CHAPTER 3

COAL LIQUEFACTION R&D RECOMMENDATIONS

3.1 SUMMARY

The twelve-member COLIRN panel assembled for the Assessment of Coal
Liquefaction R&D Needs developed and prioritized R&D recommendations in
coal liquefaction. The COLIRN panel, with inputs from forty other
experts, generated more than 200 ideas, from which 178 research
recommendations were developed. These 178 recommendations, which are
documented in Appendix E, formed the basis for the panel to screen and

prioritize.

Coal liquefaction technologies have undergone significant changes
and technical improvements in recent years. These technologies to
produce 1liquid fuels from coal now encompass a number of distinct
technologies and processing routes. Because of the diversity of coal
liquefaction technologies, the COLIRN panel decided to prioritize R&D
recommendations according to six technology categories to prevent
domination by any single technology and possible bias. As the result, a
comprehensive detailed list of R&D recommendations was generated for each
technology, broken down further by general research needs (areas) and by
specific research recommendations. The general research needs define
areas of an overall research program, while specific recommendations
embody specific ideas of work to be carried out. These 178
recommendations were categorized into 57 general research needs (areas)

for six technologies under fundamental and applied research.

After reviewing the initial panel evaluations and the high-ranking
general research mneed categories, the COLIRN panel made a final
prioritization of detailed specific recommendations at the second panel
meeting. This prioritization was accomplished for each technology area
by having each panel member choose a small number of recommendations and

rank them in order. Points were awarded to the recommendation for each
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mention and each position (five for a first place, three for a second,
and one for a third, for example). The recommendation garnering the most
points was ranked first in that technology area, the next highest total

ranked second, and so on.

This methodology yielded thirty-two (32) specific recommendations
which were selected to have the highest priority in 1liquefaction
research. These 32 recommendations are listed in Table 3-1 by technology
area in order of priority. The table also shows the percentage of the
total points (by technology area) won by each recommendation to show the
degree of support for that recommendation by the panel. The panel
members did not rank specific recommendations in bioliquefaction but
rather endorsed the 1list of recommendations in this area with an

indication of the relative importance of the general research needs.

With respect to direct conversion of methane, the panel discussed
whether this technology should properly be considered a part of coal
liquefaction. The panel's conclusion was that the development of this
technology will be driven by resources other than the availability of
methane from coal. The recommendations for this technology consequently

were not ranked or prioritized.

The high-priority recommendations listed in Table 3-1 are discussed,
with supporting information, in the following sections of this chapter.
Rationales and opinions by panel members are contained at the end of the
chapter, in addition to comments regarding DOE policy and liquefaction

programs.




Table 3-1. Summary of High-Priority R&D Recommendations

% of Total
No. Description ScoreX

Direct Liquefaction

bl. Identify structures responsible for retrograde 15.8
reactions, and determine the mechanism and kinetics
of these reactions in order to develop processing
strategies that can control them and increase liquid
yield. 1In a broader context, an extensive study is
needed of the dissolution and conversion of coal as
it is preheated to reactor temperature.

D2. Operate a large-scale pilot plant to test engineering 12.0
and new process concepts, supply samples for other
research and upgrading tests, and generate information
needed for economic evaluations. The pilot plant must
have sufficient flexibility to allow changes in
process configuration, operating conditions and
feedstocks.

D3. Test chemical and low-temperature catalytic pretreat- 12.0
ments to enhance coal reactivity, reduce retrograde
reactions, or otherwise improve the overall process.
These tests must be made in conjunction with the
entire process to determine if the cost can be
justified by the improvements achieved.

D4. Investigate more efficient ways to produce, use, or 10.7
recover hydrogen.

D5. Develop a coal structure - reactivity relationship. 10.1
Elucidate coal structure features important to
liquefaction, e.g., aromatic ring number distribution,
"cluster" size, cluster linking groups, population
and identity of good hydrogen donors, physical
structure, population of bonds capable of thermolysis
and cleavage by chain processes, functional group
analyses and distribution.

D6. Investigate potential homogeneous catalysts for 7.2
liquefaction. Such catalysts may effect hydrogen
addition at significantly lower temperatures, leading
to completely new processes.

*Based on 100% for each technology area
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No.

Table 3-1. (Continued)

Direct Liquefaction

D7.

D8.

D9,

D10.

D11.

D12.

$ of Total
Description ScoreX
Develop kinetic models of liquefaction that include 5.9

the processes of bond breaking, crosslinking, hydrogen
donation, mass transport, and the effects of solvent.

Develop chemical techniques to solubilize coal, based
on new information of coal chemistry. Major break-
throughs in processing are likely to require departure
from high pressure hydrogenation. Many solubilization
techniques have been developed, particularly for
analytical purposes, but are uneconomical on a
commercial scale. Efforts are needed to develop
economically competitive processes based on such new
solubilization chemistry.

Determine the role of mineral matter on initial
reactions of coal. This is especially pertinent with
recent emphasis on deep coal cleaning and "ashy"
recycle solvent in current process developments.

Develop intrinsic quantitative rate expressions for
conversion of individual components and ensembles of
components as a basis for understanding initial
reaction paths during coal dissolution.

Develop new catalysts for liquefaction. Current
technology has used standard Co-Mo or Ni-Mo supported
catalysts that seem to perform similarly and require
substantial thermal severity to perform effectively.
Unconventional or novel catalysts and supports have
been considered in fundamental and model compound
studies. The development of new catalyst systems
should be related to new liquefaction processing.

Study the mechanism of catalytic hydrogenation and
cracking functions to establish their interaction
and to determine the effects of thermal reaction on
these functions.

*Based on 100% for each technology area
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No.

Table 3-1. (Continued)

Description

Indirect Liquefaction

I1.

12,

I3.

14,

I5.

I6.

Apply new advances in materials science to catalyst
preparation for Fischer-Tropsch and alcohol

synthesis reactions. The preparation techniques may
include production of novel supports, co-
precipitation of catalyst precursors, novel ways of
surface doping, chemical vapor deposition, and plasma
doping. This work should also include new methods of
catalyst characterization by chemical chemisorption,
X-ray diffraction, electron microscopy and
spectroscopies. These new techniques offer major
opportunities for the scientific design of greatly
improved catalysts -- catalysts which would not be
achieved by trial-and-error methods.

Analyze structure, reactivity, function and role of
supported organometallic complexes to elucidate the
mechanisms of heterogeneous catalysis in F-T and
alcohol syntheses.

For the conversion of syngas to alcohols, develop
routes to maximize ethanol selectivity, minimizing
hydrocarbon yield. Ethanol is already becoming an
important motor fuel or additive.

Find new catalyzed paths to produce octane-enhancing
ethers. Ether production may have to be increased
substantially to increase gasoline octane while
reducing auto emissions.

Investigate maximizing middle distillate yield from
syngas, with low methane yield. Develop catalysts
for high selectivity to long-chain hydrocarbons that

can be cracked selectively to naphtha and distillate
fuels.

Develop sulfur-tolerant, low-temperature water-gas .
shift catalysts. Gases made from coal have sulfur
compounds that will be costly to remove to the <ppm
concentration required by current catalysts.

*Based on 100% for each technology area
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Table 3-1. (Continued)

¢ of Total
No. Description ScoreX

Indirect Liquefaction (Continued)

I7. Study the reaction kinetics and develop alternative 5.1
catalysts for methanol syntheses to improve process
economics. New catalysts are needed that have good
activity with syngas streams but do not require the
expensive cleanup needed for current catalysts.

I8. Determine the carbon form that leads to deactivation 4.6
of F-T catalysts. Define the factors that are
important in generating the active carbon from CO,
and the catalyst properties which determine the
reactivity of this carbon.

I9. In F-T and related syntheses, use probe molecules to 4.6
understand and modify product composition. Analyze
role of poisons and promoters in determining product
composition. Analyze the possibility of homogeneous
reactions occurring in F-T.

Pyrolysis

Pl. Study the chemistry and mechanism of catalytic 33.3
hydropyrolysis. A catalytic hydropyrolysis process
that produces >50 percent distillable liquids may be
an economically viable alternative to direct
liquefaction. Variables, including catalyst
composition and form, temperature, pressure, and
residence time must be investigated, and a detailed
mechanistic understanding of the chemistry involved
must be formulated. A number of coals must be
tested to define the generality of this approach.

P2. Characterize coal functional groups and their 13.9
relationship to pyrolysis/hydropyrolysis reactivity
under different temperatures, pressures and residence
time conditions. Functional groups in this context
include heterocatom forms and distribution, aromatic
ring size distribution, molecular weight between
crosslinks, and definition of bridging links in terms
of structure and distribution.

*Based on 100% for each technology area
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Table 3-1. (Continued)
% of Total
No. Description Scorei

Pyrolysis (Continued)

P3. Compare pyrolysis yields and products with and 13.4
without reactive atmospheres (CO, CO9, H90, H9)
to understand the roles of these gases in the
devolatilization of coal, and seek to understand
the chemistry and the mechanisms involved.

P4, Conduct systems analysis of pyrolysis/hydropyrolysis 9.1
coupled with gasification/combustion to determine
the technical feasibility and economic incentive for
char utilization as fuel for combustion or as a
gasifier feed.

P5. Study staged catalytic hydropyrolysis. The tar made 8.6
in the first catalytic reaction stage is hydrotreated/
hydrocracked to reduce heteroatom content and produce
an acceptable refinery feed.

P6. Study chemistry and reaction networks in pyrolysis 8.1
reactions to establish optimum operating conditions.
Perform fundamental studies of the reactions of coal
under actual pyrolysis conditions in order to
establish pathways for production of methane, ethane,
other key hydrocarbons, COy, hydrogen cyanide, and
sulfur compounds.

P7. Define the chemistry and mechanism of steam-enhanced 6.9
pyrolysis, under both subcritical and supercritical
conditions for steam. Steam-enhanced pyrolysis may
lead to increased liquid yields.

P8. Study the effects of moisture in coal on pyrolysis and 6.4
the physicochemical changes that occur during drying or
rewetting of coal.

Coprocessing

Cl. Study the fundamental chemistry of coal/oil reactions 51.6
under both catalytic and thermal conditions. Elucidate
the role of the residuum. In addition, an innovative
approach needs to be undertaken to explore new chemical
entities to achieve hydrogen donation.

*Based on 100% for each technology area
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Table 3-1 (Continued)

% of Total
No. Description ScoreX

Coprocessin Continued

c2. Conduct process studies in coprocessing, including 17.2
the effects of different feeds on reactivities and
product quality. The substitution of a petroleum
residuum in place of a coal-derived solvent may
result in optimum reaction conditions, catalysts,
and coal reactivities that are different than for
direct liquefaction, and these conditions must be
determined.

Bioliquefaction

B1. Look for new enzyme systems that will produce new 76.9
biocatalysts for specific reactions to facilitate
the breakdown of the coal structure, removal of
heteroatoms, or conversion of syngas to alcohols.

*Based on 100% for each technology area




3.2 RESEARCH NEEDS OF DIRECT LIQUEFACTION
3.2.1 Current Research Activities and Status

Direct liquefaction is the reaction of coal with hydrogen. The coal
is slurried in a process-derived solvent that transfers or shuttles
hydrogen to the coal or coal liquids. The reaction is usually carried

out at high pressure.

The evolutionary changes that have occurred since 1980 have been the
overall shifting of coal liquefaction development from high-severity
single-stage processes to low-severity two-stage processes.
Consequently, the emerging direct liquefaction R&D activities now focus

on:
o development of integrated two-stage liquefaction processes

o investigation of direct liquefaction coprocessing variables and
catalyst optimization

o development of novel catalysts

o refining and wupgrading of coal 1liquids to marketable
transportation fuels. :

The changes in pfocessing that have emphasized 1less severe
liquefaction conditions have resulted in greater liquid yield and more
efficient hydrogen utilization. Other major advances that have taken
place in solid-liquid separation (deashing) and catalyst development have
contributed to the greater liquid yield and improved product quality that

have contributed to significantly improved process economics.

Currently, the most important diréct liquefaction process is
Catalytic Two-Stage Liquefaction (CTSL), in which coal is liquefied in a
“catalytic ebullated-bed first stage reactor and the coal 1liquids are
'éubsequgntly hydrot:eated/hydrocracked, to 'distillable = liquids in a
second-stage reactor of similar design.. Therliquidsrarersuitable for
'upgrading to transportation fuels by bonventidnal refinery operatipns.'
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The solvent, including resid, is recycled from the second stage. Mineral
matter is removed after the second stage. CTSL is under development at
the two largest direct liquefaction units under contract to DOE -- the 6-
tons/day PDU at Wilsonville, Alabama, and a 50-pounds/day bench unit in

Trenton, New Jersey.

This technology requires a large hydrogen consumption to increase
the H/C atoinic ratio from 0.8 in the coal to 1.7-2.0 in the finished
products, transportation fuels. The cost and the efficient use of
hydrogen have, therefore, always been major concerns. Another concern is
the costly high-pressure hydrogenation reactors. Developments in the
1980's have resulted in somewhat less severe reaction conditions, but the
system pressures of about 3000 psig, reaction temperatures of about
800°F, and use of back-mixed reactors result in costly process equipment.
Research that leads to more efficient hydrogen usage, a more active
catalytic system, or less costly processing will improve direct

liquefaction economics significantly.

At the same time, fundamental research has yielded new understanding
of coal structure and chemistry, hydfogen transfer liquefaction
‘mechanisms, and product characterization. However, this new
understanding of liquefaction has not as yet been incorporated into
process developments, which are basically extensions and improvements of

the processes of the 1970's.

The prevailing current understanding, based on laboratory tests, is
that coal liquefies more easily than had previously been thought, but the
liquefaction products also re-combine rapidly.  These "retrograde"
reactions, which may begin while the coal is being heated to reaction
temperature, produce molecules that are more refractory than the original
coal and require the current severe reaction conditions to cleave the
molecules and produce liquids. .If these retrograde reactions can be
avoided, it should be possible to liquefy coal directly to distillable
liquids in a single stage, and at much milder conditions than heretofore

utilized successfully. These new concepts about retrograde reactions
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have not as yet been developed and tested as part of a liquefaction

process.

Other issues exist for a technology that actually starts at the coal
mine mouth. A critical issue continues to be the reactivity of the coal,
and maintenance of its reactivity through all stages of coal preparation
and preheating. Coal rank is also a major variable of reactivity, and it
may be advantageous to develop more than one process, each designed to be
the most efficient for a particular coal rank. There may be
justification to deep-clean the coal to low mineral-matter concentrations
to simplify processing and reduce corrosion/erosion. The current
deashing techniques were developed to recover non-distillable boiler
fuels; they may not be suitable to current processes and products.
Therefore, the very important issue of mineral-matter removal, either
upstream of the process or after liquefaction, may require a new

approach.

In the investigations of one or more of these issues, the impact on
the entire process must be considered. Few, if any, of the issues can be

addressed effectively in isolation of the entire liquefaction process.

3.2.2 High-Priority Recommendations in Direct Liquefaction

Direct liquefaction technology has several steps, each of which can
be improved by further research. These steps 1include preparation,
preconversion chemistry, liquefaction and wupgrading, mineral-matter
removal, solvent preparation, and product refining. As a result, there
was no one area of research that dominated the selection of highest-
priority recommendations. No research recommendation received the
support of more than seven panel members, and a total of 12 received
support from at least two,. Of the first . five highest-priority
recdmmendations in Table 3-1, two (Nos. Dl and D3) are directed to
investigations of coal:- reactions before the first reactor, and another
(No. D5) is to develop a coal structure-reactivity model. The second

recommendation (No.D2) is to operate a large-scale unit so that the U.S.
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will continue to have the capability to obtain information for the design
of demonstration-scale units. Clearly, however, most of the
recommendations favor fundamental research, possibly leading to new

processes, rather than support of current processes under development.

The study of coal structure was recommended by the panel twice--
once in the direct liquefaction program and again in pyrolysis. Although
this may be redundant, it is understood that the investigators in the two

technologies may be interested in different aspects of coal structure.

One high-priority recommendation (No. D4) is for a general research
need -- investigate more efficient ways to produce, use, or recover
hydrogen -- rather than for a specific research recommendation. Hydrogen
usage is a major element in process economics, but no outstanding

research recommendations in this category were received.

3.2.2.1 Identify Coal Structures Responsible for Retrograde Reactions
and Determine Their Mechanismskand Kinetics.

The highest-priority recommendation in direct 1liquefaction is to
identify structures responsible for retrograde reactions and determine
the mechanisms and kinetics of these reactions in order to develop

process strategies to control them and increase liquid yield.

During coal liquefaction, the break-up of the coal macromolecular
network is controlled by the relative rates of bond breaking,
crosslinking (retrograde reactions), and mass transport. High rates of.
crosslinking lead to a small amount of low-molecular-weight liquids and a
large insoluble fraction. Crosslinking, as measured by solvent swelling
experiments, is observed to be rank dependent, with lignites crosslinking
‘at lower temperatufes than'bituminous coals. Crosslinking has a major
.'impact on the yield and molecular weight distribuﬁion of coal 1liquids.
In addition, the molecular weighf distribution of the liquid products has
a major effect on the efficiéncy of utilization of the coal's hydrogen.
The study of crosslinking and how to control it can have a major impact

on improved 1tquefaction processes
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A program should be pursued to develop techniques to characterize
crosslinking énd to determine the mechanisms of its occurrence, rate, and
dependence on coal rank. With this information methods should be pursued
to control crosslinking to optimize liquefaction yields and product
quality. If successful, this work should 1lead to 1less severe
liquefaction conditions, which translates into lower capital and

operating costs.

The current work on coal chemistry and reactivity has great
potential to generate much needed information. Results should be
available within a few years and, combined -with a model of coal
structure, will provide a fundamental basis for development of

liquefaction processes.

3.2.2.2 Operate a Large-Scale Pilot Plant to Test Engineering snd New
Process Concepts

The second-ranked recommendatioh in direct 1liquefaction is to
operate a large pilot plant to generate the information needed to scaleup
to commercial- or demonstration-scale operation. Small bench-scale units
are used for investigating liquefaction chemistry. Small PDUs of 50-200
lb/day capacity then are used to test pfocess concepts on a continuous-
flow, integrated basis. The next useful size is that of Wilsonville (3-6
tons per day). This size allows the use of commerciél—type equipment to
prove the chemistry, provide proof of concept of the process under
development, and generate enough information for conceptual process
design and economics. It also is needed to maintain techmical readiness

for demonstration.

There is an unfulfilled need for the next-sized plant, one with a
capacity of about 200 tons/day. The U.S. coal liquefaction program has
benefited enormously from .the information gathered at Catlettsburg (H-
Coal); Fort Lewis (SRC-II),. and Baytown (EDS) pilot plants in the past,
even though the processes did not prove to be economically attractive at

the time. The Germans have had an ongoing program at Bottrop for years,
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and the Japanese are committed to two long-term, large-scale pilot plants
-~ a 150-ton/day bituminous coal plant and a 50-ton/day brown coal plant

in Australia. The U.S. needs such a facility to remain competitive.

3.2.2.3 Test Chemical and Low-Temperature Catalytic Coal Pretreatment
The third recommendation in direct liquefaction is to test chemical
and Jlow-temperature pretreatments to enhance coal reactivity, reduce
retrograde reactions, or otherwise improve the overall process. A
variety of chemical techmologies have been proposed or tested in
laboratory programs. These need to be tested in conjunction with the
rest of the conversion processes to see if their costs can be justified

by the improvements offered.

The catalytic reaction of coals at sub-pyrolysis temperatures
appears to. invoke structural changes that can determine the course of
subsequent reactions at (possibly) higher temperatures. This is the
basis for staged catalytic liquefaction, which can 1lead to higher

selectivities to desirable products.

It has yet to be established how staged liquefaction influences the
quality of the products and the ease with which they can be further
upgraded. ©Of equal importance are the basic changes in coal structure
that are caused by low-temperature catalytic reaction. In some cases,
these are subtle and not easily detected by conventional analyses. There

is a need to quantify and interpret these changes.

3.2.2.4 Investigate More Efficient Ways to Produce, Use and Recover
Hydrogen
The fourth recommendation in direct liquefaction is to investigate

more efficient ways to produce, use, or recover hydrogen.
Hydrogen production is a major cost of a direct liquefaction plant.

With the current CTSL processes making more liquid with a higher H/C
ratio, hydrogen consumption is increased. The cost of coal liquids would
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be reduced considerably if hydrogen were to be produced at lower cost or
if hydrogen use were reduced {(by making less hydrecarbon gases).

This is a high-risk research program. Cheaper ways to make hydrogen
have been the goal of several investigations over many years, with mo
success. Hydrocarbon gas yields have been reduced by almost 50 percent
in the 1last few years, but furfher decreases will be difficult.
Nevertheless, the potential improvement in liquefaction economics is so

great that novel approaches should be sought and supported.

3.2.2.5 Develop a Coal Structure-Reactivity Model

The fifth recommendation in direct liquefaction is to develop a coal
structure-reactivity model. Elucidate coal structure features important
to liquefaction chemistry; examples include, but are not limited to,
aromatic ring number distribution, "cluster" size, -cluster linking
groups, population and identity of good hydrogen donors; physical
structure, population of bonds capable of thermolysis and cleavage by

chain processes, functional group analysis and distribution.

The reactivity of coal in various conversion processes is known to
be dependent on coal rank. While this variability in reactivity has been
attacked in a statistical manner, the fundamental structures responsible
for controlling and/or 1limiting coal reactivity are not known.
Identifying such limiting features is a necessary first step in rational
attempts to achieve the maximum - possible coal  reactivity.
Characterization of reactive structures would make it possible to select
the best coals for given processes based on inexpensive determinations of
coal structure rather than highly expensive pilot plant studies. It may
also be possible to determine the variation in coal reactivity over the
large coal reserves required to feed commercial conversion plants. This
coal structure-reactivity correlation will prove extremely useful in

future process developments.
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3.2.2.6 Investigate Potential _Homogeneous __Catalysts for Direct
Liguefaction

The sixth recommendation in direct liquefaction is to investigate

homogeneous catalysts for direct liquefaction. Homogenous transition
metal complexes, such as metal carbonyls, give finely dispersed metal
oxide or sulfide catalyst particles at high temperatures. In addition,
such catalysts selectively add Hy to coal at mild conditions (~200°0).

These catalysts have exhibited good activity in coprocessing.

Work is needed to determine the state of the catalyst during and
after reaction, and its dispersion in direct liquefaction and
coproceésing. This research 1is an excellent opportunity to study
dispersion and chemical (aé well as physical) forms of the catalyst

during direct coal liquefaction and in coprocessing.

From a fundamental point of wview, this work may lead to a better
understanding of the mechanisms of catalyzed reactions and hence to novel

catalytic processes.

3.2.2.7 Develop Kinetic Models of Direct Liquefaction

The seventh recommendation in direct liquefaction is to develop
kinetic models of direct liquefaction. Several models, which have
significant potential in modeling coal liquefaction, have recently been
developed to describe the thermal decomposition of coal. These new
models consider the processes of bond breaking, crosslinking, hydrogen
donation, and mass transport by a statistical treatment of a lattice
which represents the coal macromolecule. Such models can provide a basis
for‘ undefstanding and testing the chemistry and mass transport mechanisms

in coal liquefaction.

A program should be pursued to adapt these models to liquefaction
conditions by incorporating the added effects of the solvent. The models
should be expanded to include the chemistry of 1liquefaction in more

detail and test this proposed chemistry by comparison to liquefaction
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data. It is believed that better understanding of the competitive roles
of bond breaking, crosslinking, hydrogen donation, mass transport and

solvent effects can lead to new and improved liquefaction technologies.

Although fundamental in nature, the incorporation of solvent effects
into the model will provide information related to optimum solvent
properties.‘ Process conditions will undoubtedly need to be modified to
change solvent properties. Therefore, this work could have a significant

impact on process developments.

3.2.2.8 Develop New Chemical Technigues to Solubilize Coal

The eighth recommendation in direct liquefaction is to develop new
approaches to break down and solubilize coal into liquids using chemical

techniques.

Current technology has improved but not changed basic liquefaction
chemistry that ofiginated in Germany over fifty years ago. Major
breakthroughs in processing are likely to require new chemistry. Many
techniques have been developed for analytical purﬁdses, partiéularly for
studying coal structures, that are uneconbmical. Effort is néeded to see
if processes can be derived, building on new information being developed
in coal chemistry. For example, almost complete conversion of coal can
be achieved by alkylation with methanol. The improveﬁent over earlier
alkylation research is that very low quantities of methanol are needed to
achieve this result. Other 1laboratories are using strongly acidic

reactants.

This is a high-risk program, because chemical methods of
liquefaction require expensive starting materials. The process may be
uneconomical unless the chemical usage is low or the reactant can be
recovered cheaply. Also, many acidic systems are corrosive, requiring
expensive materials of construction. However, such approaches must be
considered as a way to liquefy coal without having to use high-pressure

hydrogenation.
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3.2.2.9 Determine the Role of Mineral Matter on Initial Solubilizing

Reactions of Coal

The ninth recommendation in direct liquefaction is to determine the

role of mineral matter on initial dissolution reactions of coal.

There is some evidence that the rate of retrograde reactions may be
related to the inorganic constituents in the coal. Observations have
been made that some demineralized coals produce higher levels of tar in
pyrolysis and more fluid chars in combustion. Both of these changes are
consistent with lower rates of crosslinking. A study should be
undertaken to determine the relationship between crosslinking and the
inorganic constituents in coal. With this information methods should be
pursued to control retrograde reactions to optimize liquefaction yields

and product quality.

This work is especially pertinent at this time because of the
interest in deep cleaning, which will reduce mineral matter to
concentrations far lower than used heretofore. On the other hand, the
use of "ashy" recycle in current process schemes concentrates the mineral
matter by a factor of 2-3 over the concentration in the coal slurry feed
to the reactor. The proposed program will provide insight as to the
benefits, if any, to liquefaction that are provided by the mineral

matter.

3.2.2.10 Develop Intrinsic Rate Expressions for Initial Coal Dissolution

Reactions
The tenth recommendation in direct liquefaction is to develop
intrinsic rate expressions for conversion of individual components and
ensembles of components as a basis for understanding initial reaction
paths during coal dissolution. This work is mnot intended to lead to a
new process, but will generate an understanding of the basic chemical
fundamentals underlying liquefaction and provide predictive éapabilities

to optimize liquefaction processes generally.



3.2.2.11 Investigate Unconventional Catalvst _Systems for Direct
Liquefaction

The eleventh recommendation in direct liquefaction is to investigate

unconventional catalyst systems.

Conventional supported catalysts have been extensively investigated
in direct coal liquefaction. In very general terms these seem to perform
similarly, rapidly 1losing a high initial activity, and requiring
substantial thermal severity to function effectively. A number of

sequential catalytic treatments are needed to produce finished products.

Unconventional catalysts and supports have been considered in
fundamental and model studies, and some, such as molten ZnClj, have been
used at fairly large scale. However, there has not been a great deal of
work done to bring these unconventional systems to the point at which
speculative processes can be designed and evaluated. A major deficiency

is the lack of work with coal to produce something like finished

products.

This is a highly speculative venture; successful results cannot be
forecast. However, in spite of the high risk, the potential impact could
be large, since an unconventional catalytic process could radically alter
the current concept of a coal liquefaction process. Some breakthrough in
this area could also significantly impact processes for heavy oil

upgrading.

3.2.2.12 Study the Mechanisms of Catalytic Hydrogenation and Cracking
Reactions

The last recommendation in direct liquefaction is to study the
mechanisms of catalytic hydrogenation and cracking functions to establish
their interaction and to determine the effects of thermal reactions on

these functions.

Conversion of coal to liquids requires several reactions -- bond
breakage, hydrogenation, conversion (cracking) of the coal resid to
smaller molecules, hetercatom removal, and hydrogenation of the liquid
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product. These reactions require both catalytic cracking and
hydrogenation functions. In addition, thermal cracking probably plays a
key role, especially in coprocessing, where the paraffin petroleum resid

undergoes extensive thermal cracking at reaction temperatures.

If the mechanism of each of these reactions is wunderstood and
quantified, reaction conditions could be selected to maximize the yield
of high-quality liquid products. This work is of a fundamental nature,
and the results would support the development of any direct 1iquefaction

or coprocessing process.
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