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Introduction

  It is well known that the amphiphilic polymers which consist of both hydrophobic and hydrophilic groups can stabilize polymer particles and can form aggregates, like micelles, as the results of the intermolecular and/or intramolecular hydrophobic interactions.[1]   ASR contains both hydrophobic groups and a large number of carboxyl groups which can stabilize polymer particles electrosterically. The properties of alkali-soluble random copolymers are expected to be similar to those of other emulsifiers, but the behavior and contribution in emulsion polymerization would be different from those of conventional emulsifiers.[2,3]

 The effect of ASR on particle growth kinetics can be studied using seeded emulsion polymerizations of styrene. By fixing the number of particles, the average number of free radicals per particle can be determined through knowledge of the rate of polymerization. As for the determination of the first order entry (() and exit(k) rate coefficients of free radicals, Gilbert and co-workers have developed a technique referred as the “slope-intercept” method.[4] In this work, the use of dilatometery as a method for obtaining the kinetic data necessary for the determination of ( and k is evaluated.

Experimental

  Alkali-soluble random copolymer, poly(styrene/alpha-methylstyrene/acrylic acid) [Mn: 4,300, Mw: 8,600, acid number: 190], obtained from Hanwha Chem.. was used as received. Styrene monomer was obtained from Junsei Chemical. Potassium persulfate, sodium hydroxide, and sodium chloride were all analytical grade materials and were used without further purification. Distilled and deionized water was used throughout. Seeded emulsion polymerizations were carried out in a dilatometery. The basic recipe of seeded emulsion polymerization in the presence of ASR is given in Table II. In the reactor, 10 % ASR solution was added in cleaned polystyrene seed latex and monomer were added. 
Results and Discussion

  Average number of radicals per particle can be determined from the rate of polymerization data.  It is well known that the rate expression for an emulsion polymerization is given by the following equation:

[image: image1.wmf]n

                                  

  In a seeded emulsion polymerization, no nucleation occurs, and the number of particles is constant. Given that kp and NA are constants, 
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 is determined by the rate of polymerization provided from the instantaneous heat of polymerization by dilatometery. 
 In a seeded emulsion polymerization, no nucleation occurs, and the number of particles is constant. Given that kp and NA are constants, 
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 is determined by the rate of polymerization provided from the instantaneous heat of polymerization by dilatometery. 
 Figure 1 shows the rate of polymerization obtained for the seeded emulsion polymerization of styrene at different concentrations of ASR. It is apparent that the ( values for latex without ASR, which is uncoated (i.e., only electrostatically stabilized), are higher than those for the other polystyrene latexes with ASR. The rate of polymerization decreased as the concentration of ASR increased. 

  This decrease in the rate of polymerization may be explained by the adsorption of ASR onto the latex particles. The higher the concentration of ASR is, the thicker and denser ASR layer may be, and the more difficult it would therefore be for radicals to reach the particle through this layer of ASR. It was concluded that the ASR layer around the particle surface, which influences the entry of radicals and would determine the rate of polymerization.

Figure 2 shows the rate of polymerization obtained for the emulsion polymerization of styrene at different electrolyte contents. A significant increase in the rate of polymerization was observed as electrolyte level was increased with little change in particle size. 
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Table 1. Recipe for Seeded Emulsion Polymerization in the Presence of Poly(styrene-(-methylstyrene-acrylic acid)

	Components
	Amount (g)

	Seed Polymer
	1

	Poly(styrene-(-methylstyrene-acrylic acid)
	0, 0.002, 0.004, etc.

	Sodium Chloride
	Variable1

	Styrene
	2.5

	Potassium Persulfate
	0.005


1 NaCl was added in system in order to change the ionic strength

Table 2. Dilatometery Runs with Polystyrene Latixes

	
	SAA

0wt%
	SAA

0.2wt%
	SAA

0.4wt%
	SAA

0.8wt%
	SAA

1.2wt%
	SAA

0.4wt%*

	dx/dt, 10-5
	8.87
	6.81
	5.56
	5.33
	4.78
	7.19
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	0.492
	0.378
	0.364
	0.396
	0.265
	0.399

	(, 10-4 s-1
	34.9
	0.962
	0.774
	0.543
	0.479
	1.42

	(, 10-4 s-1
	12.7
	0.407
	0.612
	0.737
	0.743
	0.970
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	Figure 1. Conversion as a function of time with different ASR Concentration
	Figure 2. Conversion as a function of time with different NaCl Concentration
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