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BA was produced through homogeneously catalysed esterification 
reaction. These homogeneous catalysts were difficult to be 
separated,  corrosive and hence requiring neutralization. Expanded 
polystyrene (EPS) was consumed in large quantity as packaging or 
insulating materials and disposed as waste. The unique sulfonated 
expanded polystyrene (SEP) was reported as the potential 
heterogeneous catalyst to overcome the shortcomings of 
homogeneous catalysts. It possesses strong Bronsted acid sites and 
water super-adsorbent properties.  

Introduction 

SEP is a potential catalyst for the esterification of AA with BuOH due to its high catalytic activity. The use of SEP as the heterogeneous catalyst could 
overcome the shortcomings of the homogeneously catalysed esterification process while converting the waste to wealth.  
 
The deactivation occurred should be reasoned and a thorough study to strengthen the bonding of sulfonic acid with the EPS should be carried out in future.  

Conclusion and Recommendations 

Results and Discussion 

Objective 

Considering the environmental and economic 
perspectives, the activity of sulfonated EPS (SEP) 
in the esterification of acrylic acid (AA) with 
butanol (BuOH) was investigated in the present 
study.  

Methodology 

1 g of EPS was 
reacted with 20ml 
of sulfuric acid at 

105 C for 2 hrs 

Brown slurry formed 
was transferred to 100 
ml of distilled water 
before it was filtered 
and washed with 0.1 
M NaOH , HCl solution 
and deionised water in 
excess  

The slurry obtained 
was dried at 70 C 

BuOH was charged 
into the 3-necked 
flask with total 
reflux. After the 
required 
temperature 
reached, AA and 
SEP were charged 
and the reaction 
time was started.   

Samples were taken 
at certain time 
interval. It was kept 
cool before 
analysing using gas 
chromatography 
equipped with FID 
and DB-200 
Carbowax.  

The catalyst was 
separated from the 
reaction mixture by 
filtration and 
washed with BuOH 
and dried at 70oC 
before it was 
reused.  

Catalyst Characteristic Method/ Instrument 

Morphology The plate containing SEP was placed in the 
scanning electron microscope (Model Leo Supra 
50VP, JEOL) for analysis. 

Type functional group The SEP-KBr pellet was prepared before it was 
analysed using Perkin Elmer (Model Spectrum 100) 
spectrophotometer. 

Ion exchange capacity SEP was immersed in NaCl solution for 24 hrs. The 
NaCl solution was titrated with 0.1 M KOH with 
phenolphthalein as indicator1&2.  
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At the stirring rate of 
600rpm, MAA:BuOH of 
1:3, temperature of 
80oC and catalyst 
loading of 40wt% (* 
catalyst loading of 
10wt%), the SEP has 
given the highest yield 
due to its’ stronger 
sulfonic acid sites and 
hydrophobicity than 
the commercial catalyst 
(Amberlyst-15). 

The presence of 
sulfonic acid group on 
SEP was proven. SEP 
has shown rough 
surface that eases 
reactant penetration. 
The high IEC indicates 
that SEP is a better 
proton source and 
donor. 
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Study on the Effect of SEP Loading  

At the temperature of 
80oC, MAA:BuOH of 1:3 and 
stirring rate of 400rpm. 
The best catalyst loading 
was 10wt% since the 
increment in BA yield was 
not significant when the 
catalyst loading was 
increased to 15wt%. The 
catalyst acid sites were in 
excess rather than 
required by reactant 
molecules4. 

Study on the Effect AA:BuOH Ratio, 
MAA:OH 

At the temperature of 
80oC, catalyst loading of 
10 wt% and stirring speed 
of 400rpm, the best 
MAA:BuOH was 1:3. 
Insufficient and excess 
BuOH would hinder the 
nucleophilic attack3. 
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SEP Reusability Studies 

SEP Reusability Studies 

At the temperature of 100oC,  
MAA:BuOH of 1:3 and stirring 
speed of 500rpm. The BA yield 
reduction was not significant 
after the 3rd consecutive run. 
The reused catalyst has 
reduced acid site 
concentration due to the 
sulfonic group hydrolysis or 
deposition of polymerised AA 
on the active site. 

Acknowledegment 

1. C. Vieira Grossi, E. De Oliveira Jardim, M.H. De Araujo, R.M. Lago, M.J. Da Silva, Fuel J. 89 (2010) 257-
259 

2. H. Zhang, J. Ding, Y. Qiu, Z. Zhao, Bioresource Tech. J. 112 (2012) 28-33 
3. Y. Jiang, J. Lu, K. Sun, L. Ma, J. Ding, Energy  Conversion & management J. 76 (2013) 980-985 
4. E. Sert, A.D. Buluklu, S. Karakus, F.S. Atalay, Chem. Eng. & Processing J. 73 (2013) 23-28 
 

References 

FTIR Spectrum 

AA 

BuOH 

BA 

Sulfonated EPS 


