
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 22 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

The Journal of Adhesion
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713453635

Temperature Dependence of Wetting: n-Hydrocarbons on Perfluorinated
Ethylene-Propylene Copolymer
Harold Schonhorna

a Bell Telephone Laboratories, Incorporated Murray Hill, New Jersey

To cite this Article Schonhorn, Harold(1969) 'Temperature Dependence of Wetting: n-Hydrocarbons on Perfluorinated
Ethylene-Propylene Copolymer', The Journal of Adhesion, 1: 1, 38 — 42
To link to this Article: DOI: 10.1080/00218466908077372
URL: http://dx.doi.org/10.1080/00218466908077372

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713453635
http://dx.doi.org/10.1080/00218466908077372
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Temperature Dependence of Wetting: 

n-Hydrocarbons on Perfluorinated 

Ethylene-Propylene Copolymer 
HAROLD SCHONHORN 

Bell Telephone Laboratories, Incorporaied 
Murray Hill, New Jersey 07974 

(Reoeived November 8, 1968) 

ABSTRACT 

The contact angles, as a function of temperature, of n-hydro- 
carbons on a erfluorinated ethylene-propylene copolymer are com- 

vided certain reasonable assumptions are made, the computed con- 
tact angles agree quite well with the experimental values of 
Johnson and Dettre. 

putecl using t i! e Fowkes approach to interfacial phenomena. Pro- 

INTRODUCTION 

ONSIDFJIABLE interest has been generated in the recent literature in the C temperature dependence of the contact angle ( e )  of simple Iiquids on 
polymeric solids 11-51. It has been shown that at moderately low tempera- 
tures, the change in contact angle as a function of temperature is small and 
negative [l-51. Recently, Johnson and Dettre [ S ]  have found that at elevated 
temperatures (vicinity of boiling points), both n-octane and n-hexadecane 
tend to spread on a perfluorinated ethylene-propylene copolymer. Although 
no detailed explanation for the reduction in contact angles was attempted, 
it was stated that the Fowkes approach to interfacial phenomena was not 
suited to explain these data. 

The purpose of this paper will be to demonstrate that the Fowkes formu- 
lation can explain adequately the observed contact angles of the n-hydro- 
carbons on the perfluorinated ethylene-propylene copolymer at elevated 
temperatures, provided certain reasonable assumptions are made. 

Assume 

1. The n-hydrocarbons and the fluorocarbon polymer are immiscible at 

2. Spreading pressures are essentially zero. 
3. The surface of the polymer is amorphous (i.e., supercooled liquid). 

With the above assumptions and a knowledge of the temperature dependence 
of the surface tensions of both n-hydrocarbons and fluorocarbon polymer, 

all temperatures. 
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Temperature Dependence of Wetting 

the contact angles can be computed using the Fowkes-Young equation. The 
calculated contact angles agree quite well with those reported by Johnson 
and Dettre [Sl. 

Surface Structure of Fluorocarbon Polymer 

To permit a quantitative explanation of the temperature dependence of 
the contact angle of a liquid on a solid polymer surface, a knowledge of the 
surface structure of the polymer at all temperatures is mandatory. Without 
knowledge of the surface structure, analysis is hopeless. 

Based on the now extensive data for the melt surface tensions (yLv)  of 
polymers 171 and the correlation of these data with the critical surface 
tension of wetting ( y c ) ,  the author proposed [8] that for melt-crystallized 
polymers 

where the superscript d refers to the dispersion component of the surface 
free energy. This is true for non-polar polymers where only dispersion forces 
are operative. Obviously, when yLVd # yLv, Eq. 1 is no longer valid. From 
the above correlations, the surface layer of melt-crystallized polymers is 
concluded to be essentially amorphous. Roe [9] and Lee, Muir and Lyman 
[lo] have shown that to obtain reasonable agreement between yc and the 
parachor, the amorphous density of the polymer must be used. A more de- 
tailed examination of the surface structure of polymers is presented else- 
where 171. Based on the above reasoning, we conclude that the surface 
layer of the perfluorinated ethylene-propylene copolymer is amorphous at 
both ambient and elevated temperature. 

Ysvd = yc = YLV (1) 

Surface Tensions of n-hydrocarbons 

Surface tension data for the n-hydrocarbons are well known up to 150OC 
[ll]. Beyond 15OoC, use is made of the well known Katayama-Guggenheim 
expression 1121 relating yLv and T. Here 

yLv = yLvo( l-T/Tc)ll'S ( 2 )  
where Tc is the critical temperature, and y I , " O  is the surface tension at O O K .  

Since the Tc values for the n-hydrocarbons up to Czo are known, yLv vs T 
profires can be obtained. Figure 1 depicts these data for a variety of n-hydro- 
carbons. 

Surface Tension of Fluorocarbon Polymer 

To estimate the surface tension versus temperature profile for the per- 
fluorinated ethylene-propylene copolymer, several approximations are neces- 
sary. An estimate of the critical temperature can be made if the surface 
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Figure 1. The surface tensions of both n-hydrocarbons and perfluorinated ethyl- 
ene-propylene copolymer are plotted as a function of temperature. 

0-n-hydrocarbons 
A-perfluorinated ethylene-propylene copolymer 

tension at two temperatures are known, then, 

or 

At 2OoC, the value of yc or yLv equals 17.5 dynedcm. To obtain a value 
of yLv at a higher temperature, we use the data of Sutula et a1 [131, which 
involves the variation of 0 with temperature for n-hexadecane on the fluoro- 
polymer, and the Fowkes-Young Equation. 

A combination of the Young’s equation 

Ysv = ysL + yLVcos 4 

YSL = YSV + YLV - 2 ( YSVdYLVd ) ”  

and the Fowkes equation 
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Temperature Dependence of Wetting 

yields, neglecting spreading pressures, 

[ ysVdyLVd 1 ?la cos 0 = 2 -1 
YLV 

For n-hydrocarbon as the wetting liquid, yLVd = yLv.  Equation 6 then reduces 
to simply 

(7)  
coso=2[--] Ysvd 4h -1. 

YLV 

Further, since ysvd equals where p refers to the polymer, we have 

Y2 coso=2[ - ( Y L V )  P ] -1. 
YLV 

Sutula et a1 1131. found = -0.05°/0C for temperatures up to 150°C, 

a value consistent with the results of Whalen and Wade [14] for n-hexa- 
decane on another perfluorinated polymer, polytetrafluoroethylene. Using 
Eq. 8 and the data of Sutula et a1 [131. a value of y l . v  is calculated for T 
= 12OOC. When this is incorporated into Eq. 3 a value for the critical 
temperature of the fluorocarbon polymer is computed. The Tc is computed 
to be 828OK. This is consistent with the value determined for polyethylene 
[15]. The estimated surface tension data for the fluorocarbon polymer are 
plotted in Figure 1. 

- (,a;) 

Contact Angles of n-hydrocarbons on Fluorocarbon Polymer 

Johnson and Dettre [6l have observed (Figure 2)  that in u particular 
temperature region the apparent value of 0 approaches zero. As stated 
earlier, it was suggested that the Fowkes scheme was not applicable. How- 
ever, if the values of 6 are computed as a function of temperature, using 
the data of Figure 1 incorporated into Eq. 8, excellent agreement is obtained 
(Figure 2) .  In fact, the estimated intersections of the yLv vs T lines corres- 
pond closely to those obtained by Johnson and Dettre [Sl. When (yLv)p 
= yLv, assuming no miscibility, zero spreading pressure, amorphous polymer 
surface, and only dispersion forces operative between the polymer and the 
wetting liquid, the contact angle of any n-hydrocarbon on the fluorocarbon 
polymer may be estimated by using Eq. 8 and the yJAV vs temperature plots. 
It is interesting to note that n-pentane should form finite contact angles at 
temperatures well below room temperatures. In light of the extreme diffi- 
culty in obtaining contact angle data at elevated temperatures, agreement 
between the data and the Fowkes-Young approach is quite satisfactory. 
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Figure 2. Both the measured and calculated contact angles are plotted 
as a function of temperature. 

0-n-hexadecane-fluoropolymer: A-n-octane-fluoropolymer: 

0-n-hexadecane-fluoropolymer: A-n-OCta ne-fluoropolymer: 
experimental experimental 

calculated calculated 
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