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Abstract:

Biodiesel is a free fatty acid methyl ester (FAME) produced from transesterification of oil
and short chain alcohol. Nowaday, the cost of conventional biodiesel production might not be
competitive with petro-diesel due to the cost of refined oil as a main feedstock. Many challenge
researches have been proposed the method or technology to efficiently produce biodiesel. One
of the most importance knowledge is the synthesis of the suitable catalyst for biodiesel
production. Solid acid catalyst is a promising catalyst to produce biodiesel from low cost
feedstocks since it can catalyze simultaneously esterification of free fatty acid and
transesterification of triglyceride. In order to improve the biodiesel CO, cycle, the waste
material, coffee residue, was selected as a supported catalyst. It provides the appropriated
texture propertied such as high surface area with mesoporous structure and hydrophobic
properties. The sulfonation with concentrated H,SO, was used for addition the acidic functional
group which exhibit a strong protonic acid site density. Therefore, this research aims to
synthesis sulfonated activated carbon derived from coffee residue (AC-CR-SO3;H) to catalyze
esterification of caprylic acid as a model of free fatty acid. The sulfonation temperature was
various from 140 to 200°C as named AC-CR-SO;H -140°C, AC-CR-SO;H -160°C, AC-CR-
SO;H -180°C, and AC-CR-SO3;H -200°C catalysts.

After sulfonation process, the XRD pattern of all catalysts were similar to coffee residue
activated carbon (CAC) as a support. A few broad peak at 20 = 15-30° and 40-50° were
related to amorphous carbon and graphene sheet at the plan C (101), respectively. FT-IR

spectra of AC-CR at 3400 cm'1 was absence which confirmed the hydrophobic property of this



support. After sulfonation process, FT-IR spectra of AC-CR-SO3H catalysts illustrated the acid
function as 3400 cm™, 1700 cm ™, 1600 and 1300 cm ', 1000 cm” , and 1100 cm™, which
related to O-H stretching mode of COOH and phenolic, C=0 of COOH, C=C of poly-aromatic,
0=S=0 symmetric SO, stretching, O=S=0 asymmetric SO, stretching , respectively [3]. AC-
CR-SO3H-180 catalyst exhibited the highest initial rate due to the highest total acid site density
which included sulfonated, carboxylic and phenolic group. However, the AC-CR-200°C showed
the highest caprylic acid conversion at 2 h while AC-CR-SO3;H-140°C provided the lowest
caprylic acid conversion. It was probably due to AC-CR-SO3;H-180°C catalyst with the strongest
protonic acid site (sulfonated group) was easier to deactivate by water as a by-product of
esterification. However, all of synthesized carbon catalyst demonstrated the higher catalytic
activity than that of Amberlyst-15. However, the solid acid catalysts still provide a lower catalytic
activity as compared to homogeneous H,SO, catalyst.

In addition, deactivation and regeneration of sulfonated activated carbon derived from
coffee residue (AC-CR-SO3H) for esterification of caprylic acid in a three phase reaction system
was also studies. The experiment was divided two part; (1) the reusability of catalyst (1St-4th
cycle) and (2) regeneration of catalyst using methanol washing. It was found that AC-CR-SO3;H
catalyst can catalyze esterification of caprylic acid in a three phase reaction system (1St-4th
cycle) but its catalytic activity was reduced when increase the reaction cycle. The regeneration
of catalyst by methanol washing was the 51% based on the original activity because this
method could not remove the total of chemical bonding between hydrocarbon and catalyst
surface. In addition, the methanol washing might leach the sulfonated group as an active sites
of this catalyst. Furthermore, the deactivation of AC-CR-SO;H catalyst was also studied using
Thermogravimetric analyzer (TGA) and Fourier transform infrared spectroscopy. It was found
that the deposition of hydrocarbon was the major causes of catalyst deactivation due to the

block of accessibility of AC-CR -SO3H catalyst activity sites.
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