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ABSTRACT
The water-gas shift reaction is extensively used in the
industrial production of hydrogen, or to adjust the CO/H,
ratio of synthesis gas for the subsequent manufacture of
chenmicals. The current procedure for the production of

high purity hydrogen involves a two stage catalytic process
utilising a high temperature iron-chromium catalyst to
decrease the CO concentration from an initial value of ca
10 - 60 mole% to ca 3 mole% followed by a low temperature
copper-zinc oxide-alumina/chromia catalyst to further
reduce the CO content to ca 0.3 mole%. Novel Raney copper
catalysts were shown to be highly active for 1low
temperature operation, and form the basis of the

investigations reported in this thesis.

Raney copper catalysts were prepared by the caustic
leaching of extractable metals, aluminium and/or zinc from
composite alloys, to produce high specific surface areas
with porous reaction product zones active for the WGSR. In
contrast, alloys leached in nitric and perchloric acids
resulted in catalysts with low surface areas and low WGS
activities. Characterisation studies showed that the
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chemical nature of the reactant surface could be deter a
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WGS activity decreased as a result of copper crys
sintering which was attributed to a deficiency in zinc
oxide support. Stability was improved by increasing the

Raney copper rim zinc content by leaching the alloys in
caustic solutions containing zincate, or by direct
incorporation using ion implantation. Leaching precursor
alloys rich in zinc was an effective method for increasing
the content of zinc in the rim without compromising the

COopper suriace a

determined using a nitrous oxide pulse chemisorption

technique.
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Statistically designed experiments were employed to
- .

term activity and stability. A 2:.**"7 fractional
factorial design was effective in screening the large
number of process and catalyst preparation variables.
CO:H,0 ratio, alloy particle size, zincate 1leach
concentration and caustic/soluble metal ratio were found to

significantly influence both the long term final activity
and overall change in activity. The preparation variables
were optimised using a central composite design in
conjunction with response surface methodology, and the

sed Raney catalyst performance was evaluated as a

function of time-on-stream, reactor temperature and GHSV.
The WGS activity of Raney copper catalysts was observed to

be further enhanced by the addition of small amounts of

cesium.

Model reagent studies revealed that the WGSR proceeds via
the formation of a surface formate-type intermediate over

the optimised Raney copper catalyst.

Du

‘D
t+
(o)
o
Q
t
t+
o 3
)]

u itivity of copper-based low temperature
shift catalysts in trace amounts of sulphur and the

decreased performance of the iron-chromium high temperature
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shift catalyst in higher sulphur concentrations,; scope

still -exists to design a catalyst to operate in coal-based
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process gas containing variable concentrations o lphur.

This thesis presents results to show that a co-precipitated
cobalt chromium high temperature shift catalyst
demonstrates high WGS activity in both the oxide and
sulphided forms, and in the presence or absence of trace or

concentrated sulphur.
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