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ABSTRACT 

A series of experiments have been carried out and reported. This 

report describes the stages of the polymerization reaction during 

emulsion Polyvinyl Acetate (PVAc) synthesis. PVAc was synthesized 

from the Vinyl Acetate Monomer (VAM) with Ammonium 

Peroxydisulphate (APS) as an inorganic thermal initiator in the 

aqueous media under reaction temperature was keep at 65 until 75oCs 

by agitation speed was 300 rpm respectively during 4 hours of 

reaction time. The protective colloid agents and several types of 

surfactants were added to improve the obtained emulsion PVAc 

performance. The polymerization reaction was carried out without the 

addition of a protective colloid agent. The surfactants were produced 

the emulsion PVAc with the properties of solid content 0.89%, density 

1.02 g/ml, viscosity 0.0033 Poise, pH 2.8, conductivity 12 ms, 

respectively. While the polymerization reaction involved protective 

colloid agents by using Polyvinyl Alcohol (PVOH) was obtained 

properties of emulsion PVAc with Solid Content 4.36%, density 1.17 

g/ml, viscosity 0.0216 Poise, pH 2.8, and conductivity 10 ms 

respectively. The same thing was shown when the surfactant was 

present in the polymerization reaction. The emulsion PVAc was 

synthesized with nonionic surfactant has solid content 8.20%, density 

1.17 g/ml, viscosity 0.0099 Poise, pH 2.8, and conductivity 7 ms, the 

result is better rather than synthesized with anionic surfactant has solid 

content 2.65%, density 1.13 g/ml, viscosity 0.0068 Poise, pH 2.8, and 

conductivity 11 ms. According to the preliminary observations 

obtained, emulsion PVAc’s appearance is better when the protective 
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colloid agents and the surfactant is present rather than without 

additional those substances. The physical properties of emulsion were 

depended on the addition of protective colloid agents and surfactants. 

In addition, the complete reaction indicated by solid content value was 

obtained from emulsion when the additional substances were present. 

All the testing parameters were observed using Viscometer Ostwald, 

Pycnometer, pH Meter, FTIR Spectrophotometer, Conductometer, 

and another supporting testing to explain the polymerization reaction 

stage of synthesis emulsion PVAc.   

Keywords: emulsion polymerization, polyvinyl acetate, polyvinyl 

alcohol, anionic surfactant, protective colloid agent 

INTRODUCTION 

The development of advanced material types in the world is quite influencing the development 

and progress of the adhesive industry without exception and impacting the development of the 

adhesive industry in Indonesia [1]. Several types of adhesives that are known are distinguished 

by their constituent components, such as water-based, solvent-based, and hot melt adhesive 

[2]. Water-based adhesive is one of the adhesives developed because of low cost, easy to 

produce, and environmentally friendly product [3]. One type of water-based adhesive which 

widely used is Polyvinyl acetate (PVAc) based is known as white glue is used in several types 

of industries such as electrical, electronic, woodworking, paper, and medicine [4], where is 

the PVAc is used found in emulsion form [5]. 

Emulsion polymerization is one technique to synthesize emulsion of Polyvinyl acetate 

(PVAc). These conventional emulsion polymerizations are still an interesting technique to be 

developed by using hydrophobic monomer assisted with an inorganic initiator and assisted 

small amount of surfactants to obtain various emulsion polymerization products [6]. PVAc is 

one of the adhesives known due to its versatility and ease to use. This compound was made 

by reaction of monomers vinyl acetate by a thermal initiator such as ammonium persulfate 

(APS). Polyvinyl acetate is built by the polymerization reaction of Vinyl acetate monomer 

(VAM), which linked any others until formed to be large macromolecules [7]. Other kinds of 

additives as a minor component such as a surfactant, protective colloid, buffer, pH adjuster, 

foaming agents sometimes is required to obtain a better quality of PVAc emulsion [8]. This 

study would describe there the various effect of surfactants and colloids added to the synthesis 

process aimed to make the PVAc product better and the process safer. 

EXPERIMENT 

2.1 Material 

A series of materials used in this research have high purity include Vinyl Acetate Monomer 

(VAM), Polyvinyl Alcohol (PVA), Sodium Lauryl Sulfate (SLS), Nonyl Phenol with 10-mole 

ethoxylate (10 EO), Ammonium Persulphate (APS). All the chemical agents were used pro 
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analytical (pa) grade with purity above 99%. The main component of solvent was used 

Deionized Water (DW), which resistivity of 18 ± 0.2 MX-cm. 

2.2 Synthesize of Polyvinyl Acetate 

The first stage is the solution preparation. It was prepared 30% of single component VAM for 

1 kg of the total capacity polymerization reactor.  Also, 0.2% of APS solution was prepared in 

DW at room temperature until dissolved completely, 3% of SLS solution, NP 10 solution, and 

PVA solution for each, the composition of a solution refers to TABLE 1. 

The first experiment (Code A) using 30% of VAM was reacted with 0.2% of APS solution at 

27°C for 4 hours of reaction time and 300 RPM of reaction speed. The second and third 

experiments were reacted between 30% of VAM with 0.2% of APS solution and 3% of SLS 

solution, NP 10 solution, and PVA solution, respectively (Code B, Code C, and Code D). All 

the reaction conditions referring to the first experiment. Characterization of the obtained 

emulsion by solid content determination, viscosity testing, pH value, density, conductivity 

value, and chemical function group by FTIR spectrophotometer 

 

TABLE 1. The reagent composition on the synthesis process. 

Component Code A Code B Code C Code D 
 

Composition (%) 

Vinyl Acetate Monomer (VAM) 30 30 30 30 

Ammonium Persulfate (PSA) 0.2 0.2 0.2 0.2 

Surfactant Nonionic / SLS  3   
Surfactant Anionic / NP-10   3  
Polyvinyl Alcohol (PVA)    3 

Aquades 69.8 66.8 66.8 66.8 

 

RESULTS AND DISCUSSION 

The synthesize of polyvinyl acetate emulsion was conducted in a glass reactor with a three 

necks bottle connected to the condenser. The reaction condition was carried out at 65-75°C, 

with an agitation speed was 300 rpm during 4 hours of reaction time. These system reactions 

were applied by the latest study of the reaction between VAM and APS [9]. The reaction may 

run in a closed system to avoid the decomposition of APS at higher temperatures [10]. 

Additional surfactant to bridge the hydrophobic phase from monomer and hydrophilic phase 

from the water as the major component medium by decreasing the surface tension and 

breaking the hydrogen bond hence through micelle formation from surfactant could build a 

backbone for formed polymer [11]. 

In the previous report, the effect of the surfactants has been described, but the usage of this 

kind of method isn’t much known due to PVAc was done as a complementary compound for 

another composite or copolymer reactions. Unless using a surfactant, the development of this 

method by using PVA was carried out where is PVA was used as a protective colloid to avoid 

hydrolysis of the polyvinyl acetate since, at the higher temperature (> 70°C), the PVAc would 

be decomposed. It’s been a little bit contrary because the formation process is needed 
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approximately 65 – 75°C. Hence the protective agent is required to produce a stable emulsion 

of PVAc [12]. 

In order to control and monitor the reaction during the polymerization process, several 

characterizations are required. Solid formation during polymerization could indicate polymer 

formation. FIGURE 1 described the solid content of the obtained polymer for all experiments. 

It is shown that the value of solid content is different. Code A had the lowest solid content 

because the reaction only depends on the monomer and initiator; hence with the same reaction 

time cause the conversion of the monomer is small. Besides that, the obtained polymer is 

unstable due to the differentiation phase of the monomer in an aqueous medium. Meanwhile, 

Code B, C, and D figure out the higher formation of solid content since on the third 

experimental there is the addition of surfactant and protective colloid to bridge the different 

polarity between the hydrophobic monomer and aqueous medium; hence it increased the 

nucleation process to produce dispersed emulsion polymer indicating by solid content [13]. 

The addition of either surfactant or protective colloid can produce different disperse patterns 

when the emulsion process occurred. The dissolved surfactant will form a micelle after the 

Critical Micelle Concentration (CMC) is reached, causing the surface tension of solution 

decreased then the polymer molecules are formed [14]. Code B and C were carried out using 

two different surfactant types is an anionic and nonionic surfactant. Sodium Lauryl Sulphate 

(SLS) as an anionic surfactant contains anion of the sulfate group, which can convert the 

monomer higher to be a polymer molecule [15].  

 

 

FIGURE 1. Solid Content of Polyvinyl Acetate (PVAc) Emulsion with the Presence and Absence of 

Surfactant/Protective Colloid 
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Some publications have reported that some parameters are required as an indicator of reaction 

polymerization, including an increasing reaction temperature [16]. Ammonium persulphate 

(APS) as a thermal inorganic initiator is able to decompose at 65-75°C. To obtain a complete 

decomposition of the APS reaction, the temperature is set up approximately as mentioned 

temperature. During the reaction is carried out monitoring of temperature changing and found 

an increase in temperature as described in TABLE 2. The increasing temperature is faster for 

Code A when the absence of surfactant and protective colloid. These caused the radical was 

decomposed from APS can attack directly into monomer molecules in aqueous media without 

any obstruction from other molecules. On the other hand, when the presence of surfactant and 

protective colloid, there is competition between the molecule of monomer and molecule of 

surfactant; hence the reaction a bit longer to reach the maximum temperature [17]. Code B, C, 

and D need almost 30 minutes to detect the highest temperature of the reaction.  

 
TABLE 2. Temperature Reaction of Polyvinyl Acetate (PVAc) Emulsion Synthesize with Presence and Absence 

of Surfactant/Protective Colloid 

Sample Code Max Temperature (°C) Reaction Time (Hours) 

Code A 70 4 

Code B 72 4 

Code C 71 4 

Code D 71 4 

 

To find out, the polymerization reaction can also be determined by the increased viscosity of 

the solution. These indicate that the formation of macromolecules which have longer carbon 

chains are formed. In accordance with the existing theory where the longer of the molecular 

chain of a polymer compound will have higher viscosity [18]. FIGURE 2 shown the viscosity 

value of the formed PVAc emulsion. When surfactant and protective colloid is absent, lower 

viscosity is obtained. It has a correlation with solid content formed for the same experiment. 

At the same time, the presence of both surfactant and protective colloid will produce higher 

viscosity of PVAc emulsion. The increase of viscosity due to of the difference of dispersion 

process between the monomer and water as the medium, sample with code A, have lowest 

value than others because none of the presence of an agent which helped the dispersion 

process. The added surfactants are tougher in the dispersion and stabilization process due to 

hands-on when the particle’s latex grows and formed. The reason is similarly same when the 

PVA is added, but they’re a side effect because PVA contains a set of hydroxyl groups toward 

a hydrogen bond chain, which has an effect on the thicknesses of the solution [19]. 

VAM has a unique chemical group when characterized using FTIR Spectrophotometer. 

FIGURE 3 described the monomer conversion from VAM. VAM contains several specific 

fingers point due to of vibration of the C=O strain at 1731 cm-1 and the vibration of the C-H 

at 1371 cm-1. When all monomers converted to Polymer form, the characteristics of the PVAc 

spectrum appears specifically at 3310-3444 cm-1 indicating the O-H chemical group function 

as a hydrogen bond. Then the peak showing the C-H sp3 stretch vibration appears at  

2935 cm-1, which shows the C-H sp3 stretch vibration. Meanwhile, at 1756 cm-1, there is a 
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stretching vibration C=O ester group that experiences greater wave number shift due to the 

effect of a vinyl long chain, at 1370 cm-1 shows vibrational buckling C-H, and at 1207-1018 

cm-1 shows CO stretch vibration respectively [20]. 

 

 

FIGURE 2. Viscosity of Polyvinyl Acetate (PVAc) Emulsion with Presence and Absence of 

Surfactant/Protective Colloid 

 

 

FIGURE 3. Characterization functional group of PVAc Emulsion vs VAM using FTIR  

 

SAMPLE CODE 
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CONCLUSION 

The synthesized Polyvinyl Acetate emulsion used Vinyl acetate monomer (VAM) through 

emulsion polymerization technique by the presence of 3% surfactant, and the protective 

colloid solution obtained a different result. The improvement method is to define successful 

looks from the monomer conversion increase when the presence of surfactant and protective 

colloid is added. On the other hand, the absence of both additional compounds decreased the 

monomer conversion. The polymerization condition was carried out is able to produce PVAc 

emulsion indicated by FTIR Spectrophotometer which specific at wavelength 3310- 

3444 cm-1, 2935 cm-1, 1756 cm-1, 1370 cm-1, 1207-1018 cm-1 with the highest monomer 

conversion is 8.20%. 
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