CHAPTER IV
RESULTS AND DISCUSSION

The adsorption isotherms and contact angle measurements for the solutions
of CPB, OP(EQ)io, and their mixtures with the various molar fraction of OP(EQ)io in
the mixed surfactant solution (a); 0.25, 0.50, and 0.75 were done on six plastic
surfaces; HOPE, PC, PVC, ABS, PMMA, and Nylon66. Furthermore, the surface
tension (yiv) for the solutions of CPB, OP(EQ)io, and their mixtures was also
measured.,

4.1 Contact Angle of Water and Specific Surface Area of Plastics

The contact angle of water on plastics and the specific surface area of
plastics used in this work are shown in Table 4.1,

Table 4.1 Contact angle of water and the specific surface area of HDPE, PVC, PC,
ABS, PMMA, and Nylon66

Contact angle of water Specific Surface Area

Plastics (degred) my
HDPE 92.78 1.443
PC 89.63 1.640
PVC 84.24 1.812
ABS 83.86 3.103
PMMA 7156 1.012
Nylon66 69.80 6.353

As shown in Table 4.1, all studied plastic samples have extremely low
specific surface areas. The contact angle of pure water on HDPE s the highest and
follows by PC, PVC, ABS, PMMA, and Nylon66, respectively. This result indicates
that the degree of hydrophobicity of plastics increases in the order of;
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HDPE > PC > PVC > ABS > PMMA > Nylondo.

4.2 The Interfacial Tension at Liquid/Vapor Interface and CMC for the
Solutions of CPB, OP(EQ)io, and Their Mixtures

The surface tension isotherms of CPB, OP(EQ)io, and their mixtures are
shown in Fig. 4.1. For any given surfactant system, the viv decreased with increasing
surfactant concentration and remained almost unchanged after reaching the CMC.
The CMC values determined from the inflections in the isotherms are listed in Table
4.2. The CMC of the cationic surfactant (CPB) solution decreases with increasing
molar fraction of the nonionic surfactant,
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Figure 4.1 Surface tension isotherms for the solutions of (¢ ) CPB, (x) OP(EO)io,
and their mixtures witha = (1 ) 0.25, (A) 050, and (¢) 0.75.
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Table 4.2 CMC values for mixed CPB- OP(EO)io solutions at different OP(EQ)io
molar fractions (a)

a CMC (M)
0 6.0 x 104
0.25 5.0 104
0.50 4.0 104
0.75 30x 104
10 2.0x 104

4.2 Adsorption and Wettability on Plastic Surfaces by Solution of CPB,
OP(EQ)io, and their Mixtures

4.3.1 Mixed Surfactant Adsorption Isotherms

The adsorption isotherms for the solutions of CPB, OP(EQ)io, and
their mixtures with a was 0.25, 0.50, and 0.75 on HDPE, PC, PVC, ABS, PMMA,
and Nylon66 are shown in Figure 4.2 - 4.7. Surfactant adsorption on plastic surfaces
was calculated from the difference between the initial (.. pM) and equilibrium (.
pM) solution concentrations by the following formula;

=0 A
r /%plasticas’ 1)

where V is the volume of a surfactant solution, I weisse 1S the weight of a powdered
plastic sample, g; and as is the specific surface area of the powdered plastic sample,
m2g (Kharitonova et al, 2005).

For all plastic surfaces, the surfactant adsorption increased with
increasing surfactant concentration and reached the plateau at about the CMC which
the maximum surfactant adsorption could be determined. For any given plastic, the
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maximum surfactant adsorption of the pure CPB solution was less than that of the
pure OP(EQ)io solution. For mixed surfactant solutions, their maximum adsorptions
were in between the pure surfactant systems. For any non-polar plastic surface and
any given nonionic surfactant ratio, the maximum surfactant adsorption was lower
than that of any slightly polar plastic surface. Moreover, the presence of nonionic
surfactant in the mixtures showed the positive effect in adsorption because of the
reduction of electrostatic repulsion between the head groups of adsorbed cationic
surfactant molecules (Rosen, 2004, and Somasundaran et al, 1996).
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Figure 4.2 Adsorption isotherm for solutions of ¢ ) CPB, (x) OP(EQ)io, and their
mixtures with a = 1 ) 0.25, (A) 0.50, and (¢) 0.75 on HDPE.
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Figure 4.3 Adsorption isotherm for solutions of (¢ ) CPB, (x) OP(EO)io, and their
mixtures with a = ( ) 0.25, (A) 0.50, and (¢) 0.75 on PC,
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Figure 4.4 Adsorption isotherm for solutions of (+ ) CPB, (x) OP(EQ)io, and their
mixtures with a = (1 ) 0.25, (A) 0.50, and (¢) 0.75 on PVC.
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Figure 4.5 Adsorption isotherm for solutions of (¢ ) CPB, (x) OP(EQ)io, and their
mixtures with a = @ ) 0.25, (A) 0.50, and (<) 0.75 on ABS.
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Figure 4.6 Adsorption isotherm for solutions of (¢ ) CPB, (x) OP(EQ)io, and their
mixtures with a = ( ) 0.25, (A) 0.50, and (*) 0.75 on PMMA.
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Figure 4.7 Adsorption isotherm for solutions of (¢ ) CPB, (x) OP(EQ)io, and their
mixtures with a = ) 0.25, (A) 0.50, and (*) 0.75 on Nylondo.

For the mixed surfactant systems, the concentrations of cationic
surfactant, CPB, and that of nonionic surfactant, OP(EQ)io were determined by using
a UV-Vis spectrophotometer (Shimadzu, '/-2550) at wavelengths of 254, and 282
nm, respectively, in which the pyridinium and the phenyl groups have strong
adsorption bands. CPB and OP(EQ)io adsorption isotherms from the single solutions
and the mixtures on HOPE, PC, PYC, ABS, PMMA and Nylon66 are presented in
Figure 4.8-4.19. It is seen from these figures that CPB adsorption was enhanced by
the presence of nonionic surfactant as indicated by the shift of CPB isotherms toward
the left with increasing in molar fractions of nonionic surfactants.

For any given plastic surface, the maximum CPB adsorption from the
experiment was higher than that from the calculation when OP(EQ)io was added into
the CPB solutions (see Table 4.3). The result suggests that the presence of nonionic
surfactant in the CPB solution provided positive effect in adsorption because of the
reduction of electrostatic repulsion between the head groups of adsorbed cationic
surfactant molecules (Rosen, 2004, and Somasundaran eta/., 1996).
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Contrary, the maximum amounts of OP(EQ)io adsorbed obtained at
the plateau region from the mixtures on different plastic surfaces are shown in Table
4.4, The maximum OP(EO)io adsorption from the experiment was less than that of
the calculation when CPB presented in the OP(EQ)io solutions. The possible reason
Is the masking of negative charge plastic surfaces by the CPB monomeric adsorption
obstructed the OP(EQ)io adsorption (Desai and Dixit, 1996).

Table 4.3 Maximum CPB adsorption, (pmol/m2of plastic), of mixed surfactant
solutions having different OP(EQ)io fractions on different plastic surfaces

0 0.25 0.50 0.75

Exo. Cd  Exp. Cad  Exp  Cd  Exp. Gl
HOPE 204 204 225 153 157 102 097 QA1
PC 226 226 243 169 169 113 12 056
PvC 28 28 27 214 208 1L 13 071
ABS 402 402 3% 301 2% 201 1% 101
PMMA 589 589 478 442 343 294 116 147
Nyln66 636 636 530 477 403 318 220 159

d

Table 4.4 Maximum OP(EO)io adsorption, (pmol/m2of plastic), of mixed surfactant
solutions having different OP(EQ)io fractions on different plastic surfaces

a 0.25 0.50 0.75 1
Exo. Cal. Exp. Cd  Exp. Cd  Exp. Cal
HOPE 081 115 159 230 332 345 460 460
PC 082 128 118 25 367 384 512 512
PVC 087 1% 1% 308 38 462 616 6.6
ABS 116 168 250 33 44 503 671 671
PMMA 16l 198 33% 3% 52 5% 793 193
Nylon66 177 257 397 515 655 772 1030 1030
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Figure 4.8 Adsorption isotherms of CPB from solution of ( ) CPB, and
CPB - OP(EO)io mixtures with a = (i )0.25, (A) 0.50, and (¢) 0.75 on HDPE.
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Figure 4.9 Adsorption isotherms of OP(EQ)io from solution of (x) OP(EQ)io, and
CPB - OP(EQ)io mixtures with a = ( ) 0.25, (A) 0.50, and (¢) 0.75 on HDPE,
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Figure 4.10 Adsorption isotherms of CPB from solution of (¢ ) CPB, and
CPB - OP(EO)io mixtures with a = ( ) 0.25, (a) 0.50, and (¢) 0.75 on PC,
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Figure 4.11 Adsorption isotherms of OP(EQ)io from solution of (x) OP(EQ)io, and
CPB - OP(EQ)io mixtures with a = ( ) 0.25, (A) 0.50, and (¢) 0.75 on PC.
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Figure 4.12 Adsorption isotherms of CPB from solution of ( ) CPB, and
CPB - OP(EQ)io mixtures witha =t ) 0.25, (a) 0.50, and (¢) 0.75 on PVC.
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Figure 4.13 Adsorption isotherms of OP(EQ)io from solution of (x) OP(EQ)io, and
CPB - OP(EQ)io mixtures with a = ( ) 0.25, (A) 0.50, and (*) 0.75 on PVC.
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Figure 4.14 Adsorption isotherms of CPB from solution of (¢ ) CPB, and
CPB - OP(EQ)io mixtures with a = ( ) 0.25, (A) 0.50, and (¢) 0.75 on ABS,
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Figure 4.15 Adsorption isotherms of OP(EQ)io from solution of (x) OP(EQ)io, and
CPB - OP(EQ)io mixtures with a = ( ) 0.25, (A) 0.50, and (*) 0.75 on ABS.
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Figure 4.16 Adsorption isotherms of CPB from solution of ( ) CPB, and
CPB - OP(EQ)io mixtures witha = ( ) 0.25, (A) 0.50, and (*) 0.75 on PMMA.
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Figure 4.17 Adsorption isotherms of OP(EQ)io from solution of (x) OP(EQ)io, and
CPB - OP(EQ)io mixtures with a = 1 ) 0.25, (A) 0.50, and (¢) 0.75 on PMMA.
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Figure 4.18 Adsorption isotherms of CPB from solution of (¢ ) CPB, and
CPB - OP(EQ)io mixtures witha = ( ) 0.25, (A) 0.50, and (*) 0.75 on Nylong®.
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Figure 4.19 Adsorption isotherms of OP(EOQ)io from solution of (x) OP(EQ)io, and
CPB - OP(EQ)io mixtures with a = ( ) 0.25, (A) 0.50, and (¢) 0.75 on Nylon6®6.
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432 Wetting Isotherms for Solution of CPB, OPfEOW and Their
Mixtures on Plastics Surfaces

Contact angle, 0, of the solutions of CPB, OP(EQ)io, and their
mixtures with a was 0.25, 0.50, and 0.75 on HDPE, PC, PYC, ABS, PMMA and
Nylon66 are shown in Figure 4.20 - 4.25. For any studied plastic surface, the contact
angle decreased significantly with increasing surfactant concentration, and at a very
high surfactant concentration, the contact angle remains almost unchanged.
Moreover, the wettability on any plastic surface with solutions of OP(EQ)io and
CPB-OP(EQ)io mixtures was much better than that of single CPB solution.
OP(EQ)io had the highest wetting efficiency, and the wetting efficiency was
Improved by increasing molar fraction of nonionic surfactant. It means that the
combinaiton of CPB and OP(EQ)io in a mixture performed a positive effect in the
wettability on all studied plastic surfaces (Esumi etal., 1992).

For any surfactant system, the contact angle increased in the following
order.

HDPE > PC > PYC > ABS > PMMA > Nylon66
which correlates to the order of the degree of hydrophobicity of plastics, as shown in
Table 4.1. 1t can be concluded that an increase in the polarity of the plastic surfaces
increased the wettability of surfactant solutions.
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Figure 4.20 Contact angle as a function of surfactant concentration on HDPE for the
solutions of ( ) CPB, ., OP(EO)io, and their mixtures with a = )0.25, (a) 0.50,
and (+) 0.75.
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Figure 4.21 Contact angle as a function of surfactant concentration on HDPE for the
solutions of (¢ ) CPB, (x) OP(EQ)io, and their mixtures with a = ( ) 0.25, (A) 0.50,
and (¢) 0.75.
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Figure 4.22 Contact angle as a function of surfactant concentration on HDPE for the
solutions of (+ ) CPB, (x) OP(EQ)io, and their mixtures with a = ( ) 0.25, (A) 0.50,
and (¢) 0.75.
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Figure 4.23 Contact angle as a function of surfactant concentration on ABS for the
solutions of (+ ) CPB, (x) OP(EQ)io, and their mixtures with a = () 0.25, (A) 0.50,
and (+) 0.75.
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Figure 4.24 Contact angle as a fonction of surfactant concentration on PMMA for
the solutions of ( ) CPB, (x) OP(EQ)io, and their mixtures with a = () 0.25,
(A) 050, and (+) 0.75.
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Figure 4.25 Contact angle as a function of surfactant concentration on Nylon66 for
the solutions of ( ) CPB, (x) OP(EQ)io, and their mixtures with a = 1 ) 0.25,
(A) 050, and 0)0.75.
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4.3.3 Wetting Enhancement by Solutions of CPB, OPfEOW and Their
Mixtures

According to Young’s equation (see Equation 2.3), that presented the
relation between the contact angle and the interfacial tension which was used for
stuaying the wetting behavior of a liquid. Actually, it is quite difficult to measure the
vsi and the vsv directly. Hence, the term of (vsv - vs1) should be considered to
understand the wettability of surfactant solution.

|f the value of the vs1 and the vsv were constant, the plot between coso
and the inversion of the interfacial tension at liquid/vapor interface of surfactant
solutions, 1ryvs, should be linar and intercept at zero. However, Figure 4.26 - 4.31
do not show this relation as they do not intercept at zero.
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Figure 4.26 Contact angle on HDPE related to inversion of the interfacial tension at
liquid vapor interface for solutions of (¢ ) CPB, (x) OP(EQ)io, and their mixtures
witha = ( ) 0.25, (a) 0.50, and (*) 0.75.
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Figure 4.27 Contact angle on PC related to inversion of the interfacial tension at
liquid vapor interface for solutions of ( ) CPB, (x) OP(EQ)io, and their mixtures
witha = ( ) 0.25, (A) 0.50, and (¢) 0.75.
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Figure 4.28 Contact angle on PVC related to inversion of the interfacial tension at
liquid vapor interface for solutions of (+ ) CPB, (X) OP(EQ)io, and their mixtures
witha =( ) 0.25, (A) 0.50, and (*) 0.75.
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Figure 4.29 Contact angle on ABS related to inversion of the interfacial tension at
liquid vapor interface for solutions of (¢ ) CPB, (x) OP(EQ)io, and their mixtures
witha =( ) 0.25, (A) 0.50, and () 0.75.
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Figure 430 Contact angle on PMMA related to inversion of the interfacial tension
at liquid vapor interface for solutions of ¢ ) CPB, (x) OP(EQ)io, and their mixtures
witha =@ )0.25, (A) 0.50, and (+) 0.75.
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Figure 431 Contact angle on Nylon66 related to inversion of the interfacial tension
at liquid vapor interface for solutions of (¢ ) CPB, (X) OP(EQ)io, and their mixtures
witha =@ )0.25, (A) 0.50, and (¢) 0.75.

Another possible way to examine the variation of the (ysv - vr) term
Is to take a look at the product of coso multiply with vLv (0r yiveosG). From Equation
2.3, 1fviveosG Was constant, the value of (ysv - vs1) would be constant. As shown in
Figure 4.32 - 4.37, the value of (ysv - vs1) varied with surfactant concentration in the
region of concentration lower the CMC but it was nearly constant after the CMC
point,

Generally, the Yov could be assumed to be independent of the
surfactant concentration since the dry solid had not been contacted by the solution
yet and the transfer of the non-volatile surfactants to the solid/vapor interface during
measuring contact angle via vapor phase seemed unlikely (Gau and Zografi, 1990).
This indicated that the vsi varied with surfactant concentration in case of both of the
single surfactant system and the mixed surfactant system in the region of
concentration lower the CMC but it remained almost unchanged after the CMC
point,

However, for Nylon66 and any surfactant system, the value of
YiveosG first increased, reached their maximum values, and then decreased before



41

being nearly constant at about the CMC. At low surfactant concentration, the
ascending part of the isotherm was influenced by increasing the value of CC80. For
higher surfactant concentration, a decrease in the surface tension had effect over the
increase in the value of COR), resulted in the reduction of the value of YLVOOR) before
reaching the plateau.
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Figure 4.32 71v 0030 on HDPE related to total surfactant concentration for solutions
of ¢ ) CPB, (x) OP(EQ)io, and their mixtures witha = ( ) 0.25, (A) 0.50, and
(+) 0.75.
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Figure 4.33 71iv 000 on PC related to total surfactant concentration for solutions of
(t ) CPB, (x) OP(EO)io, and their mixtures with a = 1 )0.25, (a) 0.50, and (+) 0.75.
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Figure 4.34 YLVCOS0 on PVC related to total surfactant concentration for solutions
of (¢ ) CPB, (x) OP(EQ)io, and their mixtures with a = ( ) 0.25, (A) 0.50, and
(+) 0.75.
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Figure 4.35 ylv 0080 on ABS related to total surfactant concentration for solutions
of ¢ ) CPB, (X) OP(EO)io, and their mixtures with a = 1 ) 0.25, (A) 0.50, and
() 0.75.
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Figure 4.36 v.v 0080 on PMMA related to total surfactant concentration for
solutions of (¢ ) CPB, (x) OP(EQ)io, and their mixtures with a = () 0.25, (A) 0.50,
and (¢) 0.75.
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Figure 4.37 yiv 0080 on Nylondo related to total surfactant concentration for
solutions of (¢ ) CPB, (x) OP(EQ)io, and their mixtures witha - {1 ) 0.25, (A) 0.0,
and (¢) 0.75.

Actually we could not measure the YaI directly but there was an other
possible way to examine the variation of the YsI is to calculate the Yl at
concentration ¢, ysl(c), related to the YsI at reference state which had no surfactant or
I pure water, ¥sl(w), using the contact angle and the interfacial tension at the
liquid/vapor interface data. Equation 2.3 might be written as

Yiviw) cosD(w) - Yi{c) cosO(c) = [Ysv(w) - Yoi(w)] - [ysv(C) - Yl (c)]
= %lI(q) - Ysl(w), (4.2)
where ( ) refers to the standard state when no surfactant presents and (c) refers to

the properties of the surfactant solution at concentration c.

Figure 4.38 - 4.43 indicated the correlation between the relative
Interfacial tension, Ysl(c) - sI(w), and surfactant concentration. If the Ysl(w) was
commonly assumed to be constant, these plots would provide the relation between
Ysl(c) and surfactant concentration. For any non polar plastic surface, the ¥sl(c
decreased when the surfactant concentration rose and it also decreased with
increasing the molar fraction of nonionic surfactant in mixtures. When plastic
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surfaces hecame more polar, the vsi(c) decreased insignificantly and tended to
increase when the molar fraction of nonionic surfactant in mixtures increased.
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Figure 4.38 Relative interfacial tension at solid/liquid interface of HDPE as a
function of concentration of solutions of (y ) CPB, (x) OP(EQ)io, and their mixtures
witha = ( ) 0.25, (A) 050, and (*) 0.75.
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Figure 4.39 Relative interfacial tension at solid/liquid interface of PC as a function
of concentration of solutions of (¢ ) CPB, (x) OP(EQ)io, and their mixtures with
a=()025,(A) 050, and (¢) 0.75.
Z x Tog
,g( -10 X ? gg
‘3:» @ LI PR
© Ky XX RN XX X 5w
2
10 100 1000 10000
Initial Surfactant Concentration (/iM)
Figure 4.40 Relative interfacial tension at solid/liquid interface of PVC as a

function of concentration of solutions of (¢ ) CPB, (x) OP(EQ)io, and their mixtures

witha =)

0.25, (A) 0.50, and (*) 0.75.
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Figure 441 Relative interfacial tension at solid/liquid interface of ABS as
function of concentration of solutions of (¢ ) CPB, (x) OP(EQ)io, and their mixtures
witha = ( ) 0.25, (A) 0.50, and (¢) 0.75.
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Figure 4.42 Relative interfacial tension at solid/liquid interface of PMMA as a
function of concentration of solutions of (¢ ) CPB, (x) OP(EQ)io, and their mixtures

witha = )0.25, (A) 0.50, and (+) 0.75.
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Figure 4.43 Relative interfacial tension at solid/liquid interface of Nylon66 as a
function of concentration of solutions of (¢ ) CPB, (x) OP(EQ)io, and their mixtures
witha =( ) 0.25, (a) 0.50, and (+) 0.75.

This relative interfacial tension at the solid/liquid interface could be
related with total amount of adsorbed surfactant as shown in Figure 4.44 - 4.49, For
low polar plastic, the increase in surfactant adsorption caused the vsi reduction,
which resulted in the contact angle reduction. Hence, the changes in contact angles
induced by surfactant attributed not only to the changes in the viv but it also could
attribute to the changes the vs1. Moreover, the increase in molar fraction of nonionic
surfactant could reduce the vsi more,

However, for higher polar plastic surfaces, in case ofNylon6b, the vsi
reduction was insignificantly affected by increasing surfactant adsorption. The vsi
increased with increasing the nonionic surfactant molar fraction. It means that the
Increase in surfactant adsorption and the addition of OP(EQ)io into the CPB solution
had less effect on the vsi reduction than on the viv reduction. An increasing in the vsi
on Nylon66 surface was attributed to the adsorption tendency of surfactant molecules
at the liquid/vapor interface, as shown in adhesion tension plot on Nylon66 (See
Figure 4.55).
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Figure 4.44 Relative interfacial tension at solid/liquid interface of HDPE as a
function of adsorption of solutions of (¢ ) CPB, (x) OP(EQ)io, and their mixtures
witha =( ) 0.25, (&) 0.50, and (¢) 0.75.
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Figure 4.45 Relative interfacial tension at solid/liquid interface of PC as a function
of adsorption of solutions of (+ ) CPB, (x) OP(EQ)io, and their mixtures with
a=0)02, (A) 050, and (+) 0.75.
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Figure 4.46 Relative interfacial tension at solid/liquid interface of PVC asa
function of adsorption of solutions of (¢ ) CPB, (x) OP(EQ)io, and their mixtures
witha = () 0.25, (1 ) 0.50, and (+) 0.75.
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Figure 4.47 Relative interfacial tension at solid/liquid interface of ABS as a
function of adsorption of solutions of (¢ ) CPB, (x) OP(EQ)io, and their mixtures
witha=()0.25, (A) 050, and (¢) 0.75.
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Figure 4.48 Relative interfacial tension at solid/liquid interface of PMMA as a
function of adsorption of solutions of (+ ) CPB, (x) OP(EQ)io, and their mixtures
witha = (1 )0.25, (a) 0.50, and (¢) 0.75.
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Figure 4.49 Relative interfacial tension at solid/liquid interface of Nylon66 as a
function of adsorption of solutions of ( ) CPB, (x) OP(EQ)io, and their mixtures
witha = (1 )0.25, (A) 0.50, and (*) 0.75.
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The relation of adsorption to equilibrium wetting could be
investigated by combining the Gibbs adsorption equation with Young’s equation
yields as shown in Equation 2.4, was called adhesion tension plots, 0f YivcosG Versus
viv. |f surface excess concentration at the solid/vapor interface, rsv, was assumed to
be negligible, the slope of adhesion tension plot should be the ratio of surface excess
concentration at the solid/liquid to the liquid/vapor interface, FsiT Iv, as depicted in
Figure 4.50 - 4.55.

These adhesion tension profiles gave negative slopes but they were
sill less than zero; -I<slope<0, indicating higher surfactant adsorption at the
liquid/vapor than at the solid/liquid interface; rsSL<TLv- It could be also seen in these
figures that the slopes were being less negative which indicated that surfactant
molecules tended to adsorh at the liquid/vapor interface more than that at the
solid/liquid interface as the adsorbed surface became more polar. Furthermore, the
addition of nonionic surfactant did not show significantly effect on this. These results
also correlated to the reduction of the viv and the vsi (see Figure 4.44 - 4.49).
However, the adhesion tension on Nylon66 decreased gradually when the surface
tension decreased, signifying the importance of surfactant adsorption at the
solid/vapor interface. For good wetting and strong adhesion forces, the viv must be
smaller than the vsv Besides, a decrease in the adhesion tension profiles means the
liquid molecules have a stronger attraction to the solid surface than each other
(0zdemir etal., 2004).
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Figure 4.50 Adhesion tension plot for solutions of ( ) CPB, (x) OP(EQ)io, and their
mixtures with a = ( ) 0.25, (A) 0.50, and (¢) 0.75 on HDPE.

oo YA RN N
N w "%ﬁiﬁ‘fx SAE TN .
5 —_
7z 15} S = i
# X B e
g s
i
0 J . | i
25 35 45 55 65 15
viv (MN/m)

Figure 451 Adhesion tension plot for solutions of (t ) CPB, (x) OP(EO)io, and their
mixtures with a = ( ) 0.25, (A) 0.50, and (¢) 0.75 on PC,
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Figure 4.52 Adhesion tension plot for solutions of (t ) CPB, (x) OP(EQ)io, and their
mixtures with a = ( ) 0.25, (&) 0.50, and (¢) 0.75 on PVC.
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Figure 4.53 Adhesion tension plot for solutions of (¢ ) CPB, (x) OP(EQ)io, and their
mixtures with a = 1 ) 0.25, (a) 0.50, and (¢) 0.75 on ABS.
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Figure 4.54 Adhesion tension plot for solutions of (¢ ) CPB, (x) OP(EQ)io, and their
mixtures with a = ( ) 0.25, (A) 050, and (¢) 0.75 on PMMA.
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Figure 4.55 Adhesion tension plot for solutions of ( ) CPB, (x) OP(EQ)io, and their
mixtures with a = 1 ) 0.25, (A) 0.50, and (+) 0.75 on NylonGo.
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The plots of GC80 versus viv, are depicted in Figures 4.56 - 4.61, did
not obviously deviate from the Zisman’ plots. It could be explained that the nature
of these plastic surfaces be considered as strong hydrophobic surfaces. As the results,
the nature of the solid/liquid and the liquid/vapor interface was similar (Supalasate,
2004) and the addition of nonionic surfactant insignificantly affect to the wettability
of surfactant solution that have the same viv.
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Figure 4.56 Contact angle for solutions of (¢ ) CPB, (x) OP(EQ)io, and their
mixtures witha = )0.25, (a) 0.50, and (+) 0.75 on HDPE as a function of its viv.
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Figure 4.57 Contact angle for solutions of (+ ) CPB, (x) OP(EQ)io, and their
mixtures with a = ( ) 0.25, (&) 0.50, and (¢) 0.75 on PC as a function of its viv-
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Figure 4.58 Contact angle for solutions of (¢ ) CPB, (x) OP(EQ)io, and their
mixtures witha = ( ) 0.25, (&) 0.50, and (¢) 0.75 on PVC as a function of its vav.
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Figure 4.59 Contact angle for solutions of (¢ ) CPB, (x) OP(EQ)io, and their
mixtures with a = ( ) 0.25, (A) 0.50, and (+) 0.75 on ABS as a fonction of its viv.
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Figure 4.60 Contact angle for solutions of (¢ ) CPB, (x) OP(EQ)io, and their
mixtures witha - () 0.25, (A) 0.50, and (+) 0.75 on PMMA as a fonction of its vav.
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Figure 4.61 Contact angle for solutions of (¢ ) CPB, (x) OP(EQ)io, and their
mixtures witha = ( ) 0.25, (A) 0.50, and (¢) 0.75 on Nylon66 as a function of its

Yiv.
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