
Proceedings Published 2004 by the American Chemical Society

PRODUCTION OF HYDROGEN FROM  
VEGETABLE OIL  

 
Ross A.B., Dupont V., Hanley I., Jones J.M., Twigg M.V. 

 
Energy and Resources Research Institute, The University of Leeds 

Leeds, LS2 9JT, UK. 
 
Introduction 

The production of hydrogen from biomass and bio-oils represents 
a realistic renewable source. The development of the bio-diesel 
infrastructure could enable hydrogen to be produced from vegetable 
oil derived materials by either decentralised stationary reformers or 
on-board fuel processors. 

Unmixed steam reforming first proposed by Kumar, Lyon and 
Cole [1], is an emerging concept for enhancing the steam reforming 
process. It encompasses the concepts of unmixed combustion, 
regenerative sorption assisted steam reforming, and is potentially 
autothermal. It can be operated on a smaller scale to conventional 
steam reforming at lower pressures. The process operates in two 
steps forming a cycle. Firstly, an oxygen mass transfer catalyst is 
oxidised under air flow. In this study, the catalyst is Ni-based and its 
oxidation results in the formation of NiO compounds. The reaction is 
exothermic and heats up evenly the reactor bed. During this step, the 
reactor also contains a carbonate, here a Spanish dolomite (50/50% 
CaCO3/MgCO3). Some of the heat evolved during the Ni oxidation is 
used to decompose the carbonate, releasing the CO2. Secondly, the 
air feed is discontinued and is switched to the fuel/steam mix. Upon 
contact with the hot catalyst bed, the steam reforming reaction 
progresses, and CH4, CO, CO2, and H2 are evolved. Under this step, 
the NiO reduces back to Ni while there is CO2 capture on the 
adsorbent. The latter shifts the equilibrium of the water gas reaction 
toward increased hydrogen production. Hydrogen production is 
therefore intermittent, and for a continuous hydrogen yield, at least 
two identical reactor beds would need to run in parallel, each 
operating out of step. The cycle of reactions involved in the unmixed 
reforming process of an oxygenated hydrocarbon fuel such as 
vegetable oil is postulated below: 
 
- Under air feed : 
Ni + 0.5 O2 ⇒ NiO  (∆H<0) 
MCO3 ⇒ MO +CO2  (∆H>0) where M is either Mg or Ca. 
The gas product from this half cycle is an O2-depleted, CO2-rich air 
stream. 
 
-Under fuel/steam feed:  
(MO+NiO) + fuel(v) + H2O(v) ⇒(MCO3+Ni) + little (CO, CO2) + 
ca.80% H2 + H2O (∆H>0) 
For sunflower oil fuel, the elemental composition is taken to be 
C18H34.4O2.1. 
 

The benefits of this process include an evenly heated reactor bed 
across its whole cross section, two product streams being either H2  
or CO2 rich, low sensitivity to coking, low sensitivity to sulphur 
poisoning, autothermal behaviour, and, when running on a renewable 
fuel, no net-CO2 emissions. 
 
Experimental 

Following a period of catalyst and CO2-adsorbent screening 
using a micro-reactor [2], the bench scale demonstration unit of 
unmixed reforming described in Figure 1 was designed to run on 
either methane or vegetable oil. The unit operates at pressures 
between 1-2 bar. The reactor temperature is maintained within the 
region of 600-800oC, initially by means of an external heating coil, 

which can be phased out in the event of autothermal operation 
setting-in. 

The liquid flow rates of oil or water are maintained within the 
range 0-3.2 ml/min depending on conditions. The two feed flows are 
preheated at 400oC, the temperature at which vegetable oil is 
completely vapourised. For a more detailed description of the reactor 
and its operation we refer the reader to [3] 

During the fuel step a flow of either nitrogen diluted methane or 
nitrogen and vapourised vegetable oil mixture pass through the 
reactor together, this is then switched to air during the oxidative step. 
When using CH4 and N2 as the fuel feed, the inlet flows are 200 and 
600 sccm respectively. When using sunflower oil, the liquid flow is 
0.57 ml/min. Various steam to carbon ratios were studied. 

The product gases are cooled using a water cooled condenser 
before entering a water trap followed by a chemical water trap (silica 
gel). The dry gaseous products are fed through a series of analysers.  
The gas volume concentrations of CO, CO2, CH4, H2 and O2 were 
monitored online using analysers from ABB. The gas reaching the 
analysers was dry and at room temperature.  
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Figure 1. Schematic diagram of bench scale unmixed reforming 
reactor. 
 
Results and Discussion 

H2 production under fuel feed 
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Figure 2.  Selectivity to H2 (%) with varying steam/carbon ratio 
during the methane feed step experiments when there is no CO2 
adsorbent in the reactor. Cycle 1 has no steam, cycles 2, 3, and 4 
have steam/C of 1.65, 3.3 and 4.95 respectively. Water produced in 
the reactor makes for the balance to 100 %.  
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Because the peak dry H2 concentrations corresponding to Figure 
2 were quite low (10%, 16%, 25%, 27% respectively), due to the 
presence of the diluent N2, we choose to show how the selectivity to 
H2 improved with the presence of steam in the feed. In Figure 3, the 
effect of reactor temperature for the non-diluted methane feed in the 
reactor containing the CO2 adsorbent can be seen on the dry H2 
concentration. 
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Figure 3. Typical dry gas composition of gaseous products during 
the fuel step for:- 
7a.  methane at 650oC, Steam/C of 4. 
7b. methane at 600oC, Steam/C of 4. 

 
Figure 3 a-b show that CO2 and CH4 dry gas concentrations are 
significantly reduced to the benefit of that of H2 when the average 
reactor temperature of the fuel step is lowered from 650oC to 600oC. 
This indicates increased adsorption of CO2 and the expected effect of 
shift in the water gas reaction. The extent to which CO2 adsorption is 
maintained on a continuous basis is dependent upon the extent of 
regeneration of the adsorbent achieved during the previous oxidation 
cycle. 
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Figure 4. shows the effect of steam carbon ratio on the peak dry H2 
concentration when using a nitrogen (558 sccm) and sunflower oil 
(0.57 ml/min) mix in a reactor containing just the Ni catalyst, in the 
absence of CO2 adsorbent. 
 
The points shown in Figure 4 are the results of experiments carried 
out on three different days on the same catalyst. In spite of this, a 
clear trend can be picked up whereby the maximum dry H2 
concentration is obtained for steam carbon ratios between 2 and 4, as 
was found for methane fuel. However, the selectivity to H2 when 

using sunflower oil was of the order of few percent, hardly 
comparable to the methane experiments. This was concurrent with a 
production of water which was of the same order as the amount as 
the water reactant.   

Catalyst redox cycles under air and fuel feed.  Before we 
could attempt to operate the process autothermally, a major hurdle 
had to be overcome, namely the ability of the catalyst to reduce 
under the fuel feed and oxidize at similar rates under the air feed. Our 
first experiments with methane fuel indicated a rate of reduction two 
orders of magnitude slower than the oxidation rate, hence the 
subsequent experiments with sunflower oil were operated with an 
equivalent fuel molar rate two orders of magnitude larger than the 
methane. This had several effects. The reduction and oxidation rates 
were now both of the order of 10-4 mol/s, but for a small adjustment. 
In counterpart, using a much larger fuel flow without changing the 
air feed had the effect of increased carbon formation by two orders of 
magnitude as well (order 10-4 mol/s). This increased carbon 
formation was an additional oxygen sink to the nickel catalyst during 
the air feed which tended to produce CO and CO2 in similar 
concentrations while it burned at a rate ca. 10-3 mol/s.  Under the 
previous lower methane flow, hardly any CO had evolved during the 
air feed, while all products of oxidation were NiO and CO2. Clearly, 
further optimization of the flows need to be carried out before the 
timing of the flows can be adjusted for autothermal operation. 
 
Conclusions 

During the methane feed step, the main dry gas product was 
hydrogen. However, solid carbon is the main carbon product 
throughout the whole fuel feed step, while water is the principal 
hydrogen containing product during an initial phase. A much 
improved selectivity to H2 product (up to 80%) is achieved when 
introducing steam in the feed. During the air feed step, the oxidation 
of Ni to NiO is slowed down by the carbon deposited during the 
previous fuel step. When operating with an adsorbent, the production 
of hydrogen is increased although the adsorption of CO2 is sensitive 
to the bed temperature.  

When using vegetable oil at a rate two orders of magnitude larger 
than in the methane experiments, chosen in order to achieve the 
desired NiO reduction rate, carbon formation is increased in 
proportion. The dry gas H2 concentration is larger than with methane 
but the selectivity to H2 much lower. The NiO reduction rate under 
fuel feed and the Ni oxidation rate under air feed are of similar 
magnitude, suggesting both feeds need little adjustment in the next 
optimisation phase of the process. Future work will focus on 
achieving autothermal operation in the reactor while maximizing the 
H2 yield and the separation of the CO2 from the H2 product stream. 
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