
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

The Emulsion Polymerization of Styrene in the Presence of Nonionic
Emuisifiers
S. S. Medvedeva; L. A. Gritskovaa; A. V. Zltkova; L. L. Sedakovaa; G. D. Behejnoia

a Moscow Institute of Fine Chemical Technology, Moscow, USSR

To cite this Article Medvedev, S. S. , Gritskova, L. A. , Zltkov, A. V. , Sedakova, L. L. and Behejnoi, G. D.(1973) 'The
Emulsion Polymerization of Styrene in the Presence of Nonionic Emuisifiers', Journal of Macromolecular Science, Part
A, 7: 3, 715 — 736
To link to this Article: DOI: 10.1080/00222337308061166
URL: http://dx.doi.org/10.1080/00222337308061166

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222337308061166
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROJIOL. SCL-CHEM., A7(3j ,  pp. 715-736 (1973) 

The Emuision Polymerization of Styrene 
in the Presence of Nonionic Emulsifiers 

S. S. MEDVEDEV. L A. GXITSKOVA, A. V. ZITLXOV, L. L SEDAKOVA, 
and G. D. BEREJNOI 

MOSCOW Institute of Fine Chemical Technology 
MOSCOW, USSR 

A B S T R A C T  

The emulsion polymerization 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 a r e  shown to differ essentialljr 
from the analogous processes in the presence of ionic 
surface-active substances. The characteristic features of 
such systems a r e  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 a r e  shown not to change additively with a 
change of the mixed emulsifier components ratio. The data 
obtained a r e  evaluated quantitatively. 
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I N T R O D U C T  10s 

MEDVEDEV ET AL. 

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

The important advantage o i  the nonionic ethylene-epo-xidized 
SXS is the possibility of easily adjusting their  hydrophilic proper- 
ties by changing the quanrity 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 a r e  characterized by the absence of 
electrolyte impurities, and this can be of interest  for  their  com- 
mercial  application. 

A relatively small  number of publications (1-61 is devoted to 
the investigation of emulsion polymerization with nonionic 
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 h i s  collaborators, h a s  
revealed some important features of this type of polymerization 
[ 7- 131. 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 (Be) and azobisisobutyrmiltrile ( A r m )  were 
used as initiators. 

E X P E R I M E N T A L  

AIBN, BP, and styrene were purified according to the us* 
methods. The styrene fraction used had a boiling point of 41-C (16 
Torrs ,  ciaza = 0.9060, nD2" = 1.3450). 

cetyl alcohol and ethylene epoxtde a t  13OOC;  the catalyst was NaOH 
(0.1 wt% of cetyl alcohol). The emuisifiers were white, hard 
products which contained 8 to 40 ethylene epoxide units p e r  molecule, 
respectively. The properties of the other emds i f i e r s  used in t,his 
work a r e  shown in Table 1, 

Emulsifiers C-a, C-20, C-30, and C-40 were synthesized from 
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EIXCLSIOX POLYMERIZATIOX OF STYRENE 717 

TABLE 1. Properties of Nonionic Emulsifiers 

Number of 
ethylene epokide Molecular 

Emulsifier Raw material units weight 

OC-20A Narrow fraction 
of fatty alcohols 
(mainly octadecpl 
alcohol) 

OC-ZOB Fany alcohols 
mix-ture of the 
average compo- 
sition Cl,&,OH 

P-228 Polypropylene 

P-68 Polypropylene 

T-707 Ethylenediam ine 

glycol 

glycol 

polypropylane glycol 

20 

20 

200 

150 

175 

1.152 

1,136 

11,000 

8,200 

11,000 

The following substances were used a s  ionic emulsifiers: 
emulsifier hlK, the sodium alkylsulfonates mixture of average compo- 
sition C L s  H, SO3 Na (used with purification); and cetplpyridinium 
chloride (CPC) ,  the commercial product was recrystaliized twice 
from acetone and dried in vacucm. Benzene, toluene, and methanol, 
products of the "pure for analysis" grade were dried over calcium 
chloride or  copper sulfate and distilled. Twice distillated water 
m s  used for  t h e  water phase. The second distillation was carried 
out with an alkaline solution of potassium 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. 

R E S C ' L T S  A N D  D I S C U S S I O N  

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 a re  monomeric 
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718 MEDVEDEV ET XL. 

droplets, the monomer-water interface, emulsifier micelles saturated 
with monomer, and the miter solution of monomer. One location may 
be predominant, depending on the nature of emulsifier, monomer, and 
initiator. 

It has been s h o r n  that polymerization of monomers nonsoluble in 
water begins in micelles containing colloidally dissolved monomer, 
the characterist ic features of these systems being the prolonged 
coexistance of emulsion droplets and polymer-monomeric particles, 
and the continuous increase of latex particle s izes  up to the depletion 
of droplets. 

In the case of systems vi th  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 !atex particle s izes  remain constant 
(Fig. 1) from practically the beginning up to the end of the process 
(the measurements were carr ied out with a degree of conversion 
equal to &lo%). 

0, t 
IOOC 

aoc 

60C 

C 

I I 
O I  

I 1 I. 
-0---- 

1 

I 20 40  60 80 100 

I 
I 

CONVERSION, % 

FIG. 1. The change of polystyrene latex particles sizes v i th  
conversion. Initiator AIBN ( 1.0 X lo-’ mole(m1 monomer). 
Emulsifier (mole/ml monomer x 10’ ): 1, C-20 ( 1.97); 2, C-30 
( 1.60); 3, C-40 ( 1.90); and 4, OC-20A (3.50). Temperature: 30” C. 

In this respect i t  is interesting to note some results of Orr and 
Breitman‘ s work concerning the study of the a reas  occupied by the 
molecules of surface-active substances of different natures on the 
surface of polymer-monomer particles [ 17, 181. It is h i m y  
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EMULSION POLYMERIZATION OF STYRENE 719 

important that in contrast to ionic emulsion systems, the amhors 
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 s izes  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 

The peculiarity of the system investigated is revealed in experi- 
ments with the addition of Emuisifier C-40 in the course of styrene 
polymerization ( 5 ,  15, 30, 40, and 50% conversion) (Fig 2). 

to 10' - l o 5 .  

6, iooot 
a 2 -i\ -r, 

R9.i0-6 

500- 

A 

10 20 30 40 50 

FIG. 2. Dependence of polymerization rate (l), latex particle 
sizes (21, and molecular weight of polymers ( 3 )  on the degree of 
conversion at which the addition of C-40 was made. 
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72 0 MEDVEDEV ET AL. 

It is known that the addition of emulsifier in the course of palmer- 
lzation with ionic emulsifiers [ 151 causes an increase of the polymer- 
ization rate,  and this is usually explained by the increase of the 
adsorptive layers total surface [ 161. 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 also causes an 
increase of the polymerization rate and the polymer molecular weights. 
The greater the degree of conversion a t  which the additional emulsifier 
is. introduced; the smal le r  is the increase-of rate and molecular weight 
(Fig. 2). Latexes obtained after introducing additional emulsifier have 
bimodal distribution, each se t  of particles being monodisperse (Figs. 
2a and 3). One of the particle se t s  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 [heir 
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, 131. 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 oi 
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 p a r t  of the nonionic 
emulsifier molecule on the main relationships or' the process was 
studied with a number of surface-active substances synthesized for 
this purpose (Emulslfiers C-8, C-20, C-30, and C-40). 

In a l l  the ezrperiments in which the polymerization rate was 
determined, the polymer yield 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  
40-5W0 (Fig. 4).' 

Comparison of the data for  the emulsion polymerization of styrene 
with stabilizers having various degrees of ethylene epoddization 
showed that the main  relationships of the polymerization process de- 
pend substantially on the length of the hydrophilic p a r t  of the SAS 
molecule. 

to 8, the polymerization rate is close to  that of bulk po lpe r i za t ion  
In the presence of SAS with a ethylene epoxidization degree equal 
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EMULSION POLYMERIZATION OF STYREXE 72 1 

s 
a 

4 

.. - 

2 

1 

FIG. 2a hlicrophotogaphs 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. 

i'Curves 4 and 5 in Fig. 4): the-suspension formed has particles with 
diameters of the order  of lo' -4, and the average molecular weight of 
the polymer is about 5 X 10'. 

With a certain degree of ethylene epoxydization (in this case 20 . 
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72 2 MEDVEDEV ET AL. 
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a. 
6 

FIG. 3. Particle sizes distribution of latexes obtained after the 
addition of C-40 at 15% ( I )  and 40% ( 2 )  degree of conversion and 
without the addition of C-40 (3) .  

rim., mm 

FIG. 4. Polymer yield-tine dependence. Emulsifier: (1) C-40; 
( 2 )  C-30; ( 3 )  C-20; (4) C-8: ( 5) bulk polymerization of styrene. 
Emulsifier concentration: 2. c1 x lom4 mole/ml monomer. Initiator: 
AIBN (1.0 x lo-' mole/ml monomer). Temperature: 3 0 - .  
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EMULSIOX POLYMERIZATIOX OF STYRENE 723 

ethylene epoxide groups per SAS molecule), the high rates typical f o r  
emulsion polymerization a re  achieved, and latexes with a high degree 
of dispersity (latex particles diameter 400-2000 A )  and hi@ molecular 
weight polymers a r e  formed. 

A further increase in the length of the hydrophilic par t  of the SAS 
molecule results in raising the efficiency of S X S  as an emulsifier. At 
a constant molar emulsifier concentration, the greater the degree of 
ethylene epoxydization the greater is the number of particles formed 
(of smaller  size) and the higher a r e  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 ( R  ), Latex Particle 
Average Diameter (B), and Polymer Average Molecular Weight (a)a P 

Number  of EE groups R p  x 10' mole/ml - 
per S M  molecule monomer min $ x 10-6 iT (A)b 

8 

20 

30 

4G 

0.11 0.05 10,000 
0.75 2.66 1,120 
1.21 3.90 x o  
1.51 4.70 610 

k m u i s z i e r  concentration, 2. o x 10'' molejml monomer; AIBN 
conceatration, 1 x lo-' male/ml monomer; volune ratio oil/water, 
1:2: temperature, 50". 

b P o l p e r  molecular weight and latex particle average diameters 
were measured at  3 E o  conversion 

The influence of the length of the polar pa r t  in the nonionic emulsifier 
molecule on polymerization is probably related to  the increase of the 
imerface a rea  stabilized by one SAS molecule. This is proved by 
experiments in which the latexes obtained by means of ionic emulsifiers 
were titrated with nonionic emulsifiers. 

In the range of ethylene epoxidization investigated, the degree the 
surface a rea  occupied by one emulsifier molecule in an adsorpKive 
layer on the polymer-monomer particle surface is proportional to the 
length of hydrophilic pa r t  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 thar the decomposition of peroxide is 
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72 4 MEDVEDEV ET AL. 

FIG. 5. The dependence of the a rea  occupied by a molecule of 
nonionic emulsifier on the interface ( a s )  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. 

dependence of polymerization and initiator decomposition rat, as on 
the surface area occupied by emulsifier molecules with various 
deveree 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. 

hydrophilic groups in an emulsifier molecule as a factor favoring 
initiator decomposition and effective 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 znicrosystern in which initiation 
occurs on the particle surface but where propagation and termination 
of polymer chains occur in particle 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 o l  monomer 

The comparison of the results represented in Figs. 4-6, that is, the 

This fact is of primary importance because it points out the 

(mu.  
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4 8 12 16 
tlmt. mio 

FIG. 6. BP decomposition vs t ime in water-toluene emulsion 
stabilized with emulsifiers:  ( 1) C-40; ( 2 )  C-30; ( 3 )  C-20. 
Elmulsifier concentration: 0.05 mole/liter water. BP initial con- 
centration: 0.05 mole/!iter xoluene. Phase ratio toluene/vater = 
1:3 (vol).  Temperature:  60". 

Ir. the general case the initiator distribution between particle surface 
area and volume can be expressed by 

Q [I1 
= q ' l ,  

1 + b [I]  

There [ I ]  is the initiator concentration, [I] 
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 layer is connected with the emulsifier quantity E by 

is the concentration oi 
5 

S = asENA 

o r ,  i f  it is attributed to the volume of the organic phase ( m l )  
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72 6 XEDVEDEV ET AL. 

A*&, mole C-30/ml man. 

FIG. 7. The dependence of polymerization rate (R ) (a )  and poly- 
styrene average molecular weights (z) (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 concentrztion changed at  constant phase rztio. Initiator: 
AIBN (1.0 x lo-' mole/ml monomer). Temperature: 50". 

P 

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

face of latex particles and NA is Avogadru's number. 
It is necessary to emphasize that, as it follows from the experi- 

mental results obtained in this vork, the rate  and average degree of 
polymerization are proportional to the value E/V in a broad range 
oi emulsifier/monomer ratios (Fig. 7). 

polymerization system 
The following relationships are true for the starionary state of a 
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:EMULSION POLYMERIZATIOX OF STYREhE 72 7 

( 5 )  

where 9 is the initiation efficiency, and Kd and Kt a r e  the rate constants 
of initiator decomposition and propagating chains termination, 
respectively. 

Taking into account relationships ( 3 )  and ( 5 ) ,  the expression for the 
total rate of polymerization in the presence of the ethylene-epoxidized 
surface-active substances used can be represented by 

Kd L 1 * P =Kd(?,) '[I]'Nq 6 r E / V [ M ]  

where 6 Y = as (Fig. 5 ) ,  6 is the part of the surface per one E P  group 
in an adsorptive layer,  and y is the number of E P  groups in an 
emulsifier molecule. 

analogous expression 
The average degree of polymerization is determined by the  

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

I -  = - - + -  

B, b 
d 

where 
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728 m D V E D E V  ET XL. 

The dependencies of R and on the initiator concentration calculated 
from the Eqs. (a) and (9) correspond to experimental data (Fig. 8). 

P 

*-a- 

h 

0 0 5  10 I 5 2.0 2.5 104.[31- 

3 

2 

I 

lo4 

FIG. 8. The dependence of pol7cerization rate and polystyrene 
average molecular weight on the concentration of the initiator AIBN. 
Emulsifier: ( top) 12-30 (0.53 X lo'' mole/ml monomer); (bottom) 
C-40 ( 1.71 X lo-' mole/ml monomer). Temperature: 50". Calculated 
from Eqs. (8)  and (9). 
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EMVLSIOX POLIWERIZATION O F  STYREhT 72 9 

It is interesting to  note that the la t ter  two relationships can be 
represented as expressions very close in content to the conclusions 
obtained in the Stockmaper-Van d e r  Hofi approximation [ 19, 201. In- 
deed, the parameter  S/V (proportioIlzl t o  E jV)  is related to the 
degree of particle dispersitg 1/D by 

S/V = 6( 1/D) 

which is true under the following condition. 

FIG. 9. The dependence of the l/B value on the r2tio of emulsifier 
to monomer. Emulsifier: (1) C-40; ( 2 )  C-30: ( 3 )  C-20. Initiator: AIBN 
(1.0 x lo-' mole/ml monomer). Temperature:  50'. 

The entire monomer is spent only for the formation of latex particles,  
and the lates particle sizes remain constant in the course of 
;?olymerization 

xverage s ize  as a 1/D function of E are represented in Fig. 9. 

by takmg into account expression (12j: 

The experimental resul ts  concerning the measurement of particle 

Relationships ( 6 )  and ( 7 )  can be represented in the following form 

1 1 1 - 
= 6K /R ( 1/D)( 3Kd)' [ Ils' [ M ]  RP P t 
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73 0 MEDVEDEV ET AL. 

[I] -f [ M] KP m= 6( l /D) 
Kt $( 9 Rd) i  

These expressions for the total rate and degree of polymerization 
differ by [ 8 i( (1 /D)  = S/V] from the analogous dependencies for solmion 
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" [ 121 in an explicit 
form. 

Some zesults obtained when processes of emulsion polymerization 
a r e  investigated with two-component mixtures of emulsifiers aTe 
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. F i p e  10 shows the 
dependencies oi polymerization rate,  polymer average molecular 
weight, and latex particle size on the ratio Setveen ionic and nonionic 
components in the mixed emulsifier. 

in these figures is the nonadditive change in polymerization rate and 
polymer average molecular weight depending on the ratio of components 
in the mi-xed emulsifier. Ln both cases  the change in latex particles 
s ize  is the result of the change in polymerization rate and polymer 
average molecular weight. 

These data were supplemented by the results of investigating 
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 [ 141, the action of any factor which has  as its 
consequence the chaneJng of the micellar molecular weight in 
emulslfier water solurions ( tempemture,  electrulyces, introduction 
of the second component, etc. ) is comparable vith the action of the 
same factor on the polymerization system. 

The change in the degree of mixed emulsifier hydration accompany- 
ing the process of micellar moiecular weight change in water solutions 

The cornnon characteristic fearure in the relationships represented 
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$ k+&pLj 11200 
800 

0 20 40 60 80 T-707 
%MU 80 60 40 20 0 

_. __. 

%MU Bo 60 40 20 0 

FIG. 10. The dependencies of polymerization rate  (l), average 
molecular weight (21, and latex particle average diameters ( 3 )  on the 
ratio of ionic and nonionic emulsifiers in the mixture. Ionic component: 
Emulsifier MK: Nonionic component: ( top) T-707; (bottom) OC-20B. 
Total concentration of emulsifiers miszure: 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 a rea  will obviously cause a change in 
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732 MEDVEDEV ET AL. 

FIG. 11. The dependences of polymerization rate ( 1) and 
micellar weights ( 2 )  on the ratio of CPC to F-68 in the mixcure. 
Total concentration of emulsifiers mi.uture: 2.0 g/100 rnl water. 
Initiator: XIBN (10 wtqb to monomer). Temperature: 50'. 

o 20 40 so eo Y.OC-200 
Y-MK 80 60 40 20 0 

FIG. 12. The change of micellar weight (1) and the volume part 
of dissolved SAS ( 2 )  with the ratio of components in the MK and 
OC-20B mixture. 
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FIG. 13. Dependence of polymerizztion r a t e  (l), molecular weights 
(Z), and latex part ic les  a v e r s e  diameters  ( 3 )  on the degree of con- 
vers ion at which the addition was made of i o n i c m d  nonionic 

mixtures,  with the total concentration of the emulsif ier  mixture being 
2 g/100 m! water ,  ADS as init iator ( 1.1 x 1 0 - ~  mole/ml monomer),  
and a temperature  of 50- C. Bottom: Sodium alliylsdfonate and C-40 
rnlxtures, v i th  the total concentration of the  emulsifier mLxhre being 
4 g/IOO ml water,  ;rmx a s  init iator ( 2 . 2  x iO" molejml monomer), 
and a temperature  of 50'C. 

emulsif iers  in  the mixture.- Top: ~ CPC and C-40 
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FIG. 14. Particle size distribution of lateses 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. 

of polymerization in the presence of emulsifiers nL.yture, the in- 
fluence of monomer conversion, the elnulsifier and initiator con- 
centrations, the additions of the emulsifying mixture in the course 
of the process on the polymerization rate, polymer molecular 
weights, and 13tex particle average sues were studied. The Teigfit 
ratio of ionic to nonionic emulsifier 'nas kept equal to 40/60 zzd 
50/50 for  C-4O/sodium alkysulfonate and C-+O/CPC , respectively 
(Fig. 13). 

polymerization The data concerning the influence of emulsifying 
mixture additions a r e  consistent with. the results represented 
above for C-40 (Figs. 3 and 14).. 

For the elucidation of kinetic peculiarities and the topochemistrp 

Latex particle average sizes remain constant in the course of 
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The results obtained i l lustrate the predomirant role  of the non- 
ionic component in the polymerization process  for the range of 
emulsifier component ratios investigated 
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