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Abstract: The deoxygenation (DO) of triglycerides-based feedgploying NiO-CaO/Si@Al,Os; and
NiO/SiO,-Al 05 catalysts was investigated using semi-batch reagtder partial vacuum and inert N
flow. It was found that bi-functional catalyst highfavorable toward DO activity primarily via
decarboxylation/decarbonylation (deCOXx) with pradedectivity toward diesel-like fuek(C.3-Cyg). The
large existence of strong acid-base sites of thelyst is the main reason for increased C-C cleavag
pathway, while milder acidic sites responsible @O cleavage pathway. High amount of free fattglaci
(FFA) in the feedstock has affected adversely thexggenation of triglycerides by accelerating the
catalyst deactivation. The atmospheric conditi@grde of unsaturated fatty acid in the feedstcatigljty
and basicity of the catalysts are main criteriads promoting deoxygenation activity and deCOx
selectivity.
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1.0 Introduction

Hydrodeoxygenation (HDO) and deoxygenation (DO) among the well known technologies
that have been used extensively to remove oxygem fiatty acids [1] and resulted in production of
hydrocarbon-based fuel that are capable of remapitroleum derived fuel. Due to the considerable
consumption of H2 in HDO process which has becomelsstacle to the widespread application of the
HDO process. Therefore, catalytic DO through (decsylation (eCO) and decarbonylation
(eC02))(deCOXx) of triglycerides and fatty acids areposed to enhance the economic feasibility of
HDO.

The usage of metal oxides in DO reaction has beetirtiously reported and proven to be
selective towards the formation of hydrocarbontfoens [2,3]. Common transition metal oxides thateve
used in DO process included Ni, Co, W [4], Mo, €Ea,and Zn [5]. Among these metals, Ni showed the
highest DO activity. It was consistent with Crolerd coworkers who has reported that DO of tristeari
over 20 wt.% Ni/C showed similar performance witloge obtained over 5 wt.% Pd and 1 wt.% Pt-
promoted catalyst [6]. Several studies indicated Mi promoted catalysts exhibited high DO actiwitg
deCOx pathway during DO of triglyceride oil and rebdompounds (palmitic acid, methyl stearate) to
produce diesel-range hydrocarbons [7,3,8]. Altholgjipromoted catalyst is catalytically reactive,
however, it is still plagued by coke formation pgeh. Coke formation can be prevented or reduced by
integrating basic metal catalyst with acid metahiyet.

SiO,-Al 05 supported catalyst is effective for DO of trioleiia deCOx pathway which produced
73% of C8-C20 hydrocarbons and >45% of deCOx prpdaspectively. Additionally, the catalyst also
exhibited low affinity toward coke formation withkd wt.% after being reused for consecutive four DO
cycles by maintaining the hydrocarbon product yigld>65%. Therefore, the present study consists of
detail study focused on the development of the,3iR0; supported catalyst, the study of the effect of
reaction atmospheres (i.e., partial vacuum and M2iflow) and the role of CaO on DO reaction. @
reactions under inert N2 flow were highlighted. ther studies on optimum set were evaluated and
applied to the DO of realistic feeds, including teasooking oil (WCO), jatropha curcas oil (JCO) and
palm fatty acid distillate (PFAD).



2.0 Experimantal

Si0O,-AlO5 supported NiO-CaO catalyst was prepared usingwibieimpregnation method via
weight percent determination (wt.%). thermally eated at a temperature of 500 °C for 2 h under
atmosphere condition. The catalyst was denotedi@sQdO/SiQ-Al,O; or NiO-10CaO/Si@Al,0s. For
further study, different content of Ca solution (& and 20 wt. %) were synthesized using a constant
wt.% of Ni solution (10 wt.%) via similar methodh@ catalyst denoted as NiO-5CaO/gid,0;, NiO
15Ca0/SiG-Al ,03 and NiO-20CaO/SiQAI 0.

In this study, X-ray fluorescence (XRF), X-ray pavdiiffraction (XRD) analysis and Brunauer—
Emmett-Teller (BET) method was used. The basiaity acidity of the catalysts were investigated using
temperature-programmed desorption with ,C&nd NH. The morphological characteristics were
investigated by field emission scanning electroarascopy.

DO of triolein was performed in a 250 mL mecharicatirred semi-batch reactor under partial
vacuum and Blflow. Two types of DO condition were studied: {ije reaction was performed under
partial vacuum condition at approximately of 10 migg) DO process was performed under inert N2vflo
at the flow rate of 20 cc/min, for reassure corggmoxygen removal. Both DO reactions were performed
at reaction temperature300 °C, where decomposition of triglycerides viaCCeleavage generally
occurred at early stage of reaction condition: >@ and >30 min. The liquid products were
gquantitatively analyzed using gas chromatograph)(&Gimadzu GC-14B) equipped with HP-5 capillary
column coupled with flame ionization detector (FID)

3.0 Resultsand Discussion

In the present work, an effective DO reaction wasldsed by converting triglycerides-based
feeds to diesel-like fuel over NiO/Sji@\l,0; and NiO-CaO/Si@Al,O; catalysts. The improvement of
DO activity over acid-base NiO-CaO/SiAl,0; catalyst was due to the neutralization of the rgtro
acidity catalyst. DO under inert,Nlow are predominantly more reactive than pani@tuum condition
due to the advantages of flbow which is beneficial in maintaining a high ajttic activity by preventing
generated C@CO gases from poisoning the active catalyst sarf@racking pathway was found to be
enhanced with increase of CaO content due to dmmeiss of the high-strength basic and acid sitéiseof
NiO-CaO/SiQ-Al 05 catalyst. Among the CaO content (5-20 wt.%), thgnum content for deCOXx
activity 5 wt. % (NiO-CaO/Si@Al,0;). The effects of reaction time, catalyst loadimgl aemperature
were further investigated with optimum DO conditioin(hydrocarbon fraction = 92%, n-C15 + n-C17 =
61%) was achieved within 60 min, 7 wt.% catalystdiong at 350 °C under inert,Mlow condition. The
efficiency of NiO-5CaO/Si@Al,O; catalyst has been proven to be capable of deoigiggn
triglycerides-based feeds (JCO, WCO, PFAD) throsgjective deCOx pathways by rendering 54%,
74%, and 73% of n-C15 + n-C17 fractions and toyarbcarbon fraction of >74%.
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