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Given the continuous increase in global energy demand and the decreasing
availability of fossil fuels, there is a growing interest in utilizing energy derived from
biomass as an alternative source. This thesis therefore focuses on studying and
developing catalysts for converting biomass into alternative fuels and high-value
chemicals, such as biodiesel from palm oil and gamma-valerolactone from methyl
levulinate, respectively.

The first part of this thesis investigates the influence of crystallinity of zeolite
NaX in potassium-supported zeolite NaX catalysts and employs it in the
transesterification reaction of palm oil and methanol to synthesize biodiesel. In this
study, zeolite NaX samples were synthesized with varying hydrothermal treatment
times of 0, 4, 8, 12, and 24 hours to achieve zeolite NaX with different degrees of
crystallinity. Ultrasound-assisted impregnation with potassium acetate buffer was then
employed to prepare the catalysts. The findings revealed that increasing the
hydrothermal treatment time resulted in higher crystallinity of zeolite NaX, with
complete crystallization observed at hydrothermal times of 8 hours or longer. The
utilization of zeolite NaX with higher crystallinity as a catalyst support resulted in
stronger basicity of the catalysts, directly enhancing the transesterification efficiency of
palm oil to biodiesel.

In the second part of this thesis, the catalytic behavior of nickel (Ni) and copper
(Cu) mono-and bimetallic (NiCu) catalysts was investigated for the hydrogenation of
methyl levulinate to gamma-valerolactone. The study revealed that both Ni and NiCu
catalysts are effective for the hydrogenation of methyl levulinate to gamma-

hydroxypentanoate. However, NiCu has a better tendency to accelerate the conversion
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of gamma-hydroxypentanoate to gamma-valerolactone through cyclization process
more efficiently than the Ni catalyst. Additionally, it was found that the NiCu catalyst
exhibited superior performance even at temperatures below 140 °C, yielding up to
75% gamma-valerolactone within 6 hours. In contrast, the Ni catalyst demonstrated
comparable efficiency only at 200 °C, yielding 28% gamma-valerolactone at 160 °C and
showing no catalytic activity below this temperature. Furthermore, activation energy
from experimental study of cyclization step over Ni is about two times larger than that
of NiCu (E5? values are 121.7 and 56.0 kJ-mol-K™! for Ni and NiCu, respectively). This

study provides clear evidence of the superior performance of NiCu catalysts in gamma-
valerolactone production.
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