +'3(¶\H� QD]DUDQ� LVH� �� ���

ID]ODGÕU��ùHNLO��������������0LNURGHVHQOL�PS50/HDPE50 yüzeyinde, L1210 hücresinin 

lökosite nazaran seçimli tutunma RUDQÕ�\DNODúÕN����¶�NDW�DUWPDNWDGÕU��6D÷OÕNOÕ�O|NRVLW�

tutunma PLNWDUÕ� LVH� +'3(¶\H� QD]DUDQ� D]DOPDNWDGÕU�� /����� K�FUHOHULQLQ��

mikrodesenli PS50/HDPE50 SROLPHU� NDUÕúÕP� yüzeyinin hangi bölgelerini ve neden 

WHUFLK� HWWLNOHUL� GHQHO� RODUDN� EHOOL� GH÷LOGLU�� $QFDN� /����� K�FUHOHUL� 36� DGDFÕNODUÕ�

DUDVÕQGD�NDODQ�S�U�]O��+'3(�\�]H\OHULQL�G�]�36�\�]H\OHULQH�J|UH�GDKD�ID]OD�WHUFLK�

eder [Atalay Gengeç et al. 2014]. 

36�� 333(� YH� IDUNOÕ� kompozis\RQODUGDNL� 333(�36� SROLPHU� NDUÕúÕPODUÕQGDQ�

KD]ÕUODQDQ� PLNURGHVHQOL� LQFH� ILOP� \�]H\OHULQH� /����� YH� O|NRVLW� K�FUH� \DSÕúPDVÕ�

VRQXoODUÕQD� J|UH� VDELW� PLNWDUGD� o|NW�U�F�� VROYHQW� LODYH� HGLOPLú� PPPE)EtOH-10,

(PS)EtOH-10 polimerleri ile (PS10/PPPE90)EtOH-10, (PS20/PPPE80)EtOH-10,

(PS50/PPPE50)EtOH-10 SROLPHU� NDUÕúÕP� ince film yüzeylerinde, L1210 hücresinin 

WXWXQPDVÕQÕQ fazla ve lökosit WXWXQPDVÕQÕQ D]� ROGX÷X� EHOLUOHQPLúWLU�� �ùHNLO� ������

$\UÕFD� /�����/|NRVLW� K�FUH� \DSÕúPD� RUDQODUÕQD� J|UH� HQ� ID]OD� ROXPOX� VHoLPOilik 

gösteren yüzeyler (PPPE)EtOH-10 ve (PS20/PPPE80)EtOH-10¶GLU� YH� VÕUDVÕ\OD� VD÷OÕNOÕ�

O|NRVLWH� QD]DUDQ� ���� YH� ���� NDW� GDKD� ID]OD� /����� K�FUHVL� EX� \�]H\OHUH� \DSÕúPÕúWÕU�

>ùHNLO� ����@�� %X� \�]H\OHUGHQ� HOGH� HGLOHQ� tutunma VRQXFX� VRQXoODUÕQD� J|UH� DGDFÕN�

oDSODUÕQÕQ�N�o�N�ROPDVÕQÕQ�/�����\DSÕúPDVÕQGD�ELU�DYDQWDM�VD÷ODGÕ÷Õ�EHOLUOHQPLúWLU�

)DUNOÕ� PLNWDUGD� o|NW�U�F�� VROYHQW� LODYH� HGLOPLú� �������� 36�333(� SROLPHU�

NDUÕúÕPODUÕQGDQ� KD]ÕUODQDQ�� (PS40/PPPE60)EtOH-4, (PS40/PPPE60)EtOH-10,

(PS40/PPPE60)EtOH-14 ve (PS40/PPPE60)EtOH-18 yüzeylerinde L1210/lökosit hücre çifti 

için amaca uygun trendde seçimli tutunma GDYUDQÕúÕ� J|]OHQPLúWLU� YH�/�����O|NRVLW�

\DSÕúPD� RUDQODUÕQÕQ� ���-���� DUDOÕ÷ÕQGD� ROGX÷X� EHOLUOHQPLúWLU� � �ùHNLO� ������ �������

0LNURGHVHQOL� \�]H\OHU� DUDVÕQGD� VHoLPOLOLN� KHGefine yani L1210 hücrelerinin 

ED÷ODQGÕ÷Õ�O|NRVLW�K�FUHOHULQLQ�tutunmaGÕ÷Õ�D]�ED÷ODQGÕ÷Õ�tutunma H÷LOLPLQH�HQ�ID]OD�

(PS40/PPPE60)EtOH-18 \�]H\LQGH� XODúÕOPÕúWÕU�� (PS40/PPPE60)EtOH-18 yüzeyindeki PS 

DGDFÕNODUÕ��]HULQGH�EHOLUHQ�\HQL�S�U�]OHUL�ROXúWXUDQ�SROLPHU de PPPE’dir. Çünkü PS 

homopolimer çözeltisi üzerinde fazla miktarda EtOH ilave edilmesinde bile 

S�U�]O�O�N� ROXúPDPDNWD� YH� EX� QHGHQOHGH� S�U�]O�� SROLPHULQ� 36� ROPDVÕ� LKWLPDO�

GÕúÕGÕU�� 'L÷HU� WDUDIWDQ� 333(� NRSROLPHU� \�]H\L� � r=83o) ve  (PS40/PPPE60)EtOH-18

poliPHU�NDUÕúÕP�\�]H\OHULQLQ ( r=84o) JHULOH\HQ� WHPDV�DoÕVÕ�GH÷HUOHUL� oRN \DNÕQGÕU�
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YH� EX� QHGHQOH� GH� 36� DGDFÕNODUÕ� �]HULQGH� 36� GH÷LO� GH� 333(� SROLPHULQGHQ� ROXúDQ�

S�U�]OHU� ROGX÷X� |QJ|U�V�Q�� WHPDV� DoÕVÕ� VRQXoODUÕ� GHVWHNOHPHNWHGLU��Sonuç olarak, 

(40:60) PS/PPPE \�]H\OHULQGH�� LQFH� ILOP� ROXúXPX� HVQDVÕQGD� NLP\DVDO� JUXSODUÕQ�

\�]H\GH�ID]�D\UÕPÕ�\DSPDVÕ�HVQDVÕQGD��KHP�36�DGDFÕNODUÕ��]HULQGH�KHP�GH�EXQODUÕQ�

GÕúÕQGD� NDODQ� DODQODUGDNL� \�]H\� KHWHURMHQOL÷LQLQ� YH� \�]H\� S�U�]O�O�÷�Q�Q�� SROLPHU�

o|]HOWLVLQGH� NXOODQÕODQ� (W2+� PLNWDUÕQD� ED÷OÕ� RODUDN� DUWPDVÕQGDQ� GROD\Õ� VHoLPOLOLN�

DUWPÕúWÕU�

)DUNOÕ�PLNWDUGD�o|NW�U�F��VROYHQW���-���P/�(W2+��LODYH�HGLOPLú��D\QÕ�NDUÕúÕP�

RUDQÕQD� VDKLS� D÷ÕUOÕNoD��� ������ 36�333(� SROLPHU� NDUÕúÕPODUÕQGDQ� KD]ÕUODQDQ� LQFH�

film yüzeylerine L1210 ve lökosit tutunma GDYUDQÕúODUÕ� VRQXoODUÕQD� J|UH��

(PS20/PPPE80)EtOH-6, (PS20/PPPE80)EtOH-10, ve (PS20/PPPE80)EtOH-14 yüzeylerinin 

hepsinde olumlu seçimli tutunma GDYUDQÕúÕ� J|]OHQPLúWLU� �ùHNLO� ������� ��������

36�333(�SROLPHU�NDUÕúÕPODUÕQD���P/�GHQ����P/� \H� DUWDQ�(W2+� LODYH edilmesiyle, 

L1210 tutunmaVÕQGD� GR÷UXVDO� ELU� DUWÕú� WUHQGL� J|]OHQLUNHQ�� /�����O|NRVLW� tutunma

RUDQÕQGD� �� NDW� FLYDUÕQGD� ELU� SODWR� YHUHFHN� úHNLOGH� ELU� DUWÕú� WUHQGL� EHOLUOHQPLúWLU��

6RQXo� RODUDN�� �� ������ 36�333(� \�]H\OHULQGH� (W2+�PLNWDUÕQÕQ� DUWPDVÕ� LOH� \�]H\�

p�U�]O�O�÷�Q�Q�DUWPDVÕQÕQ��/�����K�FUHOHULQLQ�\DSÕúPD�H÷LOLPLQL�DUWÕUÕFÕ�SR]LWLI�HWNL�

VD÷ODPÕúWÕU�

9.4 -2/HGF Hücreleri 
ile Seçimli Tutunma

L1210/lökosit hücre çiftine ilaveten Saos-2 hücreleri ve HGF hücrelerininde, 

pürüzsüz, pürüzlü ve mikrodesenli polimerik yüzeylere seçimli tutunma GDYUDQÕúODUÕ�

EHOLUOHQPLúWLU��d�QN��6DRV-��K�FUHOHULQLQ�\DSÕúWÕ÷Õ�YH�+*)�K�FUHOHULQLQ�\DSÕúPDGÕ÷Õ��

seçimli tutunma J|VWHUHQ�X\JXQ�\�]H\OHU�GLú� LPSODQWODUÕQGD�NXOODQÕOPDNWDGÕU��+*)�

hücreleri bütün düz yüzeylerde (PVOH, PS, PS-sulfo, MMA90-TAN10) yüksek 

\DSÕúPD� H÷LOLPL� J|VWHULUNHQ�� 6DRV-2 hücreleri sadece hidrofob (PS) ve flor içeren 

(MMA90-TAN10) \�]H\OHULQH� \DSÕúPD� H÷LOLPL� J|VWHUPLúWLU� �ùHNLO� ������ YH� EX�

nedenle de hidrofilik PVOH ve PS-sulfo yüzeylerinde HGF/Saos-��VHoLPOLOLN�RUDQÕ�

ID]ODGÕU��$QFDN�KHP�392+�YH�36-sulfo yüzeylerinde hemde PS ve (MMA90-TAN10)

\�]H\OHULQGH� GH� JHUoHNOHúHQ� VHoLPOL� tutunma GDYUDQÕúÕ� DPDFD� WHUV� RODUDN�

JHUoHNOHúPLúWLU�
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(MMA95-TAN5)EtOH, HDPE, PPPE ve EVA pürüzlü yüzeylerinde incelenen 

seçimli tutunma GDYUDQÕúÕ� VRQXoODUÕQD� J|UH� GH� DPDoODQDQ� H÷LOLP� YH� GHUHFHGH� ELU�

seçimli tutunma J|]OHQPHPLúWLU� �ùHNLO� ������� $QFDN� S�U�]O�� \�]H\OHU� S�U�]V�]�

\�]H\OHUOH�NDUúÕODúWÕUÕOGÕ÷ÕQGD��S�U�]O�O�÷�Q�DUWPDVÕ�LOH�+*)�Kücresi tutunPDODUÕQGD�

�� ��� FLYDUÕQGD� G�ú�ú� J|]OHQPLúWLU�� )ORU� LoHUHQ� �MMA95-TAN5) pürüzsüz ve 

(MMA95-TAN5)EtOH S�U�]O�� \�]H\OHUL� NDUúÕODúWÕUÕOGÕ÷ÕQGD� LVH� Saos-2 hücre 

WXWXQPDVÕQÕQ \DUÕ� \DUÕ\D� G�úPHNWHGLU�� 6RQXo� RODUDN� 6DRV-�� K�FUHOHULQLQ� \DSÕúWÕ÷Õ�

+*)� K�FUHOHULQLQ� \DSÕúPDGÕ÷Õ� LVWHQLOHQ� H÷LOLPGHNL� VHoLPOLOLN� GDYUDQÕúÕQGD�

S�U�]O�O�NWHNL� DUWÕú� HWNLOL� ROVD� GD� GDKD� S�U�]O�� \�]H\OHUH� RODQ� LKWL\DoWDQ� GROD\Õ�

(TAN-MMA/PS, HDPE/PS ve PPPE/PS�� SROLPHU� NDUÕúÕPODUGDQ� PLNURGHVHQOL�

S�U�]O�� \�]H\OHU� KD]ÕUODQPÕúWÕU� YH� EX� \�]H\OHUH� GDLU� 6DRV-2/HGF hücrelerinin 

tutunma VRQXoODUÕ�DúD÷ÕGD�GHWD\ODQGÕUÕOPÕúWÕU�

Zonyl TAN-00$�36� SROLPHU� NDUÕúÕPODUÕQGDQ� KD]ÕUODQDQ� LQFH� ILOP�

yüzeylerine, Saos-2 ve HGF hücre \DSÕúPDVÕ� GDYUDQÕúÕ� VRQXoODUÕQD� J|UH�

[PS80/(MMA95-TAN5)20]EtOH hariç bütün yüzeylerde HGF hücresi tutunma

SHUIRUPDQVÕ�ELUELULQH�\DNÕQ�EXOXQPXúWXU��6DRV-2 hücresinde ise tutunma SHUIRUPDQVÕ�

\�]H\� S�U�]O�O�÷�QH� ED÷OÕ� RODUDN� GH÷LúPHNWHGLU� YH� E�W�Q� =RQ\O� 7$1-MMA/PS 

SROLPHU� NDUÕúÕP� \�]H\OHULQGH� KHGHIOHQHQ� H÷LOLPLQ� WHUVL� ELU� VHoLPOLOLN� GDYUDQÕú�

J|]OHQPLúWLU��ùHNLO��������

PS, HDPE ve PS50/HDPE50 SROLPHU�NDUÕúÕPÕQGDQ�ROXúWXUXODQ�\�]H\OHUH��6DRV-

2 ve HGF hücre çifti ile tutunma GDYUDQÕúÕ� VRQXoODUÕQD� J|UH� +*)� K�FUHOeri 

KD]ÕUODQDQ��� \�]H\H�GH� ELUELULQH� \DNÕQ�PLNWDUGD� \�NVHN�ELU� \DSÕúPD�J|VWHUPLúNHQ��

Saos-�� K�FUHOHUL� +'3(� LoHUHQ� \�]H\OHUGH� GDKD� \�NVHN� ELU� \DSÕúPD� VD÷ODPÕúODUGÕU�

�ùHNLO� ������� 36�� +'3(� YH� PS50/HDPE50 yüzeylerinin hepsinde LVWHQLOHQ� H÷LOLPGH�

seçimli tutunma GDYUDQÕúÕ�J|]OHQPHPLúWLU��

36�� 333(� YH� IDUNOÕ� ELOHúLPOHUGHNL� 36�333(� SROLPHU� NDUÕúÕPODUÕQD� VDELW�

PLNWDUGD�(W2+�LODYH�HGLOHUHN�KD]ÕUODQDQ�PLNURGHVHQOL�S�U�]O��SROLPHU�\�]H\OHULQLQ�

WDPDPÕQGD� 6DRV-�� K�FUHOHULQLQ� ED÷ODQGÕ÷Õ� DQFDN� +*)� K�FUHOHULQLQ� D]� ED÷ODQGÕ÷Õ�

olumlu seçimli tutunma GDYUDQÕúÕ� J|]OHQPLúWLU�� (PS30/PPPE70)EtOH-10 ve

(PS70/PPPE30)EtOH-10 yüzeylerinde ise Saos-��+*)�K�FUH�\DSÕúPD�RUDQODUÕ�\DNODúÕN���

��¶OÕN� IDUNOÕOÕN� J|VWHUPLúWLU� YH� VHoLPOLOL÷LQ� HQ� \�NVHN� ROGX÷X� \�]H\OHUGLU� �ùHNLO�

������� %XUDGD� GD� WÕSNÕ� /�����O|NRVLW� K�FUHOHULQLQ� VHoLPOL� tutunma GDYUDQÕúÕ�

VRQXoODUÕQGDQ� HOGH� HGLOGL÷L� JLEL� DGDFÕN� oDSODUÕQÕQ� N�o�N� ROPDVÕQÕQ� LVWHQLOHQ�

GR÷UXOWXGD�VHoLPOLOL÷LQ�HOGH�HGLOPHVLQL�VD÷ODGÕ÷Õ�EHOLUOHQPLúWLU��
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36�� 333(� YH� IDUNOÕ� PLNWDUGD� (W2+� LODYHVL� LOH� ROXúWXUXODQ� (PS40/PPPE60)

SROLPHU�NDUÕúÕP�\�]H\OHULQLQ��6DRV-2 ve HGF hücreleri ile tutunma VRQXoODUÕQD�J|UH��

(PS40/PPPE60)EtOH-4, (PS40/PPPE60)EtOH-10 ve (PS40/PPPE60)EtOH-18 yüzeylerinde 8-15 

NDW� DUDVÕQGD� GH÷LúHQ� \�NVHN� RUDQGD� VHoLPOL� tutunma GDYUDQÕúÕ� J|]OHQPLúWLU� �ùHNLO�

����� YH� ������� <�]H\GHNL� GDLUHVHO� DGDFÕNODUGDQ� ROXúDQ� PLNURGHVHQOHULQ� |]HOOLNOH�

Saos-2 hücrelerinin yDSÕúPD�SHUIRUPDQVÕQÕ�HWNLOL�ELU�úHNLOGH�DUWWÕUGÕ÷Õ�EXOXQPXúWXU��

9.5. Polimer Yüzeylere Fibronektin Sonucu Elde 
Edilen Yüzeyler ve Bu Yüzeylerin L1210/Lökosit ile Saos-
2/HGF Hücre Çiftleri ile Seçimli Tutunma

Protein WXWXQPDVÕQÕQ L1210 ve lökosit hücre çifti ile Saos-2 ve HGF hücre çiftlerinin 

polimerik yüzeylere seçimli tutunma GDYUDQÕúÕQÕ�DUWÕUÕFÕ� HWNL� \DSÕS� \DSPD\DFD÷ÕQÕQ�

EHOLUOHQPHVL�DPDFÕ\OD�ELU�JOLNRSURWHLQ�RODQ� ILEURQHNWLQLQ� �)1��S�U�]V�]�YH�S�U�]O��

polimerik yüzeylere tutunma GDYUDQÕúÕ� EHOLUOHQPLúWLU�� � 3ROLPHULN� \�]H\� RODUDN�

PVOH, PS, PS-sulfo, PPPE ve (MMA95-TAN5��NXOODQÕOPÕúWÕU��+LGURILO�RODQ�392+�

ve PS-sulfo yüzeylerinde e GH÷HUOHUL� ILEURQHNWLQ� WXWXQPDVÕ VRQUDVÕQGD� ��-54o

DUDVÕQGD� NDOÕUNHQ�� KLGURIRE� RODQ� 36�� 333(� YH� 00$95-TAN5 yüzeylerinde ise 

fibronektin WXWXQPDVÕ VRQUDVÕQGD� e GH÷HUOHUL���-���DUDVÕQGD�EXOXQPXúWXU��+LGURIRE�

\�]H\OHU��]HULQGH�&$+�GH÷HUL�D]DOPÕúWÕU��7HPDV�DoÕVÕ�VRQXoODUÕQGDNL�IDUNOÕOÕNODUGDQ�

GROD\Õ� )1� tutunPDVÕQÕQ� E�W�Q� \�]H\OHU� �]HULQGH� JHUoHNOHúWL÷L�� DQFDN� \�]H\OHULQ�

WDPDPHQ� )1� LOH� NDSODQPDGÕ÷Õ� EHOLUOHQPLúWLU�� 6RQXoWD� )1� NDSODPDQÕQ� KRPRMHQ�

ROPDGÕ÷Õ�YH�DOWWDNL�SROLPHU�\�]H\H�ED÷OÕ�RODUDN�KHP�\�]H\�NDSODPDVÕQGD�ERúOXNODU�

ROGX÷X� KHP� GH� ILEURQHNWLQ� LoLQGHNL� NLP\DVDO� JUXSODUÕQ� \HQLGHQ� \|QOHQPH� \DSDUDN�

\�]H\H� IDUNOÕ� NLP\DVDO� JUXSODUÕ� oÕNDUPÕúWÕU�� L1210 ve lökosit hücrelerinin, FN 

tutunPDPÕú� �� WXWXQPXú PVOH, PS, MMA95-TAN5, PS-sulfo ve PPPE yüzeylerine 

tutunma GHQHPHVL� VRQXoODUÕQD� J|UH�� (PVOH+FN) ve (PPPE+FN) yüzeylerinde 

LVWHQLOHQ�H÷LOLPGH�VHoLPOL� tutunma gözlenirken, (PS+FN), [(MMA95-TAN5)+FN] ve 

(PS-VXOI�)1��\�]H\OHULQGH�WHUV�VHoLPOLOLN�V|]�NRQXVXGXU��ùHNLO������� Sadece PVOH 

yüzeyine fibronektin WXWXQPDVÕ LVWHQLOHQ� H÷LOLPGH� VHoLPOLOL÷H� QHGHQ� ROXUNHQ��

(PS+FN) ile [(MMA95-TAN5)+FN] yüzeylerinde lökosit tutunmaVÕQÕ� DUWÕFÕ� HWNL�

\DUDWPDNWDGÕU�� )LEURQHNWLQ� WXWXQPXú (PVOH+FN)  yüzeyinde, fibronektin 

tutunPDPÕú� 392+� \�]H\LQH� J|UH� \DNODúÕN� ���� NDW� ID]OD� VHoLPOL� tutunma H÷LOLPL�

J|]OHQPLúWLU� �ùHNLO� ������� 6DRV-2 hücrelerinin tutunma H÷LOLPOHULQLQ� ILEURQHNWLQ�
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WXWXQPXú ve tutunPDPÕú� \�]H\OHUGH� DQODPOÕ� ELU� IDNOÕOÕN� J|VWHUPHGL÷L� DQFDN� +*)�

K�FUHOHULQLQ� \DSÕúPD� H÷LOLPOHUL� 392+� YH� 36-sulfo yüzeyinin fibronektin ile 

tutunPDVÕ�VRQXFXQGD�DUWÕú�J|VWHUGL÷L��GL÷HU�\�]H\OHUGH�DQODPOÕ�ELU�IDUN�J|VWHUPHGL÷L�

VDSWDQPÕúWÕU��ùHNLO�������

9.6

+�FUHOHULQ�\�]H\OHU��]HULQGHNL�DNWLQ�LVNHOHWLQL�J|U�QW�OHPHN�DPDFÕ\OD�K�FUHOHU�

falloidin/TO-352� LOH� ER\DQPÕúWÕU�� /����� K�FUHOHULQLQ� ��� VDDW� sonucunda 

PRUIRORMLOHULQL� NRUXGX÷X� YH� G�]J�Q� DNWLQ� LSOLNOHULQH� VDKLS� ROGXNODUÕ� J|]OHQPLúWLU�

�ùHNLO��������6DRV-2 hücrelerinin falloidin ve TO-352�LOH�ER\DQPDODUÕQGDQ����VDDW�

sonra çekilen görüntüler sonucunda Saos-�� K�FUHOHULQGH� GH� RUJDQL]H� ROPXú� DNWLQ�

iplLNOHUL�YH�VWUHV�ILEHUOHUL�J|U�OP�úW�U��ùHNLO��������$NWLQ�LSOLNOHUL��3620/PPPE80)EtOH-

10 ve (PS40/PPPE60)EtOH-10 (PS)EtOH-10 \�]H\OHULQGH� GDKD� D]� RUJDQL]H� LNHQ� GL÷HU�

\�]H\OHUGH� GDKD� G�]HQOL� YH� K�FUHOHU� GDKD� \D\ÕOPÕú� ROGXNODUÕ� EHOLUOHQPLúWLU�� 6DRV-2

hücrelerinin (PS40/PPPE60)EtOH-4, (PS40/PPPE60)EtOH-14 ve (PS40/PPPE60)EtOH-18 

\�]H\OHUL� GÕúÕQGDNL� \�]H\OHUGH� WLSLN�PRUIRORMLOHULQL� NRUXGXNODUÕ� YH� \D\ÕODPDGÕNODUÕ�

J|]OHQPLúWLU��ùHNLO��������+*)�K�FUHOHULQLQ����VDDW�VRQXFXQGD�úLúNLQ�K�FUH�J|YGHVL�

ve uzun sitoplazPDODUÕ�LOH�L÷�úHNOLQGHNL�WLSLN�ILEUREODVWLN�PRUIRORMLOHULQH�NDYXúWXNODUÕ�

YH� \D\ÕOGÕNODUÕ� EHOLUOHQPLúWLU� �ùHNLO� ������� 0RUIRORML� oDOÕúPDODUÕ� VRQXFXQGD�

K�FUHOHULQ� \�]H\OHU� �]HULQGH� VD÷OÕNOÕ� ELU� úHNLOGH� \DúD\DELOGLNOHUL�� ��� VDDW� VRQXQGD�

beklenen morfolojileriQL� ND]DQGÕNODUÕ� YH� K�FUH� LoL� LVNHOHW� \DSÕODUÕQÕQ� G�]J�Q� ELU�

úHNLOGH�NRUXQGX÷X�J|U�OP�úW�U��

L1210 hücrelerinin morfolojilerinin belirlenmesi için hematoksilen-eosin 

ER\DPDVÕ� \HULQH� D\UÕFD� &DOFHLQ-$0� ER\DPDVÕ� \DSÕOPÕúWÕU�� %R\DPD� VRQXFXQGD�

L1210 hücrelerinin D\QÕ�PRUIRORMLOHULQL�NRUXGXNODUÕ�J|]OHQPLúWLU��ùHNLO������� Bunun 

VRQXFXQGD� K�FUHOHULQ� �� J�Q�Q� VRQXFXQGD� VD÷OÕNOÕ� ELU� úHNLOGH� PRUIRUORMLOHULQL�

NRUXGXNODUÕ�YH�SROLPHU�NDSOÕ� \�]H\OHUH�KRPRMHQ�ELU� úHNLOGH�GD÷ÕODUDN�ED÷ODQGÕNODUÕ�

J|U�OP�úW�U�
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10. SONUÇLAR

3DKDOÕ� ELU� PRQRPHU� RODQ� =RQ\O� 7$1¶QÕQ� 00$� LOH� &22 RUWDPÕQGD�

SROLPHUOHúWLULOPHVLQGH�PLQLPXP�PLNWDUGD�=RQ\O�7$1��D÷ÕUOÕNoD�������NXOODQÕOPÕú�

YH�\DSÕVÕQGDNL�IORU�LoHUHQ�JUXSODUÕQ��NRSROLPHUGHQ�ROXúWXUXODQ�LQFH�ILOP��]HULQGH�VX�

GDPODVÕ� WHPDV� DoÕVÕQÕ� ���o’ye oÕNDUGÕ÷Õ�� \DQL� QHUHGH\VH� \�]H\LQ� -CF3 JUXSODUÕ� LOH�

WDPDPHQ� NDSODQGÕ÷ÕQGD� HOGH� HGLOHQ� ���o WHPDV� DoÕVÕ� GH÷HUOHULQH� XODúÕOPDVÕ� LoLQ�

JHUHNOL� NRúXOODU� EHOLUOHQPLúWLU�� $\UÕFD� EDúODWÕFÕ� PLNWDUÕQÕQ� D]DOPDVÕ\OD�� UHDNVL\RQ�

V�UHVLQLQ�DUWPDVÕ�YH�EDVÕQFÕQ�DUWPDVÕ\OD kopolimer Mw¶VLQLQ�DUWÕ÷Õ� WHVSLW�HGLOPLúWLU��

CO2�PRQRPHU�RUDQÕQÕQ�DUWPDVÕ� LOH�NRSROLPHU�0w¶QLQ�OLQHHU�RODUDN�DUWWÕ÷Õ�YH�EDVÕQo�

GH÷LúVH� GH� &22�PRQRPHU� RUDQÕ� VDELW� WXWXOGX÷XQGD� NRSROLPHUOHULQ� 0w¶QÕQ� VDELW�

NDOGÕ÷Õ�LON�NH]�EX�WH]�NDSVDPÕQGD�VDSWDQPÕúWÕU��

(MMA95-TAN5) NRSROLPHUL�LOH�36¶QLQ�IDUNOÕ�ELOHúLPOHUGH�NDUÕúWÕUÕOPDVÕ�LOH�HOGH�

edilen (MMA95-TAN5)�36�SROLPHU�NDUÕúÕPODUÕQGDQ�WHPDV�DoÕODUÕ����LOH����o DUDVÕQGD�

GH÷LúHQ�PLNURGHVHQOL�KLGURIRELN�YH� V�SHUKLGURIRELN�\�]H\OHU� ID]�D\UÕPÕ�SURVHVLQGH�

N|W�� o|]�F�� NXOODQÕPÕ� LOH� KD]ÕUODQPÕúWÕU�� 3ROLPHU� NDUÕúÕPÕQÕQ� ELOHúLPL�� FDP� ODP�

�]HULQH� NDSODPD� VÕFDNOÕ÷Õ�� SROLPHU� NRQVDQWUDV\RQX�� GDOGÕUPD� KÕ]Õ� YH� o|]�F�� oHúLGL�

giEL� |]HOOLNOHULQ� ROXúDQ� LQFH� ILOPLQ� PLNURGHVHQ� oDSÕ� YH� PLNURGHVHQOHU� DUDVÕ�

PHVDIHQLQ�NRQWURO�QGH�HWNLQ�SDUDPHWUHOHU�ROGX÷X�EHOLUOHQPLúWLU���

i�� +'3(�36� SROLPHU� NDUÕúÕPODUGD� 36� PLNWDUÕQÕQ� DUWPDVÕ� LOH� PLNURGHVHQ� oDSÕ�

DUWDUNHQ��PLNURGHVHQOHU�DUDVÕQGDNL�PHVDIH D]DOÕU��

ii�� )DUNOÕ�0w¶OL� 36� YH�+'3(� LOH� KD]ÕUODQDQ�+'3(�36� SROLPHU� NDUÕúÕPODUGD� LVH�

36¶GHQ� GDKD� G�ú�N� 0w¶OL� +'3(� NXOODQÕPÕ�� PLNURGHVHQ� oDSÕQÕQ� DUWPDVÕQD� YH�

PLNURGHVHQOHU�DUDVÕ�PHVDIHQLQ�D]DOPDVÕQD�QHGHQ�ROXUNHQ��36¶GHQ�GDKD�\�NVHN�0w’li 

+'3(� NXOODQÕPÕQGD LVH� PLNURGHVHQ� oDSÕQÕQ� D]DOPDVÕQD� YH� PLNURGHVHQOHU� DUDVÕ�

PHVDIHQLQ�DUWPDVÕQD�QHGHQ�ROXU��

iii�� 3ROLPHUOHUL� o|]PH� J�F�� GDKD� \�NVHN� RODQ� NVLOHQ� o|]�F�V�Q�Q� WHN� EDúÕQD�

NXOODQÕOGÕ÷Õ� +'3(�36� SROLPHU� NDUÕúÕPODUÕQGDQ� ROXúDQ� NDSODPDODUGD�� NVLOHQ�WROXHQ�

çözücü karÕúÕPÕQÕQ�NXOODQÕOPDVÕ\OD�KD]ÕUODQDQ�NDSODPD�\�]H\OHULQH�J|UH�PLNURGHVHQ�

oDSÕ�D]DOÕUNHQ��PLNURGHVHQOHU�DUDVÕ�PHVDIH�DUWPDNWDGÕU�
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iv��+'3(�36�SROLPHU�NDUÕúÕPODUÕQGD�NVLOHQ� LoLQGHNL�SROLPHU�NRQVDQWUDV\RQXQXQ�

DUWPDVÕ� LOH� o|]HOWLQLQ� YLVNR]LWHVLQLQ� DUWPDVÕQD� ED÷OÕ� RODUDN� o|]�F�Q�Q� EXKDUODúPD�

KÕ]Õ�D]DOÕU�YH�EX�QHGHQOH�PLNURGHVHQ�oDSÕ�YH�PLNURGHVHQOHU�DUDVÕ�PHVDIH�DUWDU�

v��+'3(�36�SROLPHU�NDUÕúÕPODUGD�SROLPHU�o|]HOWLVLQH�GDOGÕUPD�YH�oHNPH�KÕ]ÕQÕQ�

DUWPDVÕ� LOH� ID]� GD÷ÕOÕPÕ� SURVHVLQGH� o|]�F�Q�Q� EXKDUODúPD� KÕ]ÕQGDNL� IDUNOÕOÕNWDQ�

GROD\Õ�PLNURGHVHQ�oDSÕ�D]DOÕUNHQ��PLNURGHVHQOHU�DUDVÕ�PHVDIH�DUWDU��

'L÷HU� WDUDIWDQ� RGD� VÕFDNOÕ÷ÕQGD� 7+)� o|]�F�V�QGH� o|]�QHELOHQ� 333(�36�

SROLPHU�NDUÕúÕP�LOH�\DSÕODQ�LQFH�ILOP�ROXúXPX�oDOÕúPDVÕQGD�KD]ÕUODQDQ�\�]H\OHUGH�GH�

WÕSNÕ� +'3(�36� SROLPHU� NDUÕúÕP� \�]H\OHULQGH� ROGX÷X� JLEL� NDSODPD� úDUWODUÕQÕQ�

GH÷LúLPLQH� ED÷OÕ� RODUDN� PLNURGHVHQ� oDSÕ� YH� PLNURGHVHQOHU� DUDVÕ� PHVDIH� EDúDUÕOÕ�

úHNLOGH� NRQWURO� HGLOPLúWLU�� 333(�36� NDUÕúÕPODUÕQGD�� 36� PLNWDUÕQÕQ� DUWPDVÕQD� ED÷OÕ�

RODUDN� 36�PLNWDUÕ� D÷ÕUOÕNoD��� ��¶D� NDGDU�PLNURGHVHQ� oDSÕ� LOH�PLNURGHVHQOHU� DUDVÕ�

PHVDIHQLQ� DUWWÕ÷Õ� YH� GDKD� \�NVHN� 36� RUDQODUÕQGD� LVH� PLNURGHVHQ� oDSÕ� LOH�

PLNURGHVHQOHU�DUDVÕ�PHVDIHQLQ�D]DOGÕ÷Õ�EHOLUOHQPLúWLU��333(�36�SROLPHU�NDUÕúÕPODUGD�

SROLPHU� ELOHúLPLQH� ED÷OÕ� RODUDN� S�U�]O�O�N� GH÷LúPHVLQH� UD÷PHQ�� � WHPDV� DoÕVÕ� YH�

&$+� GH÷HULQLQ� QHUHGH\VH� VDELWWLU� YH� EX� QHGHQOH� 36�PLNURGHVHQOHULQLQ� �]HUL� GDKLO�

333(�36�NDUÕúÕP�\�]H\OHUL�333(�SROLPHUL\OH�NDSODQPÕúWÕU��333(�NRSROLPHULQLQ�6)(�

GH÷HUL� 36� GHQ� G�ú�NNHQ��0w¶L� 36� GHQ� \�NVHNWLU� YH� 333(� G�ú�N� 6)(� GH÷HULQGHQ�

dolD\Õ�YH�36�G�ú�N�0w¶H�VDKLS�ROGX÷X�LoLQ�\�]H\GH�]HQJLQOHúPH�H÷LOLPL�J|VWHULU��%X�

QHGHQOH�333(�36�SROLPHU�NDUÕúÕPODUGD�EX� LNL�SROLPHU�|]HOOL÷LQLQ�KDQJLVLQLQ�EDVNÕQ�

RODFD÷ÕQGD�SROLPHU�NDUÕúÕP�ELOHúLPL�HWNLOLGLU�YH�333(�36�NDUÕúÕPODUGD�36�ELOHúLPL���

60’a kadar 36�PLNRUGHVHQOHULQLQ� oDSÕ� DUWDU� YH� �]HULQL� 333(� SROLPHUL� NDSODQÕU�� 36�

ELOHúLPL� �� ��¶GDQ� VRQUD� 36� SROLPHUL� \�NVHN� 0w¶LQGHQ� GROD\Õ� GDKD� EDVNÕQ� KDOH�

JHoHUHN� \�]H\GH� ]HQJLQOHúPH� H÷LOLPL� DUWDU� DQFDN� 333(� SROLPHULGH� G�ú�N� 6)(�

GH÷HULQGHQ�GROD\Õ�\�]H\GH�]HQJLQOHúPH�LVWH÷L�ROGX÷XQGDQ�PLNURGHVHQ�oDSÕ�D]DOÕU��

)DUNOÕ� SROLPHU� ELOHúLPOHULQGH� VDELW� PLNWDUGD� N|W�� o|]�F�� �(W2+�� LODYHVL� LOH�

KD]ÕUODQDQ�333(�36�NDUÕúÕPODUÕQGD�LVH�PLNURGHVHQ�oDSÕQÕQ������36�ELOHúLPLQH�NDGDU�

DUWWÕ÷Õ�� VRQUDVÕQGD� LVH� D]DOGÕ÷Õ� VDSWDQPÕúWÕU�� $\QÕ� SROLPHU� NDUÕúÕP� ELOHúLPOHULQGH�

�������YH��������KD]ÕUODQDQ�333(�36�SROLPHU�NDUÕúÕPODUÕQD� IDUNOÕ�PLNWDUODUGD�N|W��

o|]�F�� LODYHVLQLQ� ID]� D\UÕPÕQGDQ� ND\QDNOÕ� RODUDN� PLNURGHVHQ� oDSÕQÕ� DUWÕUÕFÕ� HWNL�

J|VWHUGL÷L�EHOLUOHQPLúWLU��+'3(�YH�333(�SROLPHUOHULQGHQ�36�LOH KD]ÕUODQDQ�SROLPHU�

NDUÕúÕPODUGD�� +'3(�36� SROLPHU� NDUÕúÕPODUÕQ� GDKD� E�\�N�PLNURGHVHQ� oDSÕQD� VDKLS�

(8-40 P�� � \�]H\OHULQ� KD]ÕUODQPDVÕQGD� DYDQWDM� VD÷ODUNHQ�� 333(�36� SROLPHU�
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NDUÕúÕPODU� GDKD� G�ú�N�PLNURGHVHQ� oDSÕQD� VDKLS� ����-18 m)  yüzeylerin kontrollü 

RODUDN�KD]ÕUODQPDVÕQGD�DYDQWDMOÕ�ROGX÷X�VDSWDQPÕúWÕU�

7H]�oDOÕúPDPÕ]ÕQ�DPDoODUÕQGDQ�ELULVL�/�����O|VHPL�K�FUHVL�YH�VD÷OÕNOÕ�O|NRVLW�

hücrelerinin seçimli tutunma GDYUDQÕúÕ� J|VWHUHFH÷L� \�]H\OHULQ� EHOLUOHQPHVL� E|\OHFH�

EHOOL�SHUL\RWODUOD�NDQ�GH÷LúWLUPH�]RUXQOXOXNODUÕ�RODQ�O|VHPL�KDVWDODUÕQÕQ�NDQ�GH÷LúLPL�

\HULQH� NHQGL� NDQODUÕQÕQ� WHPL]OHQHUHN� WHNUDU� NXOODQDELOHFHNOHUL� FLKD]ODUÕQ�

JHOLúWLULOPHVLQH�NDWNÕ�VD÷ODPDNWÕU��%X�DPDo�GR÷UXOWXVXQGD�/�����O|VHPL�K�FUHOHULQLQ�

VD÷OÕNOÕ� O|NRVLW� K�FUHOHULQGHQ� GDKD� ID]OD� ED÷ODQGÕ÷Õ seçimli tutunma gösteren 

SROLPHULN� \�]H\OHU� EHOLUOHQPLúWLU�� 6HoLPOL� tutunma GDYUDQÕúÕ� S�U�]V�]� YH� S�U�]O��

\�]H\OHUGH� LVWHQLOHQ� H÷LOLP� YH� RUDQGD� J|]OHQPH]NHQ�� 333(�36� SROLPHU�

NDUÕúÕPODUÕQGDQ� KD]ÕUODQDQ� PLNURGHVHQOL� \�]H\OHUGH� LVWHQLOHQ� H÷LOLP� YH� RUDQGD�

seçimli tutunma GDYUDQÕúÕ� J|VWHUHQ� \�]H\OHU� WHVSLW� HGLOPLúWLU�� 0LNURGHVHQ� oDSÕQÕQ�

N�o�N�ROGX÷X�\�]H\OHUH�/�����K�FUHOHULQLQ�tutunma H÷LOLPL�O|NRVLW�K�FUHOHULQH�J|UH�

GDKD�ID]ODGÕU�YH�/�����LOH�O|NRVLW�K�FUHOHULQLQ�PLNURGHVHQ�oDSODUÕ����-9 P�DUDVÕQGD�

GH÷LúHQ� 333(�36� SROLPHU� NDUÕúÕP� \�]H\OHULQH� tutunma H÷LOLPL� HQ� ID]ODGÕU�� 2UWD�

hidrofobluk derecesine sahip yüzeylerde L1210/lökosit seçimli tutunma GDYUDQÕúÕ�

J|]OHQPH�H÷LOLPLQLQ��KLGURILO�\D�GD�V�SHUKLGURIRE�\�]H\OHUH�J|UH�GDKD�ID]OD�ROGX÷X�

EHOLUOHQPLúWLU�� 0LNURGHVenli yüzeylerde kimyasal heterojenlik ve yüzey 

S�U�]O�O�÷�Q�Q�DUWPDVÕ�/�����YH�O|NRVLW�K�FUH�oLIWLQLQ�VHoLPOL�tutunma GDYUDQÕúÕQÕ�

DUWÕUÕFÕ� HWNL� J|VWHUGL÷L� EHOLUOHQPLúWLU� +�FUHOHU� NHQGL� E�\�NO�NOHULQH� \DNÕQ�

PLNURGHVHQOHU�LoHUHQ�\�]H\OHUH�VÕNÕ�tutunma H÷LOLmi gösterirler. Bu nedenle pürüzsüz 

ve pürüzlü yüzeylere göre mikrodesenli pürüzlü yüzeylere daha fazla tutunma

H÷LOLPL�J|VWHULUOHU� $\UÕFD�K�FUHOHU�\�]H\OHUH�VDOJÕODGÕNODUÕ�SURWHLQOHUOH�ED÷ODQÕUODU�YH�

bu proteinlerin yönlenmelerinde yüzeydeki kimyasal gruplar etkilidir. Bu nedenle 

NLP\DVDO�KHWHURMHQOLNWHNL�DUWÕú�\�]H\OHUH�tutunma H÷LOLPLQL�DUWÕUÕU�

/�����O|NRVLW� K�FUH� oLIWLQH� LODYHWHQ� SDUDOHO� ELU� oDOÕúPD� RODUDN� 6DRV-2/HGF 

hücre çifti ile de pürüzsüz, pürüzlü ve mikrodesenli pürüzlü polimerik yüzeylere 

seçimli tutunma GDYUDQÕúÕ� ROXS� ROPDGÕ÷Õ� WHVW� HGLOPLúWLU�� 6DRV-2/HGF hücre çiftinin 

tutunma GDYUDQÕúÕ� GLú� LPSODQWODUÕQGD� NXOODQÕODFDN� EL\RPDO]HPHOHULQ� WHVSLWLQGH�

önemlidir ve Saos-�� K�FUHOHULQLQ� \DSÕúWÕ÷Õ�� +*)� K�FUHOHULQLQ� \DSÕúPDGÕ÷Õ� VHoLPOL�

tutunma GDYUDQÕúÕ� EX� WHVSLW� LoLQ� KHGHIOHQHQ� GXUXPGXU�� 7H]� NDSVDPÕQGD�

JHUoHNOHúWLULOHQ� 6DRV-2/HGF hücre çifti tutunma GHQHPHOHUL� VRQXoODUÕQD� J|UH� WÕSNÕ�

/�����O|NRVLW�K�FUH�oLIWLQGH�ROGX÷X�JLEL�6DRV-2/HGF hücre çiftinde de pürüzsüz ve 

S�U�]O�� \�]H\OHUH� LVWHQLOHQ� H÷LOLP� YH� RUDnda seçimli tutunma GDYUDQÕúÕ�
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J|]OHQPHPLúWLU�� 0LNURGHVHQOL� SROLPHULN� \�]H\OHUGH� LVH� WÕSNÕ� /�����O|NRVLW� K�FUH�

oLIWLQGH� ROGX÷X� JLEL� 6DRV-��+*)� K�FUH� oLIWLQGH� GH� LVWHQLOHQ� H÷LOLP� YH� RUDQGDNL�

seçimli tutunma GDYUDQÕúÕ� 333(�36� SROLPHU� NDUÕúÕPODUGDQ� KD]ÕUODQDQ� yüzeylerde 

VDSWDQPÕúWÕU� YH� 6DRV-�� K�FUHOHULQLQ�PLNURGHVHQ� oDSODUÕ� ���-9 P� DUDVÕQGD� GH÷LúHQ�

333(�36�SROLPHU�NDUÕúÕP�\�]H\OHULQH� tutunma H÷LOLPL�HQ�ID]ODGÕU��6DRV-2 hücreleri 

\DSÕúNDQ� K�FUHOHUGLU� YH� K�FUH� oHNLUGHNOHUL� GHIRUPDV\RQD� X÷UD\DUDN� �-5 mikron 

DUDVÕQGDNL�PLNURGHVHQ�ERúOXNODUÕQD�GDKL�ED÷ODQDELOLUOHU�

øOHULGH� \DSÕODFDN� oDOÕúPDODUGD�� 333(� LoHUHQ� IDUNOÕ� SROLPHU� NDUÕúÕPODUÕQGDQ�

IDUNOÕ� PLNURGHVHQ� oDSÕ� YH� PHVDIHOHULQGH� N|W�� o|]�F�� RODUDN� (W2+� YH\D� EDúND�

VROYHQWOHU�NXOODQÕODUDN�\HQL�\�]H\OHU�KD]ÕUODQDELOLU�Ye L1210/lökosit ve Saos-2/HGF 

K�FUH�oLIWOHULQGH�ROXPOX�VHoLPOLOLN�J|VWHULS�J|VWHUPHGLNOHUL�WHVW�HGLOHELOLU��$\UÕFD�EX�

yüzeylerde, hücrelerin o yüzeyin hangi bölgelerini tercih ettiklerinin belirlenmesi 

LoLQ�K�FUH�ER\DQPDVÕ�YH�ER\DQDQ�K�FUHOHULQ�IORUHVDQV�Pikroskop ile görüntülenmesi 

JHUoHNOHúWLULOHELOLU��
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