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ABSTRACT: The hydrophilicity of sulfonic acid-functionalized
solid catalysts tends to accelerate the deactivation of the catalyst
for chemical reactions where water is produced during the process.
In this work, we proposed a hydrophobic carbon aerogel acid
catalyst derived from coir fibers by a sulfonation-hydrophobization
route via the diazo reduction method. Sulfonation using the diazo
reduction method offers some advantages such as the process takes
only a few minutes and the modified surface can be easily modified
further to be hydrophobic. The carbon aerogel was produced by
direct pyrolysis of cellulose aerogels derived from coir fibers using
an NH4OH−urea method and then sulfonated and hydrophobized
using sulfanilic acid and 4-tert-butylaniline (TBA), respectively.
The carbon aerogel exhibited a very high surface area (2624.93−
3911.05 m2 g−1), which provides a lot of number of sites for sulfonate groups (2.30−2.70 mmol g−1). The water contact angle of the
sulfonated catalyst after hydrophobization ranged from 70 to 115°, depending on the mass ratio of the TBA-to-solid catalyst. The
hydrophobic catalyst exhibited better catalytic performance toward esterification of acetic acid with ethanol. A conversion of 65−
74% could be achieved in a brief time using the hydrophobic catalyst. The conversions were much higher than that obtained by the
unmodified hydrophilic catalyst. Our study offers a strategy to tune the surface hydrophobicity of the sulfonated solid acid catalyst to
match for specific chemical reactions.

1. INTRODUCTION
Biodiesel, one of the renewable fuels derived from biomass, is
regarded as an environmentally friendly fuel due to its low
emissions, high cetane number, flash point, and high
combustion efficiency while being used directly or in a mixture
with an average mixture ratio of 30−50%.1,2 Esterification of
carboxylic acids with alcohols is one of the methods to produce
biodiesel. Strong mineral acids like phosphoric acid (H3PO4),
sulfuric acid (H2SO4), and hydrochloric acid (HCl) are
typically used as homogeneous catalysts in esterification
reactions to accelerate the reactions.1,3−6 However, homoge-
neous strong acid catalysts are toxic, corrosive, difficult to
recycle, environmentally unfriendly, and less cost-effective due
to the multiple stages of washing to purify the biodiesel
product.2,7−9 The utilization of solid catalysts is considered to
be able to overcome the drawbacks of homogeneous catalysts
due to the ease of product separation and reusability that cause
less environmental harm while reducing the production
cost.3−5,10

Sulfonated ordered mesoporous carbons (OMCs) have been
extensively studied as solid acid catalysts and have shown good
performance for esterification reactions. OMCs are typically
prepared through a nanocasting method from carbon
precursors (e.g., glucose, sucrose, and furfuryl alcohol) by

the pyrolysis process along with ordered mesoporous silica
(OMS) templates (e.g., MCM-41 and SBA-15). The main
steps to prepare the OMCs using this method are: (i)
preparation of OMS, (ii) impregnation of carbon precursors
into the OMS, (iii) pyrolysis, and (iv) removal of the OMS.
The OMSs are typically prepared by the catalytic hydrolysis
and condensation of silicon alkoxides using polymers or
surfactants as templates. Hydrofluoric acid (HF), a very
corrosive acid, is typically used to completely remove the OMS
template, making the process harmful and environmentally
unfriendly.11−13 We have proposed sulfonated carbon aerogels
(SCAs) prepared by incomplete carbonization of cellulose
aerogels derived from coir fibers as solid acid catalysts for
esterification reactions.14 Although carbon aerogels are a
nonordered material, they have a high specific surface area and
pore volume and when sulfonated with sulfuric acid and they
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have good catalytic performance for esterification reactions.
The inherent hydrophilic characteristics of solid acid catalysts
produced using sulfuric acid as the sulfonation agent adversely
influenced their catalytic performance due to the production of
water as a byproduct in during the reaction.15−18 Because the
esterification reaction is reversible, the reaction is hindered by
water produced during the reaction, which tends to remain on
the hydrophilic catalyst surface. To improve the catalytic
performance of the solid acid catalyst for the esterification
reaction, the catalyst surface must be modified in such a way
that its properties are changed from hydrophilic to hydro-
phobic.19

This work reports on the preparation of hydrophobic solid
acid catalysts based on carbon aerogels derived from coir
fibers, an agricultural waste and abundant natural material with
a cellulose content ranging from 23 to 43%, via the cellulose
aerogel route.20,21 Previously, it has been mentioned that the
hydrophilic properties of the catalyst surface might be caused
by the inherent properties of H2SO4 as the sulfonating agent.
Therefore, sulfanilic acid was used instead of H2SO4 as the
sulfonating agent in the present work. The use of 4-tert-
butylaniline (TBA) would enable hydrophobization on the
surface of SCAs. The diazo reduction route was applied to graft
aromatic groups on carbon substrates through the reduction
reaction of sulfanilic acid and TBA as an aromatic amine
reagent in the presence of sodium nitrite and hydrochloric
acid. The highly porous carbon aerogel produced by the
pyrolysis of cellulose aerogels was expected to enhance the
grafting process of sulfonate groups to obtain solid acid
catalysts with high density of active sites. Moreover, the
controlled hydrophobicity of the catalyst surface was expected
to eliminate the possibility of the byproduct in the form of
water blocking the active side of the catalyst. The esterification
reaction between acetic acid and ethanol was used to evaluate
the performance of the catalyst.

2. EXPERIMENTAL SECTION
2.1. Preparation of the Carbon Aerogel. Following our

proposed method,14 the carbon aerogel was prepared by
pyrolyzing cellulose aerogels derived from coir fibers with the
ammonia−urea cross-linking system. The coir fiber was
ground, sieved at a size of 120 mesh, and digested in a
solution of 6% sodium hydroxide (NaOH; Merck; reagent
grade), at a ratio of 1 g of coir fiber/20 mL of alkali solution
under atmospheric reflux for 4 h. Typically, 1 g of pulp (dry
basis) was dissolved into solution containing 4 g of urea
(CH4N2O; PT. Petrokimia Gresik, Indonesia), 11 mL of
ammonia 25% (NH4OH; Merck; reagent grade), and 5 mL of
demineralized water, which was then stirred for 15 min and
ultrasonically processed for 30 min. Prior to thawing naturally
to room temperature, the gel formation was maintained at −5
°C for 24 h. Additionally, the gel was immersed in 15 mL of
98% ethanol (C2H5OH; Merck; reagent grade) and permitted
to coagulate for 24 h. The gel was placed in a freezer at −20 °C
for 24 h after being soaked in demineralized water to exchange
ethanol with water. Freeze-drying was carried out for 24 h at a
temperature of −45 °C under vacuum pressure (20 Pa).
Because our previous work reported that the degradation of
cellulose to carbon in aerogels cellulose−NH4OH initiated at a
temperature range of 330−490 °C,22 the current study was
extended by varying the pyrolysis temperature to 500−700 °C.
The cellulose aerogel was then pyrolyzed in a tubular furnace
(Thermo Scientific TF55030C-1, tube ID = 18.1 mm, L = 50

cm, heating zone = 30.5 cm) under an inert atmosphere with a
N2 flow rate of 100 mL/min. Initially, the impurities in gas
were eliminated from the sample by injecting 150 mL/min N2
gas into it for 15 min. To eliminate moisture content, the
temperature of pyrolysis was maintained at 150 °C for 30 min
and increased to 400 °C for 30 min to decompose cellulose
and evaporate volatile substances. The temperature was
increased to 500−700 °C and kept for 2 h to allow the
carbonization process.
2.2. Preparation of the Catalyst. The carbon aerogel was

sulfonated using the diazo reduction method.23 Typically, a
mixture of 1 g of carbon aerogel and 0.1 M sulfanilic acid
solution (H3NC6H4SO3; Merck; reagent grade) (1:1 mass
ratio of carbon aerogel to sulfanilic acid) was heated at 70 °C
under vigorous stirring conditions. An equimolar amount of
sodium nitrite (NaNO2; Merck; reagent grade) and sulfanilic
acid was added to the mixture after the sulfanilic acid had been
neutralized with 0.1 M NaOH solution. Additionally, 4.3 mL of
4 M hydrochloric acid solution (HCl 37%; Mallinckrodt;
reagent grade) was added dropwise, and the grafting reaction
was carried out for 10 min. The obtained sulfonated carbon
aerogel named SCA was washed with demineralized water until
the pH of the filtrate reached a neutral condition and dried at
80 °C for 12 h. The hydrophobization of the acidic carbon
aerogel was carried out following the same method utilizing
TBA ((CH3)3CC6H4NH2; Merck; reagent grade)), 1 g of
SCA, and 0.48 g of NaOH dispersed in the mixture of ethanol
(40 mL) and demineralized water (80 mL) and heated at 70
°C by stirring. Furthermore, NaNO2 with an equimolar
amount to TBA was introduced into the mixture. After 8 mL
of 4 M HCl had been slowly dropped, the grafting process was
completed in 10 min. The solid catalyst was washed until the
pH of the filtrate reached a neutral condition and dried at 80
°C overnight. The obtained hydrophobic SCA was given the
name HSCAx, where x represents the mass ratio of TBA to
SCA.
2.3. Characterization. The morphology of the carbon

aerogel was examined by scanning electron microscopy (SEM;
FlexSEM 100, Hitachi). The identification of functional groups
of the catalyst was detected using Fourier transform infrared
spectroscopy (FTIR; IRTracer-100, Shimadzu) with a
scanning range of 400−4000 cm−1. The specific surface area
of samples was measured using a N2 adsorption−desorption
instrument (NOVA 1200, Quantachrome). First, the sample
was degassed at 300 °C for 3 h before N2 adsorption at −196
°C. The specific surface area was determined using the
Brunauer−Emmett−Teller (BET) plot of the nitrogen
adsorption isotherm. Acid density was estimated using the
neutralization titration method.24 In typical, 0.05 g of the
sample was immersed in 30 mL of 0.02 M NaOH, followed by
an ultrasonic process (40 kHz) for 1 h. The solid sample was
removed, and the filtrate was titrated with 0.01 M HCl in the
presence of phenolphthalein. The concentration of the
remaining OH− ions was determined by assuming that the
amount of supplied H+ ions from HCl was equivalent to the
amount of consumed OH− ions. Therefore, the acid density
was calculated as the amount of OH− consumed (mmol)
divided by the weight of the sample (g). The contact angle of
the water droplet dropped on the catalyst surface was used to
characterize the hydrophobicity properties of the catalyst. The
photograph of the water droplet was taken by a digital camera
with a macro lens and the contact angle was measured. The
bulk density of aerogels ρb was calculated by dividing the
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measured mass (m) by the measured volume (V) of the
aerogel. Then, the porosity of the aerogel was calculated as

1 b

t
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zzzzz

(1)

where ρt is the true density of cellulose (1.528 g cm−3).25

2.4. Catalytic Reactions. According to our previous
work,14 the catalytic performance of the solid acid catalysts
was evaluated for esterification of acetic acid with ethanol. The
esterification was performed in a three-neck flask equipped
with a reflux condenser and heated by a heating mantle with a
temperature controller and a magnetic stirrer. The molar ratio
of acetic acid and ethanol was fixed at 1:2 with a catalyst
loading of 0.01 g/g acetic acid. The reaction was carried out at
80 °C under stirring for 3 h. The progress of the reaction was
followed by periodically sampling from the reaction mixture
and the conversion was determined by analyzing the acetic acid
concentration using gas chromatography (GC; Thermo
Scientific, TRACE 1310). The gas chromatograph was
equipped with a flame ionization detector (FID) and a
Thermo Scientific column of type TG-5MS (30 m; 0.25 mm;
0.25 mm). The input injector, which was set up at 125 °C with
a split ratio of 1:150 and nitrogen carrier gas flowing at 1 mL/
min, was then used to inject 0.5 μL of each sample. The
analysis was started at a temperature of 45 °C and it was
maintained at this temperature for 3 min before being heated
to 125 °C at a rate of 60 °C/min. Next, the temperature was
cooled to 45 °C. Isobutanol was added as an internal
calibration to determine the unreacted acetic acid. The
esterification conversion of acetic acid was calculated as

n n
n

conversion of acetic acid (%) 100%i f

i
= ×

(2)

where ni and nf are the initial and final mole numbers of acetic
acid in the reaction mixture, respectively.

3. RESULTS AND DISCUSSION
3.1. Characteristics of the Carbon Aerogel. The

cellulose aerogel derived from coir fibers using ammonia−
urea cross-linking solution followed by freeze-drying was
cylindrical in shape, with an average diameter and height of
4.04 and 0.72 cm, respectively (insets of Figure 1). The
cellulose aerogel was light brown in color and very light due to
its very high porosity. As shown in Figure 1, a leaf with the
cellulose aerogel put on it was not deflected down due to its
lightweight with an average mass of 0.9 g. The porosity,
density, and specific surface area of the cellulose aerogel were
93.46%, 0.1 g cm−3, and 557.18 m2 g−1, which meets the range
values of typical aerogel materials (porosity 90−99%, density
0.001−1 g/cm3, and 100−1600 m2 g−1).26,27

To produce carbon aerogels, the cellulose aerogel was
directly pyrolyzed under a nitrogen atmosphere at various
temperatures to determine its effect on its characteristics.
Figure 2 shows SEM images of the carbon aerogels produced
at various pyrolysis temperatures. After pyrolysis, the color of
the aerogels changed to black (insets of Figure 2), showing
that cellulose had been degraded to carbon. The carbon
aerogel produced had porous structures and comprised a three-
dimensional network of interconnected fibers having a
cylindrical shape, which inherited the microstructure of the
original cellulose aerogel. The size of the carbon aerogel fibers,
compared to that of the initial cellulose aerogel fibers, became

smaller as the pyrolysis temperature increased. The morphol-
ogy of carbon aerogel fibers produced at a pyrolysis
temperature of 500 °C is cylindrical fibers with intact
structures and lines on their surface. Observing the cross-
section of the carbon aerogel fibers, they had many pores with
an irregular shape and arrangement. When the pyrolysis
temperature was increased, the size of fibers became smaller
and the pores inside the fibers collapsed, leaving the fiber with
a broken wall structure. The shrinkage of fibers and the
collapse of their internal pores were more severe when the
pyrolysis temperature was increased further.
Table 1 shows the characteristics of carbon aerogels

pyrolyzed at various temperatures. The pyrolysis yield, defined
as the mass ratio of the carbon aerogel produced to the
cellulose aerogel, tended to decrease from 22.71 to 17.68%
with the increase of pyrolysis temperature at 500−700 °C.
During pyrolysis, volatile matters in the cellulose aerogel were
cracked and their phases changed into liquid and gas with
lower molecular weights, hydroxyl groups were dehydrated,
and cellulose and lignin were decomposed.28−30 At a pyrolysis
temperature of 500−700 °C, the average pore diameter and
the average fiber diameter were decreased from 4.71 to 3.82
and 58.52 to 34.80 μm, respectively. Although the pore size
inside the fibers decreased, the BET surface area of the carbon
aerogel significantly increased from 2624.93 to 3911.05 m2 g−1

with an increase in pyrolysis temperature. This may be caused
by the formation of more internal pores with smaller pore size
left by the evaporated volatile matters during pyrolysis at
higher temperatures.30,31

Figure 3 shows the FTIR spectra of the cellulose aerogel and
the corresponding carbon aerogels obtained by pyrolysis at
various temperatures. The FTIR spectra of the cellulose
aerogel shows a peak at a wavenumber of 3339 cm−1, which
corresponds to the O−H functional group derived from the
hydroxyl group on cellulose.25,32 The peaks around 3270 and
1595 cm−1 are associated with the N−H group of urea.
Moreover, the bands at 1661 and 1051 cm−1 were attributed to

Figure 1. Physical appearance of the cellulose aerogel. The inset
shows the size of the cellulose aerogel.
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amide C�O and C−N groups of urea, indicating the
important role of urea as a cross-linking agent in the formation
of cellulose aerogels. The presence of C−H stretching and
−CH2− vibration at wavenumbers of 2897 and 1420 cm−1

indicated the existence of CH and CH2 bonds in the cellulose
structure.25,32 The C−O functional group was detected at the
peak of 1031 cm−1, which corresponds to the cellulose C−O−
H group.32 FTIR spectra of the carbon aerogel obtained at a

temperature of 500 and 600 °C show an obvious band of C�
C at 1439 cm−1 and slightly shifts to 1555 cm−1 due to
polycyclic aromatic carbon ring formation. The band at 877
cm−1 can be assigned to C−H aromatic.14,32 Pyrolysis at high
temperatures leads to dehydration, which promotes the
hydroxyl groups of cellulose to disengage and followed by
dissociation of the C−O−C bond, resulting in the formation of
aromatic polycyclic carbon rings.33,34 The bands disappeared at
700 °C because the hydroxyl groups had been evaporated
completely. Cellulose also decomposed into volatile substances
at this temperature and their phase changed into liquid and gas
with a lower molecular weight.28 The highest surface area of
the carbon aerogel was obtained at a pyrolysis temperature of
700 °C, and this sample was treated further for sulfonation and
hydrophobic modification. The results are discussed below.
3.2. Characteristics of the Hydrophobic SCA. Figure 4

presents the FTIR spectra of sulfonated and hydrophobically
modified SCAs prepared using various mass ratios of the TBA-
to-solid catalyst. Three typical bands are apparent in the
spectra of SCAs at 1641, 1544, and 1409 cm−1, which
correspond to C�C functional groups.16,33,35 In addition to
aromatic polycyclic carbon bonding originated from the carbon
aerogel, the bands may come from the aromatic groups of
benzene in sulfanilic acid grafted on the surface of carbon
aerogels. Two bands at 1017 and 644 cm−1 can be attributed
to, respectively, the −SO2− symmetric group and C−S group,
confirming the successfulness of sulfonate grafting on the
carbon surface.16,36 The band at 1544 cm−1 that can be
attributed to the C�C group is still apparent in the spectrum
of all hydrophobically modified sulfonated carbons.16,36 For
sulfonated carbon modified with a TBA-to-solid ratio of 0.3, a
new band appears at 1148 cm−1 that corresponds to
asymmetric −SO2− vibration from sulfonate groups grafted
on the carbon surface. The intensity that characterizes
sulfonate groups at 1104 cm−1 weakens, which may be caused
by hydrophobic agents that cover the groups.37 These signals

Figure 2. SEM images of the carbon aerogel obtained in various pyrolysis temperatures: (A1−A3) 500 °C, (B1−B3) 600 °C, and (C1−C3) 700
°C. The inset pictures show the photograph of the carbon aerogel.

Table 1. Characteristics of Carbon Aerogels Pyrolyzed at
Various Temperatures

temperature
(°C)

yield
(%)

average pore
diameter (μm)

average fiber
diameter (μm)

surface area
(m2 g−1)

500 22.71 4.71 58.52 2624.93
600 19.44 4.21 53.73 3118.42
700 17.68 3.82 34.80 3911.05

Figure 3. FTIR spectra of the cellulose aerogel (i) and its
corresponding carbon aerogel obtained at various pyrolysis temper-
atures: (ii) 500 °C, (iii) 600 °C, and (iv) 700 °C.
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indicate the successfulness of grafting the sulfonating and
hydrophobic agents to the surface of the carbon aerogel.
Table 2 shows the properties of the hydrophobically

modified SCA derived from coir fibers via the cellulose aerogel

route. The acid densities determined by the titration method of
all the prepared catalysts were in the range of 2.30 to 2.81
mmol g−1. The acid density decreased when the catalyst was
hydrophobically modified with TBA. During the modification
process, TBA may be grafted on the surfaces of the sulfonated
catalysts via covalent bonds, which likely caused the sulfonate
groups to be covered and restricted from interacting with
alkaline solution during titration.19,23 This also influenced the
specific surface area of carbon aerogels, which decreased
significantly after being modified with TBA. The decrease is
larger with the increase of the TBA-to-solid ratio.19,23

The changes in the surface hydrophilic−hydrophobic
properties of the SCA before and after surface modification
with TBA were examined by dispersing the aerogels into water
and by measuring the water contact angle. For the unmodified
SCA, the solid particles were immediately dispersed into the
water body once they were dropped on the water surface. This
is different for the case of the modified SCAs. As shown in
Figure 5a, the solid particles floated on the water surface once
they were dropped and then slowly some of the particles
settled down into water due to gravity. Fewer particles settled
down for the SCA modified with a higher TBA-to-solid ratio.
These indicate that SCAs modified with a higher TBA-to-solid
ratio are more hydrophobic. To be more quantitative, the
contact angle of the water droplet dropped on the SCA surface
was measured. Figure 5b shows that the shape of the water

droplet is more spherical for the SCA modified with a higher
TBA-to-solid ratio, leading to a higher contact angle. The
water contact angle increased with an increase in the amount
of TBA grafted on the surface of the SCA. The highest water
contact angle of 115° could be obtained using a TBA-to-solid
ratio of 0.5, which corroborates the results obtained by the
dispersing method.
The surface hydrophobicity properties of the SCA originate

from sulfonic acid (SO3H) moieties introduced on the carbon
surface. After sulfonation, the carbon surface is partially
covered by SO3H moieties that show good affinity toward
water molecules.38 The SCA immersed immediately when
dropped on the water surface and water dropped on the
aerogel surface absorbed immediately and did not have a
chance to form droplets. After TBA grafting, SCAs did not
immerse immediately into water but stayed floating on the
water surface for a sufficiently long time before some particles
settled due to gravity. In addition, water could form droplets
on the aerogel surface. During surface modification, parts of
the SO3H−carbon surface are capped by alkyl moieties that
reduce the acid density as previously discussed. The alkyl
moieties induce less affinity toward water molecules resulting
in hydrophobic nature and water repellent properties.39

3.3. Catalytic Esterification Reaction on the Catalyst.
To clarify the effect of surface hydrophobic modification of the
SCA on the catalytic performance, esterification of acetic acid
with ethanol was performed as a model reaction. Figure 6
presents the acetic acid conversion during esterification using
the unmodified and hydrophobic modified catalysts at various
reaction times. Although the acid density and the specific
surface area of modified hydrophobic catalysts are lower, their
conversion is higher than that obtained using the unmodified
hydrophilic catalyst. For the unmodified hydrophilic catalyst,
the conversion increased slowly with time and reached only
about 27.93% at a reaction time of 180 min. On the other
hand, the conversion increased rapidly when using modified
hydrophobic catalysts and reached >66% for the first 30 min of
reaction. At the end of the reaction (180 min), the conversion
for all hydrophobic catalysts reached >70%. However, the
catalytic performance seems less effective when the catalyst is
strongly hydrophobic as shown by the decrease in conversion
of the reaction catalyst with a water contact angle of 115°.
Strong hydrophobicity of the catalyst surface has adverse effect

Figure 4. FTIR spectra of the SCA: (i) SCA, (ii) hydrophobic SCA
with a mass ratio of TBA to SCA of 0.1:1 (HSCA0.1), (iii) mass ratio
of TBA to SCA of 0.3:1 (HSCA0.3), and (iv) mass ratio of TBA to
SCA of 0.5:1 (HSCA0.5).

Table 2. Properties of the Functionalized Carbon Aerogel

sample

TBA/
SCAa (g/

g)
acid density
(mmol/g)

surface area
(m2 g−1)

water contact
angle (°)

SCA 0 2.81 3808.00
HSCA0.1 0.1 2.70 3658.59 70
HSCA0.3 0.3 2.56 3586.37 94
HSCA0.5 0.5 2.30 3397.58 115

aTBA/SCA: mass ratio of 4-tert-butylaniline/sulfonated carbon
aerogel.

Figure 5. (a) Dispersion of the prepared hydrophobic SCA into
water, and (b) water contact angles of the hydrophobic SCA.
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on its catalytic performance for compounds containing oxygen
and nonpolar moieties due to their strong attraction to the
hydrophobic surface of the catalyst.23,40,41 In our case,
esterification was performed using both reactants and the
main product of organic compounds, which make desorption
of products from the catalyst surface with high hydrophobicity
more difficult due to the strong affinity between the catalyst
and the product.
The results suggest that the acid side density and surface

area are not the only parameters influencing the catalyst
performance. As previously mentioned, the acid density and
the specific surface area of the catalyst decreases with the
amount of TBA added. Thus, the active side, specific surface
area, and hydrophobicity of the catalyst significantly affect the
activity of heterogeneous acid catalysts. For the esterification
case that produce water as a byproduct, the hydrophobicity
directly influences the conversion due to water repelled from
the surface that induces a forward reaction. On the contrary,
hydrophilic surfaces lead to the adsorption of water on the
catalyst surface. This adsorption has a potential to block the
catalyst pores and the active sides. Moreover, the hydrophobic
surface of the catalyst can promote the adsorption of organic
reactants in the catalytic reaction system and restrict the
reverse reaction.14,19,23,42

4. CONCLUSIONS
In summary, the hydrophobic solid acid catalyst was
successfully prepared by pyrolysis of cellulose aerogels derived
from coir fibers using sulfanilic acid as the sulfonating agent
and TBA as the hydrophobic agent. The highest specific
surface area of 3911.047 m2 g−1 was achieved at 700 °C, and
this sample was subsequently processed further for sulfonation
and hydrophobization. The hydrophobicity of the catalyst
surface could be adjusted by introducing TBA via the diazo
reduction method to the sulfonated carbon. Meanwhile, both
acid density and surface area of the carbon aerogel decreased
when a higher amount of TBA was added. This study reveals
that acid density and specific surface area are not the only
parameters affecting the catalyst performance. The surface
hydrophobicity of the solid acid catalyst also plays an
important role in the catalytic performance of catalysts for
reactions producing water as a byproduct such as esterification
reactions.
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