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Summary: The zero-shear viscosity of moderately concentrated solutions of cellulose acetate is
studied m two different solvents namely; cyclohexanone and dioxane to investigate the effect of sol-
vent on the polymer viscosity. For each solvent the ratio of the increment in the logarithemic zero-
shear viscosity and logarithmic change of concentration (d In mo/d InC} is calculated. To find out the
effect of both temperature and concentration on the zero- shear viscosity of the polymer, solutions in
dioxane are studicd at various temperatures and it was concluded that the particle aggregation is af-
fected when both the temperature and concentration are changed.

Introduction

Polymers can be characterized by various
techniques like viscometry, osmometry, light scat-
tering, LR, dielectric relaxation studies, ctc. The
viscomefric methods have been very frequently
used due to their simplicity and high sensitivity to
aggregation.

Calculation[1] for rheological properties of
polymeric solutions have usually been restricted to
very dilute or to very concentrated solutions. In
either case one starts with a model for the
microstructure. Between these two conceptual ex-
tremes lies the broad class of moderately con-
centrated solutions. To cover this region,
theoretically two approaches have been used; (i)
network theories focussing attention on entangle-
ment junctions, and (ii) single-molecule theories
focussing attention on single molecules but includ-
ing intermolecular interactions. Williams, Wang
and Zimin introduced a double model; one for a
particular macromolecule and another for the solu-
tions containing like molecules in which the chosen

macromolecule is suspendéd. This approach has
turned out to be quite successful because spheres
immersed in a suspension of like spheres behaves as
if suspended in a Newtonian fluid, and to resulting
expression for viscosity is quite simple in form and
qualitatively correct for the moderate concentra-
tions.

For a simple{2] uni-directional flow-field in a

liquid, the viscosity is written as the ratio of encrgy

dissipation (e) per unit volume and the square of
the shea; rate (y) Le.

M= &Y e, (1)

This equation is used to obtain an expression
for the viscosity of polymer solutions and melts. On
a small time scale, there exists Brownian motion,
which does have its contributions to the energy but
on a large time scale the contribution is almost
zero.

-~ 10 whom all correspondance should be addressed.
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Generally the viscosity of polymer solutions is
constant at low shear rate but above a certain criti-
cal value it falls rapidly. The low shear rate region is
referred to as the first Newtonian region and the
Bueche theory (Equation 1) applies. The viscosity
of the polymer solutions and melts in this region is
referred as the zero-shear viscosity.

L.A. Utracki|3] has studied the temperaturce
dependence of the zero-shear viscosity and has re-
lated his work to the concentration dependence of
the same, for polymer melts and solutions in os-
ganic and inorganic liquids.

The zero-shecar viscosity[4} of a polymer is a
complex function of several variables; such as
molecular weight, polymer concentration, tempera-
ture, nature of solvent and molecular structure, etc.

S.H. Agarwal and Roger S. Porter have
studicd polyvinyl acctate in different solvents and
have noted that the solvent effects are important in
concentrated solutions.

V.P. Budtove[5] has given a theory for the vis-
cosity of moderately concentrated solutions of
polymeric substances, assuming a "local viscosity”
effect and intermolecular hydrodynamic and ther-
modynamic interactions. The theory is based on
clear physical assumption for the low concentration
range and for high concentration range it becomes
semi-empirical. However, it permits a description
of a variety of relationships for the viscosity of con-
centrated polymer solutions and viscosity of solu-
tions of mixtures of compatible and incompatible
polymers.

The dependence[6] of viscosity on concentra-
tion is mainly because of the dependence of the
ratio of viscosities at zero and infinite shear rates on
the concentration of solutions. The factor at-
tributable to this dependence may be the space im-
mobilization  of the solvent and irregutar
particle-particle aggregates i1.¢. formation of ex-
tremely large supermoleculare structure.

Experimental
The polymer under investigation was a

sample of cellulose acetate of Ravi Rayon Lid; Kala
Shah Kaku, Lahore {Pakistan) and the solvents

Jour. Chem. Soc. Pak. Vol. 11 No.1, 1989 21

nsed were cyclohexanone and dioxane both being of
analytical grade. The concentration of the solution
(W/V)} ranged between 2 to 6%.

The shear viscosity of all the samples were
determined by HAAK Rotary viscometer (Roto-
Visco-12, W.Germany) using the sensor system MV
DIN as follows:

After[7] adjusting the zero and maximum in-
dications the senmsor system was filled with the
sample. Keeping the temperature constant the scale
reading(s) was recorded for the various speeds n
(No of revolutions/minute), varying the range be-
tween 8,16,32,64,128,256 and 512. This process was
repeated for different concentrations in cach sol-
vent and at different temperatures in one of the sol-
vents,

The shear rate (v expressed in S']); the shear
stress (7 expressed in pascals) and viscosity (q ex-
pressed in mpa -s) were calculated by using the fol-
lowing formulae:

'y:M.n. (2)

+=AS. (3)

n=G3. (4)
{n)

where M, A and G are constants depending on the
system used. For this particular system the values
are M=129; A =3.01and G=2333.

Results and Discussion

Cellulose acetate solutions in two solvents
cyclohexanone and dioxane werc studied at 35°C
temperatures. The zero-shear viscosity values for
concenrations 2 to 6 g/dl are given in table 1,
alongwith In C and In o values for the two solvents.

The zero-shear viscosity (mo) versus con-
centration is plotted inFig. 1. It is evident from the
curves that the zero-shear wviscosity increascs
regularly with increasing concentrations. However,
the increase in dioxane is more pronounced.This
behaviour can be attributed to the different extents
of entanglements and different particle-particle ag-
gregates[6] i.e formation of unique supermolecular
structures. There is only one oxygen atom in the
molecule of cyclohexanon where as in dioxane there
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Fig. 1: Plot of n° (mpa-5) vs concentration g/dl) for cellulose
acetate in two solvents; @ Cyclohexanone, 8 dioxane, at 35°C.
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Fig. 2: 2 Plot of In 1) vs InC for solutions of cellulose acetate,
at 35°C in two solvents; © cyclohexanoneddioxane.

are two oxygen-atoms present. Thus more hydrogen
bonds are expected between cellulose acetate and
dioxane than in case of cyclohexanone. Hence the
supermolecules formed in diioxane are bigger than
in cyclohexanone and the values are thus different.

CELLULOSE ACETATE-POLYMER

This is further supported by a plot of In 70 VS
In C (Fig. 2). From this plot the values of (d In no/d
In C) for the two solvents are worked out. For the
solution in dioxane this value is 246 and in
cyclohexanone it is 3.49. These values are in good
agreement with the results of the work of G.C.
Berry et al[9] who have found for various polymers
the value of (d In no/d In C) to be in the vicinity of
28

The solutions of cellulose acetatc in dioxanc
were studied at various temperatures (25-65°C).
The values of zero-shear viscosity (no) for different
concentrations in dioxane, at different tempera-
tures are given in Table 2.

T, (me-s)

C g/dl

Fig. 3: M (mpa-s) vs concentration C(g/dL) for cellulose
acctate solutions at different temperatures t°C; © 25°C,
359C, Q45°C. 8 55°C, @ 65°C; in dioxane.

These results are plotted in Fig. 3. It is ob-
served that the effect of concentration on the vis-
cosity at lower temperature is more pronounced
where as at higher temperatures the effect of con-
centration is small. This may be attributed, as sug-
gested by R.S. Sherma [6] to two factors, namely;
the decrease of solvent viscosity and the diminish-
ing of aggregations betwcen the macromolecules
among themselves and also with the solvent. On the
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Table 1:

In Cvclohexanone [g dioxine
No Cg/dl) InC Mo{mpa-S) Inmo Tjo(mpa-S) Inmo
1 2 06932 100 2.3026 - -
2 3 10986 55.20 4.0110 87.60 44728
3 4 1.3883 154.00 5.0370 182.20 5.2051
4 5 1.6094 257.60 55515 227.00 5.4250
5 6 1.7918 287.60 5.6616 489.80 6.1940
Table 2:
No K Tofmpa-S) for concentrations C (g/dl)
3 4 5 6
1 298 119.80 207.60 350.00 67440
2 308 87.60 182.00 227.00 489.80
3 318 59.40 141.20 176.50 29.20
4 528 29.80 58.00 111.00 116.0G
5 338 14.20 26.80 55.00 111.20
700 other hand the effect of temperature at higher con-
centrations is more pronounced and is very low for
see the dilute solutions (Fig. 4) and this result supports
the above argument.
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