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ABSTRACT

Mitigation in global warming and issues of India’s energy security, self-sufficiency and
diversification of energy basket are key factors to propagate need for alternative clean fuel
like hydrogen. Hydrogen contributes very significantly to the refining industry globally. It is
also one of the most expensive molecule and requires valuable naphtha or gas to produce it
via steam reforming route. As is foreseen in the future, its demand will expand in both
technology end use and requirement for product up gradation. Ligno-cellulosic-biomass
derived bio-oil is more sustainable carbon dioxide neutral energy source precursor without
raising food and fuel debate. It is considered second generation fuel source and offers diverse
utilization routes with hydrogen production as one of them by catalytic steam reforming of
bio-oil. Steam reforming is promising route as it gives high hydrogen yield with low CO>
emission. Therefore, development of a stable and selective catalyst for high hydrogen yield
and CO minimization at optimum reaction conditions is prudent area of research globally.

The present research work explores the role of catalysis in steam reforming of bio-oil with
Ni/CeO2-ZrO, and doped Ni/CeO2-ZrO,-La O3 catalyst. Initially, Ni/Al.O3 catalyst was used
for experimental investigations but the level of deactivation was very high leading to short
rum time and therefore further studied were only done using ceria-zirconia supported doped
and undoped catalysts. The catalysts were prepared by impregnation co-precipitation method
and were characterized using various techniques viz, Scanning Electron Microscopy (SEM),
Transmission Electron Microscopy (TEM), X-Ray Diffraction (XRD), Brunauer Emmett
Teller (BET) Surface Area, Temperature Programmed Reduction (TPR), Raman Spectroscopy
(RS), Thermo Gravimetric Analysis-Differential Thermal Analysis (TGA-DTA), Inductively
Coupled Plasma-Mass Spectrometry (ICP-MS), Hj>-Chemisorption, NHz-Temperature

Programmed Desorption (NH3-TPD), Fourier Transform Infra Red (FTIR) spectroscopy.
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Catalyst support characterization results revealed that ZrO, content in catalyst lattice
improved the oxygen storage capacity of support and thereby improving catalyst activity.
Also, characterization of nickel impregnated catalyst (Ni/CeO.-ZrOz) and doped catalyst
(Ni/Ce0O2-ZrO,-La203) showed reducibility of NiO at lower temperature. Wheat straw was
used as a ligno-cellulosic biomass for preparing bio-oil by fast pyrolysis at 500°C. Effect of
temperature and sweep gas flow rate on bio-oil yield were studied in producing bio-oil for the
further detailed steam reforming experiments of the bio-oil prepared. Physiochemical
characterization of bio-oil was done by various techniques viz, Density, Ash, Moisture and
CHNO analysis, Fourier Transform Infra Red (FTIR) spectroscopy, Gas Chromatography-
Mass Spectrometry (GC-MS) and Nuclear Magnetic Resonance (NMR) Spectroscopy (*H-
NMR and *C-NMR).

The effects of temperature, space time and S/B on bio-oil conversion and product selectivity
were investigated in a tubular fixed bed reactor at atmospheric pressure. Initial theoretical
trends were obtained using thermodynamic analysis with Aspen plus simulator for reactor
parameters optimization for reforming. Experiments in the temperature range of 600-850 °C,
space time of 650-1900 Qcat.S/Qvio-oit and S/B (steam to bio-oil molar ratio) of 3.5-7.5:1 was
performed for the two set of catalysts. Gaseous products obtained from reforming were
mainly Hz, CO, CO. and CHa. Overall conversion, hydrogen yield and product selectivity for
both catalysts were analyzed and compared. After optimized reaction parameters, further
experimental runs were done with different S/B and Ni wt % for the doped catalyst. Ceria wt
% in the doped catalyst was also varied. Experimentally, effect of Ce loading on hydrogen
yield at different temperatures at W/Fao 0of 1900 gcat.S/gbio-oit and S/B of 5 for doped Ni/CeO-
Zr0O,-La,03 catalyst (Ni 20 wt% and La>Os3 3 wt%) was studied and variation in hydrogen
yield with varying Ce was not significant and therefore equi-molar CeO2:ZrO, composition in
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support was selected for future experiments with Ni 20 wt% in doped catalyst. Weight ratio
(Ce:Zr) for CeO,-ZrO, were taken as 0.6:0.4, 0.5:0.5 and 0.4:0.6. Ni 20 wt% was selected
after varying and testing catalyst with different Ni wt% of 10%, 15%, 20% and 25% for
Ni/CeO2-ZrO,-La>03 catalyst (CeO2:ZrO> molar ratio 1:1 and La>O3 3 wt%) at different
temperatures in the range of 600 °C to 850 °C. At initial temperatures till 650 °C, variation in
hydrogen yield was not significant with changing Ni wt% but at higher temperatures wide
variation in yield was reported. At 850 °C, variation in hydrogen yields for Ni 20 wt% and Ni
25 wt% are very close and therefore Ni 20 wt% is chosen for further experiments. Spent
catalyst was also characterized using BET, XRD TEM, SEM, TPH, TPO, TGA and RS, to
analyze the extent of coking and carbon deposition particular to the reforming reaction of bio-
oil. Results reveal that Ni aids to cleave the C-C and C-H bonds of oxygenated compounds of
bio-oil to produce hydrogen and CO. LayOs further reduces CO concentration in product
stream by promoting water gas shift reaction and reduced coking. Bio-oil conversion and
hydrogen selectivity increased with increasing contact time while CO and CH4 selectivity
decreased. Investigation revealed that La,Oz promoted catalyst has better catalytic activity
with reduced coking than that of Ni/CeO2-ZrO; catalyst. It was deduced that with optimized
reaction parameters of temperature, space time and S/B, Ni/CeO2-ZrO,-La;03 can be a

promising catalyst for bio-oil steam reforming.
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