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Abstract 

The side products of biomass and bio-fuel industry have shown potential in 

producing carbon catalyst. The carbon cryogel was synthesized from lignin-

furfural mixture based on the following details: 1.0 of lignin to furfural (L/F) 

ratio, 1.0 of lignin to water (L/W) ratio, and 8M of acid concentration. The 

lignin-furfural sol-gel mixture, initially prepared via polycondensation reaction 

at 90 °C for 30 min, was followed by freeze drying and carbonization process. 

Effects of carbonization temperature and time were investigated on the total 

acidity and surface area of the carbon cryogel. Furthermore, the effects of these 

parameters were studied on the ethyl levulinate yield through esterification 

reaction of levulinic acid in ethanol. The esterification reaction was conducted 

at reflux temperature, 10 h of reaction time, 19 molar ratio of ethanol to 

levulinic acid, and 15.0 wt.% carbon cryogel loading. Based on the 

carbonization temperature and time studies, the carbon cryogel carbonized at 

500 °C and 4 h exhibited good performance as solid acid catalyst. Large total 

surface area and acidity significantly influenced the catalytic activity of carbon 

cryogel with 80.0 wt.% yield of ethyl levulinate. Thus, carbon cryogel is highly 

potential as acid catalyst for the esterification of levulinic acid with ethanol. 

Keywords: Carbon cryogel, Esterification, Ethyl levulinate, Levulinic acid, 

Lignin-furfural. 

 

 

1.  Introduction 

The development towards sustainability and green technology has increased 

drastically through research by many countries. This includes the production of 

new materials or products such as catalysts and chemicals derived from bio-based 
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materials and waste. The carbon cryogel derived from lignin and furfural, the by-

product of biomass and bio-fuel processing, has shown the potential as catalyst. 

Previously, phenol has been commonly used with formaldehyde to produce gels 

[1-3]. The alternative to substitute phenol was made by using lignin [4-6] to 

produce organic gels with formaldehyde. Instead of using formaldehyde, its 

derivative such as furfural are possible to be applied for gel production in the 

presence of acid medium [7]. Carbon gel may be prepared through different types 

of drying process such as supercritical, freeze and evaporative drying to produce 

aerogels, cryogels, and xerogels, respectively. Carbon cryogel was produced 

through freeze drying followed by carbonization. 

Lignin-furfural mixture may be classified as furan resin that is synthesized 

via poly-condensation reaction in the presence of acid catalyst. The 

synthesized furan resin resulted in linear oligomers through the furan rings 

linkage by methylene and methylene-ether bridges [8]. The use of lignin and 

furfural in the synthesis of the carbon gel as catalyst is an alternative and 

opportunity for improving the sustainability in bio-fuel industry. The 

carbonization process of cryogel is important to prepare the carbon cryogel. 

Thus, the study on the carbonization temperature and time is required in order 

to obtain the optimum carbonization conditions. In addition, the energy used 

for the process can also be optimized. 

Producing bio-fuel based chemical products from derivation of renewable 

sources such as biomass is an alternative to replace petroleum resources due to the 

depletion of fossil fuel. Levulinic acid (LA) is one of the organic acids that show 

high potential to be derived from lignocellulosic biomass. LA is suitable fuel 

additive such as ethyl levulinate via esterification with ethanol. The synthesized 

ethyl levulinate may be used as an oxygenate additive in fuels [9] and  diesel 

miscible biofuel (up to 5 wt.%) [10]. The function as additive is to improve the 

engine performance, fuel handling and stability, and fuel quality which help in 

reducing the production of carbon monoxide.  Besides, the ethyl levulinate can 

also be used as flavouring agent and precursor for production of γ-valerolactone 

(GVL) [11]. 

The esterification reaction of LA was carried out in the presence of acid 

catalyst to produce ethyl levulinate. The use of homogeneous acid catalyst 

shows some disadvantages although high yield of product may be achieved. 

Therefore, the application of heterogeneous catalyst is required to improve the 

synthesis of ethyl levulinate. Fernandes et al. [12] has stated that the 

heterogeneous catalyst is required for easier catalyst separation and is 

reuseable for several times, instead of using mineral acid that is corrosive to 

the equipment and further neutralization process is required [12]. Therefore, 

the performance of carbon cryogel through the effect of carbonization was 

studied on the LA catalytic esterification reaction. 

Accordingly, the objectives of this study are to determine the effects of 

carbonization temperature and time on carbon cryogel production. The carbon 

cryogel was characterized using surface area analyzer (BET), temperature 

programme desorption (TPD), thermogravimetric analyzer (TGA), Fourier 

transform infrared spectroscopy (FTIR), and Field Emission Scanning Electron 

Microscopy (FESEM). Besides, the study of the esterification of LA to produce 
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ethyl levulinate was carried out using carbon cryogel with different carbonization 

temperatures and time to observe the reaction performance. 

 

2.  Materials and Methods 

Lignin (Sigma-Aldrich, USA) and furfural (Merck, Germany) were used as the 

main materials for carbon cryogel production. The lignin-furfural mixture was 

mixed with ethanol (C2H6O, 95%) and sulphuric acid (H2SO4, 95–97%) that were 

purchased from QRec, New Zealand in the gel synthesis. Levulinic acid (Merck, 

Germany) was used with absolute ethanol (Merck, Germany) for the synthesis of 

ethyl levulinate in the presence of carbon cryogel. 

The method of gel synthesis followed the previous study [13]. Lignin and 

furfural was mixed in the ratio of 1:1 in the presence of 8M of H2SO4 as the 

acid catalyst. Distilled water and ethanol with the ratio of 1:1 were used to 

dilute and homogenize the mixture. The reaction was conducted at 90 °C for 30 

min to synthesis the gel. The gel was immersed with t-butanol for solvent 

exchange. Then, the product was pre-frozen for 24 h and freeze dried for 8 h to 

form cryogel. Finally, the carbon cryogel was prepared through the 

carbonization of cryogel in the inert atmosphere. As for carbonization, the 

various range of temperatures (between 300 to 700 °C) and time (between 1 to 5 

h) were studied.  

The performance of carbon cryogel was tested on the esterification reaction of 

levulinic acid. The esterification reaction of LA was conducted in a reflux 

condenser at reflux temperature (~70 °C) for 10 h with 19:1 molar ratio of ethanol 

to LA and 15 wt.% catalyst loading to produce ethyl levulinate. GC-FID 7820A 

gas chromatograph system (Agilent Technology) was used to characterize ethyl 

levulinate (EL) and the yield was calculated based on the standard concentration. 

The GC condition was followed by using HP-5 column (length, 30.0 m; diameter, 

320.0 μm); injector temperature, 270 ˚C; column temperature, 80 ˚C (13 ˚C/min) 

170 ˚C (40˚C/min)  250 ˚C; carrier gas, nitrogen (1.0 mL/min). The equation 

below was used to calculate the EL yield. 

  100W/1000/)VC(   (wt.%) yield EL ipp                               (1) 

where, Cp is final product concentration (mg/L), Vp is final volume of product 

(L), and Wi is weight of levulinic acid (g).  

The surface area of the carbon cryogel was evaluated using Micromeritics 

3Flex 3.01 instrument based on nitrogen adsorption and desorption at -196 ºC and 

calculated by using Brunauer Emmett Teller (BET) method. The NH3-TPD was 

conducted to analyse the acidity of the carbon cryogel by using thermal 

conductivity detector (TCD) with 10% NH3/He gas passing up to 900 ºC. The 

selected carbon cryogel was further characterized with TGA to study the stability 

and the main composition, FTIR to observe the chemical bonding of the product, 

and FESEM to observe the surface morphology. TGA was conducted using 

Perkin Elmer TGA 7 instrument using ramp temperature of 10 ºC/min from 30 to 

900 ºC under nitrogen flow. The FTIR was analysed using Perkin-Elmer 

Spectrum with KBr pellet for spectra obtained at IR range of 650 to 4000 cm
-1

. 

The morphology of cryogel and carbon cryogel was observed at 1000x, 10 kV by 
using FESEM (JSM-6701F). 
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3.  Results and Discussion 

3.1.  Carbonization studies 

The effect of carbonization temperature and time were studied on carbon cryogel 

surface area and acidity. The results are depicted in Figs. 1 and 2, respectively. As 

for the effect of carbonization temperature, the result shows that the surface area 

increases when carbon cryogel was heated from 300 to 600 °C but the surface 

area slightly decreased at 700 °C (Fig. 1a). The carbonization process affects the 

formation of pores on carbon cryogel surface, thus increasing their surface area. 

Besides, the increase in surface area was also caused by the reduction of particles 

size due to the weight decomposition of carbon cryogel through the carbonization 

at high temperature. High surface area is required for carbon cryogel to be applied 

as catalyst since it can give high space availability for reaction to occur.  

 

Fig. 1. Effect of carbonization temperature on                                                          

(a) surface area and (b) total acidity of carbon cryogel (4 h). 

 

The active sites available on the carbon cryogel surface are important and 

need to be considered. Thus, the carbon cryogel was analyzed to estimate the total 

acidity of acid site on its surface. The total acidity of carbon cryogel (Fig. 1b) 
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their total acidity observed was retained at high value due to the strong acidity of 

carbon cryogel. The reduction of acidity was mainly influenced by the 

decomposition of acid site contributed by low and moderate acidity which are 

decomposed between 100 to 300 °C and 300 to 600 °C, respectively. The high 

acidity remaining in the carbon cryogel was refers to the strong acidity that was 

fully decomposed above 700 °C. The carbon cryogel produced at 600 °C was 

obtained high surface area but low acidity compared to carbon cryogel produced 

at 500 °C. Therefore, the carbonization temperature was selected at 500 °C as the 

carbon cryogel have high surface area and high acidity. In addition, the carbon 

cryogel also was tested for esterification reaction as another response in carbon 

cryogel selection that is further discussed. 

The selected carbonization temperature of carbon cryogel production at 500 

°C was further study for the effect of carbonization time and the result was 

depicted in Fig. 2. The effect carbonization time shows the significant effect on 

carbon cryogel surface area as it was increased with increasing heating time. A 

sufficient carbonization time are required for carbonization of cryogel to obtain 

high surface area and acidity of carbon cryogel at an optimum carbonization 

temperature (500 °C). As shown in Fig. 2a, the surface area keeps on increasing 

up to 5 h, thus the response parameter of total acidity and their testing result on 

esterification reaction was considered for the selection of carbonization time.  

 

 

Fig. 2. Effect of carbonization time on                                                                             

(a) surface area and (b) total acidity of carbon cryogel (500°C). 
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For different carbonization time study, the result for total acidity shows some 

reduction in the first 2 h and after that the total acidity of carbon cryogel shows 

small difference in its value up to 5h. The acidity of carbon cryogel was thermally 

affected due to the decomposition of the organic compounds and their active sites, 

but the difference in carbonization time presents small changes in acidity. By 

comparing the result of carbon cryogel in carbonization temperature study, high 

decomposition of carbon cryogel was influenced by increased temperature. The 

physical heating shows small influence on total acidity of carbon cryogel at 

constant temperature possibly due to the low decomposition of acid sites. Since 

the total acidity remains constant and the surface area keeps on increasing, thus, 

the response on ethyl levulinate yield was considered to justify the selection. The 

testing of esterification by using carbon cryogel at different carbonization time 

will be further discussed later. Based on the carbonization time study, 4 h of 

heating time was sufficient for the production of carbon cryogel as catalyst in 

esterification of levulinic acid to obtain the optimum yield. Although carbon 

cryogel at 500 °C and 5 h produced high surface area (330.35 m
2
/g) and acidity 

(12.33 mmol/g) but the optimum ethyl levulinate was obtained by carbon cryogel 

produced at 500 °C and 4 h. The optimum condition for carbonization of carbon 

cryogel was selected at 500 °C and 4 h resulted in high surface area of 214.19 

m
2
/g and acidity of 11.29 mmol/g. 

The characterization of selected carbon cryogel was conducted to study their 

physical and chemical properties. The curves of thermal gravimetric (TG) and 

derivative thermal gravimetric (DTG) as depicted in Fig. 3 was used to determine 

the thermal stability of cryogel and carbon cryogel. The DTG peak reveals the 

initial weight loss of cryogel and carbon cryogel which is attributed to the weight 

of moisture inside the sample between 30 and 100 °C [13, 14]. High volatilization 

of cryogel was observed due to high moisture content of gel compared to carbon 

cryogel that contains moisture less than 10 wt.% influenced by the moisture of the 

environment. Based on DTG peaks of the cryogel, the major decomposition 

between 150 to 500 °C refers to the decomposition of low molecular weight 

organic compound such as furfural structure followed by sulfonated group. 

Singare et al. [15] has stated that sulfonate functional group possibly decomposed 

at high temperature up to 521°C. The weight of the samples decomposed rapidly 

with increasing temperature above 600 °C due to the decomposition of heavy 

organic material including the lignin structures that were linked in the cryogel 

structure. The high decomposition of cryogel up to 900 °C was shows that 

cryogels are non-thermally stable and not suitable for application at high 

temperatures (> 200 °C). 

The carbon cryogel exhibits higher thermal stability as TG curve (Fig. 3b) 

shows mass decomposition of approximately 10 wt.% for temperatures up to 500 

°C. High decomposition of carbon cryogel occur above 500 °C up to 900 °C as the 

carbon cryogel drastically decomposed by approximately 40 wt.%. The 

decomposition of carbon cryogel presented between 500 to 800 °C is mainly 

influenced by the lignin in the carbon cryogel structure. The high weight percentage 

of carbon cryogel can be maintained up to 500 °C since the carbonization of cryogel 

was performed at the same temperature. The carbon cryogel reduces in stability at 

temperatures above 500 °C, as the lignin linked to the structures of carbon cryogel 

was not fully restructured during carbonization. Thus, the organic compound in the 

carbon cryogel such as functional groups in the lignin structure was not thermally 
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stable at high temperatures (> 500°C) and starts to decompose. The carbonization 

process has produced complex carbon structure through the restructuring of bonding 

structure of the cryogel. The result shows that the carbonization process has 

increased the carbon stability and the decomposition of carbon cryogel occurred at a 

higher temperature compared to cryogel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. TGA-DTG curve of (a) cryogel and (b) carbon cryogel. 

The related chemical bonding and surface chemistry of cryogel and carbon 

cryogel are presented through the infrared spectra as in Fig. 4 and summarized in 

Table 1. The spectra were used to describe the possible bonding structure and 

functional groups of the cryogel and the effects after carbonization. The cryogel 

presents the structure of alcohol functional group through detection of broad 

frequency peak of O-H around 3300-3600 cm
-1

. The weak frequency around 

2850-2960 cm
-1

 of C-H of alkyl group was detected. The absorption band around 

1625 and 1500 cm
-1

 in the spectrum attributed to the presence of C=C aromatic 

compound and small peak around 750 to 850 cm
-1

 is related to its substituent 

types. This C=C of aromatic is referred to the aromatic in the lignin structure. The 

detection of SO3H functional group (sulfonates) in cryogel and carbon cryogel 

structure was observed through the band spectra for S=O and S-O stretching 

between the frequency range of 1250 to 1000 cm
-1

. The stretching of the 

functional groups of S=O and S-O was related to SO3H group [16, 17]. The band 

0

20

40

60

80

100 (b)

W
ei

g
h
t 

(w
t.

%
)

Temperature (oC)

200 400 600 800
0

1

2

3

W
eig

h
t lo

ss rate (w
t.%

 m
in

-1) 

0

20

40

60

80

100
W

ei
g
h
t 

(w
t.

%
)

(a)

0

2

4

6

8 W
eig

h
t lo

ss rate (w
t.%

 m
in

-1) 

file:///H:/SOMChE%202015/Special%20Issue/JESTEC/2nd%20Submission%20Special%20Issue%20SOMChE%202015/JESTEC-2016-09/JESTEC-2016-09%20-%20Muzakkir%20Mohammad%20Zainol_.docx%23_ENREF_16
file:///H:/SOMChE%202015/Special%20Issue/JESTEC/2nd%20Submission%20Special%20Issue%20SOMChE%202015/JESTEC-2016-09/JESTEC-2016-09%20-%20Muzakkir%20Mohammad%20Zainol_.docx%23_ENREF_17


Carbon Cryogel Microsphere for Ethyl Levulinate Production: . . . . 95 

 
 
Journal of Engineering Science and Technology                Special Issue 7/2016 

 

spectra of S=O stretching was detected around 1150-1250 cm
-1

 while the weak 

band of S-O stretching was appeared around 1050 cm
-1

. These functional groups 

are important for the production of cryogel and carbon cryogel as it is related to 

the formation of active sites. The sulphuric acid used for gels synthesis possibly 

has bonded to the gel structure during the synthesis and formed an active site on 

the surface of carbon cryogel to function as catalyst. 

In addition, the frequency peak of C-O is also present in the cryogel and 

carbon cryogel structure at 1260-1000 cm
-1

. The C-O peak refers to the possible 

structure of the phenolic group (C-O-H) and ether (C-O-C) especially in the 

cryogel structure. As stated by Poljanšek and Krajnc (2005), the asymmetric 

stretch of phenolic C-C-OH was detected around 1237 cm
-1

 and the stretching 

vibration of C-O-C aliphatic ether was around 1100 cm
-1

 [2]. The bonding 

structure of C-O is important to explain the linkage structure of lignin and furfural 

during the gels formation. The C-O-C stretching presented may refer to the 

dimethyl ether bridge formation. In this regard, the ether bridge linkage in cryogel 

structure explains the formation of resol type resin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. FTIR spectra of cryogel and carbon cryogel. 

 

Table 1. Functional group of the cryogel                                                                   
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Based on spectra, the carbon cryogel structure has demonstrated some peak 

reductions due to the effect of carbonization process. The frequency range of O-H 

at 3300-3600 cm
-1

, and C-O and S-O functional groups at 1000-1300 cm
-1 

was 

reduced in their intensity. The reduction is related to the decomposition of oxygen 

bonded in the structure by carbonization. 

The reduction of O-H functional group may increase the degree of 

hydrophobicity of carbon cryogel as the carbonization temperature increases with 

increasing decomposition of O-H. Yamamoto et al. [18] has stated that the carbon 

cryogel pore surface are supposed to be hydrophobic where the degree of 

hydrophobicity increased with increasing pyrolysis temperature. Other peak 

reductions was occurred at wavelength of 1500-1700 cm
-1

 and 1000-650 cm
-1

 

possibly due to the decomposition of other organic compounds and the 

restructuring of the carbon cryogel bonding affected by the carbonization process. 

Regarding to the FTIR spectra, the cryogel and carbon cryogel has performed 

good surface chemistry with the available SO3H functional group referred to the 

formation of active sites. However, carbon cryogel was applicable as catalyst due 

to high surface area, high total acidity and thermal stability compare to cryogel. 

The surface morphology of cryogel and carbon cryogel are depicted in Fig. 

5. The small spherical with micro size (microsphere) particles were observed 

for both cryogel and carbon cryogel. However, there is a small difference in 

size as the size of the cryogel particles was reduced after carbonization. 

Besides, the organic layers on the surface of cryogel also vanished after the 

carbonization process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. FESEM images of (a) cryogel and (b) carbon cryogel. 

500X 20 µm 

(b) 

500X 20 µm 

(a) 

file:///H:/SOMChE%202015/Special%20Issue/JESTEC/2nd%20Submission%20Special%20Issue%20SOMChE%202015/JESTEC-2016-09/JESTEC-2016-09%20-%20Muzakkir%20Mohammad%20Zainol_.docx%23_ENREF_18


Carbon Cryogel Microsphere for Ethyl Levulinate Production: . . . . 97 

 
 
Journal of Engineering Science and Technology                Special Issue 7/2016 

 

This was caused by the decomposition of organic compound during 

carbonization at high temperature that gives an effect on the changes of the 

surface and structure of carbon cryogel. The decomposition of organic compound 

was possibly lead to the shrinkage of particle caused by the reduction and 

restructuring of the functional group and carbon bonding. This reduces the 

particles size and increases the surface area of carbon cryogel microsphere 

particles with increasing carbonization temperature and time. 

 

3.2. Carbon cryogel catalytic testing 

The carbon cryogel prepared through the carbonization study was tested for 

esterification of levulinic acid and the result is shown in Fig. 6. The ethyl 

levulinate yield increased from 57.7 wt.% up to 78.7 wt.% with increasing 

carbonization temperature of carbon cryogel up to 500 °C. Above the 

carbonization temperature of 500 °C, the yield reduced consistently. The carbon 

cryogel prepared at 700 °C only obtained 51.9 wt.% of ethyl levulinate yield. The 

result of ethyl levulinate yield was consistent with the result discussed in Fig. 1 

for the total surface of carbon cryogel up to 500 °C. The result of total surface 

area keeps on increasing but the result of ethyl levulinate yield obtained reduces 

with increasing temperature. This result revealed the influence of the acidity of 

carbon cryogel towards the catalytic activity on the esterification reaction. The 

acidity continuously decreases with increasing carbonization temperature. Thus, 

the carbon cryogel prepared above 500 °C exhibit low total acidity and possibly 

reduces the reaction activity and yield of ethyl levulinate. 

Fig. 6b shows the result of ethyl levulinate yield by carbon cryogel at different 

carbonization time. The yield of ethyl levulinate increases with increasing 

carbonization time up to 4 h. Carbon cryogel prepared at 500 °C and 4 h has 

produced 80.0 wt.% of ethyl levulinate yield. However, the ethyl levulinate yield 

was slightly decreased in presence of carbon cryogel at 5 h of carbonization time. 

This trend is consistent with the result of total surface area but the increase in 

yield by carbon cryogel at different carbonization time is not obvious as presented 

by the trend of surface area of carbon cryogel. At carbonization time of 1 h, low 

surface area of carbon cryogel produced can obtain 63.5 wt.% yield of ethyl 

levulinate. This yield is possibly contributed by high acidity on carbon cryogel. 

As for carbonization time of 2 h and above, the total acidity only shows a small 

change. Thus, the increase in ethyl levulinate yield was contributed by carbon 

cryogel surface area. This explains that the esterification reaction was influenced 

by high surface area of carbon cryogel due to the available number of acid site on 

the carbon cryogel surface. Besides, the study also revealed the importance of 

total acidity and its effect on the reaction and ethyl levulinate production. 

Therefore, the relationship between carbon cryogel surface area and total acidity 

are very important and need to be considered in order to enhance the reaction with 

high production of ethyl levulinate. 

 

3.3. Comparative study 

The result of this study was compared with the result obtained by previous studies 

as shown in Table 2. The result was compared based on esterification condition in 

producing ethyl levulinate to observe the ability and performance of carbon 
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cryogel with other catalyst. Amberlyst-15 is a commercial catalyst which shows 

high performance to many reactions. As for the levulinic esterification, the 

moderated yield was obtained using Amberlyst-15 at moderate condition [12]. 

Besides, SO4/SnO2 shows low yield of ethyl levulinate at moderate reaction 

condition. The Amberlyst-15 and SO4/SnO2 may obtain a higher yield of ethyl 

levulinate if their reaction condition is modified such as the reaction was 

conducted at longer reaction time and increasing the catalyst loading. High 

performance was shown by dodecatungstophosphoric acid supported on 

desilicated H-ZSM-5 (DPTA/DH-ZSM-5) with high yield of ethyl levulinate of 

82.0 % at moderate reaction conditions [10]. Catalyst modified using chemical 

may show high performance due to the active site promoted by the high acidity of 

chemical compound. Besides, UiO-66 and UiO-66–NH were prepared from 

terephthalic acid and aminoterephthalic acid, respectively also have shown high 

performance for esterification reaction of levulinic acid [19]. The reaction have 

produced ethyl levulinate yield of 94.0 % and 95.0 %, respectively. The long 

reaction time (8 h) is required to obtain high yield of ethyl levulinate. High 

performance was shown by catalyst promoted by acid used in the UiO-66 and 

UiO-66–NH catalyst synthesis.  

 
Fig. 6. Effect of carbonization (a) temperature                                                           

and (b) time of carbon cryogel on ethyl levulinate yield. 
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Table 2. Comparison study on the levulinic                                                                   

acid esterification via heterogeneous acid catalyst. 

Catalyst 
Time 

(h) 

Temp

(°C) 

Catalyst 

load. 

(wt.%) 

Molar 

ratio 

(EtOH 

to LA) 

Yield 

(mol.%) 

Conv. 

(%) 
Ref. 

Amberlyst-

15 

5.0 70.0 2.5 5.0 55.0 50.0
 

[12] 

SO4/SnO2 5.0 70.0 2.5 5.0 40.0 44.0 [12] 

DPTA/DH-

ZSM-5 

4.0 78.0 25.0 6.0 82.0 94.0 [10] 

UiO-66–NH 8.0 78.0 1.8
2 

15.0 95.0 - [19] 

UiO-66 8.0 78.0 1.8
2
 15.0 94.0

 
- [19] 

H4SiW12O40/

SiO2 

6.0 75.0 51.0 18.0 67.0 - [20] 

40WD-S 10.0 78.0 107.7 

(0.5
2
) 

64.0 76.0 - [9] 

Carbon 

cryogel 

10.0 78.0 15.0 19.0 64.5 

(80.0
1
) 

- This 

study 
1 the data in wt.%, 2 the data in mol.% 

 

H4SiW12O40/SiO2 was also applied for the reaction as studied by Yan et al. 

[20] at moderate reaction temperature and 6 h to produce 67.0 % of ethyl 

levulinate. However, the reaction was carried out with high loading of catalyst. 

In addition, the ethyl levulinate was also synthesized in the presence of Wells-

Dawson HPA in silica (40WD-S) using a moderate reaction temperature  and 

long reaction time (10 h) to produce 76.0 % of ethyl levulinate. The high yield 

obtained was also was influenced by high loading of catalyst used which is 

about 107.0 wt% with 64.0 of molar ratio of ethanol to levulinic acid. The high 

catalyst loading possibly give more surface reaction with active site and higher 

solvent used will shift the reaction for ethyl levulinate production. However, the 

high usage of catalyst loading and ethanol may increase the production cost. 

The long reaction time increases the usage of energy for production. The 

additional cost of using higher catalyst loading may reduce the production 

efficiency unless the catalyst used is high catalytic stability. As for carbon 

cryogel, moderate reaction temperature was also applied for 10 h of reaction 

time to produce 80.0 wt.% (64.5 mol.%) of ethyl levulinate. Carbon cryogel 

also has shown good performance of catalytic reaction as obtained by 

H4SiW12O40/SiO2 and 40WD-S. The carbon cryogel produced from lignin and 

furfural had obtained high surface area and total acidity which has shown high 

potential for the esterification reaction. Further study or modification on carbon 

cryogel is possible in order to improve the carbon cryogel production and 

enhance the reaction with high production of ethyl levulinate. Even though long 

reaction time was applied in this study using carbon cryogel, the condition used 

is not the optimum as it was fixed for observation of carbon cryogel 

performance. Therefore, further study is required to be conducted to obtain the 

optimum parameter condition on ethyl levulinate production.  
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4.  Conclusions 

The carbonization study of carbon cryogel obtained the optimum carbonization 

temperature and time of 500 °C and 4 h, respectively for ethyl levulinate 

production. The carbon cryogel was produced with high surface area and acidity 

as the selected carbon cryogel has obtained the total surface area of 214.19 m
2
/g 

and acidity of 11.29 mmol/g. The effect of carbonization temperature and time 

gave a significant effect on their total surface area and also the total acidity of 

carbon cryogel. Besides, the effect of carbonization on carbon cryogel also shows 

an effect on the production of ethyl levulinate from esterification of levulinic acid 

due to the influence of total surface area and acidity of carbon cryogel. The 

carbon cryogel has shown the potential as solid acid catalyst for esterification of 

levulinic acid. The carbon cryogel prepared in this study was applied for the 

reaction and have produced up to 80.0 wt.% of yield of ethyl levulinate.  
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