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PROGRESS REPORT 

PETROLEUM RESEARCH FUND GRANT 17638-AC-7 

PERIOD COVERED: 	Jan L986- November 1986 

TITLE: 	 Kinetic Model for Non--Uniform Emulsion Polymer 
Particles 

PROJECT DIRECTOR: Gary W. Poehlein 

RESEARCH STUDENTS: C.-S. Chern (PhD Candidate/ChE) 
Z. Song (PhD Candidate /ChE) 
Richard Mead (PhD Candidate/ChE) 
Glenn Shoaf (MS Candidate/ChE) 

(Part of the funding for the graduate students 
was provided by three industrial organizations 
and a grant from NSF.) 

SUMMARY: 

Kinetic theories for emulsion polymerization reactions have 
all been based on the assumption that most reagents, including 
the active free radicals, have been uniformly distributed (in a 
stocastic sense) in the monomer-swollen polymer particles. 
Water-soluble initiators are almost always used in emulsion 
polymerization systems. The hydrophilic end groups associated 
with such initiators are almost certain to remain on the surface 
of the polymer particles during the life of the attached free 
radical. 

We have used Monte Carlo techniques to follow free radicals 
as they penetrate polymer particles via the propagation 
reaction. Such calculations clearly demonstrate (1) that free 
radicals are not uniformly distributed in latex particles during 
emulsion polymerization. Non-uniform distribution of free 
radicals, as proposed in the new model, can be significant in a 
number of emulsion polymerization problems such as: 

Development of polymer particle morphology. 

Grafting reactions. 

Transport of free radicals out of particles following 
transfer reactions. 

Polymerization rate. 
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The results of preliminary Monte Carlo calculations (1) have 
been applied to theoretical problems of "radical desorption" 
(2,3) and to the problem of calculating grafting efficiencies in 
two-phase particles (4). 

Our kinetic modeling has involved the study of concepts 
which are important in other polymerization systems. Expansion 
of the work into these areas has resulted in papers related to 
the curing of epoxy resins (5) and the kinetics of vinyl acetate 
emulsion polymerization (6). 

Copies of all six (6) papers are attached as a part of this 
report. 

1. "Polymerization 	in 	Non-Uniform 	Latex 	Particles: 
Distribution of Free Radicals," C.-S. Chern and G. W. 
Poehlein, accepted for publication by J. Polym. Sci., A-1. 

2. "Continuous 	Tube-CSTR 	Reactor 	System 	for 	Emulsion 
Polymerization Studies," H. E. Lee and Gary W. Poehlein, 
Chem. Eng. Sci., 41:4, 1023-1030 (1986). 

3. "Free 	Radical 	Transport 	and 	Reactions 	in 	Emulsion 
Polymerization," G. W. Poehlein, H.-C. Lee and C.-S. Chern, 
Presented and published in the proceedings of the 2nd Berlin 
International Workshop on Polymer Reaction Engineering 
(October 1986). 

4. "Kinetics 	of 	Grafting 	in 	Semi-Batch 	Emulsion 
Polymerization," C.-S. Chern and G. W. Poehlein, Presented 
at ACS Rubber Division Meeting, Atlanta, GA (October 1986). 

5. "A Kinetic Model for Curing Reactions of Epoxides with 
Amines," C.-S. Chern and G. W. Poehlein, accepted for 
publication by Polym. Eng. & Sci.  

6. Reaction Kinetics of Vinyl Acetate Emulsion Polymerization," 
C.-S. Chern and G. W. Poehlein, Accepted by J. Apply. Polym.  
Sci. 
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September 8, 1987 

The Petroleum Research Fund 
American Chemical Society 
1155 Sixteenth Street, NW 
Washington, DC 20036 

REFERENCE: PRF Grant No. 17638-AC7 

Gentlemen: 

I have enclosed the following components of the annual 
report on my PRF grant. 

1. Research Progress Report 
2. Bibliographic Citations (4) 
3. Personnel Statement 

The financial statement will be mailed shortly. 

Sincerely, 

Gary W. Poehlein 
Associate Vice President for 
Graduate Studies and Research 

cc: ACA 
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17638-7 	Kinetic Model for Non- 
Uniform Emulsion Polymer Particles 

REPORT ON ACTIVITY ASSISTED BY 

Gary Poehlein, Georgia Institute of 
Technology 

Kinetic theories for emulsion 
polymerization reactions have all 
been based on the assumption that 
most reagents, including the active 
free radicals, have been uniformly 
distributed (in a stochastic sense) 
in the monomer-swollen polymer par-
ticles. Water-soluble initiators 
are almost always used in emulsion 
polymerization systems. The hydro-
philic end groups associated with 
such initiators are almost certain 
to remain on the surface of the 
polymer particles during the life 
of the attached free radical. 

We have used Monte Carlo tech-
niques to follow free radicals as 
they penetrate polymer particles 
via the propagation reaction. Such 
calculations clearly demonstrate 
that free radicals are not 
uniformly distributed in latex par-
ticles during emulsion polymer-
ization (1). Non-uniform distribu-
tion of free radicals, as proposed 
in the new model, can be signif-
icant in a number of emulsion 
polymerization problems such as: 

Development of polymer 
particle morphology. 

Grafting reactions. 
Transport of free 

radicals out of 
particles following 
ransfer reactions. 
Polymerization rate. 

The results of preliminary 
Monto Carlo calculations (1) have 
been applied to theoretical 
problems of "radical desorption" 
(2) and to the problem of calcu-
lating grafting efficiencies in 
two-phase particles (3). 

Our kinetic modeling has in-
volved the study of concepts which 
are important in other polymer-
ization systems. Expansion Of the 
work into these areas has rekulted 
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in papers related to the curing of 
epoxy resins (5). 
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(1) Chern, C.-S., Poehlein, G. W., 
J. Polym. Sci., Part A, (1987) 
25 617. 

(2) Poehlein, G. W., Lee, H.-C., 
Chern, C.-S., Polymer Reaction  
Engineering, Huthig & Wepf 
Pub. (1986) 59. 

(3) Chern, C.-S., "Polymerization 
in Non-Uniform Latex Par-
ticles," PhD Dissertation, 
School of Chemical Engineering 
Georgia Inst. of Tech. (6/87). 

(4) Chern, C.-S., Poehlein, G. W., 
J. Appl. Polym. Sci., (1987) 
33, 2117. 

(5) Chern, C.-S., Poehlein, G. W., 
Polym. Engr. & Sci., (1987) 
27:11, 788. 
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17638-7 Kinetic Model for Non-Uniform 

Emulsion Polymer Particles 

Gary W. Poehlein, Georgia Institute of 

Technology 

Research on the mechanisms and 
kinetics of emulsion polymerization has 
included two areas: 	(i) grafting reactions 
and (ii) particle nucleation. 	The grafting 
studies have been based, in part, on ear-
lier work (1) on the non-uniform distri-
bution of free radicals in the monomer-
swollen latex particles. The first extension 
of this work was development of a kinetic 
model for latex particles with two phases 
(2). This model was then used to calculate 
grafting efficiencies in emulsion poly-
merization (3). Good agreement was ob-
tained with previously published and new 
experimental data. 

Grafting in emulsion polymeriza-
tion can only involve oligomeric radicals 
or radicals generated by chain transfer 
reactions (e.g., monomer or solvent) when 
water-soluble initiators are used. Such is 
not the case in solution, bulk or suspen-
sion polymerization because the initiator 
free radicals can contact the polymer. 
Studies of solution polymerization of 
styrene in the presence of polybutadiene 
indicate that the initiator radical can be 
the most important grafting species (4). 

Particle nucleation is an important 
mechanism in emulsion polymerization. 
Song (5) has studied this complex phe-
nomena in both the presence and absence 
of emulsifiers and chain transfer agents. 
New theories which consider two separate 
stages of the nucleation period have been 
developed for transient particle concen-
tration (6) and the final steady-state num-
ber (7). Additional work has been com-
pleted on nucleation in emusifier-free 
systems, with and without chain transfer 
agents (5,8,9). 
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