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The non-ester biodiesel obtained from the hydrotreating process (as known bio-
hydrogenated diesel, BHD) has already been proved to benefit over conventional fatty acid
methyl ester (FAMES) biodiesel. The aim of research is to produce BHD and epoxides
valuable chemical intermediates from non-food feedstock to increase sustainability as a

concept of biorefinery.

Oil extracted from spent coffee grounds and palm fatty acid distillate (PFAD),
inedible by-product, was employed as feedstock to produce BHD. Hydrotreating of coffee
oil was performed over sulphided NiMo/y-Al,O3 and Pd/C as well as monometallic Ni-based
catalysts i.e. nickel sulphide (NiS), nickel phosphide (NiP) and nickel carbide catalysts (NiC)
supported on y-Al,O3. The effects of operating parameters, including reaction time, operating
temperature, and Hy/oil ratio, on reaction performance were investigated. The result revealed
that reaction time of 2 h and operating temperature of 400°C were favorable operating
conditions, and the liquid products mostly consisted of n-C15 and n-C17. Unfavorable
cracking of diesel product is pronounced at high temperature and prolonged reaction time.
Although an increase of Hy/oil promoted overall reaction and hydrodeoxygenation activity
for both NiMo/y-Al,03 and Pd/C, hydrocracking was enhanced over Pd/C which led to a
significant increase in gasoline yield. Moreover, hydrocarbons analysis showed that the liquid
product obtained from Pd/C contained a significant amount of olefins (22.3 wt%) while that
from NiMo/y-Al,O3 contained high amount of isoparaffins (10.8 wt%). Among Ni-based
catalysts, the activity of the catalysts are in the order of NiC > NiP > NiS; however NiC
tended to promote cracking reaction resulting in high gasoline and gaseous yields. On the
other hand, although NiS gives the lowest oil conversion, it is favorable to diesel yield with

lowest methanation and cracking activity. Significant amount of aromatics (4 wt%) with



some isomerization products (0.9 wt%) can also be observed in NiS catalyzed liquid products
while trace amount of these compounds were detected for NiP and NiC catalysts. Comparing
between bimetallic NiMoS and NiS monometallic catalyst, NiMoS catalyst could enhance the
conversion from 72 to 81% and promote the diesel yield from 33 to 40% because of a
synergistic effect of Mo,S and NiS. Without Mo, NiS exhibited low isomerization reaction
(isoparaffins content 0.9 wt%) because of without isomerization sites of Mo,S.
Physiochemical analysis of the diesel fraction exhibited satisfactory properties. The density
and kinematic viscosity were consistent with the specification of commercial bio-
hydrogenated diesel, NEXBTL. Since main products are straight chain hydrocarbons, high
cetane index (> 110) could be achieved from NiS, NiP and NiC catalysts.

Instead of pure hydrogen, direct use of syngas, a cheaper hydrogen-rich gas, as a
deoxygenating agent for BHD production is presented in this study. Low-cost PFAD, an
inedible by-product from refining palm oil, is used as feedstock in the presence of Pd/C
catalyst. The results indicate that syngas can be effectively used in BHD production, while
the achieved BHD yield is slightly lower than that obtained from pure hydrogen. The liquid
products contain mostly n-C;s and n-Cy7, which fall into a diesel range. Decarbonylation is a
prominent pathway under both hydrogen and syngas atmospheres. After reactivation, the
activity of the catalyst could be fully recovered for at least four reused cycles. Reaction
pathways for the catalytic deoxygenation under syngas are also proposed with the underlying
mechanism on the role of CO.

Apart from BHD production, epoxides valuable chemical intermediates production
from methyl oleate was investigated in order to make the current ester based biodiesel more
sustain. TiO, was coated inside the microcapillary reactor wall by a static method, while
H,O, and ethylenediaminetetraacetic acid (EDTA) were used as oxidant and stabilizer,
respectively. The reaction performance was evaluated as oxirane oxygen yield and
selectivity. Without TiO, coated catalyst or formic acid, trace oxirane yield was obtained.
Without EDTA as stabilizer, decomposition of H,O, occurred as bubbles formation causing
system operation failure. The results indicated that TiO, coated catalyst as well as the
presences of EDTA and formic acid were crucial for epoxidation reaction, and oxirane yield
of 43.1% could be achieved at the optimal reaction temperature of 60°C and residence time of
2.7 min. The results were compared with the data obtained from a batch reactor.

Microcapillary reactor offered continuous operation with 23 times higher reaction rate of



epoxide production than batch reactor. However, TiO; coated layer was partially peeled off
over 3 h leading to a decrease in epoxide yield.
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