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Sulfonic Acid-functionalized Mesoporous 
Platelets as Efficient Catalysts for Biodiesel 
Synthesis

Zeolites with high surface areas and uniformmicropores have been widely used as solid acid catalysts in the 
petrochemical industry.  However, the pore sizes of zeolites are too small to accommodate the large molecules 
encountered in biodiesel synthesis. In contrast, the liquid acids currently are used in biodiesel synthesis.  Sul-
fonic acid-functionalized mesoporous platelet material (SA-SBA-15), having the character of better molecular 
diffusion, higher surface area and larger accessible sulfonic acid sites, shows higher efficient, water-tolerant 
and reusable solid acid catalysts for biodiesel synthesis, compared with a commercial ion exchange resin (Am-
berlyst 15 acidic resin).
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Biodiesels are long chain alkyl esters synthesized 
by transesterification of triglyceride with an excess 
amount of methanol (MeOH) or ethanol.  The produc-
tion of first generation biodiesel by transesterification 
requires high quality vegetable oils with low carbox-
ylic acid content (< 0.5 wt%) as feedstock, which is 
competition for food supply.  Recycled cooking grease 
and oils can be used as feedstock after removal of 
carboxylic acids by a previous esterification reaction, 
which is a complement to the main transesterifica-
tion reaction used to produce biodiesel.  Industrially, 
strong liquid acids, such as sulfuric acid, hydrochloric 
acid (HCl) and para-toluenesulfonic acid, are used 
as the esterification catalysts and they are corrosive 
and difficult to be recycled.  In this study, the sulfonic 
acid-functionalized mesoporous platelet SBA-15 (SA-
SBA-15-p) material was one-pot synthesized by co-
condensation method and used as solid acid catalysts 
for esterification of long chain carboxylic acids with 
MeOH.  The effects of channel lengths, sulfonic acid 
loadings, surface hydrophobicity, and water content 
on the catalytic performance of the short-channel SA-
SBA-15-p catalyst were thoroughly examined.  The 
results were also compared with that of long-channel 
counterpart with fiber-like morphology and commer-
cially available Amberlyst 15 acidic resin.

 The short-channel 15SA-SBA-15-p catalyst was 
prepared based on a reactant composition of 0.017 
copolymer surfactants (P123) : 1 tetraethyl orthosili-
cate (TEOS) : 0.15 3-mercaptopropyltrimethoxysilane 
(MPTMS) : 0.05 ZrOCl2·8H2O : 7.9 HCl : 9 H2O2 : 
220 H2O.  TEOS pre-hydrolysis in the acidic synthesis 
solution containing Zr(IV) ions before the introduction 
of MPTMS and H2O2 was necessary in order to obtain 
well-ordered pore structure and platelet morphology.1  
The synthesis gel sealed in a polypropylene bottle was 
stirred at 35 oC for 24 h and hydrothermally heated 

under a static condition at 90 oC for another 24 h.   
Solid precipitate collected by filtration was washed 
thoroughly with de-ionized water, followed by drying 
at 50 oC overnight.  P123 was removed from the solid 
product by ethanol extraction at 78 oC for 1 day.  The 
resultant solid product was short-channel 15SA-SBA-
15-p catalyst.  A fiber-like counterpart with long chan-
nel in the micrometer scale (15SA-SBA-15-f) was also 
prepared.  The chemical environment of sulfonic acid-
functionalized SBA-15 materials was examined by 
the sulfur K-edge X-ray absorption near edge structure 
(XANES) spectra, which were obtained at beamline 
16A of NSRRC, under a standard operating condition 
of 1.5 GeV and 360 mA.  The photon energy was cali-
brated using the L3-edge of metallic Mo foil at 2520.2 eV.

SEM photos (Figs. 1(a) and 1(b)) show that the 
15SA-SBA-15-p catalyst has short channeling pores in 
150-350 nm due to its unique platelet morphology.  It 
is particularly noticeable that the channeling pores are 

Fig. 1: SEM photos of (a) and (b) short-channel 15SA-SBA-15-p and 
(c) and (d) long-channel 15SA-SBA-15-f catalysts.
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much shorter than that of fiber-like counterpart in the 
micrometer scale (Figs. 1(c) and 1(d)).

The extent of oxidation of mercaptopropyl groups 
by H2O2 was confirmed by acquiring the sulphur K-
edge XANES spectra of short-channel 15SA-SBA-15-p 
catalyst (Fig. 2), in comparison to those of known 
sulfur standards, using synchrotron X-ray radiation at 
beamline 16A of NSRRC. The sulfur K-edge absorp-
tion is attributed to the electron transition from the 
1s orbital of sulfur to the predominately 3p orbitals.  
The absorption edge, white line intensity and scatter-
ing feature are dependent on the oxidation state and 
coordination environment of the sulfur species.  The 
absorption edge shifts toward higher energy region 
when the oxidation state is increased.  Those features 
allow us to clarify the different sulfur species in the 
materials.  For MPTMS, an intense adsorption peak at 
2472 eV is assigned to the S-2 species of -SH groups.  
For 2-(4-chlorosulfonylphenyl) ethyltrimethoxysilane 
(CSPETMS), the strong absorption at 2480 eV cor-
responds to the S+6 species of -SO2Cl groups.  As to 
the oxidized catalysts 15SA-SBA-15-p and 15SA-SBA-
15-f, only a strong absorption band at 2480 eV is 
seen, implying that the oxidation of mercaptopropyl 
groups to propylsulfonic acids by H2O2 added in the 
synthesis solution is nearly complete.

Figure 3 compares the catalytic activities of sul-
fonic acid-functionalized SBA-15 materials of similar 
acid capacities with short or long channels as well as 
that of Amberlyst 15 in esterification of LA (C12H24O2) 
and PA (C16H32O2) with MeOH.  In the esterification of 
LA with methanol (Fig. 3(a)), short-channel 15SA-SBA-
15-p and Amberlyst 15 show similar catalytic activi-
ties, and the methyl laurate (ML) yields are faster than 
that over long-channel 15SA-SBA-15-f.  LA was almost 
completely consumed to yield ML and water over 
15SA-SBA-15-p and Amberlyst 15 after ca. 30 h. In 
comparison, the ML yield is only 77% after 35 h over 
the long-channel 15SA-SBA-15-f.

In esterification of PA with MeOH, the differences 
in methyl palmitate (MP) yields over various catalysts 
are more dramatical (Fig. 3(b)). Complete conversion 
of PA to yield MP is achieved after ca. 30 h over both 
15SA-SBA-15-p and Amberlyst 15 catalysts.  The MP 
yield over Amberlyst 15 is slightly higher than that 
over short-channel 15SA-SBA-15-p.  It is attributed 
to that the hydrocarbon framework of Amberlyst 15 
probably facilitates the access of PA molecules to the 
acid sites due to its hydrophobic nature.  On the other 
hand, the MP yield over 15SA-SBA-15-f drops to 45% 
after 35 h. 

The water tolerance of the short-channel 15SA-
SBA-15-p was compared with that of Amberlyst 15 in 
esterification of PA with MeOH.  The initial rate over 
15SA-SBA-15-p catalyst is almost linearly decreased 
from 0.0074 mmol g-1s-1 to 0.0027 mmol g-1s-1 by 
adding water up to 7.0 wt% to the feedstock.  On the 
other hand, although Amberlyst 15 has a higher initial 
rate of 0.010 mmol g-1s-1 in the absence of water, the 
decrease in the initial rate upon adding water to the 
feedstock is more drastic than that of 15SA-SBA-15-p.2
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Fig. 2:  Sulfur K-edge XANES spectra of short-channel 15SA-SBA-
15-p in comparison with MPTMS and CSPETMS, short-
channel 10SH-SBA-15-p and long-channel 15SA-SBA-15-f.

Fig. 3: Esterification of (a) LA with MeOH at 50 oC and (b) PA with 
MeOH at 60 oC as a function of reaction period over three 
catalysts: (○) short-channel 15SA-SBA-15-p, (■) Amberlyst 
15, and (□) long-channel 15SA-SBA-15-f.
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