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The Emulsion Polymerization of Styrene
in the Presence of Nonionic Emulsifiers

S. S. MEDVEDEV, L A. GRITSKOVA, A, V. ZUIKOV, L. I. SEDAKOVA,
and G. D. BEREJNOI

Moscow Institute of Fine Chemical Technology
Moscow, USSR

ABSTRACT

The emulsion polvmerization of styrene was investigated in
the presence of nonionic emulsifiers with different degrees
of ethylene epoxydization and their mixtures with ionic
emulsifiers. In the presence of nonionic emulsifiers the
polymerization processes are shown to differ essentially
from the analogous processes in the presence of ionic
surface-active substances. The characteristic features of
such systems are invariability of latex particle average
size from the degree of conversion 8-10% and high extent
of adsorptive layer saturation in the course of the whole
process.

The influence of emulsifier and initiator concentration and
of the volume ratio of monomer to emulsifier solution on
the polymerization rate, polymer average molecular weight,
and latex particle average size were studied.

The polymerization of styrene in the presence of binary
mixtures of ionic and nonionic emulsifiers was studied. The
polymerization rate, polymer molecular weights, and latex
particle sizes are shown not to change additively with a
change of the mixed emulsifier components ratio. The data
obtained are evaluated quantitatively.
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INTRODUCTION

The considerable interest shown lately in the nonionic surface-
active substances (SAS) is related to the fact that they have the
features of traditional anion- and cation-active emulsifiers (the
capability for micelle formation, colloidal solubilization of hydro-
carbons, etc.) and at the same time are characterized by the
presence of the specific nvdrophilic part of the molecule.

The important advantage of the nonionic ethylene-epoxidized
SAS is the possibility of easily adjusting their hydrophilic proper-
ties by changing the quantity of added ethylene epoxide (EE); this
permits products with optimum properties for various fields of
application to be obtained.

Work devoted to the investigation of the aggregative stability of
latexes prepared with nonionic SAS has revealed the high stability
of such systems,

The polymers formed are characterized by the absence of
electrolyte impurities, and this can be of interest for their com-
mercial application.

A relatively small number of publications [ 1-6] is devoted to
the investigation of emulsion polymerization with nonienic
emulsifiers. The systematic study of the kinetics and mechanism
of emulsion polymerization in the presence of nonionic emulsifiers,
which was undertaken by S. S. Medvedev and his collaborators, has
revealed some important features of this type of polymerization
[7-13]. We have studied the emulsion polymerization of styrene in
the presence of nonionic emulsifiers of several types: ethylene-
epoxidized alcohols, alkyl phenols, and polypropylene glycols,
Benzoyl peroxide ( BP) and azobisisobutyroniltrile (AIBN) were
used as initiators.

EXPERIMENTAL

AIBN, BP, and styrene were purified according to the usual
methods. The styrene fraction used had a boiling point of 41°C (16
Torrs, 4, = 0.9060, nD” = 1.3430).

Emulsifiers C-38, C-20, C-30, and C-40 were synthesized from
cetyl alcohol and ethylene epoxide at 130°C; the catalyst was NaOH
(0.1 wt% of cetyl alcohol). The emuisifiers were white, hard
products which contained 8 to 40 ethylene epoxide units per molecule,
respectively. The properties of the other emulsifiers used in this
work are shown in Table 1.
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TABLE 1. Properties of Nonionic Emulsifiers

Number of
ethylene epokide Molecular
Emulsifier Raw material units weight
OC-20A Narrow fraction 20 1.152
of fatty alcohols
(mainly octadecyl
alcohol)
0C-208B Fatty alcohols 20 1,136
mixture of the
average compo-
sition C, . H, ,OH
P-228 Polypropylene 200 11,000
glycol
P-68 Polypropylene 150 8,200
glycol :
T-707 Ethylenediamine 173 11,000

polypropylene glycol

The following substances were used as ionic emulsifiers:
emulsifier MK, the sodium alkvlsulfonates mixture of average compo-

sition C,. H; , SO;Na (used with purification); and cetvlpyridinium

chloride (CPC), the commercial product was recrystallized twice
from acetone and dried in vacuum. Benzene, toluene, and methanol,
products of the "pure for analysis' grade were dried over calcium
chloride or copper sulfate and distilled. Twice distillated water
was used for the water phase. The second distillation was carried
out with an alkaline solution of potassiuwmm permanganate. The pH
value of the water was controlled.

The kinetic studies were carried out by the vacuum dilatometric
method. The molecular weights of the polymers were measured by
means of light scattering and viscometric methods. Latex particle
sizes were measured by means of the electron microscope and
nephelometer.

RESULTS AND DISCUSSION

One of the main question in the theory of emulsion polymerization
is that of the topochemistry of polymerization process. The possible
locations where elementary reactions may occur are monomeric
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droplets, the monomer~water interface, emulsifier micelles saturated
with monomer, and the water solution of monomer. One location may
be predominant, depending on the nature of emulsifier, monomer, and
initiator.

It has been shown that polymerization of monomers nonsoluble in

‘water begins in micelles containing colloidally dissolved moncmer,

the characteristic features of these systems being the prolonged
coexistance of emulsion droplets and polymer-monomeric particles,
and the continuous increase of latex particle sizes up to the depletion
of droplets.

In the case of systems with nonionic emulsifiers of the types
mentioned above, the measurement of the latex particle average
sizes, depending on the degree of conversion, shows that in a wide
range of SAS concentrations the latex particle sizes remain constant
(Fig. 1) from practically the beginning up to the end of the process
(the measurements were carried out with a degree of conversion
equal to 8-10%).
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FIG. 1. The change of polystyrene latex particles sizes with
conversion. Initiator AIBN (1,0 X 10™* mole/ml monomer).
Emulsifier (mole/ml monomer x 10*): 1, C-20 (1.97); 2, C-30
(1.680); 3, C-40 (1,90); and 4, OC-20A (3.350). Temperature: 50°C.

-In this respect it is interesting to note some results of Orr and
Breitman's work concerning the study of the areas occupied by the
molecules of surface-active substances of different natures on the
surface of polymer-monomer particles [ 17, 18], It is highly
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tmportant that in contrast to ionic emulsion systems, the authors
mentioned could not synthesize latexes stabilized only with nonionic
surface-active substances when their concentrations in the water

phase were less than the critical concentration of micelle formation

Hence for the nonionic emulsifiers the complete saturation and
invariability of sizes of latex particles is predetermined by the
mechanism of latex particle formation itself.

Calculations show that from the beginning of polymerization the
quantity of monomer in any particle is enough for the formation of

several dozen polymer chains with a degree of polymerization equal

to 10* -10°.

The peculiarity of the system investigated is revealed in experi-
ments with the addition of Emuisifier C-40 in the course of styrene
polymerization (3, 15, 30, 40, and 50% conversion) (Fig. 2).
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F1G. 2. Dependence of polymerization rate (1), latex particle
sizes (2), and molecular weight of polymers (3) on the degree of
conversion at which the addition of C-40 was made.

Vn, mole/ml. mon. min - 0%
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It is known that the addition of emulsifier in the course of polymer-
ization with ionic emulsifiers [ 15] causes an increase of the polymer-
ization rate, and this is usually explained by the increase of the
adsorptive layers total surface [ 16]. The rate increase takes place
up to the point at which the saturation of surface layers is achieved.
Prior to this point the more emulsifier added, the more the rate
increases. The addition of nonionic Emulsifier C-40 alsc causes an
increase of the polymerization rate and the polymer molecular weights.
The greater the degree of conversion at which the additional emulsifier
is_introduced, the smaller is the increase of rate and molecular weight
(Fig. 2). Latexes obtained after introducing additional emulsifier have
bimodal distribution, each set of particles being monodisperse (Figs.
2a and 3). One of the particle sets is in the size region of the initial
latex particles, and the second one corresponds to a new ratio of
emulsifier/monomer in the system.

Taking into consideration the invariability of latex particle sizes
in the course of polymerization and the complete saturation of their
surface layers with emulsifiers, one can conclude that polymerization
takes place in the discrete latex particles forming due to the mass
transfer of nonionic emulsifier at the water/macrodroplet interface
[6, 13]. The presence of a firm interphase layer on the surface of
macrodroplets prevents the diffusion of monomer from one droplet
to the others and to the discrete particles where polymerization
occurs. The monomer from macrodroplets is spent for the formation
of new particles, the number of which increases in the course of
polymerization up to the depletion of monomer in macrodroplets.

The introduction of an additional quantity of emulsifier causes the
redistribution of emulsifier in the system, the more intensive mass-
exchange and the formation of new latex particles with a size cor-
responding to new emulsifier/monomer ratio.

The influence of the length of the hydrophilic part of the nonionic
emulsifier molecule on the main relationships of the process was
studied with 2 number of surface-active substances synthesized for
this purpose (Emulsifiers C-8, C-20, C~30, and C-40).

In all the experiments in which the polymerization rate was
determined, the polymer yvield was proportional to time and depended
little on the monomer concentration. (changing in the course of
polymerization) up to relatively high conversion degrees of the order
40-50% (Fig. 4).

Comparison of the data for the emulsion polymerization of styrene
with stabilizers having various degrees of ethylene epoxidization
showed that the main relationships of the polymerization process de-
pend substantially on the length of the hydrophilic part of the SAS
molecule. ’

In the presence of SAS with a ethylene epoxidization degree equal
to 8, the polymerization rate is close to that of bulk polymerization
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FIG. 2a. Microphotographs of latexes obtained after the addition
of C=40 at 15% (2) and 40% (3) degree of conversion. There was no
addition for Microphotograph 1.

{Curves 4 and 5 in Fig. 4): the _suspension formed has particles with
diameters of the order of 10* A, and the average molecular weight of
the polymer is about 5 x 10*.

With a certain degree of ethylene epoxydization (in this case 20



10: 21 25 January 2011

Downl oaded At:

722 MEDVEDEV ET AL.

aidi
AL 00
Zaidi

400 600 800 1000 1200 14CQ 800

FI1G. 3. Particle sizes distribution of latexes obtained after the
addition of C-40 at 15% (1) and 40% (2) degree of conversion and
without the addition of C-40 (3).
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FIG. 4 Polymer yvield-time dependence. Emulsifier: (1) C-40;
(2) C-30; (3) C-20; (4) C-8; (5) bulk polymerization of styrene.
Emulsifier concentration: 2.9 X 10™* mole/ml monomer. Initiator:
AIBN (1.0 X 10™* mole/ml monomer). Temperature: 30°.
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ethylene epoxide groups per SAS molecule), the high rates typical for
emulsion polymerization are achieved, and latexes with a high degree
of dispersity (latex particles diameter 400-2000 A) and high molecular
weight polymers are formed.

A further increase in the length of the hydrophilic part of the SAS
molecule results in raising the efficiency of SAS as an emulsifier. At
a constant molar emulsifier concentration, the greater the degree of
ethyvlene epoxydization the greater is the number of particles formed
(of smaller size) and the higher are the polymerization rate and
polymer molecular weight (Fig. 4, Table 2).

TABLE 2. The Influence of the Ethylene Epoxydization Degree of
Cetyl Alcohol on the Styrene Polymerization Rate (Rp), Latex Particle

Average Diameter (D), and Polymer Average Molecular Weight ('M')a'

Number of EE groups Rp % 10* mole/ml

per SAS molecule monomer min IT/{T] x10°® T (‘Xu)b
8 0.11 ' 0.05 10,000
20 0.75 2. 66 1,120
30 1.21 3.90 730
40 1.51 4,70 610

2Emulsifier concentration, 2.0 X 10™* mole/m] monomer; AIBN
concentration, 1 X 10 mole/ml monomer; volume ratio oil/water,
1:2: temperature, 50°.

bpolymer molecular weight and latex particle average diameters
were measured at 30% conversion.

The influence of the length of the polar part in the nonionic emulsifier
molecule on polymerization is probably related to the increase of the
interface area stabilized by one SAS molecule. This is proved by
experiments in which the latexes ogbtained by means of ionic emuls1f1ers
were titrated with nonionic emulsifiers.

In the range of ethylene epoxidization investigated, the degree the
surface area occupied by one emulsifier molecule in an adsorptive
layer on the polymer-monomer particle surface is proportional to the
length of hydrophilic part of the SAS molecule (Fig. 5).

For the emulsifiers with various degrees of ethylene epoxydization
mentioned above, the decomposition of benzoyl peroxide was studied
in a water-toluene emulsion. The results of these experiments,
presented in Fig. 6, show that the decomposition of peroxide is
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FIG. 3. The dependence of the area occupied by a molecule of
nonionic emulsifier on the interface (as) on the degree of emulsifier

ethylene epoxydization (y). Emulsifiers: C-20, C-30, and C-40.

accelerated with the increase of the length of hydrophilic part of the
emulsifier molecule. .

The comparison of the results represented in Figs. 4-6, that is, the
dependence of polymerization and initiator decomposition rates on
the surface area occupied by emulsifier molecules with various
degree of ethylene epoxidization, allows the conclusion that the
initiator decomposition occurs near the boundary dividing the polar
and nonpolar phases on the surface of latex particles.

This fact is of primary importance because it points out the
hydrophilic groups in an emulsifier molecule as a factor favoring
initiator decomposition and eifective initiation reactions.

The possibility of mass exchange, which is supposed to occur with
ionic emulsifiers, is completely absent in this case. Each particle
may be considered as an independent microsystem in which initiation
occurs on the particle surface but where propagation and termination
of polymer chains occur in particie volume. In this case the ratio
between particle surface and volume will be the parameter determin-
ing the polymerization process relationships in nonionic emulsion
systems. The experimental results and their consideration, given below,
support this assumption. The quantities of all initial and intermediate
compounds in what follows are related to the volume unit of monomer
{ml).
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FI1G. 6. BP decomposition vs time in water-toluene emulsion
stabilized with emulsifiers: (1) C-40; (2) C-30; (3) C-20.
Emulsifier concentration: 0.05 mole/liter water. BP initial con-

centration: 0.05 mole/liter toluene. Phase ratio toluene/water =
1:3 (vol). Temperature: 60°,

In the general case the initiator distribution between particle surface
area and volume can be expressed oy

a[1]

—_— =K _[1] (1)
1+b[I] st

where [1] is the initiator concentration, [I]  is the concentration of

initiator on the particle surface occupied by emulsifier molecules,
and Ks is the constant of proportionality.

The surface S of the particles completely covered with an
emulsifier laver is connected with the emulsifier quantity E by

S=cstNA (2)

or, if it is attributed to the volume of the organic phase (ml)

S/V = crsE/V'NA (3)
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FIG. 1. The dependence of polymerization rate (R p) {a) and poly-

styrene average molecular weights (M) (b) on the ratio emulsifier/
monomer. Emulsifier: C-30, Curves 1 and 2: the phase ratio changed
at constant emulsifier concentration in water phase. Curves 1' and 2':
emulsifier concentration changed at constant phase ratio. Initiator:
AIBN (1.0 X 10”* mole/ml monomer). Temperature: 50°,

where ag is the area occupied by one emulsifier molecule on the sur-

face of latex particles and N, is Avogadro’s number,

A
It is necessary to emphasize that, as it follows from the experi-
mental results obtained in this work, the rate and average degree of
polymerization are proportional to the value E/V in a broad range
of emulsifier/monomer ratios (Fig. 7).
The following relationships are true for the staiionary state of a
polymerization system

B8R [1]g = 2K, [P' ] (4)
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(7] =<B—;i—>%<ms)% (5)
t

where 3 is the initiation efficiency, and K a and Kt are the rate constants

of initiator decomposition and propagating chains termination,
respectively. .

Taking into account relationships (3) and (3}, the expression for the
total rate of polymerization in the presence of the ethylene~-epoxidized
surface-active substances used can be represented by

K
d VL 1 .
R, =Kq (S——)z[I]ZNAGyE/V[MJ (6)
2K,

where 6 ¥ = as (Fig. 5), 6 is the part of the surface per one EP group

in an adsorptive layer, and ¥ is the number of EP groups in an
emulsifier molecule.

The average degree of polymerization is determined by the
analogous expression

Kp 1

DP = ——1]°¢ NA'EG)»E/V[M] (7)
K, 2 (BK,)z

Equations (6) and (7) can be presented in a form suitable for ex-
perimental checking:

yE \* Al 1 Alb
2 —— (8)
R,V d (1] d
2 2
(__DPV) _BL 1, Bb_ (9)
yE d [I] d
where
Ko\ 2
A=K (2 = 6N, [M] (10)
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B=—L (2K
K, %

4

)

6N, [M]
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(11)

The dependencies of Rp and M on the initiator concentration calculated
from the Egs. (8) and (9) correspond to experimental data (Fig. 8).
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FIG. 8. The dependence of polymerization rate and polystyrene
average molecular weight on the concentration of the initiator AIBN.
Emulsifier: (top) C-30 (0.53 x 10°* mole/ml monomer); (bottom)
C-40 (1.71 x 10™* mole/ml monomer). Temperature: 50°. Calculated

from Eqs. (8) and (9).
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It is interesting to note that the latter two relationships can be
represented as expressions very close in content to the conclusions
obtained in the Stockmayer-Van der Hoff approximation [19, 20]. In-
deed, the parameter S/V (proportional to E/V) is related to the
degree of particle dispersity 1/D by

S/V = 6(1/D) (12)

which is true under the following condition.

4.3

/D10
~n
w

\4

5

|
|
r
1
i
|
, I
] ! 2 3 4 S {a]

A-10"% moi/ml mon.

FIG. 9. The dependence of the 1/D value on the ratio of emulsifier
to monomer. Emulsifier: (1) C-40; (2) C-30: (3) C-20. Initiator: AIBN
(1,0 X 10 mole/ml monomer). Temperature: 50°.

The entire monomer is spent only for the formation of latex particles,
and the latex particle sizes remain constant in the course of
polymerization.

The experimental results concerning the measurement of particle
average size as a 1/D function of E are represented in Fig. 9.

Relationships (6) and (7) can be represented in the following form
by taking into account expression (12):

R, = 6K /R, 2 (1/D)(BK )*[1] % [M] (13)
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Kp

K, (8Ky)

DP = 6(1/D) [1]"%[M] (14)

L
2

These expressions for the total rate and degree of polymerizaticn
differ by [ 8 X (1/D) = S/V] from the analogous dependencies for solution
and bulk polymerization, this differing expression simply determining
the degree of dispersity of the reaction mixture,

Thus in the case of nonionic emulsifiers there is a possibility of
distinguishing the so-called "factor of dispersity' {12] in an explicit
form.

Some results obtained when processes of emulsion polymerization
are investigated with two-component mixtures of emulsifiers are
worthy of attention.

The mixtures of ionic and nonionic emulsifiers are of particular
interest because they allow the obtaining in polymerization systems of
adsorptive layers that consist of molecules which differing sharply be-
cause of the nature of their hydrophilic parts.

We studied several two-component mixtures. Figure 10 shows the
dependencies of polymerization rate, polymer average molecular
weight, and latex particle size on the ratio between ionic and nonionic
components in the mixed emulsifier.

The common characteristic feature in the relationships represented
in these figures is the nonadditive change in polymerization rate and
polymer average molecular weight depending on the ratio of components
in the mixed emulsifier. In both cases the change in latex particles
size is the result of the change in polymerization rate and polymer
average molecuiar weight.

These data were supplemented by the results of investizating
micellar molecular weight changes taking place in water solutions of
mixed emulsifiers (Fig, 11 and 12).

The quantitative measurement of hydrate water bonded with
emulsifier, which depends on the composition of the mixture, showed
(Fig. 12) that the maximum of mixed emulsifier hydration corresponds
to the maximum deviation of polymerization rate, polymer average
molecular weight, and latex particle average size from additive values.
As we showed earlier [ 14}, the action of any factor which has as its
consequence the changing of the micellar molecuar weight in
emulsifier water solutions (temperature, electrolytes, introduction
of the second component, etc.) is comparable with the action of the
same factor on the polymerization system.

The change in the degree of mixed emulsifier hydration aceompany-
ing the process of micellar moiecular weight change in water solutions
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FIG. 10. The dependencies of polymerization rate (1), average
molecular weight (2), and latex particle average diameters (3) on the
ratio of ionic and nonionic emulsifiers in the mixture. Ionic component:
Emulsifier MK: Nonionic compenent: (top) T-707; (bottom) OC-20B.
Total concentration of emulsifiers mixture: 2.0 g/100 ml water.
Initiator: AIBN (1 wt% to monomer). Temperature: 50°.

indicates the change of the surface area which can be stabilized by one
conditional molecule of mixed surface~active substance in a
polymerization system.

The change of active surface area will obviously cause a change in
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FIG. 11, The dependences of polymerization rate (1) and
micellar weights (2} on the ratio of CPC to F-68 in the mixture.
Total concentration of emulsifiers mixture: 2.0 g/100 ml water.
Initiator: AIBN (10 wt% to monomer). Temperature: 50°,
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FIG. 12. The change of micellar weight (1) and the volume part
of dissolved SAS (2) with the ratio of components in the MX and
OC-20B mixture.
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FIG. 13. Dependence of polymerization rate (1), molecular weights
(2), and latex particles average diameters (3) on the degree of con-

version at which the addition was made of ionic and nonionic

emulsifiers in the mixture. Top: CPC and C-40
mixtures, with the total concentration of the emulsifier mixture being
g/100 ml water, AIBN as initiator (1.1 x 10™* mole/ml monomer),
and a temperature of 50°C. Bottom: Scdium alkylsulionate and C-40
rnur:tures with the total concentration of the emulsifier mixture being
4 g/100 ml water, AIBN as initiator (2.2 X 107" mole/ml monomer),

and a temperature of 50°C.
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FIG, 14. Particle size distribution of latexes obtained after
the addition of Na-alkysulfonate/C-40 at 40% (1) and 15% (2) degree
of conversion and without addition (3).

the degree of dispersity, and this is directly connected with the main
relationships of the emulsion polymerization process.

For the elucidation of kinetic peculiarities and the topochemistry
of polymerization in the presence of emulsifiers mixture, the in-
fluence of monomer conversion, the emulsifier and initiator con-
centrations, the additions of the emulsifying mixture in the course
of the process on the polymerization rate, polymer molecular
weights, and latex particle average sizes were studied. The weight
ratio of ionic to nonionic emulsifier was kept equal to 40/60 and
30/50 for C-40/sodium alkysulfonate and C-40/CPC, respectively
(Fig. 13).

Latex particle average sizes remain constant in the course of
polymerization. The data concerning the influence of emulsifying
mixture additions are consistent with the results represented
abave for C-40 (Figs. d and 14)..
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The results obtained illustrate the predominant role of the non~
ionic component in the polymerization process for the range of
emulsifier component ratios investigated.

REFERENCES

] A. E. Helin, J. M. Gyenge, and D. A, Beadell, Ind. Eng. Chem.,
45, 1330 (1953).

] D. French, J. Polym. Sci., 32, 395 (1958).

] A. G. Parts and D. F. ‘VIoore, J. 0il Colour Chem. Assac.,

[

[

(

45, 9 (1968),

[4] A. L Vilshanskaia and A. J. Yurzhenko, Dokl Akad Nauk
(

(

(

SSSR, 168, 1342 (1966).

5] B. H. Beresnev, H. A. Fermor, and H. U. Smirnov, J. Prikl,
Khim,, 41, 160 (1968)

8] V. A Smmdonova S. A. Nikitina, and A. B. Taubman, Dokl.
Akad, Nauk SSSR, 182, 640 (1968),

7] L A. Gritskova, S S Medvedev, and M. F. Margaritova,
KoHloid. Zh., @, 168 (1964); Vysokomol. Soedin., §, 1880
{1964).

(8] V. V. Dudukin, S. S. Medvedev, and L A. Gritskova, Dokl
Akad. Nauk SSSR, 172, 1125 (1967) Vysokomol. Soedin., 3,

188, 191 (1967).

(9] V. V. Dudukin, L A, Gritskova, L. M. Medvedeva, S. S.
Medvedev, S. M. Ustinova, a.nd N. M. Fodiman, \Lysoho*nol. Soedm.,
104, 456 (1968)

[10] a. A, V. Zuikov, T. S. Soloveva, R. M. Panich, L A. Gritskova,
and S, S. Medvedev, Doki. Akad. Nauk SSSR, 179, 1377 (1968).

[11] A. V. Zuikov, L A. Gritskova, and S. S. Medvedev,

Vysokomol. Scedm 10, 591 (1968).

(12] A. V. Zuikov, L A, Gr1tskova V. V. Dudukin, and S. S.
Medvederv, Internatwna_l Swmposmm on Macromolecular
Chemistry, Budapest, Preprints. 3, 7/15 {1969).

[13] S. A Nikitina and G. A. Simakova, Kolloid Zh., 31(5), 730 (1969).

S. A. Nikitina, O. 5. Mochalova, and A. B. Taubman, Kolloid Zh.,

30, 100 (1968).

[14] A. V. Zuikov, L A. Gritskova, and V. V. Dudukin, Vysokomol.

Soedin., 13A(6), 1397 (1971).

[15] L M. Kolthoif, E. T. Meehan, and C. M. Carr, J. Polym. Sci.,

6, 73 (1956)

[16] G. D. Beregnoi, P. M. Chomikovsky, S. S. Medvedev, and L V.

(17]

Polujan, Vysokomol. Soedin., 6, 79 (1964).
R. Orr and L. Breitman, Can. J. Chem., 38, 668 (1968),




10: 21 25 January 2011

Downl oaded At:

736 MEDVEDEYV ET AL.

18] R. Orr, Rubber Plastic Age, 41, 1027 (1963).
18] W. H. Stockmayer, J. Polym. Sci., 24, 314 (1857).
20] B. M. E. Van der Hotf, J. Polym. Sci., 33, 487 (1953)

Received for publication October 10, 1372



