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ABSTRACT

The interaction between slightly
hydrophobic starch and electrostatically
stabilized polystyrene particles has been
studied. The effective volume fraction of
solid phase in the starch-containing
suspensions and the corresponding thickness
of the adsorbed layers were calculated from
measurements of the limiting high-shear
viscosity.

INTRODUCTION

The viscosity of concentrated suspensions
of hard-sphere particles has been described in
a number of investigations, cf. Krieger and
Dougherty!, de Kruif et al.2, Mewis and
D Haene3. If the suspension contains a
soluble polymer, the concentration-
dependence of the limiting viscosity can by
used to evaluate the thickness of the
adsorbed polymer layer, as described
elsewhere (Liang et al.4).

In this investigation, the interaction
between slightly hydrophopic starch and
electrostatically stabilized polystyrene (PS)
particles suspended in water was studied.
Both the PS particles and the starch were
commercial grades used for the industrial
coating of paper.

EXPERIMENTAL

Two different grades of polystyrene (PS)
particles were used: DPP 722E (denoted
PS-A) from Dow Sverige AB, Norrképing,
Sweden and DPP 711 (denoted PS-B) from
Dow Deutschland Inc., Rheinmiinster,
Germany. The volume fractions of solid
phase (¢) in the aqueous suspensions as
delivered were 0.468 and 0.470 for PS-A and
PS-B respectively. The radii (a) of the
particles as measured by dynamic light
scattering in distilled water and in 10 mM
NaCl are given in Table 1. The radius was

slightly smaller when NaCl was added,
which indicates the possibility of slightly
"hairy" particles. Table 1 also includes the
conductivity (k) of the aqueous phase as
received, the corresponding simple salt
concentration (c3) and the electrophoretic
mobility (U) in 0.1 mM NaCl at pH=5.8
(PS-A) and pH=6.6 (PS-B). These pH-values
were the same as the pH-values of the
respective suspensions as received.

The starch was a commercial slightly
hydrophobic potato starch of paper coating
grade (Raisamyl! 308H2) from Raisio
Chemicals OY, Raisio, Finland. The
molecular size of this starch had been
reduced compared to that of native starch by
hypochlorite oxidation. The viscosities of
5wt-% and 8 wt.-% starch solutions at
25 °C, shear rate (7)=230 s-! and pH=9 were
5.7 mPas and 11.7 mPas, respectively. The
starch molecules possessed some
hydrophobic properties since they were
grafted with propyl groups. The degree of
substitution (with respect to the propyl
groups) was 0.06 according to the
manufacturer. The received starch was
dissolved (hydrated) by means of jet-cooking
at 120 °C. The final solution contained
ca.17 wt.-% starch.

The starch solution was added to the PS
suspensions, and the amount of starch
corresponded to 0.93 parts of starch per 100
parts of dry PS (by wt.). The suspensions
were diluted with water to an appropriate ¢-
value, the aqueous phases were obtained by
filtration and the viscosities were measured
with a rotational type viscometer (Bohlin
VOR). The suspensions exhibited a shear-
thinning region at low Y and relatively
constant viscosity at higher Y. The the
viscosities of the suspensions were evaluated
in the high shear rate limit, at ¥ from 230 s-!

(low ¢) to 1200 s-! (high ¢).
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Table 1. Properties of the PS suspensions: the particle radius (a), the electrophoretic mobility
(U), the conductivity (k) of the aqueous phases as received and the conductivity expressed as
a corresponding 1:1 electrolyte concentration (c3).

PS-type a (nm) a (nm) U 108 c3 b
(in distilled H,O) | (in 10 mM NaCl) (m2s-! v-1) | (uS cm ) | (mM)

PS-A 27017 26611 -2.8£0.2 11.2 0.09
PS-B 15016 142+1 -2.7£0.3 10.0 0.08

b) Calculated from the conductivity, assuming that NaCl is the only salt present.

RESULTS AND DISCUSSION
The limiting viscosity of the suspension
(mn) was scaled with the viscosity of the

aqueous phase (m,), in order to obtain the
relative viscosity:

N =M/Mo )]

The maximum packing fractions (¢, ) in the
starch-free suspensions were obtained from

the graph of ¢ vs. 4/I/1; by extrapolation to

A/I/m; =0. The data points arranged

themselves along a straight line, in
accordance with an equation for the

concentration dependence of 1, given by
Quemada>. Values of ¢,=0.678 and
¢m =0.653 were obtained for PS-A and PS-
B, respectively.

Alternatively, the concentration
dependence of 7 can be expressed by the
Krieger-Dougherty equation!:

Ne = (1= 0/0y, ) Mom ®)

where [n] is the intrinsic viscosity. The zeta-
potentials ({) of PS-A and PS-B were
-46.6 mV and -49.5 mV, respectively, as
calculated from the U - { relation given by
Wiersema et al.®. At these (-values, the

primary electroviscous effect was calculated
following a method outlined by Watterson

and White”, resulting in [n]=2.54 and
[M]=2.58 for PS-A and PS-B respectively.
Values of 1, calculated from Eq. 2 showed
poor agreement with experimental data, if the
used ¢, -values were obtained by

extrapolation to 4/1/1, =0. This probably
reflects the influence of the secondary

electroviscous effect on m,. The ¢2—
coefficient in the power series expression for
7, for PS-B suspensions was larger than that
for PS-A suspensions, as calculated from a
scale analysis given by Russel® valid for
dilute and moderately dilute suspensions.

The value of ¢,, depends on { and «xa,
where k is the inverse of the electrostatic
double layer. For the two types of PS
particles, x was estimated to be ca.
3.0:10-2 nm-!. In Fig. | the values of m, for
the starch-free suspensions are plotted
against ¢/¢,, . As expected, the experimental
data for the different suspensions fall on the
same line. The viscosity data for the two
starch-containing suspensions also arranged
themselves along a common, but different,
line (Fig. 1). Thus, the difference between
the starch-free and starch-containing
suspensions shown in Fig. 1 may reflect the
adsorption of starch.
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1. Limiting high shear viscosities vs. ¢/¢,
at 25 °C and pH=5.94+0.1 (PS-A) and
pH=6.71+0.1 (PS-B).
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The higher value of m, for the starch-
treated PS suspensions can be explained as a
steric interaction in terms of an effective
radius (acg), where -ap =a+ A, with A
being the adsorbed layer thickness. An
effective volume fraction (9.¢r) is given by

def = O(1+ Aa)’. 3)

A value of A=3.6 nm for starch adsorbed on
PS-A was obtained by fitting (method of
least squares) the curve for the starch-treated
PS-A to that for the starch-free PS-A
suspension. Similary, a value of A=2.4 nm
was obtained for starch adsorbed on PS-B.

The values of A might to some extent be
affected by the relatively large thickness of
the electrostatic double layer. However, the
viscometric measurement gave adsorbed
layer thicknesses in good agreement with
results for other types of paper coating
grades of starch reported elsewhere.

The smaller A for adsorption on PS-B
could be an effect of the larger specific
surface of that pigment. The viscosity of the
aqueous phase when the starch was added to
PS-B was very close to that of pure water,
indicating that complete coverage was not
achieved with PS-B. Alternatively, the

differences in A can be explained in terms of
the average interparticle separation (h),
given by10:

b =2a [(1/31r¢+5/6)0'5 —1] @)

In the most concentrated starch-containing

suspensions (¢ = 0.46), the values of h were
estimated to be 17.0 nm and 9.5 nm for PS-A

and PS-B, respectively. The lower A-value
for PS-B may then be a consequence of the
compressibility of the adsorbed layer.

CONCLUSIONS

Viscosity measurements gave a good
insight into the interaction between
commercial grades of PS-particles and
slightly hydrophobic starch. Values of the
adsorbed starch layer thickness at high
concentrations of PS were calculated.
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