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ABSTRACT

Water and oil repellencies of flat films are crucial properties of solid materials and some biomimetric
surfaces that significantly depend on surface topography and chemical compositions [1,2]. The surface
wettability is expressed indirectly by the contact angle (CA) measurements of a specific liquid droplet on
these surfaces [1-4]. However, in practical systems, measurement of only equilibrium CA (6) is not
enough to explain polymer surface characteristics, so advancing (6,), receding (8,) CA’s and thus the
contact angle hysteresis (CAH= 6, - 6,) are required to accurately characterize the dewetting properties of
the surfaces [1-9]. CAH of a surface is strongly affected from surface chemical heterogeneity and
roughness. In addition, the relationship between the equilibrium and dynamic states (work of adhesion,
W, and CAH) is also an important parameter for the characterization of solid surfaces. Basically, the
estimate of drop movement on a surface can be represented by W, values, i.e., a higher W,4 value causes
a higher tendency of the droplet to stick on the tilt surface.

In this study, the oil repellencies of flat perfluoroethyl alkyl methacrylate-styrene (Zonyl-TM-S) random
copolymers, which were synthesized in a CO,-expanded monomer medium at 250 bar pressure and 80 °C
were investigated with various perfluoroethylalkyl contents. Flat and transparent copolymer surfaces were
formed by using dip-coated on glass slides from THF as solvent. The increase in the perfluoromethacrylate
content of the flat copolymers resulted in a decrease of the total surface free energy of the flat copolymer
surfaces from 19.0 to 14.2 mJ/mZ. The oil repellencies of (Zonyl-TM-S) copolymers in the terms of contact
angle hysteresis was compared with perfluoroethyl alkyl methacrylate-methyl methacrylate copolymer
(Zonyl-TM-ran-MMA) by using oil drops with varying surface tensions between 20.9 mN/m and 26.9 mN/m.
The effect of liquid surface tension and wt.% content of Zonyl-TM on oleophobicities of the surfaces were
also examined. Increase in hydrocarbon chain lengths also caused an increase in the measured CA values
due to the weaker adhesion interactions between the liquid drop and the solid surface. Increase in wt.%
Zonyl-TM content of the copolymers resulted in a decrease in W, values due to the increase of fluorine

atoms in copolymer surfaces. The relationship between Acosé = (cosé’,, —COS Ga) and W, values, liquid

surface tensions and also perfluoro alkyl wt.% content of the copolymer were also investigated.
Furthermore, the CAH and oil repellency differences between the p(Zonyl-TM-ran-S) and p(Zonyl-TM-ran-
MMA) thin copolymer films with similar Zonyl-TM contents were also compared within this work. An
increase was found in CAH values with the increase of hydrocarbon liquid chain length and thus liquid
surface tension. This is due to the increase in cohesion interactions between liquid molecules and resulted
in a decrease in adhesion interactions between the solid surface and the liquid drop.
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OZET

Duz yUzeylerin su ve yag itici 6zellikleri kati malzemeler icin oldukca 6nemli 6zelliklerdir ve ylizey
topografisi ve kimyasal kompozisyona oldukca bagldir [1-2]. Bu yUzeyler (izerinde belirli bir sivinin temas
acisi 6lcumuyle yuzeylerin islanabilirlikleri indirekt olarak aciklanabilir [1-4]. Ancak, pratikte sadece denge
temas acisi (6e) 6lcimU polimer ylzeylerin 6zelliklerini aciklamak icin yeterli degildir, ilerleyen (6,) ve
gerileyen (6,) temas acilari ve bunlarin farki olarak da temas acisi karmasasinin (CAH= 6, - 0,
hesaplanmasi ylzeylerin islanabilirliklerinin dogru olarak tayin edilebilmesi icin gerekmektedir [1-9]. CAH
ylizeyin parizliliginden ve kimyasal heterojenliginden oldukca etkilenmektedir. Buna ilaveten, denge ve
dinamik haller (adezyon isi, Wa ve CAH) arasindaki iliski de kati ylzeylerin karakterizasyonunda oldukca
onemli parametrelerdir. Temel olarak, bir ylzey (izerinde damla hareketinin tahmin edilmesi Wa degerleri
ile ifade edilebilir; érnegin Wa degerindeki artis, edimli bir ylizey (zerinde damlanin yapisma egiliminin
daha kuvvetli olmasina neden olur.

Bu calismada, CO, ortaminda 250 bar basin¢ ve 80 °C’ da sentezlenen perfloroetil alkil metakrilat - stiren
(Zonyl-TM-S) random kopolimerlerinin duz filmlerinin yag itici 6zellikleri perfloro igeriklerine bagh olarak
arastinimistir. DUz ve transparan filmler cam slaytlar Gzerine THF ¢6zlcUsinden daldirarak kaplanmistir.
Kopolimerlerin perflorometakrilat icerigindeki artis, diiz kopolimer filmlerin yiizey enerjilerinin 19.0 mJ/mZ’
den 14.2 mJ/m2 degerine azalmasina neden olmustur. Zonyl-TM-S kopolimer filmleri ile perfloro etil alkil
metakrilat - metil metakrilat (Zonyl-TM-ran-MMA) filmlerinin CAH degerleri farkli ylzey gerilimine sahip
(20.9 mN/m ve 26.9 mN/m araliginda) yaglar kullanilarak karsilastiriimistir. Sivi ylzey gerilimi ve wt.%
Zonyl-TM iceriklerinin yUzeylerin oleofobiklikleri Uzerine etkisi de arastinlmistir. Hidrokarbon sivilarinin
zincir uzunluklarindaki artis, sivi damlasi ve kati ylzey arasindaki zayif adezyondan dolayl temas acisi
degerlerinde de artmaya neden olmaktadir. Kitlece Zonyl-TM icerigi arttikca kopolimer yapisindaki flor
atomlarinin miktarindaki artis nedeniyle Wa degerlerinde azalma meydana

gelmektedir. Acos & =(cosé’,, —cos@a) ve Wa degeri, sivi ylzey gerilimleri ve ayrica perfloro alkil wt%

icerikleri arasindaki iliski de incelenmistir. p(Zonyl-TM-ran-S) ve p(Zonyl-TM-ran-MMA) ince kopolimer
filmlerinin CAH ve oleofobiklikleri arasindaki fark da bu calisma kapsaminda ayrica kiyaslanmistir.
Hidrokarbon sivilarinin zincir uzunluklari ve dolayisiyla sivi ylizey gerilimi arttikca CAH degerlerinde de
artis meydana geldigi bulunmustur. Bu durum, sivi molekilleri arasindaki kohezyon etkilesimlerinin
artmasindan ve buna bagll olarak da sivi damlasi ile kati ylzey arasindaki adezyon etkilesiminin
azalmasindan kaynaklanmaktadir.

Anahtar kelimeler:
Oleofobik, perflorometakrilat kopolimerleri, temas acisi karmasasli, adezyon isi
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