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Abstract: A transparent and antistatic coating material consisting of polymer core-metal shell particle was prepared. As a polymer 
core, poly(butylacrylate-co-styrene)s ([P(BA-co-sty)s]) with various compositions of butylacrylate and styrene were synthesized by 
emulsion polymerization. And the effect of comonomer composition on the thermal property of polymer core particle was 
investigated. By electroless plating method, the nickel particles were formed and deposited on the surface of P(BA-co-Sty) particles 
to form P(BA-co-Sty) core-nickel shell composite particles. SEM observation confirms that the nickel particles with size of 15 nm 
are distributed on the surface of the polymer core particles. The surface resistance of P(BA-co-Sty) core-nickel shell composite is  
0.8×108 Ω/cm2, enough to act as antistatic coating material. 
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1 Introduction 
 

Plastic is one of the most commercial and 
widespread materials in our life. Most plastics are good 
electrical insulator, tending to acquire a strong 
electrostatic charge which may cause trouble and 
malfunction in the operation of the electric devices, and 
are dangerous of being flamed[1−2]. The occurrence of 
these electrostatic charges is related to the surface 
resistance of material and the electrostatic problems can 
be solved by using internal or external antistatic agent 
which reduces the surface resistance[3−9]. Most of the 
common antistatic agents are anionic type, which have 
the ability to absorb moisture acting as conducting path 
on the surface of material in which the surface resistance 
is decreased. However, the antistatic ability of these 
materials heavily depend on the humidity in ambient air. 

Therefore, the decrease of moisture can make the 
surface resistance significantly increase. So some 
antistatic coating materials were prepared to solve this 
problem, which consisted of polymer core-metal shell 

particles. The final aim of this work is the formation of 
transparent and antistatic coating material containing 
small quantities of metal, which does not depend on 
humidity. To form polymer core-metal shell, the polymer 
core must have functional groups to adsorb the metal 
shell[10−11]. In this work, poly(butylacrylate-co-  
styrene) [P(BA-co-sty)] particles as polymer core are 
synthesized by emulsion copolymerization. The object of 
this copolymerization is to introduce selective activation 
of functional group into the polymer particle, leading to 
the precise control over the active sites, and  
consequently, over the metal deposition process. The 
functional group applied is the carbonyl group in 
butylacrylate, which has strong interaction with the metal 
particles. But this strong interaction should induce the 
coagulation of polymer cores during the electroless 
chemical metal deposition process. So the interaction 
between each polymer core particles was controlled by 
introducing styrene comonomer. The reason why we 
applied electroless chemical metal deposition process to 
prepare polymer core-metal shell composite particles is 
that this process is more suitable and convenient than any 
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other methods to achieve metal deposition in aqueous 
media[10]. 
 
2 Experimental 
 
2.1 Materials 

Butylacrylate (BA, Junsei Co. Ltd) and styrene (Sty, 
Junsei Co., Ltd) were purified by washing with a 5 mol/L 
NaOH aqueous solution, and washed out three times with 
purified water to make it neutral condition. Potassium 
persulfate (KPS, Shinyo Pure chemical) and sodium 
dodecyl sulfate (SLS, Junsei Co., Ltd.) were used as 
initiator and emulsifier, respectively. Nickel chloride 
hexahydrate and hydrazine monohydrate were used as 
perchased. 
 
2.2 Synthesis of polymer core particles 

Emulsion copolymerization of P(BA-co-Sty) was 
carried out at 75 ℃ in a 250 mL four necked reactor 
purged with nitrogen continuously and equipped with a 
teflon stirrer, condenser, thermocouple, and feeding 
funnel. The agitation speed for all runs was 200 r/min 
continuously. The reaction time for all runs was about  
12 h to complete reaction. The recipe of all runs is listed 
in Table 1. Under the same recipe and reaction condition 
including uniform agitation speed, the reproducibility of 
the reaction was good. Latex stability was also good, 
which was confirmed from the results of experiments 
that coagulum does not adhere on the reactor and since 
then no separation or coagulation was observed on the 
fixed state for one month. 
 
Table 1 Copolymerization condition of polymer core particle 
and sample code (mass, g) 

Sample BA Sty Distilled 
water SLS KPS 

BA1-Sty9 4.0 29.5 167.5 0.84 0.043 

BA3-Sty7 12.8 24.0 162.0 1.01 0.045 

BA5-Sty5 22.2 18.0 160.8 1.01 0.047 

BA7-Sty3 30.0 10.5 162.0 1.01 0.045 

BA9-Sty1 36.0 3.2 156.8 0.98 0.042 

 
2.3 Preparation of P(BA-co-Sty) core-nickel shell 

composite particles 
Electroless plating was conducted by stirring fine 

copolymer particles in aqueous solution with metal 
compounds. The pH value of the electroless plating 
solution, 0.3 mol/L nickel chloride aqueous solution, was 
adjusted at 11. And then, this electroless plating solution 
was added into the emulsion solution. The bath was 
heated to 70 ℃  and the reducing agent, hydrazine 

monohydrate, was introduced. The reaction was 
continued for 30 min at 70 ℃ , and maintained the 
quality of pH=11. 
 
2.4 Characterization 

The size and morphology of copolymer particles 
and composite particles were investigated by a Hitachi 
S-4250 scanning electron microscope(SEM). Differential 
scanning calorimeter(DSC) and thermo gravimetric 
analysis(TGA) were performed on a TA Q100 and TA. 
The surface resistance was estimated by a surface 
resistivity meter (Changmin CMT-ST 1000). 
 
3 Results and discussion 
 
3.1 Morphology and glass transition temperature of 

polymer core particles 
The distribution and shape of all the P(BA-co-Sty) 

copolymer core particles were observed by using SEM as 
shown in Fig.1. It can be seen that all of the polymer 
core particles are monodispersed and has spherical  
shape. And the particle size is generally similar and the 
diameter is about 150 nm. The glass transition 
temperature(Tg) of every polymer core series was 
investigated by DSC and the result is shown in Fig.2. In 
the DSC results, all of the polymer cores show mono Tg 
peak in all range. And it be expected that the mone Tg is 
due to the similar reactivity ratio of the butylacrylate and 
styrene. Therefore, it can be considered that these 
copolymers must become random or alternated 
copolymer. Also, higher Tg is observed at higher styrene 
contents, and each Tg value is almost in accordance with 
theoretically calculated Tg value. From this result, it is 
confirmed that the emulsion copolymerization of BA and 
Sty is successfully completed. 
 
3.2 Characterization of polymer core-nickel shell 

particles 
P(BA-co-Sty) core-nickel shell composite particles 

were prepared by chemical metal deposition (electroless 
plating). Fig.3 shows typical SEM images of P(BA-co- 
Sty) core-nickel shell composite particles. It can be seen 
that some small nickel particles (10−20 nm in size) form 
on the surface of the P(BA-co-Sty) particles. When BA 
content is higher than that in case of BA3-Sty7, the 
formation of nickel shells can be observed. However, 
when the BA content is higher than that in case of BA5- 
Sty5, serious coagulation occurs. This coagulation is 
caused by the high interaction of BA with metal. So it 
can be considered that the best composition ratio is 
BA5-Sty5. 
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Fig.2 DSC curves of poly(BA-co-Sty) copolymers 

The quantity of adsorbed nickel was checked by 
TGA analysis. In the result of TGA, the core polymers 
become burned out after 350 ℃ and the adsorbed nickel 
still remains. The TGA measurement results of the 
composite particles are given in Fig.4. It could be 
confirmed from Fig.4 that the quantity of adsorbed nickel 
increases with increasing BA content in the polymer core 
particle. 

The surface resistance of polymer core-metal shell 
particle is 0.8×108 Ω/cm2, and this value is enough to 
act as an antistatic coating material. 
 
4 Conclusions 
 

1) Monodispersed P(BA-co-Sty) copolymer particles 
with the diameter of about 150 nm were synthesized by 

Fig.1 SEM images of poly(butylacrylate-co-
styrene) copolymer particles prepared at 
different mass ratio of butylacrylate to styrene: 
(a) BA1-Sty9 copolymer particle; (b) BA3-
Sty7 copolymer particle; (c) BA5-Sty5 
copolymer particle; (d) BA7-Sty3 copolymer 
particle; (e) BA9-Sty1 copolymer particle 
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Fig.3 SEM images of Ni treated poly(butylacrylate-co-styrene) 
copolymer particle prepared at different mass ratios of butylacrylate 
to styrene: (a) Ni treated BA3-Sty7 copolymer particle; (b) Ni 
treated BA5-Sty5 copolymer particle; (c) Ni treated BA7-Sty3 
copolymer particle 
 
emulsion polymerization as the polymer core. All of the 
polymer cores have mono Tg peak. This reveals that the 
emulsion polymerization of BA and Sty was successfully 
accomplished. 

2) By electroless plating method, nickel particles 
form and deposit on the surface of P(BA-co-Sty) 
particles to form P(BA-co-Sty) core-nickel shell 
composite particles. With increasing BA content in 
the emulsion polymerization system, the adsorbed 
quantity of nickel increases. However, with increasing 
BA content, serious coagulation of composite particles 
resulted from the high interaction of BA with nickel 
occurs. 

 

 

Fig.4 TGA curves of Ni untreated and treated poly 
(butylacrylate-co-styrene) copolymer particle prepared at 
different mass ratios of butylacrylate to styrene 
 

3) The best composition ratio of comonomer is the 
mass ratio of BA to Sty of 55׃. The surface resistance of 
P(BA-co-Sty) core-metal shell composite particle is 0.8
×108 Ω/cm2, enough to act as antistatic coating material. 
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