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ABSTRACT 
 
The present study reports the preparation of four solid acids (CS, CPS, CAS and CPAS) from 
cassava peels and investigates their catalytic activities in the esterification of free fatty acid (FFA) in 
palm Kernel oil (PKO). The activated carbon obtained from carbonization was directly sulfonated 
with sulfuric acid (CS) or treated first with phosphoric acid before sulfonation (CPS). Another part of 
activated carbon was pyrolyzed at 800°C and treated as in the two previous cases (CAS and 
CPAS). The FTIR spectra of CS, CPS, CAS and CPAS showed characteristic absorption peaks of 
functional groups such as O=S=O (1031 cm

-1
), OH (3849 and 3405 cm

-1
), C=C (1555-1574 cm

-1
), 

S=O (1042,1031 cm-1) and P=O (754 cm-1), which confirm the presence of sulfonic, carboxylic and 
phosphoric groups on the surface of the activated carbon acids prepared. The total acid densities of 
the catalysts range from 2.26 to 3.49 mmol/g whereas the -SO3H densities were from 0.92 to 2.20 

Original Research Article 



 
 
 
 

Bonganga et al.; IRJPAC, 21(8): 18-25, 2020; Article no. IRJPAC.57319 
 
 

 
19 

 

mmol/g. Amongthe four catalysts prepared, their effectiveness in the esterification of free fatty acid 
in palm kernel oil with a conversion rate from 70 to 90%, depended mostly on the sulfonic acid 
density on the catalyst, CPS showed the highest total and –SO3H acid densities with 3.49 and 2.2 
mmol/g respectively and a highest free acid fatty conversion rate of 90%. Thus, CPS was more 
efficient than CS, CPAS and CAS. All the catalysts prepared could be reused in the esterification 
reaction with a mild decrease in the conversion rate.  
 

 
Keywords: Solid carbon acid; cassava peels; esterification; palm kernel oil.    
 

1. INTRODUCTION 
 
Activated carbons have attracting recently a lot of 
interest in catalysis and separation chemistry. 
They have been used as good and efficient 
adsorbent in removal of organic and inorganic 
pollutants from gaseous and liquid media [1-7]. 
Their chemical activation with mineral acids 
resulted in solid acid catalysts used as 
replacement of homogenous acids used in 
chemical reactions such as hydrolysis of 
cellulosic material, esterification of fatty acids 
and transesterification of esters [8-18].  
 
Activated carbons are obtained mostly from 
incomplete carbonization of natural products 
(sugar, starch, cellulose) [11]. Recently, 
sulfonated incompletely carbonized of natural 
organic matter is attracting interest of 
researchers as solid acids because of their high 
catalytic performance for various liquid-phase 
acid-catalyzed reactions such as esterification of 
free fatty acid [12]. In addition solid acid catalysts 
could also be reused several times with less loss 
of their catalytic activity [11]. 
 
The texture and chemical characteristics of solid 
carbon acids depend on the nature of raw 
material, the activation method, and the 
activation agent used. Treatment of activated 
carbon with phosphoric acid was shown to 
facilitate formation of the porous structure which 
allows easy impregnation of other functional 
groups [7,19]. 
 
Cassava peels are wastes generated in the 
processing of cassava roots. They makes up to 
10% of total mass of the root. They are usually 
discarded in nature and constitutes an 
environment problem despite the fact that, they 
can be used for manufacturing animal feed, bio 
fertilizer as well as raw material for biogas 
production [20]. 
 
Several studies have been reported on the use of 
cassava peels activated carbon as adsorbent in 
treatment of industrial waste water[3-5],  very few 

however deals with sulfonated cassava peels as 
acid catalyst in chemical reactions.   
 
We here report the preparation and 
characterization of four solid acids from cassava 
peels and we investigate their use as catalysts in 
the esterification of Free Fatty Acid (FFA) in 
Palm Kernel Oil (PKO). 
 
2. EXPERIMENTAL DETAILS  
 

2.1 Materials 
 
Cassava peels were collected at Mbanza-Lemba 
market (Kinshasa). They were first washed to 
remove sand and then sun dried, crushed to 
powder in a blender and kept in a dry container. 
Palm kernel oil (PKO) was purchased also at 
Mbanza-Lemba market.  
 

2.2 Catalysts Preparation 
 
Cassava peels powder was put in crucible and 
placed in a muffle furnace (Nabertherm B180). 
The furnace was brought to 500°C and heated at 
different times: 15,30,45,60 and 90 minutes [9-
15]. The carbon char obtained at each time after 
cooling, were submitted for FTIR analysis to find 
the optimal carbonization time. Cassava peels 
carbon char from best carbonization time was 
divided in 4 parts to prepare different solid acid 
catalysts. The first part was used to prepare 
sulfonated carbon acid (CS) as follows:4 g of 
carbon char were introduced in a 500 mL 
Erlenmeyer and 30 mL of concentrated sulfuric 
acid was added slowly during 30 minutes. The 
reaction mixture was heated in an oil bath at 
160°C during 15 hrs. Upon cooling, distilled 
water was added slowly and the black powder 
obtained was filtered and washed several times 
with distilled water until the filtrate reached 
neutral pH. The sulfonated carbon (CS) material 
obtained was dried in an oven at 105°C for 12 
hrs. The second part was first treated with 
phosphoric acid 40% before sulfonation with 
sulfuric acid. In a typical run, 4 gr of carbon 
precursor was added to 30 mL of 40% H3PO4. 
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The mixture was stirred during 6 hrs at room 
temperature, then filtered and washed with 
distilled water until the filtrate reached neutral 
pH. The obtained material was dried in an oven 
at 105°C during 12 hrs and submitted for 
sulfonation with concentrated sulfuric acid as 
described above to give phosphated and 
sulfonated activated carbon acid (CPS). The third 
and fourth parts of carbon precursor were first 
heated at 800°C in a muffle furnace for 5 
minutes. The obtained material was treated 
directly with sulfuric acid to give thermally 
activated carbon acid (CAS) or treated with 
phosphoric acid prior to sulfonation with sulfuric 
acid to give thermally phosphated and sulfonated 
carbon acid (CAPS). 
 

2.3 Characterization of Catalysts 
 

The FTIR spectra of biochar and different carbon 
acids were recorded in a Brüker Fourier 
Transform infrared spectrometer by using KBr 
pellets from 4000 to 500 cm

-1
. The sulfonic acid 

densities of different activated carbon, CS, CPS, 
CAS and CAPS were determined by titration 
according to the method described by Liu et al. 
[14]. 50 mg of solid carbon acid were mixed with 
15 mL of 2 M NaCl solution. The mixture was 
sonicated during 30 minutes for facilitating the 
exchange of Na

+
 with proton in sulfonic group. 

The filtrate from the mixture was titrated with 
0.02 molar of NaOH, using phenolphthalein as 
indicator. Total acid sites were determined by 
adding 50 mL of 0.05 M NaOH solution to 50 mg 
of solid acid catalyst. The mixture was shaken for 
15 h then filtered. The filtrate was titrated 
withstandard solution of 0.05MHClusing 
phenolphthalein as indicator. The amount of 
NaOH which reacted with the catalyst allowed to 
calculate acid sites number. All the 
measurements were done in triplicate and 
average values are reported in Table 1.. 
 

2.4  Catalytic Activities  
 

The esterification reaction of FFA in PKO with 
ethanol was used to assess catalytic activities of 
the four solid acids. In a typical reaction: a known 
amount of PKO and ethanol (1 to 6 ratio) were 
mixed into a three-neck  round bottom flask on 
sand bath and equipped with reflux condenser, a 
magnetic stirrer and a thermometer. Once the 
mixture reached the reaction temperature, the 
catalyst was added and the mixture was 
continuously stirred and heated at 70°C during 
5h. Each catalyst sample was dried at 100°C for 
1h before use. After esterification reaction, the 
unreacted oil phase was isolated and FFA was 

measured by titration of the sample with a 0.1 M 
KOH solution. The conversion rate of FFA was 
determined from the ratio of the acid value before 
and after esterification by using the following 

formula: �������������(%) = �1 −
���

���
� �100 

 

Where AVi is the initial acid value of palmitic 
acid, and AVf is the final acid value of palmitic 
acid after the esterification reaction. 
 

Each catalyst was removed after esterification 
reactionby vacuum filtration, washed three times 
thoroughly with water and ethanol before drying 
in oven at 105°C for 2 h and then reused many 
times as described previously to assess its 
stability and reusability. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Structural Characterization of the 
Solid Acid Catalysts  

 

Fig. 1 shows FTIR spectra of carbon char from 
cassava peels carbonization at 500°C after 
heating at different times (from 15 to 90 minutes).  
One can observe that the intensity of the 
aliphatic C-H bond stretching vibration decreases 
from 2925 cm-1 to 2516 cm-1 for 15 min to 30 min 
of carbonization respectively. But when 
carbonization time increased from 45 to 90min, 
that vibration band disappeared. The same 
observation was made for aliphatic C=C bond, 
indicating that these two bonds (C-H and C=C) 
are cleaved during the pyrolysis. The 
characteristic vibration peaks of the aromatic 
C=C bond remained after carbonization, these 
vibration frequencies decrease slightly as 
carbonization decreases (1582 cm

-1
, 1580 cm

-1
, 

1579 cm
-1

, 1578 cm
-1

, 1577 cm
-1

 and 1574 cm
-1

). 
This could be due to the dissociation of –C-O-C-, 
leading to polycyclic aromatic carbon rings and 
amorphous carbon structure Li et al. [21]. 
According to Lingtao et al. [22], intensity 
decreasing could indicate the conversion of 
benzene ring into polycyclic aromatic carbon. 
Additionally, the vibration peaks (750-798 cm

-1
) 

observed was attributed to C-H aromatics out-of-
plan bending vibration. The stability of aromatic 
ring causes these bonds to be stable at all 
carbonization times. The vibration band at 1377 
cm

-1
 corresponding to the bending vibration of 

CH3 disappears after 90 min of carbonization, 
showing that this group is eliminated during a 
long time of the carbonization process. It is 
noteworthy seen that even though cassava peels 
carbonization was done at 500°C and between 
15 min to 90 min,  vibration bands of O-H (H-
bonded) and C-O (alcohol, ethers, esters and 
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carboxylic acids) have not disappeared. This 
could be due to the high composition of lignin in 
cassava peel [23]. The present results are closed 
to those of Derkacheva and Sukhov [24], which 
showed that the complete lignin spectral band 
was set in the range from 740 to1840 cm

-1
. 

 
Fig. 2  shows the FTIR  spectra of all  cassava 
peels carbon acids ( CS, CPS, CAS and CPAS) 
two strong bands at 1175 and 1350 cm-1 could be 
assigned respectively to symmetric stretch and 
asymmetric stretch of  S=O of sulfonic acid.. This 
shows clearly that sulfonic acid group is present 
on the surface of all catalysts. The vibration band 

around 1700 cm-1could be attributed to the 
stretching vibration of C=O bond; it corresponds 
to the -COOH groups; while, the broad band at 
3429 cm

-1
 could be assigned to the stretching 

vibration of –OH. In CPS FTIR spectrum, the 
strong band at 2320 cm

-1
 (P-H) and 1300 cm

-1 

(P=O) and a medium band at 752-820 cm
-1 

(P-O) 
are assigned to the phosphoric acid. The results 
show the presence of some functional groups 
such as -COOH, -SO3 H and –OH after 
sulfonation of carbon char which led to obtain 
solid acids catalysts. Similar absorption bands 
were found in carbon acids prepared from other 
agricultural waste [7,17]. 

 

 
 

Fig. 1. FTIR spectra carbonization of carbon cassava peels at 500°C after 15, 30, 45, 60, 75 and 
90 minutes 

 

 
 

Fig. 2. FTIR spectra sulfonation of solid acid catalysts 
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3.2 Catalytic Activities of Catalysts 
 

The results in Fig. 3 show that sulfonic acid 
densities range from 0.92 to 2.20 mmol/g while 
the total acid densities range from 2.26 to 3.49 
mmol/g. It has been shown that total acid and -
SO3H acid densities of different catalysts 
decreased in the following order 
CPS>CS>CPAS>CAS. CPS catalyst showed the 
highest acid density of 3.49 and 2.20 respectively 
for total and -SO3H acid density. These values 
are higher than 1.030 reported by Li et al. [18], 
for acid catalyst prepared from corncobs, but 
lower than 4.73 for Amberlyst 15 [22]. Whereas, 
they were similar to those obtained for cassavas 
tillage carbon acid (2.65) [14], and for the rice 
straw carbon acid (2.64) [7]. Total acid values 
were high comparatively to –SO3H acid values 
for all catalysts, because total acid is the sum of 
acidity of all acidic groups such as phenolic -OH 
and –COOH.   
 

Hence, CPS was found more acidic than CS 
while CPAS was more than CAS because of they 
high total acid density. The highest acid site 
density of CPS could be due to the pretreatment 
of that catalyst. It was seen that phosphoric 
pretreatment of carbon char promoted the 
formation of high porous structure (Pua et al. [25] 
which would then facilitate sulfonation and 
suggesting the attachment of more –SO3H 
groups to carbon char [12]. Phosphoric acid has 
been shown to be an effective activating agent to 
develop carbon char porosity which allow more 
access to –SO3H group. These observations are 

closed to those reported by Li et al. [18] in the 
case of corn cobs carbon acid which were 
pyrolyzed at 800°C, the obtained carbon material 
has less acid functional groups (CPAS and 
CAS). Similar observations were reported by 
Wanget al. [14] in the preparation of carbon 
based solid acid from cassava stillage. 

 
The Fig. 3 gives acid densities of the solid acid 
catalysts.  

 
3.3 Free Fatty Acid Conversion Rate by 

Solid Catalysts 
 
The results on Table 1 show that CPS catalyst 
had a high catalytic activity to convert the free 
fatty acid of palm kernel oil to biodiesel. Free 
fatty acid conversion rate increased with catalyst 
concentration and the highest rate (90%) was 
obtained with 0.9% of catalyst. Beyond 0.9% of 
catalyst, there is a decreasing of free fatty acid 
conversion. This could mean that CPS has a 
high acid density due to its pretreatment. Pua et 
al. [25] showed that phosphoric acid increases 
the surface area which could promote the 
formation of high porous structure. This result 
suggests why CPS catalyst is highly active and 
stable. The higher conversion rate of free fatty 
acid of PKO is possibly due to the high density of 
the acid (-SO3H) sites from sulfonation in the 
pores of activated carbon by treatment with 
phosphoric acid and pyrolysis. The Table 1 
report results of acid catalyze free fatty acid 
conversion into biodiesel.  

 

 
 

Fig. 3. Acid densities of various prepared catalysts 
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Table 1. Rate of conversion of free fatty acid to biodiesel 
 

Solid acid concentration (%) FFA conversion (%) 
CAS CPAS CS CPS 

0.1 70 74 72 76 
0.3 76 84 85 86 
0.5 84 86 86 87 
0.7 86 87 88 89 
0.9 88 88 89 90 
1.1 82 83 84 86 
1.3 76 74 76 78 

 

 
 

Fig. 4. Reusability of catalysts 
 

3.4 Reusability of Catalysts 
 

The reusability of each catalyst was evaluated 
after the first run under the similar reaction 
conditions. The used catalyst after each run was 
easily recovered as described previouslyin 
catalytic activities section. The results of Fig. 4, 
showed that total acid density of all catalysts 
decreases after each reuse due to the following 
reasons: possible deactivation of catalyst actives 
sites such as -SO3H because of accumulated 
water and ethanol, deposition of reactants and 
products on catalysts pores and surface which 
could cause the hindrance of active sites [26]. 
Similar observations were reported by Chin et al. 
[27] in the case of sugar cane bagasse solid acid 
catalyst. For all catalysts, CPS had the highest 
acid density followed by CS, CPAS and then 
CAS. The rate of conversion decreases slightly 
at each successive run. For CPS the most acidic 
catalyst, it decreases from 86% to 74% after the 
fourth run. 

4. CONCLUSION 
 

In this work, four solid acid catalysts were 
prepared from cassava peels via carbonization at 
500°C. One part was furthermore treated with 
sulfuric acid or with phosphoric acid and then 
with sulfuric acid to obtain CS and CPS 
respectively. Another part of carbon char were 
pyrolyzed at 800°C and was treated as previous 
to obtain CAS and CPAS. The catalysts obtained 
have shown to be useful for esterification as 
used in this work. FTIR confirmed the presence 
of -SO3H,-COOH and OH functional groups on 
the surface of the catalysts. The total acid 
densities of the catalysts range from 2.26 to 3.49 
mmol/g whereas the -SO3H densities were 0.92 
to 2.20 mmol/g. all the catalysts were effective in 
the esterification of free fatty acid in palm kernel 
oil with a conversion rate ranging from 70 to 
90%, depending mostly on the sulfonic acid 
density on the catalyst. The solid catalysts were 
found stable and could be recovered and reused 
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in the esterification reaction with a mild decrease 
in the conversion of FFA to esters. Although, 
CPS was found more stable than all other 
catalysts prepared, further work will explore the 
use of these catalysts in other acids catalyzed 
reactions. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

 
REFERENCES 
 
1. Oghenejohon KM, Otuagoma SO, Ohimor 

EO. Application of cassava peels activated 
carbon in the treatment of oil refinery 
wastewater. A comparative analysis. 
Journal of ecological Engineering. 2016; 
17(2):52-55. 

2. Pondja EA Jr., Pesson KM, Matsunhe NP. 
The potential use of cassava peel for 
treatment of mine water in Mozambique, 
Journal of Environmental Protection. 2017; 
8:277-289. 

3. Schwantes D, Goncalver Jr. AC, Coelho 
GF, Campagnolo MA, Dragunski  DC, 
Tarley CRT, Miola A Jr, Leismann EAV. 
Chemical modification of cassava peel as 
adsorbent material for metal ions from 
wastewater. Journal of chemistry; 2016. 
Article ID 3694174. 
Available:http://dx.doi.org/10.1155/2016/36
94174 

4. Olayiwola OO. Economic of cassava peel 
activated carbon in treatment of effluent 
from cassava processing industry, Abhinov 
journal of research in management and 
Technology. 2013;2.  

5. Gin WA, Jimoh A, Abdulkareen AS, Giva 
A.  Utilization of cassava peels waste as a 
raw material for activated carbon 
production. Approach to environmental 
protection in Nigeria. International Journal 
of Engineering Research and Technology. 
2014;3(1):36-42. 

6. Kindala TJ, Kayembe SJ, Kifuani KA, 
Ilinga LB, Taba KM. Removal of methylene 
blue, bromocresol green and methyl  red 
dyes from aqueous solutions by adsorption 
using Bryophyllumpinnatum(Lam.) kurz 
stem powder and its activated carbon, 
Congo Sciences. 2015;3(2):63-70. 

7. Zeng D, Zhang Q, Chen S, Liu S, Wang G. 
synthesis of porous carbon based solid 
acid from rice husk for esterification of fatty 

acids. Micro porous and 
MesoporousMaterial. 2016;219:54-58. 

8. Huang YB, Fu Y. Hydrolysis of cellulose to 
glucose by solid acid catalysts; Green 
chemistry. 2013;15:1095-1111. 

9. Guo F, Fang Z, XU CC, Smith Jr. RL. Solid 
acid mediated hydrolysis of biomass for 
producing biofuels. Progress in Energy and 
Combustion Science; 2012. 
DOI: 10.1016/J.pecs.2012.04.001 

10. Goswami M, Meena S, Navatha S, Rani 
KNP, Pandey A, Sukumaran RK, Prased 
RBN, Prabkavathi-Devi BLA. Hydrolysis of 
biomass using a reusable solid acid 
catalyst and fermentation of the catalytic 
hydrolysate to ethanol. 
BioresourceTechnology; 2015. 
Available:http://dx.doi.org/10.1016/j. 
Biortech. 2015.03.012 

11. Malins K, Kampars V, Brinks J, Neibolte I, 
Murnieks R. Synthesis of activated carbon 
based heterogeneous acid catalyst for 
biodiesel preparation. Appliedcatalysis 
B.Environmental; 2015. 
Available:http///dx.doi.org/10.1016/j.apcatb
.2015.04.043 

12. Win win Mar, Somsook E. Sulfonic-
functionalized carbon catalyst for 
Esterification or high fatty acid. Procedia 
Engineering. 2012;32:212-218. 

13. Benak KR, Dominguez L, Economy J, 
Mangun CL. Sulfonation of polymeric fibers 
derived from phenol- formaldehyde resins. 
Carbon. 2002;40:2323-2332. 

14. Wang L, Dong X, Jiang H, LI G, Zhang M. 
Preparation of a novel carbon-based solid 
acid from cassava stillage residue and its 
use for the esterification of free fatty acids 
in waste cooking oil, Bioresource 
Technology. 2014;158:392-395. 

15. Liu WJ, Tian K, Jiang H, Yu HQ. Facile 
synthesis of highly efficient and recyclable 
magnetic solid acid from biomass waste. 
Scientific Reports. 2013;3:2419. 

16. Liu T, Li Z, Li W, Shi C, Wang Y.  
Preparation and characterization of 
biomass carbon based solid acid catalyst 
for esterification of oleic acid with 
methanol. BioresourceTechnology. 2013. 
139:618-621. 

17. Klein M, Pulidindi IN, Perkas N, Gedanken 
A. Heteropoly acid catalyzed hydrolysis of 
glycogen to glucose, Biomass and 
Bioenergy. 2015;26:61-68. 

18. Li R, Yang G, Wang Q, Chen J, Dong J, 
Zhang X. Preparation of carbon based 
solid acid fron corncob residual and its 



 
 
 
 

Bonganga et al.; IRJPAC, 21(8): 18-25, 2020; Article no. IRJPAC.57319 
 
 

 
25 

 

performance for acid catalyzed hydrolysis. 
Bioresource. 2017;12(4):7439-7451. 

19. Radwan NRE, Hagar M, Afifi TH, Al-
wadaani F, Okasha RW. Catalytic activity 
of sulfated and phosphate catalysts 
towards the synthesis of substituted 
coumarin; Catalysy. 2018;8:36.  

20. Nkodi TM, Taba KM, Kayembe SJ, Mulaji 
C, Shetonde M. Biogas production by co-
digestion of cassava peels with urea., 
International Journal of scientific 
Engineering and Technology. 2016;5(3): 
139-141. 

21. Li H. Wang, Hao Liu, Li Li. Carbon- based 
acid catalyst from waste seed shells: 
preparation and characterization. Polish 
Journal of Chemical Technology. 2015;17: 
37-41. 
DOI: 10.1515/pjct-2015-0066 

22. Lingtao Wang, Xiuqin Dong, Haoxi Jiang, 
Guiming Li, Minhua Zhang. Preparation of 
a novel carbon-based solid acid from 
cassava silage residue and its use for the 
esterification of free fatty acids in waste 
cooking oil. Bioressource Technology. 
2014;158:392-395.  

23. Estevao A, Pondja Jr., Kenneth Persson, 
Nelson P, Matsinhe. The potential use of 
cassava peel for treatment of mine water in 
Mozambique. Journal of Environmental 
Protection. 2017;8:277-289.   

24. Olga Derkacheva, Dmitry Sukhov. 
Investigation of lignins by FTIR 
spectroscopy. Macromol. Symp. 2008; 
265:61–68.  

25. Fei-ling Pua, Zhen Fang, Sarani Zakaria, 
Feng Guo2, Chin-hua Chia. Direct 
production of biodiesel from high-acid 
value Jatropha oil with solid acid catalyst 
derived from lignin. Biotechnology for 
Biofuels. 2011;4:56.  

26. Indika Thushari, Sandhya Babel. Activity of 
carbon-based solid acid catalyst derived 
from palm empty fruit bunch for 
esterification of palmitic Acid. Environment 
and Natural Resources Journal. 2019; 
17(1):54-62.     

27. Chin LH, Abdullah AZ, Hameed BH, Sugar 
cane bagasse as solid catalyst for 
synthesis of methyl esters from palm fatty 
acid distillate, chemical Engineering 
Journal. 2012;183:104-7 

_________________________________________________________________________________ 
© 2020 Bonganga et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 
 

 
 

 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/57319 

View publication stats

https://www.researchgate.net/publication/342074026

