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ALABAMA IS A SIGNIFICANT producer of coal in 
the United States, particularly in the Gulf 

province. There are large reserves of coal in Ala­
bama; 35 billion tons lie in the northern and 
central counties, enough for hundreds of years at 
our present rate of production. Lignite deposits 
in southern Alabama counties await the technology 
to properly realize their value. Thus, a strong 
recommendation of a statewide conference on 
"Energy and the Future of Alabama" sponsored 
by Auburn University in 1972 was for "research, 
development and technical liaison in the areas of 
coal production, coal processing and coal usage." 
Auburn University acted upon this recommenda­
tion, and with major support from the National 
Science Foundation (NSF), established the Au­
burn Coal Conversion Research Laboratory in 
the Department of Chemical Engineering in 1973. 
Subsequently, with additional support from NSF 
in 1975, Auburn University established a Coal 
Preparation Research Laboratory. Since their 
initiation, the Auburn Coal Research Laboratories 
have been heavily involved in the graduate train­
ing of selected M.S. and Ph.D. students in the areas 
of coal conversion and utilization. A major thrust 
of the recent and ongoing research has been 
placed on coal liquefaction and desulfurization. 
The program is presently the largest university­
based coal research program in the Southeastern 
region, and current support for the program is at 
a level of about $450,000 annually. Recent and 
current sponsors of the program, summarized in 
Table 1, have included many industrial organiza­
tions. Of particular significance is the fact that 
the Southern Company Services, Inc., which is 
widely recognized in the area of coal conversion 
technology and applications of coal-derived fuels, 
has continued since 1973 to actively support many 

© Copyright ChE D ivision, A SEE, 1981 

178 

The program is presently the 
largest university-based coal research 
program in the Southeastern region, and current 
support is . .. about $450,000 annually. 

aspects of the Auburn coal liquefaction research 
program. It has made available its resources and 
facilities at the 6 tons /day solvent-refined-coal 
(SRC) pilot plant located at Wilsonville, Alabama 
(90 miles from Auburn) for support of the super­
vised internship and hands-on research training of 
the Auburn program. The largest utility coal user 
in the Northeast, the New England Electric 
System, has also actively participated in the Au­
burn coal desulfurization research since 1978. 

COAL RESEARCH FACULTY AND FACILITIES 

The Auburn coal liquefaction research program 
is presently being directed by a number of 
chemical engineering faculty, including Drs. J. A. 
Guin, A. R. Tarrer, C. W. Curtis and D. C. 
Williams. These individuals have had extensive 
coal liquefaction research experience, particularly 
related to the aspects of transport phenomena, 
reaction engineering, analytical chemistry, applied 

TABLE 1 

Recent Sponsors of the Auburn Coal Research Program 

Disposable catalysts for coal liquefaction: 
Air Products and Chemicals, Inc. 

Corrosion by coal liquids: Catalytic, Inc. 
Catalyst deactivation in coal liquefaction: 

Cities Service Research and Development 
Two-stage coal liquefaction: Electric Power Research 

Institute 
Visual reactor studies of coal dissolution: 

Gulf Research and Development Company 
Magnetofluidized beds and coal desulfurization: 

New England Power Service Company 
Magnetic beneficiation of coal: Union Carbide Corporation 
Graduate training in coal conversion and utilization: 

U.S. Department of Education 
Solvent refining of coal: U.S. Department of Energy 
Dry coal desulfurization: U.S. Department of Energy 
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catalysis and separation processes. Both Drs. 
Guin and Tarrer have served as project managers 
for the Fossil Energy Program of the U. S. De­
partment of Energy, providing the Auburn Labo­
ratories with unique and practical insights to the 
ongoing coal conversion research in the country. 
In addition, Dr. S. C. Worley of the Department 
of Chemistry and Dr. B. Tatarchuk, a new chemi­
cal engineering faculty in the Fall, 1981, are di­
recting fundamental research related to catalysis 
in coal liquefaction ; and Dr. R. B. Cook of the 
Department of Geology is directing the geological 
aspects of coal conversion processes. The Auburn 
coal desulfurization research program is currently 
being directed by Dr. Y. A. Liu, a chemical engi­
neering faculty member. 

During the past few years, the Auburn coal 
research faculty has become nationally and inter­
nationally recognized for its research as well as 
its scholastic and professional contributions re­
lated to coal liquefaction and desulfurization, and 
magnetic separation applied to coal preparation. 
The research results obtained in the last few years 
have been widely publicized through publication 
of three books, two patents, and over 150 articles, 
presentations and seminars. Further, the Auburn 
Laboratories have organized and chaired two 
international conferences on coal desulfurization 
and magnetic separation (B8, B9), and one 
national conference on the future of coal. A list of 
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selected recent publications and theses from the 
Auburn coal research program is given at the end 
of this article. 

Laboratories containing approximately 4000 
ft2 in the Department of Chemical Engineering 
have been equipped for coal conversion and 
utilization studies. Complete laboratory facilities 
for high-pressure coal conversion, coal crushing 
and grinding, instrumental analysis, wet chemical 
analysis and coal preparation research are avail­
able. Complete analytical equipment for standard 
analyses of coal and coal-derived products is also 
available in the laboratories. In addition, 
specialized research equipment such as a Fourier 
Transform Infrared Spectrophotometer, an X-ray 
Fluorescence Spectrometer, a CHONS analyzer 
and a superconducting high-intensity magnetic 
separator are available in the laboratories. 

COAL LIQUEFACTION RESEARCH 

Chemistry and Technology of Coal Liquefaction 

In order to better appreciate the rese~rch 
being conducted in coal liquefaction, a brief iook 
at coal liquefaction chemistry and technology 
is desirable. Coal may be viewed as a large, 
organic, amorphous, polymeric-like structure 
consisting of condensed polynuclear aromatic 
systems coupled by methylene-bridge groups, or 
heteroatom linkages such as ether or sulfide 
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groups. Nitrogen is also a significant heteroatom 
component of the coal structure. The liquefaction 
of coal is thought to begin with the thermal rup­
ture of scissile linkages at temperatures around 
375°C with the resulting formation of a large 
number of free radical species. The key to the 
liquefaction process is to "cap off" these free 
radicals by hydrogen addition before they can 
recombine with large coal fragments to form a 
high-molecular-weight structure. This "donor" 
hydrogen usually comes primarily from a "donor" 
solvent; however, it may also arise from gas­
phase hydrogen or hydroaromatic portions of the 
coal itself. The effective "capping" of these free 
radicals leads to the formation of products of 
lower molecular weight. If the reaction conditions 
are severe enough, a liquid product is formed. A 
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FIGURE 1. Hypothetical stabilization of coal fragment 
by donor solvent and regeneration of 
solvent in coal liquefaction. 

simple diagram of this process is shown in Figure 
1, using a model donor solvent, tetrahydronaphtha­
lene (tetralin). The "spent" donor, naphthalene, 
can be hydrogenated to regenerate the donor. In 
an actual process, the donor recycle solvent is a 
complex mixture of condensed aromatic com­
pounds derived from the coal itself. A more de-­
tailed investigation of factors affecting coal lique­
faction has been presented elsewhere (Al). A 
good introduction to coal technology can be found 
in Berkowitz (A2). 

A diagram of a typical coal liquefaction plant 
is shown in Figure 2. The raw coal is liquefied in 
the presence of a coal-derived recycle solvent and 
hydrogen gas at about 2000 psig and 1425°C. A 
catalyst can be used in the reactor if desired. The 
mineral matter indigenous to the coal together 
with any undissolved coal are physically removed 
following the reaction. The coal liquids are then 
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available for subsequent separation and process­
ing into the desired clean fuels. A commercial coal 
liquefaction plant would process about 30,000 
tons / day of raw coal. The only commercial opera­
tion of this magnitude today is in South Africa 
where large quantities of liquid fuels are produced 
via coal gasification and catalytic Fischer-Tropsch 
technology (A3). The direct production of liquid 
fuels from coal by solvent extraction-hydrogena­
tion avoids the gasification step and offers the po­
tential of a more thermally efficient process. A 
survey of different coal liquefaction processes 
being developed in this country can be found in 
the excellent surveys by Klass (A4) and Perry 
(A5). 

Current Scope and Accomplishments 

Coal liquefaction research at Auburn centers 
on the production of clean liquid and solid fuels 
from coal. At the present time, processes to per­
form these operations are not economically com­
petitive with the use of petroleum. The objective 
of the Auburn research program is to investigate 
the effects of process operating conditions, equip­
ment configurations, and nature of raw materials 
upon the kinetics and mechanisms of coal lique­
faction. Included within the framework are the 
hydrogenation, cracking and heteroatom (N, 0, S) 
removal reactions which are essential to convert­
ing coal to clean liquid fuels. By obtaining a 
better understanding of coal liquefaction chemis­
try, guidelines and recommendations for improve­
ments in liquefaction technology can be developed, 
thus leading to more competitive processes. 

The coal liquefaction research thus far has re­
sulted in findings which may point the way to im­
provements in several areas of coal liquefaction 
technology. 

• Solids Removal. Because of the large quantities 
involved, the high solution viscosity, and the micron­
sized particles, the r emoval of coal miner al matter 
and undissolved coal from the reactor effluent is a 
costly and difficult job. Current research has shown 
that analysis of particle size distribution in the 
filter feed str eam can provide an indication of the 
difficulty of downstream filterability and filter cake 
r esistance (Bl). 

• Coal Properties. It has been determined that various 
coals, e.g ., Kentucky, Pittsburgh, Illinois, Wyoming, 
respond quite differently to the liquefaction process. 
Attempts are being made to correlate their diverse 
behavior with the coal properties. 

• Solvent Composition. The quantity and composi­
tion of the r ecycle solvent are key variables in any 
coal liquefaction operation. Using IR and NMR 
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spectroscopies, it has been found that the hydro­
aromaticity of the recycle solvent is closely related 
to its effectiveness for coal liquefaction (B7). 

• Sulfur Removal. In certain coal liquefaction pro­
cesses, e.g., the SRC process, the primary objective is 
to remove sulfur from the coal to produce a non­
polluting, clean burning product. By introducing 
certain sulfur scavenging agents, e.g., Fe20 3 , into 
the liquefaction reactor, it has been found possible 
to significantly reduce the sulfur content of the 
SRC product (B5). 

• Coal Pretreatment. The oxidation of coal has been 
found to reduce significantly the liquid yield from 
processing. This factor has stimulated considerable 
interest in the protocol used to store, grind, and 
dry the fresh coal prior to liquefaction. 

• Coal Mineral Catalysis. It has been established that 
coal minerals, notably pyrite, act as weak catalysts 
for hydrogenation and heteroatom removal reactions 
in the liquefaction process (B2, B4). This catalysis 
can be used to improve hydrogen usage selectivity 
and to lower the yield of non-desirable products, 
e.g., · light hydrocarbon gases (B6) . The regenera­
tion of mineral residue from the reactor to produce 
an active catalyst is an item of current research, 
as are the kinetics of the catalytic reactions. 

• Product Characterization. The chemical nature of 
coal liquefaction products, e.g., asphaltenes, SRC, 
etc., is vastly complex. Inroads are being made in 
this area using a variety of separation techniques 
such as high performance liquid chromatography 
coupled with a number of spectroscopic techniques 
including Fourier transform infrared spectro­
photometer, nuclear magnetic resonance and mass 
spectroscopy ( B3) . 

Work related to the above areas is now ongoing 
as part of the current coal liquefaction program 
at Auburn. Some typical current research topics 
_on which graduate students are now working in­
clude: 

• A critical evaluation of mass transfer effects in 
coal liquefaction 

. • Solvent characterization using chromatographic 
separation with 1 H and 1ac NMR 
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The objective of the ... program 
is to investigate the effects of process 

operating conditions, equipment configurations, 
and nature of raw materials upon 

the kinetics and mechanisms 
of coal liq.uefaction. 

• Catalyst deactivation in upgrading of crude coal 
liquids 

• Kinetics and mechanism of hydrogen shuttling in 
coal liquefaction 

• Tailoring of coal recycle solvent for more effective 
liquefaction 

• Catalyst poisoning by heteroatom compounds in 
coal derived liquids 

COAL DESULFURIZATION RESEARCH 

Physics and Technology of Coal Desulfurization 

Physical coal desulfurization ( cleaning or 
beneficiation) methods are based upon the differ­
ences in the physical characteristics that affect 
the separation of sulfur-bearing and ash-form­
ing minerals from the pulverized coal. Typical 
physical characteristics utilized in these methods 
include specific gravity, electric conductivity, 
magnetic susceptibility and surface properties. 
In some of the new methods being developed, 
chemical pretreatment is used to enhance the 
difference in physical characteristics to facilitate 
the physical separation of mineral impurities from 
the pulverized coal (A6). An excellent survey of 
the present and developing physical coal desulfuri­
zation processes can be found in Berry (A 7), and 
an in-depth review of much of the new methods 
and developments of physical coal desulfuriza­
tion technology will soon be published (BlO) . 

A relatively well-established technology which 
has been proposed for coal desulfurization applica­
tions is the magnetic separation technique. Pre­
vious investigators have indicated that most of 
the mineral impurities which contribute to coal's 
sulfur and ash contents are weakly magnetic, 
whereas coal is nonmagnetic (B8). During the 
past few years, the magnetic desulfurization of 
coal has been given new impetus with the introduc­
tion of the high gradient magnetic separation 
(HGMS) technology (B9). The latter utilizes the 
modern large-capacity magnetic separation equip­
ment of an intense field intensity and a large field 
gr~dient, coupled with the latest magnetic pro­
cessing know-how such as the control of retention 

181 



time for reducing the fluid drag force and im­
proving the separation efficiency. 

Current Scope and Accomplishments 

Since 1975, the Auburn Coal Preparation 
Laboratory has been actively involved in both 
basic and applied research in physical coal de­
sulfurization, emphasizing the development and 
demonstration of HGMS processes. Major results 
;from this research have included: 

• The pilot-scale demonstration of the technical 
feasibility of magnetic separation of mineral resi­
due from liquefied coal (Bll) ; 

• The computer development and experimental verifi­
cation of a practical model for predicting the 
technical performance of HGMS for the removal 
of sulfur and ash from coal / water slurries (B12); 
and 

• The experimental development of the patented 
Auburn fluidized-bed HGMS process for desulfuriza­
tion of dry pulverized coal (B13). 

The recent and current emphasis of the Auburn 
coal desulfurization research has been placed on 
the continued development and demonstration of 
the patented fluidized-bed HGMS process for de­
sulfurization of utility boiler feed coals. In par­
ticular, a pilot-scale superconducting fluidized­
bed HGMS process development unit (PDU) has 
been successfully designed, constructed and tested. 
The available experimental results have shown 
that the new fluidized-bed magnetic process can 
reduce the sulfur emission level (lb S per million 
BTU) of several pulverized Eastern coals (70 to 
80 % minus 200-mesh) by 55-70 % and achieve 
an average BTU recovery of 85-95 % (B14). Work 
is continuing on the automation and optimization 
of the continuous PDU in order to provide the 
necessary data for assessing the economics of the 
new dry magnetic process for coal desulfurization. 
Another emphasis of the Auburn current research 
is the fundamental studies of magnetofluidized 
beds as a new gas-solid contacting technology for 
reaction, separation and filtration applications. A 
novel concept of using a packed fluidized-bed in a 
magnetic field for the removal of sulfur and ash 
from pulverized coal invented in the Auburn 
Laboratories has been described in a recent 
patent (B13). D 
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