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ABSTRACT--- The carbon-based solid acid catalyst is mostly 

synthesized through a series of incomplete carbonization and 

sulfonation process. This paper investigates the influence of 

catalyst preparation conditions on the catalyst performance in 

biodiesel conversion. Coconut-shell-derived solid acid catalyst 

was prepared through incomplete carbonization followed by 

sulfonation using concentrated sulphuric acid. The effect of 

catalyst preparation variables including carbonization 

temperature, carbonization time, sulfonation temperature and 

sulfonation time was evaluated using response surface 

methodology. The adequacy of the mathematical model 

represents the process was confirmed by using ANOVA analysis 

with R2 value of 0.9121 and p-value <0.0001. Optimal process 

conditions were obtained at carbonization temperature of 469.97 

ºC, carbonization time of 3.37 h, sulfonation temperature of 

99.14 ºC and sulfonation time of 7.11 h. At these conditions, the 

coconut shell-derived catalyst able to catalyse the 

transesterification reaction and achieved >80% FAME 

conversion. This study uncovers the potential of biomass 

valorisation into a useful end produc.  

Index Terms:— Biodiesel, coconut shell, optimization, 

response surface methodology, solid acid catalyst. 

I. INTRODUCTION 

Biodiesel or fatty acid methyl ester (FAME) is the result 

of a chemical reaction between plant oils/animal fats with 

alcohol with or without the presence of catalyst [1]. The 

similar chemical structure of biodiesel and petroleum diesel 

allows it to be used as a fuel source. In addition, biodiesel 

produced less emission, non-toxic and biodegradable [2]. 

The application of biodiesel could contribute to reducing the 

impact of global warming [3]-[7].  

The solid acid catalyst is known for their insensitivity 

towards the water and free fatty acid (FFA), hence making it 

suitable options for high FFA feedstock such as waste 

cooking oil [8]. On top of that, the catalyst can be easily 

removed by simple filtration and recycled for the next cycle 

[9]. The application of biomass as a source of precursor 

carbon for the solid acid catalyst is widely discussed [10], 

[11]. Biomass is low cost, readily available with high carbon 

content make it a suitable starting material for solid acid 

catalyst development [12]. In this study, coconut shell was 

used as the precursor carbon for solid acid catalyst 

development. Coconut (Cocos nucifera) shell is one of the 
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main agricultural wastes in Malaysia. In 2009, a total 

estimation of 0.459 million tons of coconut was produced in 

Malaysia. This has resulted in a significant amount of 

biomass including coconut husk (0.1666 million tons) 

coconut shell (0.735 million tons) coconut frond (0.103 

million tons) and empty bunches (0.0022 million tons) [13], 

[14].  

Response surface methodology (RSM) is a mathematical 

tool that is widely used for process optimization [15]. This 

method uses a fit of a mathematical model to the 

experimental result to describe the process. The model can 

be used for optimization, predictions or interpretation. The 

use of RSM has improved process performance by reducing 

the number of variables, reducing operational cost and 

experimental time [16].  

In the synthesis of solid acid catalyst from the carbon 

source, the combined method of carbonization and 

sulfonation is often used (REF1, REF2). This method uses a 

mild operating condition which reduces the energy and cost 

required to produce a catalyst (REF3). Nevertheless, both 

carbonization and sulfonation presented a significant effect 

on the performance of a solid catalyst by altering the surface 

porosity and acid density of the developed carbon catalyst. 

Hence, the present study aims to investigate the influence of 

catalyst preparation conditions on the catalytic performance 

solid acid catalyst derived from coconut shell. The effect of 

catalyst preparation conditions including carbonization 

temperature, carbonization time, sulfonation temperature 

and sulfonation time were evaluated using RSM 

methodology. In addition, optimization study was carried 

out to determine the optimal solutions for catalyst 

preparation conditions.  

II. MATERIALS AND METHOD 

A. Raw Materials 

Coconut shell biomass was obtained from local market. 

Palm oil (BURUH) was purchased from local grocery store. 

All the chemicals used in this study are reagent grade 

including concentrated sulfuric acid (Merck, 98%), 

methanol (Merck) and sodium hydroxide (Merck, ≥97%), 

hydrochloric acid (Sigma-Aldrich, 37%), sodium chloride 

(Sigma-Aldrich, ≥99.5%) and potassium hydroxide Sigma-

Aldrich, (≥85%). 
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B. Catalyst Synthesis 

The catalyst was synthesized according to a method 

described in [17]. Coconut shell biomass was primarily 

washed with distilled water and sun-dried for 24 hr. The 

biomass was then subjected to oven-drying at 100 °C for 12 

h to remove moisture. About 20 g of the precursor carbon 

catalyst was incompletely carbonized in a muffle furnace 

under constant nitrogen flow at the specific temperature and 

time. The carbonized sample was then ground in a 

laboratory mortar to form a fine powder. The powder was 

sieved using 100 µm sieve to obtain uniform size (0.5 – 1 

mm). Sulfonation was carried out by mixing 10 g carbon 

catalyst with 100 mL H2SO4 in a 100 mL conical flask for 

15 min. Excess acid was removed. The residual wet solids 

(the mixture of carbon and acid) were then transferred to a 

ceramic crucible placed in a muffle furnace and heated at 

the specific temperature and time. After cooling to ambient 

temperature, the carbonized sample was cooled and rinsed 

with deionized water until the filtrate was neutral in pH and 

free from sulphate ions. Following filtration, the sample was 

dried at 105 °C for 10 h in an air-drying oven. Solid acid 

catalyst (SAC) was kept in an air-tight container to prevent 

contamination.  

Catalyst Characterization 

The morphology of the prepared activated carbon (AC) 

and SAC was characterized by means of scanning electron 

microscopy (SEM) at 17 kV (JEOL Ltd., Japan, model JSM 

6700F). Thermo-gravimetric analysis (TGA) and differential 

scanning calorimetry (DSC) was performed to assess the 

thermal stability of prepared catalyst at the high-temperature 

condition. TGA and DSC analysis were conducted using 

Lab Mettler TGA analyzer (SAR SW 12.10) in a platinum 

crucible, under an argon atmosphere (50 mL/min) from 30 

to 900 °C with an increasing temperature rate of 10 °C/min. 

The surface functional groups of the carbon precursor and 

solid acid catalyst were determined using Fourier Transform 

Infrared (FTIR) spectroscopy (Shimadzu IR Prestige 21) 

analysis. Nitrogen adsorption-desorption isotherms on 

prepared catalyst were carried out using an automatic 

adsorption unit, Micromeritics, MicroActive 3.0.0. Acid-

base back titration method was performed to measure the 

surface acid density of the SAC samples. 

Catalyst Activity 

The catalytic activity of the SAC was evaluated using 

transesterification of palm oil. The reaction was carried out 

using method described in [18]. Reaction was conducted in 

a 50 mL centrifuge tube filled with 2 g of vegetable oil. 

Methanol and solid acid catalyst were added into the 

reaction. Centrifuge tubes were kept in an incubator shaker 

at a constant temperature of 60 °C and a stirring rate of 200 

rpm as these provided non-limiting conditions. Once the 

reaction was concluded, the tubes were immediately cooled 

to room temperature. The biomass was separated from the 

liquid by vacuum filtration. The liquid product was heated 

in an oven (60-70 °C) or rotary evaporator to remove excess 

methanol, and settled in a separating funnel. The upper 

phase contained biodiesel whilst the lower phase consisted 

of glycerol by-product. The liquid (containing methanol, 

FAME and by-products) was stored in pre-weighed tubes. 

The final weight of the liquid was recorded for each tube. 

The experiments were conducted in triplicate. 

Optimization Study 

The optimization for catalyst preparation conditions was 

conducted using Central Composite Design (CCD) by RSM. 

A four-factor-three-level design was chosen in the 

modelling and optimization study which generated 30 

experimental runs with 6 replications of the centre point. 

The coded and actual factors are shown in Table 1 while the 

CCD arrangement was displayed in Table 2.  

 

Table 1: Coded and actual factor for SAC preparation 

conditions using CCD 

Factor Level 

Coded Actual -1 0 +1 

X1 
Carbonization  

temperature (°C) 
400 500 600 

X2 Carbonization time (h) 2 4 6 

X3 
Sulfonation  

temperature (°C) 
50 100 150 

X4 Sulfonation time (h) 6 8 10 

 

Table 2: CCD arrangement for SAC preparation 

conditions 

No. Coded Factor Response 

 
X1 X2 X3 X4 Observed value 

1 0 0 0 1 86.50±1.0312 

2 0 0 0 0 85.06±1.4030 

3 -1 -1 1 1 83.65±1.1269 

4 0 0 0 -1 82.36±2.1802 

5 0 0 1 0 86.62±2.0100 

6 -1 1 1 1 85.23±0.9170 

7 1 0 0 0 78.73±1.0253 

8 1 1 1 -1 80.43±1.5056 

9 -1 -1 -1 1 75.63±0.9402 

10 1 1 -1 1 76.72±0.7808 

11 1 -1 -1 1 78.97±1.2831 

12 0 0 -1 0 78.72±1.2246 

13 0 0 0 0 85.06±0.6199 

14 1 -1 1 -1 80.25±1.3260 

15 1 -1 1 1 82.03±1.7495 

16 1 1 1 1 83.13±0.6920 

17 1 1 -1 -1 78.97±0.4716 

18 -1 -1 -1 -1 72.81±1.1705 

19 -1 -1 1 -1 78.65±0.8058 

20 1 -1 -1 -1 79.82±0.6616 

21 0 0 0 0 85.06±1.0718 

22 0 -1 0 0 82.05±1.0606 

23 0 1 0 0 85.35±0.3105 

24 0 0 0 0 85.06±0.7964 

25 -1 1 -1 1 75.05±2.4965 

26 -1 0 0 0 88.17±1.2324 

27 -1 1 1 -1 78.57±0.6991 

28 0 0 0 0 85.06±2.1620 

29 -1 1 -1 -1 78.97±0.5336 

30 0 0 0 0 85.06±1.6505 

X1: Carbonization 

temperature; X2: 



International Journal of Recent Technology and Engineering (IJRTE) 

ISSN: 2277-3878, Volume-8, Issue-2S3, July 2019                        

272 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  

Retrieval Number: B10470782S319/19©BEIESP                            

DOI : 10.35940/ijrte.B1047.0782S319 

Carbonization time; X3: Sulfonation temperature; X4: 

Sulfonation time 

 

 

 

The conversions of biodiesel were analysed through 

multiple regressions by plotting into a second-order 

polynomial in (1) as follows: 

Y =  β0 + β1X1 + β2X2 + β3X3 + β12X1X2 + β13X1X3 + β23X2X3 

+ β11X1
2 + β22X2

2 + β33X3
2 (1) 

 

where Y is the biodiesel conversion, β0 is the intercept 

term, β1, β2 and β3 are the linear coefficients, β12, β12 and β13 

are the interactive coefficients, β11, β22 and β33 are the 

quadratic coefficients, and X1, X2 and X3 are the coded 

independent variables. Design Expert 7.0.0 software (Stat-

Ease Inc., Minneapolis, USA) was used for regression 

analysis of experimental data and response surface plots. 

III. RESULTS AND DISCUSSION 

A. Characterization of Solid Acid Catalyst 

Fig. 1 shows the SEM images of AC after the 

carbonization process and SAC following the sulfonation 

with concentrated sulphuric acid. From observation, the 

presence of pores is visible on the surface of both AC and 

SAC. Carbonization has led to the pore formation on the AC 

surface due to the release of volatile gases [19]. The pore 

distribution in SAC was not affected by the strong 

sulfonation process. In [20] reported that an important 

remark for a good catalyst is that the structure of a carbon 

material retained with a uniform distribution of impregnated 

material upon modification.  

 

 
Fig. 1: SEM images of coconut shell-derived (a) AC and 

(b) SAC 

 

The thermal stability of both AC and SAC was evaluated 

by DSC analysis (Fig. 2a) and TGA analysis (Fig. 2b). Both 

samples presented a similar two-step weight loss in TGA 

analysis. Initial weight loss was observed at the region <200 

°C in both AC and SAC with 8.7% and 7.3% respectively 

due to the removal of adsorbed water molecules retained in 

the samples [21]. This finding is supported by the presence 

of a prominent peak in the heat flow in the DSC curve at this 

region.  

 
Fig. 2: (a) DSC and (b) TGA curves of AC and SAC 

from 30 to 800 °C 

 

The second step weight reduction was observed at the 

region above 350 °C where a continuous and steep mass loss 

was observed up to 800 °C. This significant mass loss can 

be correlated to the decomposition of and removal of 

carbonaceous species mainly as CO2 and volatile matter 

[22]. Higher weight loss was observed in SAC due to the 

incorporation of the sulfonic group onto the catalyst surface. 

A similar finding was reported in the previous study which 

involved sulphur-impregnated carbon compound [23]. 

Evaluation of the surface chemistry of SAC confirmed the 

presence of sulfonic groups in the catalyst body (Fig. 3). At 

low spectrum region, peaks at 516 and 694 cm-1 indicate the 

S-S stretching and C-S stretching that can be found in 

sulphur compounds [24]. In addition, a sharp peak was 

observed at 1066 cm-1 that represents S=O stretching. Upon 

sulfonation, the strong absorption band at 1284 cm-1 and 

absorption band at 1153 cm-1appeared according to SO2 

asymmetric and symmetric stretching, respectively [19] , 

[25]. This indicated that the sulfonic (-SO3H) groups are 

linked to the amorphous carbon structure in the form of C-

O-SO3H [26].  

The textural properties of AC and SAC were presented in 

Table 3. The porosity of SAC is reduced after the 

sulfonation process as compared to AC. The sulfonation 

process has led to the reduction in catalyst surface area from 

197.6232 to 134.1925 m2/g in BET surface area and 112.49 

to 35.416 m2/g in total pore area. In addition, a reduction in 

the total pore volume was also noticed from 0.07491 to 

0.05314 cm3/g. 
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Fig. 3: FTIR Spectrum of SAC derived from coconut 

shell 

 

However, sulfonation has resulted in an increase in the 

pore size from 18.0646 Å to 18.9510 Å. This might be due 

to intercalation of sulfonic group in the carbon sheet of 

coconut shell which occurred on the surface and thus 

reduced the surface area of the derived catalyst. This result 

was supported by the previous finding by [27] where 

sulfonation resulted in the reduction in surface area of 

microcrystalline cellulose derived catalyst. In another study, 

in [28] stated that the shrinkage of structure and broken 

bond are the effects of the penetration of strong acid groups 

on the surface of the catalyst. High catalyst yield was 

observed (94%) indicated the high potential of coconut shell 

as precursor carbon for solid catalyst development. In 

addition, a high sulfonic acid density of SAC (0.51 mmol/g) 

as presented in Table 3 also an indicator that the developed 

catalyst is highly active with a high number of the acidic 

active site available for the reaction.  

 

Table 3: Catalyst yield and textural properties of SAC 

Parameter AC SAC 

Catalyst yield (%) ND 94.36± 0.32 

Sulfonic acid density 

(mmol/g) 

ND 0.51 ± 0.11 

BET surface area (m2/g) 197.623 134.1925 

Pore size (Å) 18.0646 18.9510 

Total pore volume (cm3/g) 0.0749 0.0531 

Total pore area 112.49 35.416 

 

B. ANOVA Analysis 

A quadratic model to predict the conversion given by 

RSM is presented in (2). The model Eq. that corresponds the 

response to the independent variables is summarized in 

terms of coded value. 

Y (%) = 85.02 + 0.39X1 + 0.55X2 + 2045X3 + 0.82X4 – 

0.63X1X2 – 0.85X1X3 – 0.49X1X4 + 0.098X2X3 – 0.43X2X4 + 

1.19X3X4 – 1.52X1
2 – 1.27X2

2 – 2.30X3
2 – 0.54X4

2  (2) 

where Y is the FAME conversion, X1 is the carbonization 

temperature, X2 is the carbonization time, X3 is the 

sulfonation temperature and X4 is the sulfonation time. 

ANOVA analysis was conducted to evaluate the statistical 

significance of the quadratic model and the result was 

summarized in Table 4. The model F-value of 11.12 and p-

value of <0.0001 indicated that the model was statistically 

significant at a 95% confidence interval. Value of p-value 

which is less than 0.05 indicates that model terms are 

significant, while values greater than 0.1 indicate that the 

model terms are not significant. 

Table 4: Analysis of variance for the second order polynomial model 

Source Sum of Square Df Mean Square F-Value 
P-Value 

Prob ˃ F 

Model 360.6392 14 25.7599 11.1228 < 0.0001a 

X1 2.769089 1 2.7690 1.1956 0.2914 

X2 5.357356 1 5.3573 2.3132 0.1491 

X3 108.3392 1 108.3392 46.7795 < 0.0001
a
 

X4 12.2018 1 12.2018 5.2685 0.0366a 

X1 X2 6.4516 1 6.4516 2.7857 0.1158 

X1 X3 11.45823 1 11.4582 4.9475 0.0419a 

X1 X4 3.9204 1 3.9204 1.6927 0.2129 

X2X3 0.1521 1 0.1521 0.0656 0.8012 

X2 X4 2.907025 1 2.9070 1.2552 0.2802 

X3 X4 22.7529 1 22.7529 9.8244 0.0068a 

X1
2 6.001246 1 6.0012 2.5912 0.1283 

X2
2 4.191587 1 4.1915 1.8098 0.1985 

X3
2 13.72892 1 13.7289 5.9279 0.0279a 

X4
2 0.760919 1 0.7609 0.3285 0.5750 

Residual 34.73931 15 2.3159 
  

Lack of Fit 34.73931 10 3.4739 
  

Pure Error 0 5 0 
  

Correlation Total 395.3785 29 
   a 

Statistically significant at 95% confidence level. 

X1: carbonization temperature, X2: carbonization time, X3: sulfonation temperature, X4: 

sulfonation time 
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In this study, X3, X4, X1X3, X3X4 and X3
2 are the 

significant model terms. In addition to that, the 

coefficient of determination, R2 value was evaluated to 

test the model fitness. In this case, the R2 value was found 

to be 0.9121, which indicated that the model could 

explain 91.21% of the variability. Apart from that, an 

adequate precision value greater than 4 is desirable to 

measure the signal-to-noise ratio. In this instance, 

adequate precision value of 10.77 was obtained that 

indicate sufficient value which means this model can be 

used to navigate the design space. Further evaluation on 

the adequacy of the model was evaluated by parity plot of 

experimental and predicted data as given by Fig. 4. From 

the Fig.4, the randomly scattering points close to the 

diagonal line indicated that there is a good agreement 

between the observed and predicted value. 

 

 

Fig. 4: Predicted vs. actual plot for solid acid catalyst 

preparation  

C. Influences of the Catalyst Preparation Conditions 

Fig. 5 illustrates the 3D surface plots for interaction 

effect of the catalyst activity toward FAME conversion. 

The interaction effect was determined by evaluating two 

factors as independent variables whilst the others were set 

to zero level. The significant interaction between 

carbonization temperature and carbonization time is 

depicted in Fig. 5(a). Both factors contribute a positive 

effect on FAME conversion. Higher carbonization 

temperature and longer carbonization time produced a 

soft aggregated, cross-linked polymer that is susceptible 

to be sulfonated at highest degree thus produce highly 

efficient solid acid catalyst [29]. 

 

 

   

   

Fig. 5: 3D Surface plots between catalyst preparation variables (a) Carbonization temperature and carbonization 

time (b) Carbonization temperature and sulfonation temperature (c) Carbonization temperature and sulfonation 

time (d) Carbonization time and sulfonation temperature (e) Carbonization time and sulfonation time (f) Sulfonation 

temperature and sulfonation time 
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Fig. 5(b) shows the interaction effect between 

carbonization temperature and sulfonation temperature on 

FAME conversion. Higher FAME conversion was 

obtained with higher loading in both factors. Higher 

sulfonation temperature favours the anchoring of -SO3H 

group on the catalyst surface. As a result, higher numbers 

of catalytic active sites are available for the reaction to 

take place [30], [31]. The combined effect of 

carbonization temperature and sulfonation time on FAME 

conversion is presented in Fig. 5(c). The FAME 

conversion is increased when higher loading of 

carbonization temperature and sulfonation time were 

employed. Longer holding time allows better 

incorporation of -SO3H group onto the carbon skeleton of 

the prepared catalyst [32]. Fig. 5 (d) depicts the 

interaction of carbonization time and sulfonation 

temperature on FAME conversion. Both factors displayed 

a positive influence on the conversion however the effect 

of sulfonation temperature is more pronounced compared 

to carbonization temperature.  

The interaction effect of carbonization time and 

sulfonation time on FAME conversion is depicted in Fig. 

5(e) where both factors contribute significantly to the 

conversion. However, prolonged holding time in 

carbonization and sulfonation process negatively affected 

the catalyst performance as can be seen in the plot. This 

might be explained by the fact that longer carbonization 

time might lead to the formation of rigid structure of 

carbon catalyst [30]. It will hinder the anchoring of –

SO3H onto the catalyst surface leading to catalyst 

inefficiency [24]. Fig. 5(f) illustrates the surface plots for 

the interaction effect of sulfonation temperature and 

sulfonation time. It can be seen from the Fig. that both 

factors positively influence the FAME conversion. 

Nevertheless, sulfonation temperature presented greater 

influence to the conversion of biodiesel compared to 

sulfonation time. Higher temperature improves the kinetic 

energy of sulfonic ions allowing more of them to be 

attached to the carbon surface [33]. Hence, FAME 

conversion is significantly increased. 

D. Optimal Conditions 

The optimal catalyst preparation conditions were 

determined using Design-Expert software. The 

optimization criteria were set for all the factors and 

response. The goal was set for “maximize” the FAME 

conversion while “minimize” was set for all four factors 

involved. The reason for this setting is to achieve highest 

possible biodiesel conversion at low operating conditions 

to reduce the cost and energy required for this process. 

The optimal catalyst preparation conditions for SAC were 

found to be as follows: carbonization temperature 469.97 

°C, carbonization time 3.37 h, sulfonation temperature 

99.14 °C and sulfonation time 7.11 h. Theoretical 

conversion to biodiesel predicted under the above 

conditions was 83.77%. A validation test was conducted 

to validate the adequacy of the predicted optimal 

solutions. An average FAME conversion value of 82.62 ± 

0.256% with small percentage error (< 2%) was obtained. 

Thus, it confirmed the efficacy of the quadratic model to 

predict the optimal conditions for this process. 

E. Palm Biodiesel Properties 

Table 5 summarizes the properties of the produced 

palm biodiesel catalysed by SAC in this study. The 

biodiesel properties were compared to the international 

biodiesel standards of ASTM and European. 

 

Table 5: Biodiesel properties of palm biodiesel catalysed by SAC 

Parameter Palm Biodiesel Biodiesel Standard Parameter 

  ASTM D6751 EN 14214 

Cetane number 50.7 47 min 51 min 

Density (g/cm3) 0.8953 0.82-0.90 0.86-0.90 

Kinematic viscosity (mm2/s) 5.726 1.9-6.0 3.5-5.0 

Moisture content (%) 0.08 0.05 0.075 

Calorific value (MJ/kg) 26.82 39.2 NS 

 

Cetane number (CN) is commonly used as an indicator 

for the determination of diesel fuel quality, especially the 

ignition quality [34]-[37]. The CN value of palm 

biodiesel was found to be at 50.7 which fulfilled the 

requirement set by both standards. The density of derived 

palm biodiesel was found to be at 0.8953 g/cm3, within 

the allowable limit set by ASTM D6751 standard. Palm 

biodiesel shows an appropriate viscosity value of 5.726 

mm2/s. The low viscosity indicates that the biodiesel will 

provide a smooth engine operation and improve engine 

life [38]. However, slightly higher moisture content was 

observed in palm biodiesel. This may be ascribed to the 

presence of traces of water molecule that is not 

completely dried off prior to the analysis. The calorific 

value of palm biodiesel was found to be lower than the 

acceptable limit. This might be due to the presence of 

unreacted triglyceride and methanol in the biodiesel 

product [17].  

IV. CONCLUSION 

The influence of catalyst preparation conditions on 

catalyst activity has been thoroughly investigated in this 

study. Based on the parametric study using the RSM 

method, the sulfonation process gives a significant effect 

on the catalytic activity of the solid acid catalyst. 

Sulfonation temperature (X3) and sulfonation time (X4) 

presented a significant model term as evaluated by 

ANOVA analysis. These factors play an important role in 

producing a solid acid catalyst with high catalytic ability. 

On top of that, this study shows the potential application 

of biomass or waste material to be converted into a useful 

and valuable end product such as a solid acid catalyst. 
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