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ABSTRACT

Gasification of high-ash coal results in a syngas with large concentrations of various
contaminants which necessitates a rigorous clean-up and conditioning process to produce
syngas suitable for methanol production. As the design of the clean-up and conditioning
process has a significant impact on the economy of the coal-to-methanol process, this work
addresses intensification of the clean-up and conditioning process for syngas exiting a low-
grade coal gasifier. A model-based approach is followed, and numerical simulations of

individual units are used to assess their performance.

A one-dimensional model is developed to predict the performance of a pilot-scale
bubbling fluidized bed gasifier for low-grade coal gasification. The model is found to predict
the outlet composition of the pilot-scale gasifier with reasonable accuracy for different
operating conditions. It is shown that the cold gas efficiency of the gasifier exhibits a maximum
with the oxygen content of the fluidizing gas. It is also shown that the molar H2/CO ratio at the
gasifier exit can be tailored by altering the steam feed rate. Further, an algorithm is proposed
for screening and sequencing of syngas clean-up and conditioning processes. Using a sample
syngas composition as the design basis, the feasibility of different sub-process schemes for
clean-up and conditioning of syngas is examined by performing process simulations.
Simulation of the entire clean-up and conditioning process scheme along with the closed-circuit
methanol production unit is then performed and it is shown that the process scheme can yield
methanol at 1000 kg/day. While the absorption-based clean-up units can be operated under
varying load conditions using an over-design factor, the load-flexibility of the catalytic systems
such as the partial water-gas shift unit needs to be ensured. Thus, a dynamic model is developed
for a sour water-gas shift reactor and the optimum design and operating parameters are obtained

by solving various optimization problems. The reactor designs where the molar H2/CO ratio at



the reactor exit is governed by equilibrium limitations are found to be dynamically more stable
under fluctuating load. The model is extended to examine the possibility of carrying out two
reactions: water-gas shift reaction and COS hydrolysis in a single fixed-bed reactor. Techno-
economic optimization studies are carried out to propose a heat-integrated multi-functional
reactor design for water-gas shift and COS hydrolysis reactions. It is shown that low feed
temperatures and high steam flow rates result in high COS conversion at a fixed CO
conversion. However, reactor designs with higher feed temperatures eliminate the requirement
of hot utility since the products leaving the reactor have sufficient enthalpy to pre-heat the feed

syngas.

Ab-initio calculations based on density functional theory are used to establish the
dominant reaction pathway for COS hydrolysis on y-Al.O3. Further, optimization of single-
pass and closed-circuit methanol production processes involving a multi-tubular reactor is
carried out. Maximum COx conversion of 70% is obtained in the single-pass process while up
to 90% COx conversion is obtained in the closed-circuit process. It is shown that the
concentrations of inert species in the raw syngas significantly increases the reactor size and

recycle processing costs in the closed-circuit process.

The methodology and the results obtained in this work can be used for the design,
analysis, and techno-economic optimization of a network of unit processes and unit operations

with multiple heating and cooling operations.

Vi
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