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During compounding processes, polymer latexes are mixed with various colloidal systems (in
particular, PVOH) or surface-active agents to modify the flow behaviour in order to suit the
manufacturing process. In this study, the flow behaviour of aqueous dispersed PVAc, NR and different
mixed dispersions were investigated both in the absence and presence of PVOH as flow modifier, using
an Ostwald glass capillary viscometer. The results show an almost linear decrease in the relative
viscosity of the NR/PVAc dispersion mixtures in the absence of a modifier, but the presence of different
amounts of PVOH gave rise to significant deviations from this behaviour. It was found that these
changes in the relative viscosities are governed by a balance between the following four effects: (i) the
higher mobility of the NR chains compared to those of PVAc, which generally caused a decrease in the
viscosities of the dispersion mixtures; (ii) the physical adsorption of PVYOH on the NR chains that
slowed down the movement of these chains and caused an increase in relative viscosity; (iii) the
chemical interaction between the functional groups on PVAc and PVOH that gave rise to latex
thickening and increased the relative viscosity; (iv) a dilution effect which reduced the viscosity, unless
counterbalanced by one or more of the other effects.
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INTRODUCTION

Latexes are polymer particles dispersed in water. Their
prominence has arisen because of mounting pressure
from Environmental Protection Agencies (EPAS) against
industrialists and researchers to replace solvent based
systems with water based counterparts. Latex-based
systems are all water based, without organic content,
using only very small amounts of the latter to modify the
final film properties, paint flow or rheological properties
(Amalvy and Soria, 1996; Nabuurs et al., 1996; Meng et
al., 2008). Because water is inexhaustible, cheap and
readily available in comparison to organic solvents, latex
based systems have corresponding advantages over
their solvent based counterparts. In addition, the use of

latex-based systems controls pollution, reduces risks of
fire occurrence, and improves aspects of occupational
health and safety (Zhaoying et al., 2001; Tambe et al.,
2008; Kosto and Schall, 2007; Chen et al., 2005).
Polyvinyl acetate (PVAc) is an example of a synthetic
polymer latex, for which the term “emulsion” is usually
used in preference to latex, because it is a product of
emulsion polymerization of the vinyl acetate monomer.
PVAc emulsions have been used in large quantities in
several application fields, especially in adhesives of
papers and woods (Okaya et al., 1993; Backman and
Lindberg, 2004; Kim and Kim, 2006). Because of its
structural configuration, PVAc film is resistant to both oils
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and ultra-violet (UV) radiation. However, the pendant
acetate groups restrict free rotation along the C-C axis,
thus resulting in a dry film which, besides having poor
resistance to water, is too brittle and hence unsuitable in
packaging applications unless in the presence of added
plasticizer. On the other hand, natural rubber (NR) latex
is a natural biosynthetic polymer which is derived from
the tree Hevea brasiliensis. The latex that is obtained
fresh from the tree (field latex) contains about 70% water,
part of which should be removed to concentrate the latex
for a wide variety of applications. The resulting latex
concentrate has excellent physical properties and is used
for the manufacture of dipped goods, adhesives/binders,
thread, carpets/rugs, and moulded foams. Among these,
the dipped goods, which include hand gloves, balloons,
condoms, bladders, and catheters/tubes account for up to
60% NR latex usage (Haque et al., 1995; Sanguansap et
al., 2005; Yip and Cacioli, 2002). However, the film cast
from NR latex, unlike PVAc, is soft and tacky and
possesses poor resistance to oil (Sirisinha et al., 2003),
as well as poor resistance to both ultra violet (UV)
radiation and ozone. Blending of polymer emulsions or
dispersions is required in order to balance factors such
as ease of application, wettability, drying characteristics,
bond strength, clarity, environmental resistance, and
especially cost (Meng et al., 2008). NR latex has intrinsic
water resistance and toughness and therefore can
improve water resistance behaviour of PVAc while the
former simultaneously can improve in oil and ozone
resistance when the latex and emulsion are blended
together.

During the compounding processes, latexes are mixed
with various colloid systems, in particular, poly (vinyl
alcohol) (PVOH)) or surface-active agents to modify the
flow behaviour in order to suit the manufacturing process
(Schoeder and Brown, 1951; Brown and Garrett, 1959;
Irving, 1990; Geurink et al., 1996; Hellgren et al., 1999.
The flow behaviour of latexes is a critical factor, as it
provides a guide for the formulation and ease of
processing. A latex compound with a low viscosity and
some thixotropic nature is good for dipping operations.
The count of a latex thread is influenced by its viscosity
(Peethambaran et al.,, 1990; Blackley, 1966; Calvert,
1982). Studies were carried out to examine the effect of
PVOH on a PVAc emulsion (Dibbern-Brunelli and Atvars,
1995; Dibbern-Brunelli et al., 1998) and on NR latex
(Peethambaran et al., 1990). An emulsion stabilized with
PVOH has many advantages over surfactants, including
Newtonian fluidity, superior primary wet tackiness, high
strength and creep resistant film properties (Nakamae et
al., 1999). This study used an Ostwald glass capillary
viscometer to examine the flow behaviour of blends of
PVAC/NR latexes in the presence of PVOH as a flow
modifier. Owing to its simplicity, viscometry is popularly
employed for studying compatibility as well as flow
behaviour of polymers in solution (Singh and Singh,
1983; Kuleznev et al., 1978; Hourston and Hughes, 1978).
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MATERIALS AND METHODS

A PVAc homopolymer emulsion was obtained from Makeean
Polymers, South Africa with the trade name ML50 (solids contents
= 52.5%, pH = 6.5). Field NR latex was provided by the Rubber
Research Institute of Nigeria (RRIN), lyanomo. It has a solid
content of 45%. The PVOH was a Merck grade quality.

A dilute aqueous dispersion of the PVAc emulsion was prepared
with a fixed concentration of 10 wt.%, designated PVAc_10. NR
latex was prepared in different concentrations of 10 wt.% (NR_10),
5 wt.% (NR_5), and 1 wt% (NR_1). All the dispersions were
prepared relative to the respective dry solids contents of the original
latexes. The prepared dispersions were in each case immediately
passed through a stainless steel sieve with aperture 150 uym in
order to remove any foreign suspended particles that may block the
capillary of the Ostwald viscometer. An appropriate amount of
PVOH was dissolved in water, under magnetic stirring at 90°C, to
obtain a 2 wt.% stock solution from which lower concentrations of 1
wt.% and 0.5 wt.% were in turn prepared by successive dilution
using de-ionised water. NR_10/PVAc_10, NR_5/PVAc_10, and
NR_1/PVAc_10 were respectively blended into w/w compositions of
0/100, 25/75, 50/50, 75/25 and 100/0. This mixing method whereby
the concentration of one component, PVAc (called the host
polymer) is held constant while the concentration of the second, NR
(called the guest polymer) is varied is known as the polymer-solvent
method (Danait and Deshpande, 1995; Papanagopoulos and
Dondos, 1996; Haiyang et al., 2000). In this paper, the method was
applied to polymer dispersions rather than to conventional solution
based polymer systems.

The flow rate (efflux time) of the different samples were directly
observed as the time, t, needed for the liquid to pass through the
capillary (Billmeyer, 1984). Measurements were made in the
absence and presence of PVOH at a temperature of 22 + 0.5°C.
From the efflux times, the relative viscosities were calculated using
Equation 1.

Nrel = t/to 1)

Where, nre = relative viscosity, t = efflux time of dispersion, t, =
efflux time of pure water.

RESULTS AND DISCUSSION

The variation of relative viscosity with blend composition
is represented by NR_10/ PVAc_10 blend, as shown in
Figure 1. With increases in NR content, it is observed that
the relative viscosity for the untreated sample (0 wt.%
PVOH) decreases more rapidly than those for the
samples containing different amounts of PVOH. This is
attributed to the fact that NR latex is a pseudoplastic fluid,
and even at rest the rubber particles are in random
motion (Peethambaran et al., 1990). Therefore, as NR
content increases, there results a corresponding increase
in random motion and hence, an enhanced flow which
leads to the observed marked decrease in viscosity of the
untreated sample. On the other hand, the dispersions
containing the different amounts (0.5, 1 and 2 wt.%) of
PVOH show gradual and parallel decreases in viscosity
with increasing NR content. It is suggested that the
observed gradual and parallel decrease in viscosity of the
PVOH-modified samples with increasing NR content,
compared to that of the untreated sample, might be due
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Figure 1. Dependence of relative viscosity on the blends’ composition at various

contents of PVOH maodifier.

to adsorption of PVOH particles onto the NR particles.
This adsorption could slow down the speed of the
randomly moving NR particles and give rise to the
observed trend of decrease in viscosity of the mixtures in
the presence of PVOH. This agrees with the results of
Peethambaran et al. (1990) in a study carried out to
investigate the role of various surfactants on the viscosity
of natural rubber latex.

Figure 2 presents the change in relative viscosity of the
various unblended dispersions against different PVOH
contents. The viscosity of pure PVAc (PVAc_10) is at
maximum throughout the concentration range of the
surfactant. Primarily, the viscosity of PVAc is intrinsically
due to restricted mobility of the chains arising from steric
hindrance between the acetate groups on one hand and
then intermolecular dipole-dipole attraction between
adjacent acetate functional groups. In addition, the high
concentration of the PVAC_10 (that is, 10wt.%) which
means that there are much chains condensed within a
small volume, permitting intermolecular entanglements
contributes to observed high viscosity. The viscosity of
NR_10 of equivalent concentration (that is, 10 wt.%) by
comparison is considerably lower than that of PVAc_10
as observed due to the fact that the particles of natural
rubber is in constant random motion (pseudoplastic). Of
course, NR_5 and NR_1 have Ilowered viscosity
comparatively due to dilution effect and also
pseudoplastic nature of the natural rubber latex as stated
earlier.

The addition of the 0.5% PVOH immediately results in
a significant drop in the relative viscosity curve for
PVAc_10 observed. This concentration of PVOH is very
dilute. So the accompanying relatively high water content
imparts a plasticizing effect on the PVAc emulsion and
thus causing its viscosity to drop sharply as observed.
However, with higher concentration of PVOH, the
viscosity values of PVAc_10 slightly improve after the
depression. This improvement is as a result of the
overshadowing of any plasticizing effect of the water
content of the modifier by viscosity increase attributed
firstly to adsorption of PVOH onto PVAc particles. An
additional reason for the increase in viscosity is a
consequence of the partial hydrolysis of the acetate
functional group into carboxylate ions which in turns
allows absorption (dissolution) of PVAc into PVOH
(Lloyd, 1989; Hornby and Peach, 1993). These ions are
capable of taking part in hydrogen bonded interactions
with the hydroxyl groups of the modifier and, therefore,
can contribute to the viscosity increase of the mixture.
Interactions of this kind between particles of emulsion
and aqueous polymeric solutions, leading to viscosity
increases, have earlier been reported and the
phenomenon is called latex thickening (Brown and
Garrett, 1959). Several competitive interactions were
postulated to account for the overall rheological
behaviour of such mixtures. There were a number of
observations providing evidence that the process
involved in latex thickening is not merely that of the
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Figure 2. Dependence of relative viscosity on PVOH modifier content for various

unblended aqueous dispersions.

enhancement of the viscosity of the continuous (water)
phase by the water soluble polymer. There was also very
little correlation between the aqueous viscosity of a
polymer and its efficiency in thickening latexes. The
significant drop in relative viscosity at 0.5% PVOH is
attributed to the corresponding drop in concentration of
the emulsion (PVAc_10) due to a dilution effect caused
by the mixing of the two dispersions, which at this PVOH
concentration dominated the latex thickening effect. The
viscosity increase observed for the higher concentrated
PVOH-modified samples is because of the latex
thickening effect becoming more dominant.

The relative viscosities of the NR-based dispersions
(with and without PVOH) are generally lower than that of
the PVACc dispersion, which is due to the pseudoplasticity
of NR, while the differences between the different NR
dispersions are attributed to their corresponding
differences in concentration. The relative viscosities of all
the NR dispersions increase more or less linearly with
increasing PVOH content. This behaviour shows that a
completely different mechanism decides the interaction
between NR and PVOH. As previously reported
(Peethambaran et al.,, 1990), this involves a physical
adsorption of PVOH solutes on the surfaces of the NR
particles, which reduces the mobility of the NR patrticles.

The changes in the relative viscosities of the blended
dispersions as a function of PVOH content are shown in
Figures 3 - 5. These results clearly show the competition
between the different influences discussed earlier. For all
the blended dispersions, the viscosity generally increases

with increasing PVOH content, but decreases according
to the order: NR_10/ PVAc_ 10> NR_5/PVAc_ 10
>NR_1/PVAc_10. The increase with increasing PVOH
content is the result of a combination of the latex
thickening and physical adsorption effects discussed
previously, while the decrease with increasing
NR_10/5/1:PVAc_10 ratio is the result of the higher
mobility of the NR chains. However, a dilution effect
comes into play when more dilute NR dispersions are
used, and therefore there is a decrease in relative
viscosity with decreasing NR content in the NR
dispersions that were mixed with the PVAc_10 dispersion
at a constant ratio. This dilution effect also manifests
itself in the lower than expected viscosities at 0.5%
PVOH (as discussed above), but the physical adsorption
between PVOH and NR becomes more dominant as the
NR_10/5/1:PVAc_10 ratio increases in the dispersion
mixtures, and the decrease in viscosity for the 0.5%
PVOH containing samples disappears for the 75:25
NR_10/5/1:PVAc_10 dispersion mixture.

Utracki and Kanial (1982) divided viscosity-composition
curves into three types on the basis of their deviation
from the log-additivity rule (In n, = £ @; In n;, in which n,
represents the blend viscosity, and ®; and n; are the
volume fraction and viscosity of component i in the
blend). Based on this rule, Figures 6 - 9 were obtained,
showing a comparison of the experimental and
theoretical relative viscosities as a function of dispersion
composition in the presence of different amounts of
PVOH. As seen, all the experimental curves show
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exemplified by a situation in which particles of the mixed
components consist of similar sizes in a given medium.
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Figure 6. Comparison between experimental and theoretical viscosities for
aqueous dispersions of NR_10/PVAc_10 without PVOH.

Such behaviour is in agreement with the additive rule interactions taking place between the mixed components,
(Wong, 1991). The observed deviations are evidence of namely NR, PVAc, PVOH and water. Negative deviations
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Figure 8. Comparison between experimental and theoretical viscosities for
aqueous dispersions of NR_10/PVAc_10 with 1 wt.% PVOH.

are attributed to lowered mobility of particles, and hence positive deviations indicate that there are enhanced
reduced interactions between components, whereas interactions between the components due to high mobility
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Figure 9. Comparison between experimental and theoretical viscosities for agueous
dispersions of NR_10/PVAc_10 with 2 wt.% PVOH.

of particles. These interactions are not anticipated by
theoretical prediction. A number of factors can be
adduced for the reduced mobility of the particles. They
include repulsive forces between the mixed components
because of dissimilarity in their chemical natures, as for
example, NR and PVAc, and high viscosity of medium
which prevent free mobility, and hence interactions
between components. While the first factor might be the
reason for the negative deviation observed for the pure
blends of NR_10 and PVAc_10 (Figure 6), the case of
negative deviations observed with the blends containing
1 and 2% PVOH (Figures 8 and 9, respectively) might be
due to high viscosity of the system. In Figure 7, the
introduction of 0.5% PVOH enhances freedom of
intermolecular  interactions  between the  mixed
components. This increased mobility is thus observed as
the positive deviation from the theoretical prediction.

Conclusions

The flow behaviours of NR latexes and PVAc
dispersions, and mixtures of these dispersions, in
agueous medium, as well as the addition of a PVOH
modifier to these dispersions, were investigated. The
results clearly showed that changes in the relative
viscosities of mixtures of NR, PVAc and PVOH
dispersions are governed by a balance between the
following four effects:

() The higher mobility of the NR chains compared to
those of PVAc, which generally caused a decrease in the
viscosities of the dispersion mixtures,

(i) The physical adsorption of PVYOH on the NR chains
that slowed down the movement of these chains and
caused an increase in relative viscosity,

(i) The chemical interaction between the functional
groups on PVAc and PVOH that gave rise to latex
thickening and increased the relative viscosity,

(iv) A dilution effect which reduced the viscosity, unless
counterbalanced by one or more of the other effects.
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