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Abstract Association behavior of ethylene vinyl acetate (EVA) copolymer in four
solvents 1, 2-dichloroethane (DCE), cyclohexane (CYH), xylene (XYL) and chloroform
(CF) has been investigated by dilute solution viscometry. The critical association concen-
tration (Cs) was determined at which the incipient decrease in slope of the 7y, /C ~ C
curve in solutions at the dilute regime. Our results showed that whether the Ca could
exist depends on solvent property. The values of Cx in DCE increase with increasing, of
temperature and vinyl acetate (VA) content in EVA and decreasing of molecular weight of
EVA.
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INTRODUCTION

EVA copolymer is one of the most important types of flow improver!! for crude
oil and oil products. The efficiency of EVA copolymer as flow improver is influenced
3]

9

by solvent propertyl? and its incipient chain dimension in solutionsl®, besides its

4~6] we have found that association of

molecular parameters. In previous works!
EVA flow improver had been dislayed in 1,2-dichloroethane (DCE) and cyclohexane
(CYH) by viscometry and dynamic laser light scattering. It was dependent on
molecular weight and VA content of EVA, the concentration of solution and thermal
history of solution preparation.

The dosage of polymer in doped oils is an important factor to efficiency of poly-
mer flow improvers!”8l and the concentration of polymer in solution is also a valued

(4919 in solutions. Dondos et al. investigated the

factor to association of polyme
critical concentration of homopolymer/solvent and homopolymer-1/homopolymer-

2/solvent systems by viscometry!112l, In this study, the critical association con-
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centrations of a series of EVA copolymers in solutions were investigated by dilute

solution viscometry.
EXPERIMENTAL

Three types of commercial EVA samples (designated as A, B, C) were used.
Samples C1, C2 and C3 were prepared by fractionation from 1% benzene solution

(13] Fractionation was carried out at

of sample C, with isopropanol as precipitant
30 +0.02°C. M, and VA content of five samples [A (M, = 1.69 x 10%, VA=29.7%),
B (M, = 1.68 x 10%, VA=37.5%), C1 (M, = 3.15 x 10*, VA=32.7%), C2 (M, =
2.72 x 10*, VA=31.1%), C3 (M, = 1.25 x 10%, VA=31.5%)] were characterized by
Knauer VPO instrument, Carlo Erba 1106 element analyzer and saponifcation value
test. The EVA samples were dissolved thoroughly in given solvent at 45°C, then
filtered and cooled at the measuring temperature. Viscosity measurement of the
solutions was conducted in a Ubbelohde viscometer at definite temperature with

deviation of £0.02°C. The reproducibility was of the order of 1%.

RESULTS AND DISCUSSION

Critical association concentration (C4) and solvent effect

Fig. 1 shows a typical concentration dependence of the reduced specific viscosity
Nsp/C ~ C of sample A in 4 solvents chloroform (CF), xylene (XYL), CYH and DCE
at 25°C. Straight line of 7,,/C ~ C curve was obtained for CF and XYL solvents,

ook o CF which is in normal case. Downswing in

Z)C(X;L{ slope of 75, /C ~ C' curve at certain con-
90 < DCE . .
centration exist for solvents CYH and
30 -
/A%

o

t DCE. The incipient decrease in slope of
i\:% 70k }i /A,A/A/A the ny,/C ~ C curve is related to the
" _APA ¢ Ca of EVA, at which the macromolecule
coils start to aggregate. This result was

50 1 L | ]
0 2 4 6 8 10 12 ingood agreement with previous workl*,

Cx10% (g/ml)

viz. The association of EVA exist in
Fig. 1 Reduced viscosity (7sp/C) vs con- DCE and CYH, but not in XYL and

centration of sample A (M, =
1.69 x 10%, VA=29.7%) at 25°C

in chloroform, xylene, cyclohexane
and 1, 2-dichloroethane content of 29.7% and four solvents CF,

XYL, CYH and DCE are —0.246, 0.023,

CF. This is because the Huggins param-
eters y1 between EVA sample with VA
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0.070 and 0.058, respectively!*. Obviously, DCE and CYH are marginal solvents
which cause association for the EVA samples, CF and XYL are good solvents in
which EVA molecules aggregate uneasily. In the aggregating system, the decrease
in slope of 15, /C ~ C curve above C was considered as the increase of the hydro-
dynamic volume being slower than the increase of the apparent molecular weight,

according to the relation of 7s,/C o V/M.

VA content and molecular weight dependence of C4

Fig. 2 shows typical plots of 75,/C ~ C of EVA sample A and B with same M,
and different VA contents in DCE at 10°C and 25°C. From Fig. 2, it is clear that
the higher the VA content, the larger the Ca value despite the temperature. This
means that the increasing of VA content is unfavorable to the association of ethylene
segments in EVA copolymer, because DCE is a selective solvent of EVA. Fig. 3 shows
typical plots of 9y, /C ~ C of EVA sample C1, C2 and C3 with same VA content of

different molecular weight in DCE at - o
=¥ a
25°C and the Cy values decrease with in- 80k l s o2
. . o AC3
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Fig. 3 n,p/C VS C of sample C1, C2 and
Fig. 2 np/C VS C of sample A (M, = C3 in DCE at 25°C with same VA
1.69 x 10*, VA=29.7%) and B content and different M, of 3.1 x
(M, = 1.68 x 10*, VA=37.5%) in 10%, 2.72 x 10* and 1.25 x 10%,
DCE at 10°C and 25°C respectively

Temperature dependence of C4 and enthalpy change of association (AH)

Fig. 4 shows various curves of 7,,/C ~ C of sample A in DCE at 5 ~ 45°C. The
downswing phenomenon of 7y, /C ~ C curve indicates that association of the EVA
sample exist at various temperature except for 45°C. Fig. 5 shows a plot of InCy
versus 1/T of sample A in DCE at 5 ~ 35°C. A straight line was presented and
from the slope of the line we obtained the AH of association —30.7kJ/mol, which is
lower than AH of micellisation (—40.4kJ/mol) for polystyrene-block-polyisoprene
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block copolymer (PS-b-PIP) in n-hexadecane given by Pricel'®). This means the
thermodynamic stability is weaker in association of a random EVA copolymer than
in micellisation of the PS-b-PIP block copolymer. In addition, the value of Cy
ranges from 1.07 x 1073 to 4.13 x 1073 g/mL, depending on the temperature. The
critical association concentration range is lower than that of CMC in the work of
Price et al.l', which means the association of EVA random copolymer in DCE can

take place in more dilute region.
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Fig. 51InCa vs 1/T of sample A in DCE  Fig. 6 [n] vs T and Ca vs T of sample A in DCE

In dilute solution of polymers, there were two critical concentrations of C* and
C*16.17] " The well-known critical concentration C* divides dilute and semi-dilute
solutions and the critical concentration C** which lies below C*, separates the range

of extremely dilute solutions from that of dilute solutions, viz., C** is a concentration
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at which the macromolecule coils start to contact!!”. Theoretically the intrinsic

viscosity [n] represents the effective hydrodynamic volume of a polymer molecule
in solutions!8. Thus, according to the definition of C**, the system with larger
[n] should have lower C** value, viz., the changes of [n] and C** with increasing of
temperature should occur in opposite ways. In fact, this case was not found in Fig. 6.
Fig. 6 shows the temperature dependence of C from Fig. 4 and [n] ([n] was obtained
by extrapolating the points above Cy to zero in Fig.4) of sample A in DCE. From
Fig. 6, it is obvious that with increasing of temperature the Cy always goes up in
spite of the changes of the [n] values, which go up, then down and finally level off

with the temperature. This change of [n] value with temperature was also reported

16,18,19
el ]

everywhere els which was considered to be related to the conformational

transition of the polymer or the existence of UCST and LCST of the polymer-solvent
systems. Therefore, the concentration related to the crossover in 7, /C ~ C curve

in this binary system should be called Ca.
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