
INTRODUCTION

It is well known that core-shell polymers are attracting

scientific and industrial interests because their chemical and

mechanical properties can be tailored for applications such as

paints, adhesives, paper and textile manufacturing, reinforced

elastomers, high-impact plastics and toughened plastics1-9.

Usually, core-shell polymers are made by two-stage emulsion

polymerization; first one monomer is polymerized to form the

core, then the second monomer is added in batch or semi-

continuously and polymerized over the seeded particles to form

the shell10,11.

Emulsion polymerization is an important and widely used

process for the manufacture of polymer products12-14. It

involves the propagation reaction of free radicals with monomer

within the monomer-swollen polymer particles dispersed in

the continuous aqueous phase13. The discrete hydrophobic

particles are stabilized by surfactant such as the anionic sodium

dodecyl sulfate. Micelles are formed when the level of surfac-

tant is greater than its critical micelle concentration. Particle

nuclei are generated via the capture of radicals by micelles,

termed the micelle nucleation. The water-borne radical

becomes insoluble and forms a particle nucleus when a critical

chain length is achieved. This is followed by the formation of

stable primary particles via the limited flocculation of unstable

particle nuclei and adsorption of surfactant on their particle

surfaces13,15.

In this paper, poly(n-butyl acrylate)/poly(methyl meth-

acrylate) core-shell polymer emulsion was synthesized by two-
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stage emulsion polymerization. Differential scanning calori-

metry and dynamic light scattering were used to investigate

the properties of poly(n-butyl acrylate)/poly(methyl methacrylate)

core-shell polymer. Some properties of poly(n-butyl acrylate)/

poly(methyl methacrylate) random copolymers were also

involved. Poly(n-butyl acrylate)/poly(methyl methacrylate)

random copolymers were synthesized by traditional emulsion

polymerization.

EXPERIMENTAL

Methyl methacrylate and n-butyl acrylate were washed

several times first with a 10 wt % aqueous solution of sodium

hydroxide and afterwards with distilled-and-deionized water

until wash waters were neutral. Then, they were dried over

CaCl2 and distilled under reduce pressure and stored at 8-10 ºC

until use. Potassium persulfate and all other chemicals were

of analytical grade and used without further purification.

Preparation of poly(n-butyl acrylate)/poly(methyl

methacrylate)  core-shell polymer: Poly(n-butyl acrylate)

seed latex was prepared by emulsion polymerization at 70 ºC,

using butyl acrylate as monomer, sodium dodecyl sulfonate

and polyoxyethylene nonylphenol ether as composite emulsi-

fier, potassium persulfate as initiator and distilled water as

solvent. Briefly, a 500 mL round-bottomed, four-necked flask

was fitted with a mechanical stirrer, thermometer, condenser

and a dropping funnel. Reaction was carried out at a constant

temperature in a water bath under a nitrogen atmosphere. At

40 ºC, monomer, composite emulsifier and distilled water were

put into the reactor and pre-emulsified with the stirring speed
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of 200 rpm for 35 min. When the temperature of emulsion

achieved 70 ºC, appropriate amount of initiator was put into

the reactor to initiate reaction. The emulsion polymerization

was maintained for 2 h.

When the temperature of poly(n-butyl acrylate) emulsion

dropped to 40 ºC, methyl methacrylate were put into the reactor

and stirred adequately for 35 min. Then, the temperature of

emulsion was increased. When the temperature of emulsion

reached 70 ºC, appropriate amount of initiator was added into

the reactor. Differently, no additional emulsifier was added.

The emulsion polymerization was retained 1.5 h. Usually, as

a little of butyl acrylate monomers un-reacted existed in the

first-stage emulsion polymerization, a small quantity of

poly(BA-co-MMA) random copolymers as transition-zone

formed in the second-stage emulsion polymerization.

Preparation of poly(n-butyl acrylate)/poly(methyl

methacrylate) core-shell polymer membrane: Thin core-shell

polymer membrane was prepared by casting the polymer

emulsion onto the clean surface of glass, then the membrane

was dried at 50 ºC under vacuum.

Test methods: Differential scanning calorimetry measu-

rements over the temperature range from 200 to 450 K were

made on a differential scanning calorimetry Q100 (TA, USA)

at a heating rate of 20 ºC/min under a nitrogen purge. The

weight of each sample was 10 mg.

Dynamic light scattering measurements were made using

a S4700 (Malvern Instrument, UK) with an argon laser beam

at a wavelength of 488 nm at 25 ºC. A scattering angle of

90 ºC was used.

RESULTS AND DISCUSSION

Differential scanning calorimetry measurements:

Table-1 shows the differential scanning calorimetry data of

poly(BA-co-MMA) random copolymer and poly(n-butyl

acrylate)/poly(methyl methacrylate) core-shell polymer, where

the mole ratio of butyl acrylate to methyl methacrylate is 1:1.

As it can be seen from Table-1, poly(BA-co-MMA) random

copolymer and poly(n-butyl acrylate)/poly(methyl methacry-

late) core-shell polymer have one glass transition temperature

(Tg) and three glass transition temperature, respectively. For

poly(BA-co-MMA) random copolymer, the only Tg (at 286

K) could be attributed to the same component existing in

random copolymer. For poly(n-butyl acrylate)/poly(methyl

methacrylate) core-shell polymer, the low-Tg (at 226 K), the

middle-Tg (at 289 K) and the high-Tg (at 372 K) correspond to

poly(n-butyl acrylate) component, poly(BA-co-MMA) compo-

nent and poly(methyl methacrylate) component, respectively.

Comparing with Tg data of poly(n-butyl acrylate) homopolymer

(219 K) and poly(methyl methacrylate) homopolymer (377

K), it is found that the Tg of poly(n-butyl acrylate) component

in poly(n-butyl acrylate)/poly(methyl methacrylate) core-shell

polymer is higher than that of poly(n-butyl acrylate) homo-

polymer and the Tg of poly(methyl methacrylate) component

is lower than that of poly(methyl methacrylate) homopolymer.

As known, the existence of a little of poly(BA-co-MMA)

random copolymer as transition-zone in poly(n-butyl acrylate)/

poly(methyl methacrylate) core-shell polymer promotes the

miscibility and the interaction between poly(n-butyl acrylate)

and poly(methyl methacrylate) component. That is to say, the

shift of Tg can be attributed to the existence of a small quantity

of poly(BA-co-MMA) random copolymer in poly(n-butyl

acrylate)/poly(methyl methacrylate) core-shell polymer.

TABLE-1 
DIFFERENTIAL SCANNING CALORIMETRY DATA OF  

P(BA-co-MMA) RANDOM COPOLYMER AND  
PBA/PMMA CORE-SHELL POLYMERa 

Sample Glass transition 
temperature (Tg, K) 

P(BA-co-MMA) random copolymer 286 

PBA/PMMA core-shell polymer 226, 289, 372 
aThe mole ratio of BA to MMA is 1:1 

 
Dynamic light scattering measurments: Table-2 presents

the size of poly(n-butyl acrylate) seed particles and poly(n-

butyl acrylate)/poly(methyl methacrylate) core-shell polymer

particles, where the emulsifier concentration is 2 wt. %, the

weight ratio of deionized water to (butyl acrylate + methyl

methacrylate) is 3:1, the mole ratio of butyl acrylate to methyl

methacrylate is 1:1. As seen from Table-2, the average particle

diameter of poly(n-butyl acrylate)/poly(methyl methacrylate)

core-shell polymer particles is larger than that of poly(n-butyl

acrylate) seed particles. This phenomenon demonstrated that

the formation of methyl methacrylate shell layers outside the

poly(n-butyl acrylate) seed particles.

TABLE-2 
SIZE OF PBA SEED PARTICLES AND PBA/PMMA  

CORE-SHELL POLYMER PARTICLESa 

Sample Average particle diameter (nm) 

PBA seed particles 65.1 

Core-shell polymer particles 108.4 
aThe emulsifier concentration is 2 wt %, the weight ratio of deionized 
water to (butyl acrylate + methyl methacrylate) is 3:1, the mole ratio 
of butyl acrylate to methyl methacrylate is 1:1 

 
Fig. 1 indicates the relationship between average particle

diameter of core-shell polymer particles and methyl methacrylate

content in (butyl acrylate + methyl methacrylate), where the

emulsifier concentration is 2 wt %, the weight ratio of deionized

water to (butyl acrylate + methyl methacrylate) is 3:1. As is

shown in Fig. 1, the average particle diameter of core-shell

polymer particles is linearly proportional to methyl methacrylate

content. In other words, at the same emulsifier content, the

increase of methyl methacrylate content upgrades the average

particle diameter of core-shell polymer particles.

Effects of methyl methacrylate content on the minimum

membrane formation temperature of core-shell polymer:

Fig. 2 shows the effects of methyl methacrylate content on the

minimum membrane formation temperature (Mini MFT) of

core-shell polymer, where the emulsifier concentration is 2 wt

%, the weight ratio of deionized water to (butyl acrylate +

methyl methacrylate) is 3:1. As shown in Fig. 2, the Mini MFT

of core-shell polymer increases with the augment of methyl

methacrylate content. As noted, methyl methacrylate as hard

monomer holds lower viscidity and the lower viscidity of

methyl methacrylate monomer could affect the formation of

core-shell polymer membrane. That is to say, the increase of
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Fig. 1. Relationship between average particle diameter of core-shell

polymer particles and methyl methacrylate content in (butyl acrylate

+ methyl methacrylate), where the emulsifier concentration is 2 wt

%, the weight ratio of deionized water to (butyl acrylate + methyl

methacrylate) is 3:1
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Fig. 2. Effects of methyl methacrylate content on the Mini MFT of core-

shell polymer, where the emulsifier concentration is 2 wt %, the

weight ratio of deionized water to (butyl acrylate + methyl

methacrylate) is 3:1

the Mini MFT of core-shell polymer could be attributed to the

lower viscidity of methyl methacrylate monomer. In order to

make the core-shell polymer membrane holds better hardness

and lower Mini MFT, methyl methacrylate content in (butyl

acrylate + methyl methacrylate) was usually controlled

between (30-50) mol %.

Conclusion

Poly(n-butyl acrylate)/poly(methyl methacrylate) core-

shell polymer emulsion was synthesized by two-stage emulsion

polymerization. Differential scanning calorimetry data verified

that core-shell polymers have three glass transition temperatures

(Tgs) corresponding to poly(n-butyl acrylate) component,

poly(BA-co-MMA) component and poly(methyl methacrylate)

component, respectively. Dynamic light scattering results

testified that, at the same emulsifier content, the average

particle diameter of core-shell polymer particles increases with

the augment of methyl methacrylate content. The membrane

formation tests demonstrated that the minimum membrane

formation temperature of core-shell polymer increases with

the augment of methyl methacrylate content.
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