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Nano sized heterogeneous acid catalyst from Ceiba pentandra stalks for 25 

production of biodiesel using extracted oil from Ceiba pentandra seeds 26 

Karuppiah Subramanian Parthiban, Muthiah Perumalsamy* 27 

Department of Chemical Engineering, National Institute of Technology, Tiruchirappalli 620 015, 28 

Tamilnadu, India. 29 

ABSTRACT 30 

Heterogeneous acid catalyst of nano size was prepared by the method of sulfonation of C. 31 

pentandra stalks and used to convert C. pentandra seed oil to biodiesel. The structure of the 32 

catalyst was characterized and physicochemical properties of extracted oil as well as effects of 33 

different preparation conditions on biodiesel yield were investigated. Scanning electron 34 

microscopy (SEM) photograph showed that the catalyst had porous structure which enhanced 35 

catalytic ability. From the Brunauer–Emmet–Teller (BET) analysis that the catalyst specific 36 

surface area was 714m
2
 g

_1
 and average pore size was 4.8 nm. The optimal triglyceride 37 

conversion of 99% was attained at a reaction temperature of 220°C, methanol to oil ratio of 38 

18:1M and catalyst concentration of 1.5wt%. Reusability of the catalyst was studied which 39 

relieves drastically decrease in energy expenditure and waste generation in the production of 40 

biodiesel. Biodiesel viscosity was higher whereas other properties had found similar to that of 41 

commercial diesel oil and compared with ASTM D6751 and EN standards.  42 

Keywords: Heterogeneous Catalyst; Ceiba pentandra oil; Transesterification; Biodiesel 43 

characterization  44 

 45 
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1. INTRODUCTION 50 

Crude oil is an exhaustible resource and its price is regulated by its scarcity issues.
1
 51 

Biodiesel can replace directly petroleum-derived diesel without engine modifications, derived 52 

from either transesterification of vegetable oils or animal fats. Biodiesel is developed through the 53 

application of various solid acid catalysts and has gained much attention because of its 54 

environmental and technological advantages. Other than its renewability advantages of biodiesel 55 

are biodegradability, non-toxicity, low sulfur content and reduced emission of hydrocarbons, 56 

particulate matter and carbon-monoxide.
2-3

 Combined reaction of esterification and 57 

transesterification of oil with methanol are the main chemical pathways for synthesis of 58 

biodiesel.
4-5

 Total estimated production cost of biodiesel has been potentially accounted for 88% 59 

by the usage of refined oils. The use of cheap raw feed stocks such as non-edible oils will 60 

improve the economic feasibility of biodiesel.
6-7 

Currently; many attempts have also been made 61 

to produce biodiesel from non-edible plant oils like jatropha, karanja and mahua.
8
  62 

In conventional biodiesel production, transesterification reaction is achieved by using 63 

homogeneous alkali catalysts. However, the synthesis of biodiesel from low-quality oils using 64 

base catalyst is challenging because of the undesirable side reactions that occur due to the 65 

presence of free fatty acids (FFA) and it gives rise to soap formation, creating serious problems 66 

for product separation and ultimately hindering methyl ester yield. For the above reasons, a two-67 

step process is most commonly used to deal with feed stocks having high free fatty acids.
9
Acid-68 

catalyzed pre-esterification is to reduce the FFA concentrations below an optimum threshold 69 

limit of < 1 wt %.  The second step is the alkali catalyzed transesterification process which 70 

converts the oil to biodiesel and glycerol. Homogeneous acid catalysts show better adaptability 71 

to FFAs and can simultaneously catalyze esterification and transesterification.
10

 However, the 72 

separation of the catalyst and corrosion-related problems limit their use. 73 

Development of heterogeneous catalysts has been a recent area of research in biodiesel 74 

production. Since heterogeneous catalysts can provide a simple catalyst removal step and can be 75 

recycled, utilizing heterogeneous catalysis to produce biodiesel is becoming more popular.
11-12

 76 

The implementation of environmentally friendly heterogeneous catalysts in large-scale biodiesel 77 

production is preferable to eliminate the drawbacks associated with homogeneous catalysts and 78 
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improve overall process economics. Heterogeneous catalysts are categorized as solid acid and 79 

base. Solid base catalysts include a wide group of compounds in the category of alkaline earth 80 

metal hydroxides, alumina loaded with various compounds and zeolites showing high basicity 81 

coupled with active basic sites and pore size. Solid base catalysts have been quite successful with 82 

high conversion and yield of biodiesel. However, they are sensitive to the presence of free fatty 83 

acids and thus solid acids have a preference over solid base catalysts.
13–16

Compared with solid 84 

base catalysts, solid acid catalysts have lower catalytic activity but higher stability; they can be 85 

used for cheap raw feed stocks with large amount of FFAs without catalyst deactivation. 86 

Solid acid catalysts do not cause corrosion as found with common acid homogeneous 87 

catalysts, such as sulfuric acid.
17

 The solid acid catalysts differ in acidity, surface area and 88 

thermal stability. For an optimum yield of biodiesel high temperature was required because 89 

heterogeneous catalysts are insoluble in the oil and methanol phase. Application of 90 

heterogeneous catalysts for production of biodiesel in the industrial outlook deserves for minimal 91 

energy requirement. The leaching aspect is another important factor that governs the suitability 92 

of particular catalyst.
18

 Many researchers have already made good progress on biodiesel 93 

production via heterogeneous acid catalysis. Solid acid catalysts, such as Amberlyst-15,
19

 SO4 94 

2−
/SnO2,

20 
Sulfated zirconia (SO4 

2−
/ZrO2) and sulfated titanium oxide (SO4 

2−
/TiO2) 

21-22
 showed 95 

high catalytic activity and good stability when used to catalyze esterification and 96 

transesterification simultaneously. Incomplete carbonization of D-glucose led to a rigid carbon 97 

material consisting of small polycyclic aromatic carbon sheets.
23-24

 Sulfonation of such carbon 98 

material resulted in very stable solids with a high density of active sites, which was physically 99 

robust and displayed no leaching of SO3H groups during use.
 
A carbon-based solid acid catalyst 100 

was prepared by carbonizing vegetable oil asphalt, petroleum asphalt, corn straw and de-oiled 101 

canola meal (DOCM). The high catalytic activity observed owing to its high density and stability 102 

of acid sites, loose irregular network, and the hydrophobic property of its carbon sheets that 103 

prevented the hydration of –OH groups in the presence of water. Besides, this solid showed a 104 

remarkable catalytic performance in transesterification.
25-28

  105 

C. pentandra stalk was selected because of its abundant availability and it is under usage. 106 

Cotton, the king of natural fibers is mainly cultivated for its lint which is the most sought after 107 
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textile fiber till date due to its inherent eco-friendly and comfort characteristics. The bulk of the 108 

stalk is burnt off in the fields after the harvest of cotton crop. Shells from these trees are leathery, 109 

pendulous capsule, 10-25 cm long, and 3-6 cm diameter.
29

 C. Pentandra seeds were black in 110 

color and reported to have low feeding value due to its high fiber content and presence of 111 

tannins.
30

 The seeds were picked out of the wool and used to be thrown away and also the natural 112 

production of seeds remains underutilized. Moreover it grows in wasteland, which makes it a 113 

more attractive feedstock for biodiesel production.  114 

This present study deals with the solid acid catalyst preparation, catalytic activity 115 

evaluation for biodiesel production and reusability of the catalyst. The effect of various reaction 116 

parameters on biodiesel yield, such as catalyst concentration, reaction temperature and molar 117 

ratio of methanol to oil were studied. C. pentandra stalks are a mixture of straight chain aliphatic 118 

hydrocarbon polymers and will result in having a different catalytic activity and stability. Oil 119 

extraction and biodiesel production from the C. Pentandra oil was investigated. The fuel 120 

properties of C. Pentandra oil biodiesel were determined by ASTM D6751 standard methods. 121 

2.1 Materials 122 

Solvents and chemicals used were n-hexane (99%), methanol (99.5%), Conc.H2SO4 123 

(99%) and anhydrous sodium sulfate (99%). Products belongs to Merck, Germany and used as 124 

received without any further purification.  125 

2.2 Catalyst preparation  126 

Water pre-treatment was required for C. pentandra stalks to get rid of impurities present in it. 127 

Hot air oven was operated at a temperature about 85°C for drying. After the period of 48h the 128 

dried once are broken into chips and crushed into powder form. Grounded powder was allowed 129 

to burn in muffle furnace at the temperature of 250º C with an increasing temperature of 50º C 130 

every half an hour for 4 h. Then the carbon solids were allowed to grind in a planetary mill with 131 

an accelerating speed of 300 RPM for 5h. Sulfonation of the grinded carbon was performed as 132 

follows: 20% concentrated H2SO4 is added and allowed to react for 24h. It is then diluted using 133 

excess water and filtered. The residue is washed completely until the filtrate get neutralized (i.e., 134 

pH=7) and dried at 65°C for 3h.Sulfonated carbon (dried) was kept inside a muffle furnace at a 135 
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temperature of 200°C for carbonization around 2h. The residue after carbonization is allowed to 136 

cool and taken out, which is the Sulfonated nanocarbon. 137 

Fig. 1  138 

2.3 Oil Extraction  139 

Shells of C. Pentandra were dehulled and seeds were removed from the fiber. C. Pentandra seeds 140 

collected were dried under sun for a period of one week. Forty grams of seeds was grinded and 141 

packed inside a thimble for Soxhlet extraction. Extracting medium n-hexane was poured and 142 

filled upto two third volumes of the round bottom flask. The heating mantle was adjusted to 143 

about 60-70ºC and the solvent was heated continuously, it starts to evaporate and condenses back 144 

into the sample. Extracted oil containing some portion of the solvent was then recycled back to 145 

the round bottom flask as it refluxes. The extraction was conducted at the rate of 8 cycles per 146 

hour and continued for 16 h. Whatman filter paper No. 4 was used to filter the extract and rinsed 147 

with the same to complete the transfer. Solvent present was restored by simple distillation. The 148 

oil yield obtained was expressed in terms of mass percentage and calculated as  149 

Oil	yield	(wt	%) 	= 	 [mass	of	oil	extract	(g)	/mass	of	seed	kernel	(g)] 	× 	100								(1) 150 

The determination of density and viscosity are carried out using a hydrometer and Redwood 151 

viscometer. The iodine value and saponification value were determined according to AOCS 152 

Official Methods 
31

.  153 

2.4 Biodiesel Production  154 

Transesterification reaction was performed in an autoclave of 100 mL with Teflon lining. 155 

Temperature controller was used to maintain reaction temperature in the range of 180-260°C. 156 

After 3h esterification and transesterification reaction were stopped; decanter was used for 157 

separation of two distinct phases, the oil phase (biodiesel) and the aqueous phase (Glycerol). It 158 

took nearly 4h for phase separation but time requirement was 10min only, because biodiesel 159 

layer was translucent. Biodiesel phase became transparent once separation was completed. The 160 

lower glycerol layer was decanted. Ester phase was washed five times with 100 mL of warm 161 

distilled water. An impurity like residual catalyst, methanol, glycerol and soaps were removed by 162 

water washing. Anhydrous sodium sulfate was used for drying of ester phase.  163 
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Conversion of C. Pentandra oil to biodiesel
 
was predicted using 

1
H NMR spectroscopy 164 

(BRUKER AVANCE III), at 300K choosing a 5 mm probe head and CDCl3 as the solvent. The 165 

conversion was calculated using the equation 
32

       166 

Conversion (%) = (2AME/3AαME) *100                                                                   (2)       167 

AME = integration value of the protons of the methyl esters.  168 

AαME = integration value of the methylene protons.  169 

According to ASTM D6751 and EN standards biodiesel properties of C. Pentandra were 170 

obtained.
33

 171 

3. RESULTS AND DISCUSSION  172 

 3.1 Catalyst Characterization  173 

Carbonized C. Pentandra stalks exposed a loose irregular network structure and the pores 174 

became larger when obtained carbon precursor was treated by concentrated H2SO4. From the 175 

Fig.2 the catalyst was granular and porous with evenly distributed granules and abundant large 176 

pores. The granules were made up of several smaller granules which formed a porous net-like 177 

structure. The larger quantities of pores and larger pore size would enhance the accessibility of 178 

sulfuric acid into the carbon powder bulk. Average pore size of the sulfonated C. Pentandra 179 

stalks is 4.8 nm and demonstrated that the catalyst is a sulfonated nanocarbon catalyst. Reactants 180 

can very quickly diffuse into the inside of the catalyst and enables them to make contact with 181 

more acid sites. The data from nitrogen adsorption–desorption isotherms demonstrated that the 182 

catalyst was porous and having surface area of 714 m
2
 g

−1
 indicated that many of the sulfonic 183 

acid groups were in the inner surface on the catalyst. The high specific area and large pore size 184 

are the major reason for the high catalytic activity and also increased transesterification 185 

efficiency. 186 

 187 

Fig.2188 
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 C. Pentandra stalks catalyst revealed that the contents of carbon, sulfur and oxygen were 47, 189 

18.09 and 34.91 wt. % using EDAX results. FTIR spectroscopy was the effective tool for semi-190 

quantitative estimation of structural information and functional groups in the sulfonated C. 191 

Pentandra stalk catalyst. From the Fig.3 it confirms the presence of sulfonic acid sites by 192 

showing peaks at 1345-1450 cm
-1

. C. Pentandra stalks catalyst showed high catalytic activity 193 

because of the H2SO4 treatment at 200°C and it leads to extensive covalent sulfonation.
34

    194 

                                                                            Fig. 3  195 

 196 

The Raman spectrum can be used to analyze the graphitic structure. Two bands, located at 1350 197 

and 1540 cm
-1 

exhibiting the presence of D band and G band (Fig. 4). The band at 1540 cm
-1 

is 198 

observed in graphitic materials, which is due to the vibration mode corresponding to the 199 

movement in opposite directions of two neighboring carbon atoms in a single crystal graphite 200 

sheet. The band at 1350 cm
-1

 was commonly associated with the presence of defects in the 201 

graphite layer.
35

 The carbon catalyst can be deduced to have more defects since the difference in 202 

the D/G intensity ratios can be attributed to the change in surface functionalities resulting from 203 

breaking C–C bonds.
36

 The C–C bond breaking also can help the non-graphitic carbon to couple 204 

with the sulfonic acid group to form a stable covalent structure and this catalyst can maintain 205 

good stability at high reaction temperature. 206 

                                                                Fig. 4 207 

 208 

3.2 Comparison of the non-catalytic and catalytic process 209 

3.2.1 Catalyst concentration 210 

In order to investigate the catalytic effect on the conversion of triglyceride, we carried out 211 

the simultaneous esterification and transesterification with and without addition of a solid acid 212 

catalyst. The conversions of triglyceride in these two processes were compared. The amount of 213 

catalyst also affects the conversion efficiency of the process. The effect of catalyst concentration 214 

on the conversion of methyl ester with reaction temperature of 200°C and molar ratio of 215 

methanol to oil as 12:1M was studied (Fig. 5). With increase in catalyst concentration from 0.5 216 

to 1.5wt%, the conversion of methyl ester increased markedly from 84 to 95%. The effect of 217 

without catalyst usage on the biodiesel yield was studied at 200°C with 12:1 methanol to oil 218 
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ratio. Fig. 5 displayed that with the increase in time it can be seen that the biodiesel conversion 219 

increased progressively from 20 to 40%. Hence, it can be concluded that with the addition of a 220 

solid catalyst, the esterification and transesterification can be accelerated greatly. The current 221 

experiment shows that the optimal usage of the catalyst is 1.5 wt% for further studies.  222 

Fig. 5  223 

3.2.2 Molar ratio of methanol to oil 224 

Since the esterification and transesterification are reversible reactions, excess methanol 225 

shifts the equilibrium in the direction of ester formation. Also, methanol increases the solubility 226 

of phases, thus encouraging a smooth reaction. The effect of methanol to oil ratio on biodiesel 227 

conversion was examined under 1.5wt% catalyst and reaction temperature of 200°C. The 228 

biodiesel conversion was affected in a lower methanol to oil ratio. With further increment in 229 

methanol to oil ratio, it resulted in a significant effect as shown in Fig. 6b.The conversion rate 230 

increased rapidly and reached a higher biodiesel conversion of 97% at 18:1M of methanol to oil 231 

ratio. When the methanol to oil ratio was more than 18:1M, the conversion rate was not 232 

significantly increased. Effect of methanol to oil ratio on biodiesel yield was examined under 233 

without catalyst and reaction temperature of 200°C as shown in Fig. 6a. However, a further 234 

increase in the molar ratio of methanol to oil after 18:1 showed very limited effect on the 235 

conversion of ester. It also can be noticed that the difference in triglyceride conversion for these 236 

two processes is obvious. Hence, an optimal 18:1M methanol to oil ratio is appropriate for this 237 

reaction. 238 

                                                                    Fig. 6(a, b)  239 

3.2.3 Reaction temperature  240 

The influence of the reaction temperature on the biodiesel conversion was evaluated using C. 241 

Pentandra oil at 190, 200,210 and 220°C with methanol to oil ratio 18:1M and catalyst 242 

concentration 1.5wt%. From Fig.7b it could be seen that the conversion rate of biodiesel was 243 

increased with the rise of temperature, since the reaction could not reach equilibrium. The 244 

reaction rate at 220°C was significantly faster than the reaction rate at 200°C. The highest 245 

conversion of triglyceride was obtained as 99% after reaching 2hrs reaction time at 220°C. On 246 
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the other hand, the reaction carried out without catalyst by varying the reaction temperature from 247 

190-220°C. From the Fig.7a it is observed that methyl ester conversion increases from 20 to 40% 248 

by the variation of reaction time from 0.5 to 2 hrs. Biodiesel production cost will be increased if 249 

the reaction takes place in the liquid phase because of the reaction carried out at a higher 250 

temperature and pressure. It can be seen that the conversion of triglyceride with the addition of a 251 

solid catalyst was much higher than the process without a solid catalyst. So, the optimum 252 

temperature for this reaction is 220°C.  253 

                                                                                    Fig. 7(a, b) 254 

3.3 Stability 255 

Besides the simple catalyst removal step and being environmental friendly, another main 256 

advantage of the solid acid catalyst is reusability. From economic point of view, the cost of the 257 

catalyst accounts for a large part of the cost of biodiesel production. The catalyst was recycled to 258 

study the reusability. The data of the reusability of the catalysts are presented in Fig. 8. It is 259 

observed that catalyst showed reasonable loss of activity with the first recycling, and thereafter a 260 

slower progressive loss. From the fresh use run to the completion of 4
th

 reuse run, the yield of 261 

ME gradually decrease from 99% to 91% due to catalyst mass loss and it was reduced from 262 

0.5wt % to 0.1wt%.The experimental results indicated that sulfonated nanocarbon is a stable 263 

catalyst and suitable for long-term use. Consequently the catalytic performance of the proposed 264 

catalyst were compared with previously reported carbon-based acid catalysts are presented in the 265 

Table 1.  266 

                                                                                     Fig. 8 267 

                         Table 1 268 

3.4 Measured properties of the C. Pentandra oil and biodiesel 269 

The principal fatty acid profile of the C. Pentandra oil are linoleic (37.1%), oleic (26.9%), 270 

palmitic (22.3%) and stearic (6.8%) acids. The level of total saturated and unsaturated fatty acid 271 

of the C. Pentandra oil was 12.5% and 73.9 % respectively. The high content of unsaturated 272 

fatty acid makes it a stable liquid at room temperature. The physicochemical properties of C. 273 
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Pentandra oil are given in Table 2. Clearly the properties of biodiesel depend very much on the 274 

nature of the raw material, as well as the process used for its production. Biodiesel conversion 275 

was identified with 
1
H NMR spectroscopy and the same was presented in Fig. 9. The properties 276 

flash point, density, viscosity, cloud point of the C. Pentandra biodiesel were measured and 277 

compared with ASTM D6751 and EN standards for biodiesel and presented in Table 3. 278 

                                                                                       Fig. 9 279 

                               Table 2 280 

                                Table 3 281 

4. Conclusion 282 

The present study showed that the sulfonated nanocarbon was effective solid acid catalyst for 283 

biodiesel production from C. Pentandra oil. It is inexpensive and environment friendly, has high 284 

catalytic activity. The high activity of the catalyst was described to the high acid site density and 285 

the bonded hydrophilic functional groups that allowed more methanol to contact with the 286 

carbonyl group of triglyceride. It is porous with particle size of 4.8 nm, which increase catalytic 287 

activity and stability. The high specific surface area and large pore size are favorable for contact 288 

between catalyst and substrates, which effectively improved efficiency of transesterification. The 289 

maximum conversion was achieved as 99% at 220°C, 18:1 molar ratio of methanol to oil and 1.5 290 

wt% of catalyst. The properties of the biodiesel derived were found to meet the biodiesel 291 

standards of ASTM D6751 and EN and also the commercial diesel. 292 
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 390 

 391 

Figure Caption 392 

 393 

Fig. 1.  Graphical picture of Ceiba pentandra stalks Nano Catalyst 394 

Fig. 2.  SEM Images of Nano carbon catalyst 395 

 396 

Fig. 3.  FTIR Spectrum of Nano carbon catalyst    397 

       398 

Fig. 4.  Raman Spectrum of Nano carbon catalyst           399 

 400 

Fig. 5.  Conversion (%) vs. Effect of Catalyst(wt%) (Reaction temperature 200°C, Reaction time 401 

150 min, methanol to oil  ratio 12:1M). 402 

 403 

Fig. 6. (a) Conversion (%) vs. Effect of Methanol to oil  ratio (Reaction temperature 200°C, 404 

Reaction time 150 min, Without catalyst) (b) Conversion (%)  vs. Effect of Methanol to oil ratio 405 

(Reaction temperature 200°C, Reaction time 150 min, Catalyst concentration 1.5 wt%), 406 

 407 

Fig. 7.(a) Conversion (%) vs. Effect of Reaction temperature (Reaction time 150 min, Methanol 408 

to oil ratio 18:1M,Without catalyst), (b) Conversion (%)  vs. Effect of Reaction temperature 409 

(Reaction time 150 min, Methanol to oil ratio 18:1M, Catalyst concentration 1.5 wt%). 410 

 411 

Fig. 8. Conversion (%) vs. Number of cycles (Reaction temperature 200°C, Reaction time 150 412 

min, Catalyst concentration 1.5 wt%, methanol to oil ratio 18:1M). 413 

 414 

Fig. 9.  
1
H NMR Spectrum Analysis of Ceiba pentandra biodiesel.  415 

            416 

 417 

 418 

 419 
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Table 1 

Catalytic performance of various solid acid catalysts 

Acid Catalyst Catalyst 

Concentration (wt%) 

Methanol to Oil 

Ratio 

Conversion 

(%) 

Vegetable oil asphalt 0.2 16.8 80.5 

De-oiled canola meal 7.5 60:1 93.8 

Corn straw 7 7:1 98 

 Ceiba pentandra stalk 1.5 18:1 99 
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Table 2  

Physico-chemical properties of C. pentandra oil   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Physico-Chemical properties 

Viscosity at 40°C (cSt) 28.45 

Density (kg/m
3
) 925 

Iodine value (g/100 g) 98 

Saponification value 193 

Free fatty acids (wt. %) 13.4 

Unsaponifiable matter (wt. %) 1.5 

Refractive index 1.46 
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           Table 3 

           Fuel properties of C. pentandra biodiesel  

Characteristic ASTM 

Specifications 

EN 

Specifications 

C. pentandra 

Biodiesel 

Phosphorous content (ppm) ≤10 ≤10 2 

Acid Number 0.5 max 0.5 max 0.12 

Flash point (°C) ˃130 ˃101 164 

Density (kg/m
3
) 880 860 to 900 867 

Pour point (°C) -15 to 10 NA -2 

Cloud point (°C) -3 to 12 NA  3 

Viscosity at 40°C (cSt) 1.9-6.0 3.5 to 5.0 4.3 

Lower heating value(MJ/kg)  NIL           35 38.122 

Oxidative stability (h) 3 min 6 min 4.12 

Cetane Number 47 min 51 min 52 
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Fig. 1 
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    Fig. 2 
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            Fig. 3 
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      Fig. 4 
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           Fig. 5 
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                  Fig. 6 
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         Fig. 7 
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Fig. 8 

 

 

 

 

 

 

Page 27 of 28 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

 

 

Fig. 9 
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