SUMMARY

In this report, the published and the unpublished non-proprietary data
and caleulations available on various scale unlts were used to carry oub &
review of several aspects of reaction kinetilcs and reactor performance. The
material was divided into the following categories:

. Hydrodynamic, mixing and mass transfer behavior of various size
reactors.

« lupped kinetic wmodels based on distillation or extraction
fractions.

. Hydrogen consumption kinetics and its dependence on reactor
terperature, pressure and catalyst concentration.

. Thermal behavior of adiabatic reactors.

The performance of a coal liguefaction reacter depends not only on the
intringic kineties but also on prevalling hydrodynamic, mixing and mass
transfer characteristics. The scale—up of the reactor alsc depends on how
falthfully one can predict or reproduce 1ts charactéristics in larger sized
reactors. Many "non-ad justable” parameters iacluding gas and slurry holdup,
axial and radial mixing, gas-liquid mass transfer coefficients, rad;al and
axial distribution of the catalyst, and the intraparticle diffusion inside the
catalyst particles, affect the performance of coal liquefactlon reactors. For
a proper design, these "non-ad justable" parameters, should be expressed as a
function of "adjustable" parameters including superfiiclal gas and slurrey
" velocities, reactor diameter and length, and the physical properties of fluids
and solids. The first section analyzes the vast literature for simple air-
water, two and three-phase bubble column reactors, and discusses the

suitabllity of existing correlations for coal liquefaction reactors. The



design parameters discussed are; flow regimes, bubble dynamics, phase holdups,
gas=liquid mass transfer coefficients, and backmixing in gas, liéuid, and
50lid phases. Based on the availabie Iiterature; sultable correlations are
recommended for the evaluation of non=ad justable parameters along with their
limitations. Some of the h}drodynamic models frequently used for bubble
column reactors are discussed with their application to coal liquefaction
reactors.

In the next section, kinetic models for coal liquefaction are
evaluated. Numerous efforts have beén made in the literature to evaluate and
model the kinetics of coal liquefaction. Since there are many chemical
species present during liquefaction,'kinetic modeling involving individual
chemical species is impossible. Generally, in indirect coal liquefaction,
lumped fractions have been defined either on an extraction basis or on a
boiling point (distillation fraction) basis. A number of kinetic models based
on lumped parameter fraction have been proposed. 1In the first part of this
" section, product characterization of coal ‘liquefaction reactors Iis
described. The two types of characterization techniques; one based on the
solubilities in different solvents, and the other bagsed on the boiling points
of fracticns, are explained highlighting their relative advantages and
limitations. The mechanism of coal liquefaction is briefly outlined followed
by a detalled analysis of kinetic models for donor solvent coal
liquefaction. The models are divided into ﬁhree categories: rare models,
lumped mcdels, and correlation models, the most popular being the lumped
kinetic model. Many investigators have proposed differenﬁ reacrion
pathways. These pathways are tabulated along with the type of coal and
solvent, pressure and temperature, and the type of catalyst. All these mcdelg

however, have a basic drawback, that the applicability of these models is
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restricted to the experimental data on which the model is based. Some of the
models Based'qn relatively large data'bases are eritically evaluated along
with thelr limitations, Finaliy, the.application of correlat;on rodels is
discussed pointing out their relevance in ldentifying the major process
variables.

The last section Is d{vided'inté two subsections, namely, hydrogen
consumption kinetics and the thermal behavior of coal 1iduefaction reactors,
although it should be noted that they are interrelated. Hydrogen consumption
is one of the major'operating costs in direct coal liquefaction. Hydrogen
consumption depends on reaétion temperature; hydrogen partial pressure, nature
and concentratien of éétaiystk(f9cyc1e ash content fﬁ the case of the SRC-II
process) and slurry reéfdénce time. Few_experimental and theoretical studiles
have been carried out studying tﬂe effect of these "ad justable" parameters on
the hydrogen consumption. ALl tﬁese étudiés afe critically analyzed
highlighting their relevance in application to the thermal bebavior of the
reactors. large scéle.reéctofs have a smaller surface to volume ratio and
they will be operated ﬁﬁder'non-isdthérmél and probably close to adiabatic
conditions. The prediction of teﬁberature diétfibution in large scale
reactoré is import;nt for two reésoﬁs: (15 a wide temperature distribution
will affect the perfofmance {n the reéctof; and (25 a highly baclkmixed
adiabatic slurry reactor miy_léad to multiple steadf states and problems with
reactor start up and control.. It is importanf to knaw the thermal behavior of
a large scale reéctcr as a funcéion df reaction operating conditons including
reactor inlet témperaturé, préssure, slurry'residence time, nature of coal,
solvent, and concentratiénsof coal and cataiystrin the slurry phase. In the
first part, the background litefature on multiple steady states is surveyed.

Different thermal models relavant to coal liquefaction reactors are outlined



highlighting the relati?e advantages and limitatlons. The thermal behavior of
the SRC~II reactor is discussed with the possibility of existence of multiple
steady states, and the ways to control thems In the final part, the thermal

inertia of high pressure reactors is briefly outlined, aleng with the caution

to be exercised in carrying out these experiments in small scale units.
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