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SYNOPSIS

Hydrocarbon solutions of polybutadiene, polyisoprene, and polystyrene may be converted
into emulsions. The hydrocarbon solvent may then be removed by distillation. The molecular
weight of the polymer controls the particle size of its emulsion. An increase in polymer
molecular weight causes an increase in the particle size of its emulsion.

INTRODUCTION

Many investigators have converted hydrocarbon so-
lutions of rubbers into emulsions.!® For example,
Preiss, Endwell, and Simpson! converted a hydro-
carbon solution of cis-polyisoprene into a cis-poly-
isoprene emulsion. This was accomplished by inti-
mately mixing the hydrocarbon solution of polyiso-
prene with water containing an emulsifier. A
homogenizer or colloid mill was used in this step.
The hydrocarbon solvent was removed from the
emulsion by distillation. Brodkey et al.,® converted
a butyl rubber—solvent mixture into an emulsion by
mixing with an aqueous solution of an organic sul-
fate emulsifier and a monovalent salt of dihydrogen
ortho-phosphate. The solvent was distilled from the
emulsion.

Analogous techniques have been used to prepare
emulsions of ethylene-propylene rubber, ethylene—
propylene-terpolymer rubber, polybutadiene rubber,
and SBR rubber.

In some cases the particle size of these emulsions
was determined by electron microscopy. However,
in no case was the effect of polymer molecular weight
on emulsion particle size examined.

This paper discusses the effect of polymer mo-
lecular weight on the particle size of emulsions of
polybutadiene, polyisoprene, and polystyrene. In-

* To whom correspondence should be addressed at Fel-Pro
Inc., 7450 McCormick Blvd., Skokie, IL 60076-8103.

Journal of Applied Polymer Science, Vol. 42, 659-664 (1991)
© 1991 John Wiley & Sons, Inc. CCC 0021-8995/91/030659-06$04.00

creasing the molecular weight of the polymer in-
creases the particle size of the emulsion. The emul-
sions are prepared by mixing a solution of the poly-
mer with water containing an emulsifier followed by
distillation of the solvent.

EXPERIMENTAL

Polybutadiene, polyisoprene, and polystyrene were
prepared by the secondary butyllithium initiated
polymerization of the appropriate monomer in cy-
clohexane.'’ Infrared analysis showed the micro-
structure of the polybutadienes to contain 43% cis-
1,4, 49% trans-1,4, and 8% 1,2 structure. The poly-
isoprene was predominately cis-1,4.

Polybutadiene, 25,000 MW, 20.0 g, was dissolved
in 400 g of toluene. This solution was added to a
stirring solution of 4.4 g of Dresinate-731 (purchased

TableI Latex Particle Size as a Function of
Polybutadiene Molecular Weight®

Molecular Particle
Weigh Size (u) %
Entry X 1078 (Dn) Dw/Dn Solids

1 31 105 3.1 4
2 38 122 5.4 4
3 80 173 4.7 4
4 90 221 3.4 4
5 105 357 2.8 6

2 22% Dresinate-731, based on polybutadiene.
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Figure 1 Latex particle size as a function of polybu-
tadiene molecular weight.

from Hercules) in 400 g of water in a Waring
blender. Mixing was continued for 5 min. This mix-
ture was passed twice through a Manton-Gaulin
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Figure 2 Emulsion of 105,000 MW polybutadiene.
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Figure 3 Emulsion of 31,000 MW polybutadiene.

Model 15 M-8TA lab homogenizer with 7000 pounds
pressure on the first stage and 1000 pounds on the
second stage. The toluene was removed by distilla-
tion at atmospheric pressure. The emulsion was fil-
tered through cheese cloth to remove any coagulum.
The rubber concentration of the final emulsion was
determined, 4.8%, from which the percent agglom-
eration was determined at 4%.

A Phillips EM 100B electron microscope was used
to determine particle size. Particle sizes were mea-
sured visually and with a Carl Zeiss particle size
analyzer TGZ-3.

Table II Polybutadiene Emulsion Particle Size
as a Function of Concentration in Toluene?

Particle % Solids
Size, in
MW X 1078 Dr (w) Dw/Dn Toluene
31 105 3.1 4
26 .0603 — 17
26 .0877 4.6 26

2 Twenty-two percent Dresinate-731, based upon polybuta-
diene.



RESULTS AND DISCUSSION

The polymer emulsions were prepared from hydro-
carbon solutions of polymers as described in the
Experimental section. The particle sizes of the
emulsions were determined with the aid of a Phillips
EM 100B electron microscope. The polymers ex-
amined were polybutadiene, polyisoprene, and poly-
styrene.

The molecular weight of polybutadiene controls
the particle size of its emulsion (Table I). The poly-
mer concentration in the emulsion was held constant
at 4-6% and the concentration of emulsifier, Dre-
sinate-731, was kept at 22% based upon polybuta-
diene. A toluene solution of 31,000 MW polybuta-
diene was converted into an emulsion, which, after
distillation of the toluene, had a diameter number
average particle size of 0.105 u, entry 1. As the MW
is increased to 38,000, 80,000, 90,000, and 105,000
an increase in particle size is noted with 0.357 u
diameter number average particle size (Dn) occur-
ring at 105,000 MW. The distribution of particle
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Figure 4 Emulsion made from a 17% toluene solution
of 26,000 MW polybutadiene.
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Figure 5 Emulsion made from a 26% toluene solution
of 26,000 MW polybutadiene.

size is large as indicated by large uniformity indices
(Dw/Dr), 2.8-5.4. A correlation does not exist be-
tween polybutadiene molecular weight and unifor-
mity index. In each case about 900 particles were
visually counted.

Figure 1 is a graphical presentation of the data
of Table I. Using this curve a desired emulsion par-
ticle size may be formed merely by choosing the ap-
propriate polybutadiene molecular weight. This
precise control of the particle size of emulsions has
theretofore never been achieved.

No polymer degradation occurs during Manton-
Gaulin treatment. Polybutadiene, 105,000 MW,
passed through the Manton-Gaulin five times
showed negligible viscosity change. Initial nsp/c
= 1.35, in toluene at 25°C, 0.1 g/dL. Final nsp/c
= 1.21.

The increased particle size at 105,000 molecular
weight compared to 31,000 MW is controlled by mo-
lecular weight alone and does not result from an
increased solution viscosity of 105,000 MW poly-
butadiene. In fact, a 26,000 MW polybutadiene at
26% solids in toluene has a viscosity of 216 Hz while
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a 105,000 MW polybutadiene at 6% solids has a so-
lution viscosity of 56 Hz. The particle sizes are
0.0877 u and 0.357 u, respectively.

Figures 2 and 3 visually show this effect. Large
particles are formed from the hydrocarbon solution
of 105,000 MW polybutadiene while small particles
are formed with 31,000 MW polybutadiene.

The concentration of polybutadiene in its hydro-
carbon solution and thus the concentration of the
emulsion has a slight effect on the particle size of
the emulsion (Table II). At a constant MW of
26,000-31,000, the particle size was examined at
three concentrations, 4%, 17%, and 26%. The par-
ticle size decreases from 0.105 u to 0.0877 u over
this 6.25-fold increases in concentration. The large
uniformity indices indicate a broad distribution of
particle sizes. Figures 4 and 5 visually show this ef-
fect. The effect of polybutadiene concentration in
hydrocarbon solvent on emulsion particle size is not
nearly as great as the effect of polybutadiene mo-
lecular weight on emulsion particle size.

Figure 6 Emulsion of 105,000 MW polybutadiene, 12%
dresinate-731.

Figure 7 Emulsion of 105,000 MW polybutadiene, 5%
dresinate-731.

The experimental data presented in Tables I and
IT and Figures 2-5 were carried out at a constant
emulsifier concentration of 22% based upon rubber,
Dresinate-731. The effect of emulsifier concentra-
tion on particle size has been determined. Besides
22% Dresinate, emulsions of polybutadiene, were
prepared at emulsifier concentrations of 12%, 5%,
and 1%. The initial rubber concentration was 23%.
The polybutadiene MW was held constant at
105,000. At Dresinate-731 levels lower than 22%,
significant rubber agglomeration occurs during the
solvent stripping step so that the final latex con-
centrations were 18%, 15%, and 6%. Figures 2, 6, 7,
and 8 show that the emulsifier level does not effect
the particle size of the emulsion. However, this may
reflect the increased agglomeration of certain par-
ticle sizes.

The effect of molecular weight on emulsion par-
ticle size occurs with polymers other than polybu-
tadiene. Polyisoprene and polystyrene also exhibit
this effect.
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Figure 10 Emulsion of 24,000 MW polyisoprene.

Figure 8 Emulsion of 105,000 MW polybutadiene, 1%
dresinate-731.
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Figure 9 Emulsion of 68,000 MW polyisoprene. Figure 11 Emulsion of 105,000 MW polystyrene.
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Figure 12 Emulsion of 22,000 MW polystyrene.

Polyisoprene of 68,000 molecular weight has a
number average particle size of 0.89 u with a large
distribution of particle sizes (uniformity index 2.5)
(Fig. 9). A lower molecular weight, 24,000, results
in much smaller particles, 0.13 u, Dw/Dn = 3.3
(Fig. 10).

Polystyrene also shows this effect (Figs. 11 and
12). Relative to 105,000 MW polystyrene, 22,000
MW polystyrene gives small particle size latices.

CONCLUSION

The work presented in this paper shows that hy-
drocarbon solutions of polybutadiene, polyisoprene,
and polystyrene can be converted into emulsions
with no solvent present. The molecular weight of
the polymer dissolved in the hydrocarbon solvent
determines the particle size of the solvent-stripped
emulsion. An increase in the molecular weight of
the polymer causes an increase in the particle size
of its emulsion. This technique enables the precise
control of emulsion particle size which has hereto-
fore in this manner never been achieved.
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