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I N T R O D U C T I O N  

The United States has coal re- 
sources approaching 4 t r i l l i o n  
tons--enough to last us for several 
hundred years. More ?nergy is 
available in the form of coal than in 
our combined resources of petrole- 
um. natural gas. oil shale, and tar 
sands. 

In view of nationwide energy short- 
ages, the increased use of coal is 
vital to the nation's total supply of 
clean energy. However, this solid 

i 
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fuel can be currently applied to only 
a limited portion of the total nation- 
al energy demand. 

The primary user of coal i3 the elec- 
tric uti l i t ies industry, where coal is 
pulverized and then burned in solid 
form in boilers. Our transportation 
sector depends nearly exclusively 
on l iquid fuels, the household and 
commercial sectors depend almost 
ent i re ly  on l iqu id  and gaseous 

fuels, and three-quarters of the 
energy used by industry is provided 
by ~iquid and gaseous fuels. 

Consequently, convert ing coal to 
gaseous and liquid fuels in com- 
mercial quantities is fundamental to 
ensuring the availability of fuel in 
conventional forms for the major 
users as the supplies of petroleum 
and natural gas din linish. The ulti- 
mate objective of coal research is 
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Figure 1. Coal Fields of the Conterminous United States 



-~,~,-;c,T~.~ TED RESERVE BASE (437 BILLION TONS] ~ 25% OF IDENTIFIED RESOURCES 
ACCORDING TO RANK. SULFUR CONTENT. AND MINING METHOD 

EASTERN U. ,% WESTERN U. S. 
ANTHRA- BITLIMI- BITLIMI- SUBBITU- LIG- 

CITE NOUS NOUS MINOUS NITE 

RESERVES 
(BILLION TONS) 7.3 194 39 16B 27 

MINING POTENTIAL, % 
UNDERGROUND 59 83 79 60 0 
SURFACE 1 17 21 40 100 

SULFUR CONTENT 
LESS THAN "P% 37 14 29 87 38 
1 Io 3°= 3 28 17 10 53 
MORE THAN 3== 0 42 26 I 2 
UNKNOWN 10 16 28 3 7 

SOURCE: U. S, GEOLOGICAL SURVEY AND U. S. BUREAU OF MIN~=S 

Figure 2. Tota! U. S. Coal Resources and Demonstrated Reserve Base 

therefore to provide the technology 
for improved direct combustion of 
coal and for rapid commercializa- 
tion of processes for converting 
coal to clean synthetic fuels. 

Figure 1 pinpoints the locations of 
the country's coal fields in terms of 
the different ranks of coal-anthra- 
cite, bituminous and subbitumi- 
nous coat, and lignite. Figure2 
shcws that the total of all possible 
coal resources in the U. S. is close 

to 4trillion tons." According to the 
most recent estimates by the U. S. 
Geological Survey, the total identi- 
fied resources (known coal de- 
posits in the ground) down to 
3000 fee t  (900 m) are abou t  
1200 billion tons in the states west 
of the Mississippi River and 500 bil- 
lion in the east. An additional 
2230 billion tons of undiscovered 
(hypothetical) resources in the U. S, 
probably exist. 

As shown in Figure 2, only about 

25 percent of our identified re- 
sources make up the demonstrated 
reserve base---coal readily ruinable 
by present day met,hods. The U. S. 
Bureau of Mines in !975 summa- 
rized available data on the U. S. 
demonstrated reserve base. This 
reserve base generally includes 
coal to a depth of 1000 feet (300 m) 
in beds at least 28 inches (0,7 m) 
thick for bituminous coal and an- 
thracite, and ~0 inches (1.5 m) thick 
for subbituminous and lignite. The 
reserve base is also separated into 
portions practically minabte by un- 
derground or surface methods (i.e., 
lying within 120 feet (36 m) of the 
surface). 

Almost every state contains some 
coal or related carbonaceous de- 
posit. Lignites and subbituminous 
coals are found in the western 
states from Canada to the Gulf of 
Mexico. FuKher east, the coals are 
of older origin and are classified as 
bituminous. The most easterly beds 
are anthracites. In 1975, 640 million 
tons of coal were mined in the U. S. 
If our total energy consumption had 
been supplied by coal, we would 
have used 3100 million tons of coal. 
The potential for increased use of 
coal as an energy source is ob- 
viously great. Even with increased 
mining, the United States contains 
enough coal to last at least until the 
22nd century. Thus, coal is really 
our energy "ace in the hole." 

One of today's environmental con- 
cerns is the amount of sulfur dis- 
charged into the atmosphere by the 
burning of coal. Most eastern coals 
would have to be desulf,=rized to be 
acceptable for the market. Many 
western coals, however, are suffi- 
ciently low in sulfur as mined so 
that sulfur and ash reduction are 
not needed to meet current air qual- 
ity standards. 

"The metric unit--tonne---is approximately 1.1 tons. Since all tonnage quantities in this publication are approxi- 
mate, English tons are used throughout. A table of Metric Equivalents is an appendix to this publication. 
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The development of coal utilization 
ancI conversion processes by the 
U S. Department of Energy (DOE) 
is oriented towards improving di- 
rect combustion of coal and to- 
wards accelerating and stimulating 
a synthet ic fuel industry. Fossil 
energy research, development, and 
demonstration strategy is to spon- 
sor a wide variety of technical op- 
t;ons tha; are clean, more efficient. 
anc~ conserve r esou rces .  Industry 
can then choose premising pro- 
cesses which wi l l  eventually be 
commercialized and will therefore 
provide the energy needed for our 
continued economic growth and 
wel l -being 

The Pittsburgh Energy Technology 
Center 

The Pittsburgh Energy Technology 
Center tP_m]'C) conducts research 
and development as part of DOE's 
overall program to promote produc- 
tion of clean energy from coal. Es- 
tablished in 1948 as an energy re- 
search laboratory of the Office of 
Syn the t i c  L i q u i d  Fuels. U.S.  
Bureau of Mines, PETC is the larg- 
est fossil energy research and de- 

velopment center in th~ U. S. PETC 
has a staff of about 370 scientists. 
engineers,  technicians, and sup- 
port personnel and is the major 
Federal laboratory for resear3h in 
coal combustion and corwersion of 
coal to clean fuels. It is located in a 
semi-rural area near Bruceton. in 
S o u t h  Park  T o w n s h i p .  abou t  
12 miles south of Pittsburgh. Penr~- 
sylvania. (The Director may be ad- 
dressed at 4800 Forbes Avenue. 
Pittsburgh. PA 15213). 

The laboratories were built in the 
la te 1940"s after the Congress 
passed the Synthetic Liquid Fuels 
Act of 1944. This law authorized the 
Department of the Interior to con- 
duct laboratory research on pro- 
duct ion of synthetic l iquid fuels 
from coal, oi l  shale, agr icul tural  
and forestry products. ;;nd other 
substances and to budd and oper- 
ate demonstration plants to further 
these efforts. 

Based on earlier laboratory work at 
the Bureau of Mines and on techni- 
cal  i n f o r m a t i o n  and e x p e r t i s e  
gleaned from Germany after Wor!d 
War II, researchers at PETC devel- 
oped successful methods for pro- 
ducing liquid fuels from American 

coals by hydrogenation and by the 
F~scher-Tropsch synthesis. To con- 
tinue the development, demonstra- 
tion plants for both processes were 
operated at Louisiana, Missour i ,  
during the period 1949-1953. These 
large-scale processes were suc- 
cesstul to some degree; 1.5 mil l ion 
gallons of gasoline were produced 
by hydrogenation and 40,000 gal- 
lons by the Fiscner-Tropsch pro- 
cess. However, the processes were 
expensive, increasing quantit ies of 
new oil were discovered both in the 
U.S. and the Middle East, and, 
I',ence, interest in synthetic fuels di- 
minished. Laboratory and smal l -  
scale process work continued, but 
with emphasis on more basic re- 
search and engineering which led 
to the development of our present. 
improved coal convers ion  oro- 
cesses. 

When ~nterest in synthetic fuels 
renewed and expanded, this t)ack- 
log of more than twenty years ex- 
perience proved crucial to develop- 
ment of the newer, more promising 
versions of the earlier processes. 
For example, the research on the 
Fischer-Tropsch synthesis became 
the ~)asis for development of a new 

Figure 3. SYNTHANE Pilot Plant 
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process fo r  making subst i tute 
natural gas, and the high-pressure 
coal hyc~rogenation work led to a 
new proc~=ss for clean liquid fuels. 

During these years o,' research and 
experience in producing synthetic 
fuels from coal, +.he energy re- 
search staff developed a number of 
new basic chemical and engineer- 
ing concepts in these fields, in ad- 
dition to engineering developments 
that are either presently in industri- 
al use or on the verge of large-scale 
implementation. Understanding the 
basic chemistry and engineering of 
changing solid coal to liquid fuels 
was great ly enhanced by these 
studies. Much of the high pressure 
technology and materia|s used for 
coal conversion were developed 
here. The concepts of fixed-bed 
cata ly t ic  hydro l iquefac t ion  and 
di lute-phase hydrogasif ication of 
coals were results of this research. 
The hot carbonate process that is 
widely used for gas purif ication 
throughout  the chemical industry 
was patented and is now used com- 
mercial ly throughout the world. 
Thus, the Pittsburgh Energy Tech- 
no logy  Center  has contr ibuted 
knowledge for decades and still is 
in the forefront of research and de- 
velopment in the field of synthetic 
iiquid and gaseous fuels from coal. 

PETC today is in the lead in coal 
c o n v e r s i o n  and u t i l i za t i on  re- 
search.  Mod i f y i ng  convent ional  
coal combustion equipment to per- 
mit efficient, clean firing of coal-oil 
mixtures and solvent-refined coal 
may appreciably reduce the use of 
pe t ro leum to generate e lectr ic  
power. Progress is also extensive 
in deve lop ing new processes for 
converting coal to cleaner, more 
adaptable f lu id  fuels. These pro- 
cesses include an efficient method 
for p roduc ing  low-sul fur  fuel oil 

from coal; SYNTHANE--a second 
generat ion process to produce 
high-Btu, pioeline-quality gas from 
coal; di lute phase hydrogasif ica- 
t i o n u a  h i g h l y  e f f i c i e n t  and 
relat ively simple third generation 
process to make pipeline g~_s by 
direct hydrogenation of cca=; and 
COSTEAM--a  coal l iquefact ion 
process using readily available and 
cheap synthesis gas without added 
catalysts. Gasoline and other l ight 
d is t i l l a tes  can be produced by 
adaptations of these l iquefaction 
and gasif ication processes. Re- 
search is also being performed on 
the chars produced in coal conver- 
sion processes to utilize them in hy- 
drogen production and in combus- 
t ion for power generation. Coal 
combustion research programs not 
on ly  emphasize combust ion of 
coal-oil mixtures but also develop- 
ment of a unique two-stage coal 
gasifier-comDus:or to supply a high 
temperature plasma for a combined 
cyc le  m a g n e t o h y d r o d y n a m i c  
(MHD) power plantto produce elec- 
t r ic i ty from coal more eff iciently 
than is presently done. 

Several of these processes have 
been scaled-up. A 700 horsepower 
boiler facility for coal-oil mixture 
firing is now operating at PETC. A 
SYNTHANE prototype pilot p lant  
that could process 72 tons of coal 
per day into over one million cubic 
feet of gas was operated at PETC. 
Construction is almost complete on 
a l iquefact ion plant to conver t  
10 tons of coal per day to 30 barrels 
of low-sulfur oil. Design is under- 
way  for  a 50MW (120 tons  o f  
coal/day) gasifier-combustor for an 
MHD power generation facility to 
be built at Butte, Montana. These 
processes wil l  help preserve the 
environment while meeting the na- 
t ion's increasing energy needs. 

As a necessary and continuing el- 

fort, extensive process and engi- 
neering research is also being con- 
ducted: 

• A promising method of remov- 
ing much of the sulfur from coal 
by pressurized air-water treat- 
ment is under development. 

• Techniques for refining and up- 
grading coal l iquids and pro- 
ducing valuable chemica ls ,  
such as ethanol and ethylene, 
are being investigated. 

• Research is being conducted to 
dev~.iop new and improved  
catalysts for coal l iquefact ion 
and gasification processes. 

• An important effort is devoted to 
development of new analytical 
tools and techniques to charac- 
terize coal and coal products 
from energy conversion pro- 
cesse~.. 

• Both experimental and theoreti- 
cal engineering studies are be- 
ing done on reactor modeling. 

• And in all research and develop- 
ment studies, environmental im- 
pact and conservat ion tech-  
niques are an integral part of 
each project scheme. 

Because of decades of research 
and succesful process develop- 
:nent, PETC has acquired a nation- 
al, as well as an international, repu- 
tation. PETC researchers are called 
upon continually to share their ex- 
pertise in coal utilization and con- 
version. Hundreds of visitors tour 
PETC each year, and numerous 
talks are given by the PETC staff. 
Many committees (both domestic 
and foreign) on which staff mem- 
bers serve and the numerous tech- 
nical publications that staff mem- 
bers author each year represent an 
important aspect of DOE's RD & D 
effort in fossil energy. 



The professional staff of PETC, 
having extensive industrial experi- 
ence, hz, s widespread relationships 
with universities, industry, domes- 
tic and foreign tect-,~ical societies, 
advisory committee ,. civic organi- 
zations, state and local environ- 
mental boards, other governmental 

agencies, and the general public. 
Interaction with the community. 
both professional and nonprofes- 
sional, is a vital part of PETC's role 
as a DOE presence in a major in- 
dustrial and energy oriented re- 
gion. 

The fol;3wing pages describe the 
objectives =.-td technology of the 
processes being developed at 
PETC. Descriptions of the pilot 
plants evolving from this research 
are included. The organization of 
the Center and the functions of 
each research and support group 
are also described. 



COAL LIQUEFACTION 

A majo- o:;ectWe of the PittSburgh 
Energ) Technology Center is de- 
velopment of processes intended 
!cr~mardy tC produce clean fuel oil 

~,gure 4. Removing SpinDle of ;..i- 
Quefacuon Product 

from coal A 10 ton-per-clay Pro- 
cess Development Unit (PDU1 is 
now under coris[ruct~on for coal li- 
c;Jefac'.~Jn research Another pro- 
cess, using ct,s~os~-ble catalysts. ~s 
bedr, g testeC in a 1 2 ton-per-day 
~:mt A ~ird process, termec~ CO- 
STEAM Es a~mec~ to-',, d use of low 
rank coals w~tho~t a catalyst and 
~:qth cneaper reacting gases. These 
cJ~f;=_rent liquefactson processes 
,-...,,_,,~ employ various materials and 
o;3erat~qg cor~di~ioris tO reach simi- 
lar obtectives 

Liquefaction Process Development 

PETC engineers are develop ing 
;processes to convert coat into fuel 
orl w h i c h  qa:, a low sulfur and a low 
ast~ con:ont. It would permit abund- 
ant h i gh -su l f u r  coals,  p resen t l y  
ba,re~ from use ,n electrical power 

plants oy sulfur-hmltmg air auahty 
standards, to reenter the utdlty fuel 
market ano help relieve the short- 
a~e of c~eaq fuels. Petroleum prod- 
L:C:S O'~C q,~'ur~l gas rio,.'." useO m 
po-:.er p{E.~ts for electrical power 
ge~erat~oq --,oulc then become 
avalia:3le ~0" o:"le," markets 

"-4 preseq:. ~ p,lo; plarz,. ~s convert- 
m~ ~ 5ton o~ coal per day into 
clean fuel oH at a y~eld of three bar- 
rels of OH per ton of coal. The pro- 
cess works w'th Ray kmcl of coal: 
five dIfferent grades have been pro- 
cessed. An mexpenswe Kentucky 
coP! hay,rig 5.5 percent sulfur and 
17 percen[ ash has been converted 
to c lean fuel  o i i  hav i ng  on ly  
0.17 percent sulfur and 07 percent 
ash. In these experiments, cop' 
conversion was 98 percent, and 
energy conversion efficiency was 
78 percent. 

To accelerate process studies, a 

second, more advanced unit with a 
higher throughput, l ~ t o n  of coal 
per day. is current ly  operating. 
These research facil i t ies, as well as 
the 10 ton-per-day Process Devel- 
opment Unit under construction. 
will be employed to conduct pro- 
cess optimization studies, to gener. 
ate oil for product util ization inves- 
tigations, to gain operational ex- 
perience, and to provide informa- 
tion for the design of larger plants. 

Experimental studies in models of 
the reactor and in separation of re- 
sidual solid ma~er from the product 
oil by types of centrifugation are 
other topics being investigated by 
engineers at PETC, 

The sol id  res idue is a heavy, 
sludgeqike material that contains 
an appreciable quantity of usable 
product o i l  Recovery by pyrolysis. 
using either a rotary caloiner or a 

Figure 5. Control center for the 1;5 ton per day liquefaction pilot plant. 
Operating conditions throughout the plant are monitored on the 
panel at right. At left ere manual controls which extend through 
the safety wall and allow adjustment of flows in the high pressure 
plant area. 



fluidized-bed system, is under in- 
vestigation. These pyrolysis meth- 
ods use Short residence times that 
allow i~igh processing rates. 

Figure 6. Fluid dynamic studies of 
two-phase flow in a li- 
cluefaction packed-t)ed 
reactor model. 

10 Ton-per-day Bruceton Coa' Li- 
quefaction Process Development 
Unit (PDU} 

I,q the Bruceton Coal Liquefaction 
Process Development Unit (Fig- 
ure 8). coal containing 3 to 5 per- 
cent sulfur and 10 to 15 percent ash 
will be converted into a heavy fvel 
oil containing 0.1 to 0.6 percent sul- 
fur and 0.5 to 1.5 percent ash. The 
product could be further refined to 
gasoline or diesel oil or employed 
as a chemical feedstock. The coal 
l iquefaction is accomplished by 
catalytic hydrogenation of a coal- 
product oil slurry in a novel, turbu- 
lent upflow, packed-bed reactor. 
Plant design is based upon re- 
search conducted in the smaller. 
1/5 ton Per day pilot plant at PETC. 

When completed, about sixty peo- 
ple will be employed to operate this 
larger lOton per day facility. Esti- 
mated total construction costs are 

about $27 million. Under contract 
with DOE. Foster Wheeler Energy 
Corporation designed the facil i ty 
and is currently managing its con- 
struction. 

In cooperation with industrial oar- 
ticipants, the plants purpose ~s to 
generate data and to provide opera- 
t ioqal experie,~ce. Data acquired 
from this proiec' will support de- 
sign anti construction of a pro- 
posed 500 ton-per-day plant. 

The overall process scheme (see 
Figure 9) inc ludes coal handling 
and pulverization, slurry prepara- 
tion and pumping, slurry' preheat- 
ing and hydrogenat ion ,  and a 
series of product recovery and re- 
cycle operations. 

• Slurry Preparation and LiEluefac- 
tior~" Coal is ground to 70 per- 
cent through 200-mesh (74 #m) 
in a conventional pulverizer. It is 
then thoroughly mixed with re- 
cycled product oil to form a slur- 

ry consisting of approximately 
35 percent coal and 65 percent 
oil. After being mixed with hot 
hydrogen and preheated by di- 
rect exchange with products 
from the reactor, the slurry en- 
ters the reactor where the hy- 
drogen liquefies the coal and 
removes suffur, oxygen, and ni- 
trogen. The reactor contains a 
fixed bed of cobalt molybdate 
catalyst and operates at a tem- 
perature of about 840°F (450°0) 
and pressures from 2000 to 
4000 psig (14-28 MPa). Turbu- 
lent flow conditions are main- 
rained to ensure efficient con- 
tact ing of slurry and catalyst 
while at the same time allowing 
a high slurry throughput. 

ProOuct Recovery: Hot products 
from the reactor enter the first 
high-pressure receiver where 
the high-boiling-point fractions 
(product oil) are separated from 

Figure. 7. installing a continuous centr=fuge system for removal of solids 
from me oil produced by the 1/5 ton per day coal lique[action 
pilot plant. 



the gas stream. The gas is fur- 
ther cooled and enters the sec- 
ond big h-pressure separator 
where the ;DW boiling point liq- 
uid fractions are separated from 
the recycle gas. Product oil from 
the first receiver is centrifuged 
to remove unconverted coal and 
ash. and a portion of this oil is 
recycled by mixing it with fresh 
coal to prepare the slurry feed. 

Gas Purification and Recycle: Be- 
cause the gases leaving the 
reactor contain large volumes of 
unreacted hydrogen, the gas is 
cleaned and recycled. It is 
scrubbed with circulating light 
oil to remove hydrocarbons and 
with diethanolamine to remove 
hydrogen sulfide (which is then 

converted to sulfur). Recovered 
hydrogen is then recycled via a 
recycle ccmpressor. Fresh hy- 
clrogen is added between the re- 
cycle compressor and t,le prod- 
uct gas heat exchanger. Be- 
cause of the size of this PDU, 
hydrogen will be produced by 
steem reforming of propane. In 
a commercial plant, hydrogen 
would be produced by the gasi- 
fication of coal and/or char (pro- 
cess) residues. 

Liquefaction of Coal Using a Dis- 
pesable Calalyst 

Conversion of coal into a low-sulfur 
liquid fuel is recognized as one of 
the most desirable methods of in- 

creasing our country's supply of 
clean energy. PETC researchers 
are developing a promising lique- 
faction process ~Figurel0),  em- 
ploying a disposable catalyst. 

Cer~Lain aspects of this liquefaction 
technique offer promise for reduc- 
tion of costs and improved reliabil- 
ity of operation. Introducing the 
catalyst directly into the feed slurry 
for one-time use circumvents the 
operational d;~ic,,~;es and lost pro- 
duction time a~ .... ,ted with regen- 
erating or replac;,-, deactivated 
cata;ysts. Production costs are fur- 
ther reduced if inexpensive catalyt- 
ic materials or only small amounts 
of more expensive materials are 
used. Substances currently being 
considered for these purposes are 

Figure 8. The Bruceton Coal-Liquefaction Process Development Unit under construction at the Pittsburgh Energy 
Technology Center. At right is the structural skeleton of the process building. At left is the administration 
building with the maintenance building behind. 
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traces of cobalt and molybdenum 
compounds or ores, iron com- 
pounds, and ash. constituents from 
high-ash coals. 

Continuous experiments needed 
for this study are to be conducted in 
a 1/2 ton-per-day unit. This unit is 
presently undergoing shakedown 

tests. Meanwhile. batch autoclave 
experiments are being made to 
guide the choice of catalysts and 
operating parameters to be usecl in 
the continuous unit. Developn;znt 
of this process is expected to pro- 
vide a viable, low-risk method for 
producing environmentally accept- 
able fuel oil from coal. 

COSTEAM Prooess for Fuel Oil 
from Coal 

Most processes for co+wet~on of 
coal to oil use hydrogen a~ high 
pressure in the presence of a cata- 
lyst. However, PETC researchers 
have developed a new process that 
does not use hydrogen directly. 
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Figure 9. Coal Liquefaction Process, Flow Diagram 
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Figure 10. Liquefaction of Coal with Dispceable Catalyst, Row Diagram 

This route consists of reacting coal 
with carbon monoxide or mixtures 
of carbon monoxide and hydrogen 
(synthesis gas) and steam. It works 
especially well on sub-bituminous 
ccaP, s and lignites and usually does 
not require the addP.;on of ~_ cata- 
!yst; the alkali salts that catalyzs 
this reaction are present in the 
coals. 

In the COSTEAM process (which is 
similar to that shown in Figure 10), 
a slurry of pulverized coal in some 
of the product oil is pumped into a 
reactor with synthesis gas at a 
pressure of 4000 psig and atemper- 
ature of 800 to 640=F (430-450°(3). 
(in the case of l ignites the naturally 
occurring moisture is adequate for 
the reaction.) The gaseous and liq- 
uid products are separated in a re- 
ceiver. The liquid is then freed of 
ash and un.rer, cted coal in a centri- 
fuge or filter. The low-sulf'.'.r, !ow- 
ash product can then be used as an 
industrial fuel oil. 

The use of low-cost coals, low-cost 
reducing gas, and the absence of 
added catalysts offer promise th~  
the COSTEAM product  w i l l  be 
lower in cost than oils from conven- 
tional coal processing. 
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COAL GASIRCATION 

PETC is conducting research and 
development on two processes de- 
signed to produce substitute natu- 
ral gas (SNG) from coal. The SYN- 
THANE process, tested in a 72 ton- 
per-day plant, will be considered, 
along with several other p~ocesses 
under development elsewhere, for 
recommendation by DO-- to indus- 
try for ultimate commercialization. 
Another process under study at 
PETC appears to have certain ad- 
vantages of even simpler, more effi- 
cient operation that will be ex- 
plored for possible input in.~o DOE's 
general gasification program. 

SYNTHANE Process, Coal to Pipe- 
line Gas 

SYNTHANE (SYNmetic r~,eTHANE', 
is one of the promisin 9 processes 
for producing subs',tute natural 
gas from coal. The nrocess, shown 
in Figure 11, cons':sts of coal pre- 
treatment, coal gasification, shift 
conversion, ga;, purification, and 
methanation s~stems. SYNTHANE 
can operate w!th any coal--lignite, 
subbituminou~, bituminous (includ- 
ing highly-cuking coals), and an- 
thracite. 

Coal is fi:st reacted in a pressur- 
ized, flu,dized becl with a steam- 
oxygen mixture at 800°F (425=0) to 
desk.roy its caking properties. The 
coal is then gasified with steam and 
oxygen in an 1800=F (960°C) fluid- 
ized bed at 1000 psi. Char pro- 
c, uced in t,he gasifier is used to pro- 
duce steam required for the pro- 
cess.  

Gas l e a v i n g  t he  g a s i f i e r  is 
scrubbed to remove fine particles, 
tars, and water. The cleaned gas 
passes through a shift converter 
and then  g o e s  to t he  h o t -  

potassium-carbonate plant (a PETC 
development that is now commer- 
cial)-for removal of CO 2 and sulfur 
compounds. Hydrogen sulfide is 
converted to sulfur, which is used 
for commercial purposes or stored 
for later use. 

Finally, the purified gas passes to 
the methanator for conversion of 
the hydrogen plus carbor~ monox- 
ide to methane, inc-dasing the 
heating value to that of natural gas. 
This processcan be modified to 
make gasolinE, methanol, or Iow- 
Btu gas. 

SYNI"HANE Pilot Plant 

The SYNTHANE p i lo t  p lant  at 
Eruceton was designed and engi- 
neerecl for. DOE by CE-Lummus 

Company. The plant was con- 
strutted by Rust Engineering Co., 
and CE-Lur,~mus Co. operated it 
under a C;overnment contract. The 
plant was des igned to convert  
72 tons of coal per ,'Jay into 1.2 rail- 
!ion cuDic feet (34 x 10 z m a) of gas. 
The ins ta l led  cost  was about  
$16 million; annual operating cost 
was approximately S8.2 mil l ion: 
and about 200 people were em- 
ployed in operating the plant. 

The overall process includes coal 
sizing and pressurization, pretreat- 
merit and gasification, and a sedes 
of clean-up and conversion opera- 
tions. Coal is delivered by truck, 
loaded into a 240-ton raw-coal stor- 
age bin, then ground from the origi- 
.~al minus 3/4 inch (2 cm) to minus 
20 mesh (0.8 ram) in a hammer mill 
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Figure 11. SYNTHANE Process, Coal-t~Pipeline Gas, Flow Diagram 
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Figure 12. SYNTHANE Pilot Plant 

and pneumatically transferred to a 
!00-ton pulverized-coal storage 
bin. 

RAW COAL ~ HYDROGASIFIER 

I L I G . T  " I 
I METHANATION ~. 

I CHAR PIPELINE 
GAS 

I.YOROGE. S AM 
PLANT ~ OXYGEN 

II '-'-I SOLIDS RESIDUE 

Figure 13. Dilute-Phase Free-Fall 
Hydrogasification Pro- 
cess, Flow Diagram 

The pretreatment and gasification 
section is continuously fed from 
lock hoppers where the coal is 
pressurized to reaction pressure 
(600 to 1000 psig). In the fluidized- 
bed pretreatment, the coal particles 
are part ial ly oxidized at 800°F 
(425°C) with steam and oxygen to 
prevent agglomeration: this step is 
not required for noncak[ng coals. 
The gasifier is a single-stage fluid- 
bed reactor, operating between 
1400 ° and 1800°F (760-980°C). The 
bottom section is a fluid-bed char 
cooler from which there is a contin- 
uous char blowdown at reduced 
temperature (600°F) (315°C). 

Raw gas from the gasifier, contain- 
ing methane, hydrogen, carbon 
monoxide, carbon dioxide, steam, 
sulfur compounds (mainly H2S), 
and several minor products, must 
be passed through a series of 
clean-up and conversion opera- 
tions to produce clean high-Btu 
gas. These steps consist of water 
scrubbing, carbon monoxide shift 
conversion to adjust the hydro- 
gen/carbon monoxide ratio to 3:1 
for subsequent rr,:ethanation, acid- 
gas removal using a Benfield unit 

(hot potassium carbonate), and 
finally methanation. 

Methanation will be carried out 
using two methods developed at 
PETC. The first method utilizes a 
Tube Wall Reactor which consists 
of a shell and tube heat exchanger 
with the internal surface of the 
tubes coated with Raney nickel 
catalyst. Dowtherrn is used to re= 
move the heat of reaction from this 
methanator. The other method in- 
volves Hot-Gas Recycle through a 
bundle of stainless stee; plates 
coated with Raney nickel catalyst. 
Temperature in this methanator is 
control led by diluting the fresh feed 
gas with recycle gas. Offgas from 
the Benfield unit will contain most 
of the sulfur originally in the coal 
and will be treated in a Strefford 
unit which converts hydrogen sul- 
fide to elemental sulf(Jr. 

Present plans for operation of the 
pilot plant cover the period from 
July 1976 to September 1980. Dur- 
ing this period at least four different 
types of coal will be tested under a 
variety of operating conditions in 
order to demonstrate operability 
and reliability and to collect suffi- 
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Figure 14. Assembling cold-flow 
model  for f lu id  dy- 
namic studies of the 
dilute-phase hydrogas- 
ification reaction. 

cient data for the design cf com- 
mercial plants. A western subbi- 
turninous coal, a mildly caking 
eastern coal, a highly caking east- 
ern coal with high sulfu; content, 
and a lignite will be tested. The gas 
purification, sulfur removal, and 
methanation units will be brought 
on line incrementally during the 
test program. 

Advantages of the SYNTHANE pro- 
tess include: its ability to handle 
any type of coat; about 60 percent 
of the methane is formed in the gas- 
ifier, thus reducing the quantity of 
oxygen needed; and its good oper- 
ability and reliability characteris- 
tics. Scale-up is relatively simple 
because a single-stage fluidized- 
bed gasifier is used. 

Dilute-Phase Hyd rogasificatio~l 

The dilute-phase free-fall hydro- 
gasification process (Figure 13), 
based on earlier work on the HY- 
DRANE process, is a promising 

third-generation coal gasification 
process currently being developed 
at PETC. Comparative cost studies 
show that it could be the most eco- 
nomica l  method of p roduc ing  
pipeline-quality gas from coal. It 
differs from steam/oxygen gasifica- 
tion processes in several important 
ways. One of its unique features is 
that it permits coal to be fed directly 
to the gasifier, circumventing the 
problems of caking and agglomera- 
tion, and thereby eliminating the 
expensive pretreatment steps com- 
mon to other processes. In addi- 
tion, a hydrogen-rich portion of the 
coal sometimes lost inpretreatment 
is retained. Almost all of the meth- 
ane in the product gas is produced 
in the single-stage gasifier by di- 
rect reaction of coal with hydrogen. 
This process scheme results in a 
high energy-conversion efficiency 
and requires only slight methana- 
tion to remove the sma;i amount of 
carbon monoxide present in the 
gasifier product. 

In the dilute-phase, free-fall hydro- 
gasification process, crushed raw 
coal and hydrogen are fed into the 
upper section of the sing=e-stage 
hydrogenation reactor, which is 
maintained at process conditions of 
1650°F (900°C) and 1000 psig. 

From the top of the reactor, the coal 
falls freely as a dilute cloud through 
the hydrogen. Volatile matter is re- 
leased and the coal loses its ag- 
glomerating characteristics. About 
40 percent of the carbon in the raw 
coal is converted directly to meth- 
ane by reaction with hydrogen. 
Product gas is drawn off near the 
bot tom of the reac to r  and is 
cleaned of residual solids and un- 
wanted gases, Finally, methanation 
of the small amount (2 to 5 oercent) 
of residu~ carbon monoxide pro- 
duces a high-Btu, pipeline quatity, 
substitute natural gas. Char formed 
during gasification is util ized to 
produce process hydrogen by reac- 
tion with steam. 

Experimental studies are currently 
being conducted with a small-scale 
con:inuous-flow unit to optimize 
the reactor configuration and to ac- 
quire data a~plicable to the design 
of a larger-3cale unit. Fundamental 
research P-lated to the dilute-phase 
process ~s also being conducted. 
Fl,-~d dynamic invest igat ions of 
coal in free-fall are carded out in a 
cold flow model to obtain informa- 
tion for improved reactor designs, 
and studies of the process kinetics 
are also in progress. Construction 
of a large-scale Process Develop- 
ment Unit is being considered. This 
plant would be capable of process- 
ing 10-30tons of raw coal per day 
and would employ coal handling 
and gas cleanup procedures simi- 
lar to those used in other large- 
scale process development units 
deve;opea by PETC. 

As changes in process conditions 
can result in the formation of an ap- 
preciable amount of liquid product, 
dilute-phas,~ ~iquefaction studies 
are also planned. A smalt-scale unit 
to demonstrate this novel liquefac- 
tion concept is in the design stage. 

i 

Figure 15. Making density meas- 
u r e m e n t s  o f  c h a r  
formed in the dilute- 
phase hydrogasifica- 
tion process. 
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COAL COMBUSTION 

Tne PETC research and develop- 
ment program in cozJ combustion 
has as its primary near-term ob]ec- 
twe the development of equipment 
and procedures for efficxent and 
clean burning of coal-oil m~x*.ures 
to raise steam for use as such or for 
electric power generation, Also of 
maior interest is the development of 
techn iques  fc, r burning coa l -  
derived fuels such as chars and sol- 
vent refined coal (SF~C) in conven- 
tional power plants. Combustion of 
various agricultural wastes is also 

being studied. The goals of these 
proiects are to obtain more efficient 
combusion and ".o determine the 
combustion characteristics and air 
pollution aspects for the various 
fuels studied. 

Combustion of Coal-Oil Mixtures 

The combustion of coal-oil mix- 
tures in industrial boilers designed 
for burning oil has been identified 
by DOE as having a high potential 
for making a significant near-term 

impact on our national energy sup- 
ply. Some sporadic investigations 
have been conducted ovar the 
years when petroleum supplies 
were threatened, but industrial ap- 
plications were not developed be- 
cause the shortages were short- 
lived, and economic advantages 
were precluded by the relatively 
low cost of petroleum. Now. with 
the inc-easingly  high cost and 
scarc,, of petroleum products, the 
advantages of coa l -o i l  mixture 
combustion are strikingly evident. 
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Prehrrlmary tests tndioate it may be 
;3ossible to replace up to 40 percent 
ot the oil consumec by industry and 
util it ies Dy relatively lOW-COSt, in- 
aigeneouS abundant,  pulver ized 
coal. Elsewhere. these coal-oi l  mix- 
tures were successfu l ly  f i red in 
shore-term tests in boilers designed 
to burn oil or gas with little or no 
aerating ( reduct ion in capacity).  
The costs of conver t ing  oi l - ; i red 
boilers to fire coal alone ar~ very 
high. anrJ the ~3Oilers would proba- 
bly be derated because of the 
longer resiclenee t;me required to 
burn coal alone. By comparison. 
the modifications required to ac- 
commodate coal-oil mixture firing 
are relatively simple and can be ac- 
complisnea a: a relatively low cost 
in a m,~ch Shorter time. PETC wil l  
operate several test units in sup- 
port of an intensive national coal- 
o~l mixture comoust ion research 
13rogram recently initiated. 

Preliminary coal-oil mixture com- 
bustion StUdies were ini t ia l ly con- 
ducted ~n a 100-horsepower fire- 
t,J:)e package boiler. The principal 
components of the 100-horsepower 
facil ity are Shown in the flow sheet. 
Figure 16. In adc{itJon to studying 
problems concerned with handling 
and Combustion of mixtures, this fa- 
cility provicies information on cor- 
rosion of boi ler  tubes over long 
periods of operation. 

However. a sophist icated,  h igh ly  
ins t rumented,  coa l - o i l  m ix tu re  
combustion test facil ity, featuring a 
700-horsepower watertube pacK- 
age boiler ~picat of medium and 
large-s~ze o i l - f i r e d  i n d u s t r i a l  
boilers, is now operational. Con- 
structinn was completed in 1978. 
and now the unit haS begun an ex- 
tensive tes~ program. The highly in- 
strumented facility wi l l  permit de- 
tai~e~ evaluation of al l  aspects of 
mixture Combus t ion .  i n c l u d i n g  
flame characteristics, combustion 
efficiency, neat-transfer, corrosion. 
erosion. Pollutant emissions, etc. In 

. . * f  

° _  

[ 7 

Figure 17. 500-Pound-per-Nour Coal Combustor 

addition, bottom ash removal and 
pol lutant control techniques will 3e 
deve!oped. 

Combust ion o. ~ Solid Fuels 

A 500 -pound  (225 kc) per hour  
pu lver ized-coa l - f i red  combust ion 
test facil i ty at PETC is being csec to 
Study pollutant emLssions and Otr~er 
problems and to enco,Jrage the ex- 
panded use of coal ~n ~ndustrial 
s t e a m - g e n e r a t i n g  furnaces and 
Coal-f i red e lectr ic  OOW~r plants. 

T h e  e x p e r i m e n t a !  c o m b u s t o r  
c~osely simulates the performance 
of commerc ia l  p!ants and is the 
only one of its size in the countr~ 
Large industrial combustors are too 
LJnwieldy an(: costly to use for ex- 
per imentat ion,  whi le results ob- 
tained it: smaller experimental for- 
naces are diff icult :o extrapolate ;o 
full scale, 
The pr inc ipa l  components of the 
combustion test facility are ShOWn 
in the flow diagram (F~gure 18). The 
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water-cooled furnace is a wall- 
tired, dry-bottom unit designed to 
burn pulverized coal at a nominal 
rate of 500 pounds per hour. Fuel is 
pulverized in an impact rail: and fed 
through four burners in the front 
wall of the rectangular furnace 
12 feet high 7 feet wide. and 5 feet 
deep (3.7 × 2.1 ,-~ 1.5 m). The com- 
Oustion gas. exiting the combustor 
at 2000:F (1095~'C) and cooled to 
about 1000~F {540:C) in the con- 
vective neat-transf~,r zone. flows 
tt~rough the recuperative air heater 
for Preheat)rag the secondary com- 
Dustion air. then goes to a particu- 
late collector and induced draft fan, 
and finally exits from the stack. 

Tile experimental unit is principally 

used to devise methods for reduc- 
ing the emission of pollutants from 
coal-fired combustors and to devel- 
op techniques for burning the unre- 
active char p~oduced as a byprod- 
uct in most of the processes con- 
vetting coal to substitute natural 
gas or oil. Economics dictate that 
these char byproducts be utilized. 
for about 50 percent of the coal 
ends up as char in some processes. 
More recently, the facility is being 
used to study the handling, pulver- 
izing, combust ion,  and fouling 
character is t ics of coal-der ived 
fuels such as solvent-refined coal 
(SRC} and SYNTHANE char. The 
effects of combustion parameters 
such as prim~,ry and secondary air 

temperature, excess air. and parti- 
cle size on ignition, flame stability. 
and combustion stability are under 
investigation. Pollutant emissions 
are monitored, and various tech- 
niques for controll ing NO, emis- 
sions are being explored. 

With decreasing availability of nat- 
ural gas and uncertainties sur- 
rounding fuel oil. coal will again 
become a prime source of fossil 
energy for the future. The solid fuel 
test f~,cility wil l provide industry 
with operating information needed 
for adaptatior, of conventional sys- 
tems for util iza:ion of new coal- 
derived fuels as well as methods for 
improving operations with present- 
ly available solid fuels. 
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Figure 18. 500-Pound-per-Hour Coal Combustion System, Flow Diagram 
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MAGNETOHYDRODYNAMIC POWER GENERATION 
A promising technique for improv- 
ing the efficiency in converting fos- 
Sil fuels into electrical energy in- 
volves the principles of magnetot~y- 
~lrodYnarnic,~ {Mt'-ID1. In an MHD 
Dower plant, electr~cily ~s gener- 
a ted by p a s s i n g  ve ry  h i g h -  
temperature, electr ical ly ccncluc- 
: i re COmbuStiOn gases through a 
magnetic field. The gases leaving 
this MHO generator are stil l hot 

enough to produce additional elec- 
t r i c i t y  in a convent~ona' steam 
power plant. The eff iciency of a 
commercia! coml3lned MHD steam 
turbine plant would be25 to 50 per- 
cent greater than that of moclerr~ 
coal-firecl stations. Research con- 
ducted at the Pi~tsl0urg~ Energy 
Technology Center has also snown 
t~at MHD ;:)ower plains wzll operate 
w~th extremely low levels of ;3ollu- 

*.ant emisstons Low-graOe. high- 
Sulfur cG~ls car thus Oe u:d0ZeC on 
an environmentally clesirat31e man- 
ner 

Component Development and Inte- 
gration Facility 

Research m MHD energy conve;- 
soon ,s oriented toward the design. 
fabrication, anc~ test ing o', a 50- 
megawatt thermal (120 *,ons of coal 
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Figure 19. Control Room. Two-Stage Pressurized MHD Coal Combustor 
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per day) MHD gaSifier-CombuStor. 
This unit will be installed in the 
Component Development and Inte- 
gration Facility (CDIF) located in 
Butte, MontanzL The CDIF repre. 
sents a key element in the national 
MHD development program. Oper- 
ations at the f¢cility &'e expected to 
begi,~ in 1980. 

The CDIF combustor will consist of 
tWo stages and will operate at a 
pressure of 6 atmOSpheres. In the 

first stage, a cyclone gasifier, a rel- 
atively clean Iow.Btu fuel gas is 
produced. Most of the coal ash is 
rejected from this first stage as 
molten slag. Potassium carbonate 
"seed" is then added to the fuel gas 
which is burned in the second 
s tage to produce the h igh -  
temperature plasma required to 
generate electricity. The seed ma- 
terial is recovered, regenerated, 
and recycled for use again. 

Design data for the CDIF combus- 
tor was initially acquired through 
operation of smaller-scale facilities 
at PETC. A two-stage pressudzed 
combustor, which will bum approx- 
imately 1000 pounds of coal per 
hour, began operating in 1976. This 
unit, except for size, is concep- 
tually similar to that proposed for 
the CDIF. All data are collected au- 
tomatically and are fed to a com- 
puter for detailed computations. 

18 



CHEMICALS FROM COAL 
Fuel and I~trochemi~ls fmm 
thesis Gas 

Projections of demand for C2-C 4 
olefins in the U. S. during the next 
decade indicate that a two-fold ex- 
pansh:~n in manufacturing capacity 
wi|l be necessary. This new capaci- 
ty will be based prirr,3,d!y on crack- 
ing heavier feedstocks, such as 
naphtha or gas oil derived from 
coal. Basides these olefins, which 
are valuable as basic chemicals for 
the manufacture of plastics and 
rubber, the paraffinic C2.-C 3 hydro- 
carbons are valuable as high-Btu 
supplements for pipeline gas. Any 
excess of propane or butane will 
find its way to market via liquefied 
Petroleum gas..~,lcohols and hy- 
drocarbons of somewhat higher 
molecular weight can be used as 
gasc, l ine b lend ing  s t o c k s  or  
cracke~ to gaseous hydrocarbons. 

The production of C~-C 4 hydrocar- 
bons or other chemicals from coal 
could be achieved by a combina- 
tion of processes with synthesis 
gas as the feedstock. The flow dia- 
gram, Figure 20, shows the gasifi- 
cation of coal in the presence of 
steam ~nd oxygen to produce syn- 
thesis gas, = mixture of carbon 
monoxide and hydrogen. Commer- 
cial gasifiers such as Koppers- 
Tolzek. Lurgi, or Winkler could be 
used. New gasifier designs, such 
as that used in the SYNTHANE, HY- 
GAS, or BI-GAS processes, are 
being tested and will become avail- 
able for this purpose. 

Following the gasifier, entrained 
dust and condensable tars are s~p- 
arated from the gas product in a 
spray tower. Gas leaves the spray 
tower and enters a shift converter in 
which ~ volumetric proportion of 
hydrogen to carbon monoxide is 
adjusted to the desired ratio by the 

reaction of water vapor with carbon 
monoxide. After shih;ng, the gas is 
purified by removal of cgrbon diox- 
ide, hydrogen sulfide., and carbonyl 
sulfide, the latter .*wo being poisons 
for the catalysts used in the conver- 
sion of the synthesis gas to hydro- 
carbons of low molecular weight. 
The clean, sulfur-free gas finally is 
sent to the hydrocarbon catalytic 
convertsr. 

The technology for achieving ali 
the steps up to the hydrocarbon 
catalytic convener is already avail- 
able. A considerable research effort 
is being devoted to development of  
a catalytic process for selective for- 
marion of C2-C ~ hydrocarbons and 
oxygenates. Since the reaction is 

highly exothem~.ic and the reaction 
temperature in the convener is ah 
important va~able, it is possible 
that the tube-wall or hot gas recycle 
reactor found useful in the SYN- 
THANE process will be used to 
control reaction temperatures. 
Another aspect of the tube wall 
reactor is its potential to improve 
the overall thermal efficiency of 
Fischer-Tropsch plants. 

EUumol m',d Eb,'~yhn~ from Coal 

Methanol is made commercially 
from synthesis gas. Methanol can 
be further reacted with additiona! 
synthesis gas, in the presence of a 
homogeneous catalyst, to produce. 
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Figure 20. Hydrocarbon Synthesis, Coal to Fuels and Petrochemicals, 
Flow Diagram 
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Figure 21, Homologation of Me~anol to Ethanol, Row Diagram 

ethanol and small amounts of high- 
er alcohols. This reaction, cata- 
lyzed by diCobalt octacarbony], was 
~ i scove red  in th i s  l abo ra to ry  
25 years ago. It was then regarded 
as not much more than a scientific 

curiosity. In the past few years, 
howe~er, interest in the synthesis of 
ethanol from methanol has grown 
because olefins, especially ethyl- 
ene, can be made by dehydrating 
the alcohol products. A typical flow 

diagram is shown in Figur.o 21. In- 
vestigation of various catalysts, co- 
catalysts, and promoters has been 
initiated to find the combination 
that will yield the most ethanol and 
the least byproduct. 

The exper iments  cur rent ly  are 
made in s m a l l - s c a l e ,  h i g h -  
pressure, batch reaction vessels. 
High ethanol selectivity (more than 
70 percent) at moderate conversion 
of methanol (more than 35 percent) 
has already been achieved. Other 
homogeneously catalyzed reac- 
tions of synthesis gas to produce 
chemicals of low molecular weight 
are also being sought.  Methanol 
and formaldehyde can be produced 
from synthes~s gas when certain or- 
ganometall ic reaction sequences 
are followed. It may be possible to 
hydrogenate carbon monoxide at 
milder temperatures than must now 
be used commercially with hetero- 
geneous catalysts in the production 
of meth~:lol. Reactive organome- 
tallic systems, used as homogene- 
ous catalysts, would appear to be 
the most likely means of accom- 
plishing *.his at lower temperatures. 

A low-temperature process would 
be a major breakthrough in tech- 
nology because methanol produc- 
tion becomes thermodynamical ly 
more favorable as the reaction tem- 
perature is lowered. In addition, 
homogeneous catalysts,  un l ike 
he te rogeneous  ca ta lys ts ,  are 
usually not poisoned by sulfur com- 
pounds and this would be a great 
advantage. 
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PROCESS SUPPORT RESEARCH 
Goal conversion processes that are 
curr~=,nt~? being developed require, 
due ~ ,~neir cOmpleX nature, incor- 
por~.,n of techniques and know- 
hOW in many disciplines of ~cience 
and engineering. Even though both 
coal li(:lUefaction and gasification 
pro¢esse~, for examPle, are based 
on scuncl prOCess Concepts, their 
succesS depends heavily on the 
functioning of many of the key corn- 
ponents that constitute the basic 
framework of Overall processes. 

The primary goals of Process Sup- 
port Research, therefore, are to per- 
form research in key ProceSS areas, 
to ¢levelop new and improved 
methods to ensure successful over- 
all Process development, and, at 
tl~e same t.;me, to generate basic in- 
formation a~ Well as neN process 
concepts to develop "(evolut ion- 
ary" futUre gensration technology. 

In the areas of key process compo- 
nent research, various disciplines, 
such as ~.,L~lysis, pyrolysis, solid- 
liquid senar,~tior,, product upgrad- 
ing, byproduCt uti;ization, com- 
puter simulation, etc., are key areas 
of endeaVor. Mucl~ of the state of 
the art in catalyst teChnology origi- 
nated from petroleum-oriented pro- 
oess applications. It is vitally impor- 
tant, ~erefore, to develop catalyst 
teChnolOgy that is suitable for new 
fuel sources, SUch as gas from coal 
and lic!uicls from coal. 

ImPortant functions of DOE's Ener- 
gy TeChnc, logy Centers are the 
generation of basic information and 
eXploratory research for the devel- 
opment of future generation energy 
technology. Witt~ this in mind, a 
number of projec:S are directed 
tOWard meeting this goal. In the 
past, similar effort has been put 
forth, aria, as a result, processes 
SUCh as COSTEAM and simple 
chemical deSulfurization of coal 

were conceived and are being de- 
veloped. These processes have po- 
tential to utilize the abundant sup- 
ply of coal and other sources of car- 
bon in the United States for the pro- 
ductiol, of environmentally accept- 
able fuels at the lowest possible 
cost. 

Mechanism of Coal Liquelaction 

Although various processes suc- 
cessfully liquefy coal, the chemical 
changes that occur in these pro- 
cesses are onty partially under- 
stood. Understanding what hap- 
pens chemically during the lique- 
faction of coal may leacl to further 
improvements in liquefaction pro- 
cesses. One way to find clues as to 
what transpires during the conver- 
sion to oil is to study the chemical 
composition of the products at each 
stage of the reaction. 

~n a separation scheme used for li- 
quefaction products and solvent re- 
fined coal, the products are sepa- 
rated into classes defined by solu- 
bility in three solvents: pyridine, tol- 
uene, and pentane. Further charac- 
terization of the amount, elemental 
analysis, molecular size, and type 
of compounds in each of these 
classes helps researchers to envi- 
sion the chemical steps that take 
place in the conversion of coal. For 
example, the class labeled oil in 
Figure 22 is typically composed of a 
complex mixture of aromatic and 
aliphatic compounds. Some cf the 
compounds found in the oil contain 
"heteroatoms," such as oxygen, ni- 
trogen, and sulfur. Oil molecules 
have an average molecular weight 
of around 25G. Asphaltenes, inter- 
mediate$ in the conversion of coal 
to oil, are somewhat larger mole- 
cules, with average m~lecular 
weights ranging from 500 to 800. 

COAL CONVERSiC ~; 
PRODUCT 

I TOLUENE 

INSOLUBLES I SOLUBLES 

I I I 1 
INSOL- SOL- INSOLUBLE S_nk~ IB: 0: 
UBLES UBLES A S1=~1.8 LTEN E 0;~ 

Figure 22. Separation Scheme for 
Coal Conversion Prod- 
ucts 

Unconverted asphaltenes increase 
the viscosity of the oil markedly, 
and asphaltenes are so luble in 
benzene or toluene bLrt insc;uble in 
centare. Also, this class contains a 
somewha t  g rea te r  amount  of 
hetero,~toms. The pyridine solubles 
are still larger molecules and have 
even gre,~ter amounts of hetero- 
atom3. Tl'.e pyridine insolubles are 
largely composed of inorganic min- 
eral matter and a partially con- 
vetted intractable organic portion 
of coal no more than 2% by weight 
of the original coal. Analyses such 
as these along with other evidence 
are the bases for the deduction that 
the conversion of coal to oil pro- 
ceeds in a stepwise fashion. Com- 
pounds in coal are progressively 
reduced in molecular size as they 
pass through the stages: pyridine 
solubles to asphaltenes to oil. 

Liquefaction processes use a cata- 
lyst, commonly employed in the pe- 
troleum industry, in order to remove 
heteroatoms, sulfur in particular. 
more efficiently from the liquid 
products. In this proiect, the activi- 
ties of fresh and used catalyst are 
compared, and the mechanisms of 
catalyst deactivation are studied 
with the aid of a pulse-flow micro- 
reactor. Model compounds are se- 
lected to evaluate several catalyst 
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Figure 23. Air-Steam Coal Desulfurization Process, Flow Diagram 

functions s.'ch as removal of sulfur. 
nitrogen, or oxygen, or the crack- 
ing of carbon-carbon bonds. Small 
quantities of model compounds are 
reacted with hydrogen over the test 
catalyst in the microreactor, and 
the reaction products flow directly 
into a gas chromatograph for im- 
mediate analysis. With such data. 
catalysts may be compared, the 
reasons for deactivaticn may be de- 
duced, and various means of re- 
generation may be evaluated. This 
knowledge will be useful in prepar- 
ing catalysts designed specifically 
for coal liquefaction processes. 
which would be more efficient and 
longer lived in this application. 

Oxidative Desulfurization of Coal 

Removal of all pyritic sulfur and up 
to 40 percent of the organic sulfur 
would make approximately 40 per- 
cent of the coal in the eastern half 
of the U. S. environmentally accept- 
able as fuel for electric power gen- 
eration and industrial boilers. A 
process that does this, using only 
air and water, is being developed at 
PETC and promises to be an impor- 
tant near-term solution of some of 
our energy problems. Fuel recovery 
is over 90 percent, and the treated 
coal can be used in existing power 
plants without further modification. 
The process makes use of existing 

equipment technology, and, being 
much simpler than other coal de- 
sulfurization processes, could be 
developed for commercial applica- 
tion in the near future. 

The process, diagrammed in Fig- 
ure 23, uses only water, !imestone, 
compressed air, and crushed coal. 
The air and coal-water slurry are 
continuously fed to a raactor kept at 
300-390=F (150 to 200=C) and 400 to 
1000 psi (3-7MPa). Within a con- 
tact time of 5 to 30 minutes, the py- 
ritic sulfur (FeS 2) is oxidized to sul- 
furic acid. As much as 40 percent of 
the organic sJIfur in the coa! may 
also be converted to sulfuric acid. • 
The treated slurry, as it is continu- 
ously removed from the reactor, is 
filtered to separate a low-sulfur 
coal product from the dilute sulfuric 
acid. After washing and drying, the 
coal is suitable for direct combus- 
tion in boilers. Because the oxida- 
tive desulfurization destroys the 
caking properties of coal, it can be 
used as an effective pretreatment 
step for coal conversion processes 
where caking is a problem. 

The dilute sulfuric acid formed in 
oxidative desulfurization could be 
used where acid is needed to r, eu- 
traii~¢ alkaline effluents, such as 
ammonia {NH3), generated in other 
coal conversion processes. Alter- 
natively, the sulfuric acid can be 
neutralized with limestone. 

At the present time. PETC is build- 
ing a continuous unit to evaluate 
the process variables and to opti- 
mize the process prior to scale-up. 

Catalysis Research 

The catalysis program conducts re- 
search aimed at the development of 
catalytic materials for the conver- 
sion of coal to clean liquid and gas- 
eous fuels, To carry out this task, 
the research program is devoted to 
four major areas: synthes!s of new 
catalytic materials and their fabri- 
cation into useful catalyst shapes; 
characterization of their surface 
and bulk properties; measurement 
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Figure 24. Precipitation Step in Preparation of New Coal-Conversion Cata- 
lysts 

of their catalytic activity and selec- 
tivity; and stuay of catalyst poison- 
ing and deactivation. Also, the re- 
Searcl~ I~rogram covers the devel- 
opment of catalysts that can be 
~Sed by processes being devel- 
OPed at PETC as well as other lab- 
oratories. These include catalysts 
for converting coal to low-sulfur 
COal liquids, converting synthesis 
gas to methane or higher hydrocar- 
Dons and oxygenated products, 
and upgrading coal liquids to fuels 
and chemicals. 

The various processes currently 
COnsidered for the conversion of 
coal to liquid products, as in lique- 
faction and uDgrading processes, 
require new catalySts. The catalysts 
now USed were criginaliy devel- 
OPed for refining Petroleum frac- 
tions and are not well suited to coal 
COnversion. Consequently.  the 
properties of new catalysts have to 
De formulated for WOrking with the 
highly aromatic molecules present 
in coal liquids. Resistance to poi- 
soning by the various elements and 
compounds present in coals and 
coal liquids will also have to be de- 
veloped for tl~e catalysts to be prac- 
tical. 

The coal liquefaction and catalyst 
upgrading prog rams synthesize 
new and novel catalysts for these 
appl icat ions. The c=-:alysts are 
tested to determine their activity, 
selectivity, resistance to poisoning, 
and effect on product comgosition. 
Phase relations, surface composi- 
tion, surface area, pore structure, 
and other important characteristics 
are determined to ensure that ;he 
catalysts are stable. The correla- 
tions Lhat are developed are used to 
guide the development of more ef- 
fective catalysts. 

The catalyst program also experi- 
ments with the variables involved in 
the forming of catalyst pellets, ex- 
trudates, spheres, and other forms. 
The forming operation and its effect 
on catalytic properties must be un- 
derstood and controlled if metal 
and metal-oxide catalysts are to be 
successfully prepared on the com- 
mercial scale required by coal con- 
version processes. 

Catalysis research also includes 
studies of the production of high- 
Btu gas such as in the final step in 
the SYNTHANE 0rocess. Methana- 
tion is the conversion of carbon 
monoxide and hydrogen into meth- 

ane under highly exothermic condi- 
;ions. To obtain high yields of rhea. 
ane, the temperature must be con- 
trolled, and a rugged catalyst is re- 
quired. Certain metals such as 
nickel are very active and selective 
for methanation. S~udies are under 
way to ident i~ the factors that 
cause catalyst aging and loss of ac- 
tivity. Various catalyst modifica- 
tions designed to increase resis- 
tance to deactivation are being 
tried, and both fresh and aged cata- 
lysts are being examined by chemi- 
cal and physical techniques, in- 
cluding X-ray photoelectron spec- 
troscopy, in which measurement of 
energies of photoelectrons, ejected 
by "soft"  X-rays from near the cata- 
l ys t  s u r f a c e ,  g i v e s  a s e m i -  
quantitative elemental analysis of 
the surface. 

New Catalyt ic Processes for 
Chemicals 

Over the past 30 years, most new 
processes for large-scale manufac- 
ture of organic chemicals have 
been based on petroleum feed- 
stocks. As our nation shifts from 
petroleum and natural gas back to 
coal as the major source of fossil 
energy, great quantities of coal liq- 
uids will be produced which could, 
in the future, be an important 
source of chemicals. 

Coal liquids differ from petroleum 
crude oil in several important ways. 
Coal  l i q u e f a c t i o n  p r o c e s s e s  
usually do not yield the sizable low- 
boiling fraction found in crude oil 
nor do coal liquids have the favor- 
able high H/C ratio of petroleum. As 
a consequence, coal liquids are 
more aromatic and may become a 
preferred source of BTX (benzene, 
toluene, and xylene) and other aro- 
matic chemicals. Catalytic systems 
capable of converting fractions of 
moderately high molecular weight 
into low molecular  weight  aro- 
matics will be needed. This will re- 
quire catalysts t~Jtored for hydro- 
cracking or hydro..~ealkylating with- 
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out excessive hydrogenation of the 
aromatic ring structure, Fractions 
from PETC coal liquefaction pro- 
cesses, as wel~ as H-Coal and Sol- 
vent R~fined Coal {SRC). will be 
utilized as standard feedstocks in a 
testing progra~n. Also, a few "'sim- 
ple" materials, such as anthracene 
oil or even specific compounds. 
will serve as model feedstocks in a 
preliminary screening test to identi- 
fy catalysts with greatly different 

activities or to examine different re- 
action routes occurring over new 
catalytic systems• The reactions 
that appear to offer the greatest 
change of success are mild hydro- 
cracking and hydrodealkylation. 
Initial work therefore will concen- 
trate on developing short, e, ; dy re- 
produced screening tests. 

Upgrading Coal Liquids 

Coal liquids produced from pro- 

cesses under development by pri- 
vate industry, such as H-Coal. SRC, 
and oihers, generally have relative- 
ly high contents of particulates, as- 
phaltenes, organic sulfur, nitrogen. 
and oxygen. The Pittsburgh Energy 
Technology Center is currently de- 
veloping technical capabilities for 
upgrading coal-derived liquids in 
order to produce environmentally 
acceptable liquid fuels for engines, 
furnaces, and other facilities. 
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CHEMICAL AND INSTRUMENTAL ANALYSIS 
Analytical support groups at PETC 
make use of a variety of modem in- 
strurnental techniques to study the 
p,'tysical and chemical structure of 
coai and coal products and proper- 
ties of air, water, and waste poilu. 
tams. These techniques and their 
major applications are shown in the 
following list:. 

High-Resolution Mass Spectrom- 
e/ry---Characterization of liquid and 
solid products of coal conversion. 

Low-Resolution Mass Spectrom- 
etry--Analysis of gases from SYN- 
THANE and other processes. 

Gas Chromatogrsphy-Mass Spec- 
trometry---Analysis of light oil prod- 
ucts and other liquid streams. 

5park Source Mass Spectromet- 
,'y--Characterization of minor and 
trace element~ in l iquefaction. 
~SYNTHANIE, and other coal conver- 
sion process streams. 

Secondary Ion Mass Spectromet- 
ry--Depth profi les of elemental 
composition of conversion cata- 
lysts. 

High Pressure Liquid Chrornatogra- 
phy--Sep~ration and analysis of 
coal Liquefaction liquids. 

Flame Photometric Gas Chr(xnatogra- 
phy---Sulfur analysis of gases from 
coal conversion processes. 

k#rare~J Spec trornetry--Dete rmi n a- 
ticn of organic functional groups in 
coal liquids and composition of 
co-_-I minerals. Studies of adsorbed 
speci=,~ on catalysts. 

Laser-Raman Spectrometry-investi- 
gation of deactivation of coal con- 
version catalysts. 

blVaviolet Spectrometry---Analysis 
of aromatics in coals and products, 
phenols in waste waters, and or- 
ganic groups and compounds. 

Ruorescence Spectrometry--Detec- 
tion of polynucl=ar aromatics in 
coal liquids. 

Nuclear Magnet/c R ~ e r -  
mination of chemical and molecu- 
lar structure o" coal liquids. 

E/ectron Sp#7 Resonance--Determi- 
nation of paramagnetic species 
(free radicals, charge carriers, tran- 
sition metal ions) in coals and prod- 
ucts. 

L o w - T ~ a t u r e  A~ir@--Prepara- 
tion of nearly undisturbed minerals 
from coals and products for more 
authentic analysis than possible 
with conw, ntional analyses. 

Scanning Electron Micr,~.ccGoy and X- 
Ray Analysis~Observation, pho- 
tography, and micro-analysis of 
small areas on catalysts, fly ash, 
and coal minerals. 

Gas Chromatography---Routine gas 
analysis of products of coal com- 
bustion and conversion processes. 
Controlled by a data processing 
system that collects, computes, and 

reports data from as many as 30 gas 
chromatographs. 

Atomic Absom ~on Spectrol~otomet- 
ry and Spec,;fic Ion ElectroO~ Analy- 
s/s--Analysis of metals in catalysts, 
seed materials in MHD, and trace 
elements in coals and conversion 
products. 

X-Ray Diffraction and Ruorescence 
Analysis~Analysis of compounds 
and elements in catalyst materials, 
deposits, and effluents of coal com- 
bustion and conversion. 

Automated Surface Area-Pore Vol- 
ume Analys/s---Oetermination of in- 
ternal structure and external sur- 
face in catalysts and fine particu- 
late m=--'terials. 

M/cro C-H-N-O-S Analys/s--Elemen- 
ta! analysis of less than 10 mg sam- 
pies of coal and coal products. 

Rapid Sulfur Ana lys/s--Dete rm i n a- 
tion of sulfur content of fuels in 
50 mg samples in 15 minutes. 

Figure 26. Laser-Raman Spectrometer for Investigating Deactivation of 
Coal-Conversion Catalysts 
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Figure 27. Ultraviolet Spectrometer Used in Analysis of Aromatics in Coal. Phenols in Waste W~_.ters. 
and Organic Groups and Compounds 

A STM EJ'emental Analysis--~4ea- 
sur~m~oT of C-H-N-O-S and ash 
Con~en~s by standard methods. 

Solvent Analysis--Determination of 
~enzene and pentane solubles and 
insolubles in coal liquids. 

V[sc.osity Determination-Measure. 
merit of v~scosity of coal liquids. 

Water Analysis--~etermination of 
biological and chemical oxygen 
aemands (BOD. COD), as well as 
many other c~arameters, in waste 
waters. 

Recen'~ and current applications of 
~hese instruments and techniques 
to developmen; of coal conversion 
and combustion processes have in- 

Figure 28. Infrared Spectrometer for Determining Organic Functional 
Groups in Coal Liquids and Composition of Coal Minerals 
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ENVIRONMENT AND ENERGY CONSERVATION DIVISION 
F..mdmnmsrdal Research 

The environmental team at PETC 
evaluates and assesses the en- 
vironmental implications of PETC 
operations and research develop- 
ments. The two mai~ objectives are 
to provide short-term environmen- 
tal support in operation and re- 
search areas at PETC and to con- 
duct long.term research to identify 
and resolve potential environmen- 
tal problems in demonstration and 
commercialization of coal conver- 
sion processes. Major specific ac- 
ti~/ities are diagrammed in Fig- 
,Jre 31. 

The ~cope of the effort includes r.;~ 
tailed examination of the environ- 
mental parameters that relate to sit- 
ing, development, and operation of 
coal coP;ersio~ processes. These 
include: 

• air pollution controi~ambient 
air monitoring, ~ack testing, air 
pollution control technology, 
a~d air diffusion modeling; 

• environmental impact assess- 
ment. and statement preparation 
and evaluation--to provide for 
public involvement and review 
of DOE's anticipated activities: 

• noise pollution control--in-plant 
noise transmission, monitoring, 
and control; 

• solid waste--recycling, reuse, 
disposal techniques, and as- 
sesaments; 

• occupat ional-environmental  
h e a l t h ~ t h e  deve lopment  of 

guidelines for worker and con- 
sumer safety in production, dis- 
tribution, and product use and 
disposal; 

• and lastly, water pollution con- 
troI--Nat ional Pol lutant Dis- 
charge E l iminat ion System 
(NPDES) water mon i to r ing ,  
water pollution control technol- 
ogy, waste stream characteriza- 
tion, and water conservation and 
reuse.  

The results of these environmental 
studies are then integrated and fed 
back into the coal conversion de- 
velopment process to provide for 
cleaner, safer, environmental ly 
sound, and more energy efficient 
processes. 

This comprehensive environmental 
approach is being applied to the 
SYNTHANE and liquefaction plants 
at PETC. Assistance has also been 
provided to other pilot and demon- 
stration plants throughout DOE and 
industry. Conservation and en- 
vironment go hand-in-hand, and 
each complements and supports 
the other. 

Conservation Research 

PETC personnel also conduct net- 
energy efficiency studies of exist- 
ing and new facilities, review de- 
signs for energy utilization in new 
construction, and conduct the Fed- 
eral Energy Management Program 
at PETC. Reseachers also initiate, 
evaluate, and monitor projects in 

the areas of thermal efficiency and 
the potential for energy recovery 
associated wi th coal conver-  
sion/utilization programs at PETC, 
and advise Fossil Energy, DOE 
Headquarters, on energy conserva- 
tion opportunities in the DOE coal 
conversion/utilization commerciali- 
zation programs. 

In general, PETC personnel contri- 
bute to: 

• Deve lopmen t  of  a un i fo rm 
energy-audit methodology. 

• Analysis of energy conservation 
technologies. 

• Establishment of a data base for 
costs and energy savings. 

• Implementation of a program de- 
signed to reflect a higher pdority 
on energy efficiency. 

Specific research activities include 
analysis of the potential for energy 
conservation in coal conversion 
processes. This project identifies 
energy conservation opportunities 
in coal conversion and provides 
guidelines for their selection, anal- 
ysis, and implementation. The over- 
all objective is to attain a market- 
able technology attuned to the DOE 
national priority of optimum energy 
utilization in industrial processes. 
A ¢ignificant portion of the work 
concentrates on what is actually 
being done by design firms to opti- 
mize energy utilization in large 
plants. 
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ORGANIZATION OF THE PITTSBURGH 
ENERGY TECHNOLOGY CENTER 

Figure32 shows an organization 
chart cf PETC. The Center is com- 
t~osed of three engineering groups, 
',nree science and support groups, 
z.n¢ an administrative section. 
These are coordinated by the Office 
of the Director which provides pro- 
gram planning and managerial 
support and serves as a liaison with 
DOE neadcluarters o f f ic ia ls  in 
Washington. D. C. 

Direct Conversion Processes 

The Direct Conversion Processes 
division conducts research and de- 
velopment to advance the state of 
the art of converting coai directly 
into clean liquid and gaseous fuels. 
via liquefaction, dilute phase hy- 
drogasif icat ion, and other pro- 
cesses. Such fuels can be trans- 
ported more economically than raw 
coal and can be utilized with r~ini- 
real effects on the environment. A 
broad spectrum of activities is in 
progress, ranging from applied re- 
search on new conversion pro- 
cesses to development of the more 
mature technologies. Emphasis is 
placed on the development of pro- 
cesses which ~re technically a~d 
economically viable. 

The responsibilities of the Direct 
Conversion Processes division are 
basically two-fold. First, new pro- 
cesses and modifications of exist- 
ing processes are critically evalu- 
ated with raspect to both engineer- 
ing and economic feasibility. Then, 
if these evaluations prove promis- 
ing, programs are initiated, as for 
example the 10 ~on-per-day Bruce- 
ton Coal Liauefaction PDU. to pro- 
vide design data for larger-scale 
units. The ultimate objective is to 
develop the technology necessary 

for construction of commercial coal 
conversion plants and to promote 
the transfer of this technology to 
the private sector. 

Prooess Engineering 

The Process Engineering division 
conducts bench-scale and pilot- 
plant development work mainly on 
coal gasification processes to pro- 
duce substitute natural gas (SNG}. 
Research is ~_lso being conducted 
on new process concepts to im- 
prove the conversion of coal to 
SNG. 

Currently, a 1/2 ton-per-day PDU 
gasifier is being used for support 
studies for the 72 ton-per-day SYN- 
THANE pi|ot plant, development of 
new gasification concepts, and to 
gather environmental data about 
gasification effluents. Treatment of 
the gesifier condensate water is 
being investigated to develop a 
system capable of purifying the 
water and reusing it in the plant. 
Several c~talytio methanation reac- 
tor systems using Raney nickel 
catalyst are being tested for capaci- 
ty, selectivity, and catalyst life. New 
catalyst forms are being developed. 

Another process under investiga- 
tion is the conversion of coal to 
automotive fuels by m=-ans of the 
Fischer-Tropsch synthesis reaction 
(H 2 + CO -- l iquid hydrocarbon). 
Fischer-Tropsch synthesis is also 
being investigated for possible use 
in a plant that produces both high- 
Btu gas and liquid products. 

Combustion 

The Combustion division is in- 
volved in research and develop- 
ment related to the combustion of 

coal, coal-oil slurries, and coal- 
derived fuels and to magnetohydro- 
dynamic (MHD) power generation. 
A parallel concern is the control of 
atmospheric pollution result ing 
from direct utilization of coal. 

Of major interest is research on 
using coal-oil mixtures in commer- 
cially • .-vailable steam generators to 
extenC our limited resources of oil. 
Present efforts include operation of 
a 100-horsepower (75 kW) firetube 
boiler for long periods to evaluate 
potential erosion and corrosion of 
equ'pment components, as well as 
to study combustion characteristics 
of mixtures. A larger (700-hp or 
520 kW), mixture-fired, watertube 
boiler began operation in 1978. 

Problems related to combustion of 
coal-derived liquid and solid fuels 
in conventional steam generation 
equipment are also being investi- 
gated. The coal-derived fuels in- 
clude chars from gasification pro- 
cesses, solvent-refined coal, and 
liquid fuels. 
The MHD studies focus on develop- 
ment of coal combustors capable of 
producing clean, electrically con- 
ductive plasmas at temperatures in 
excess of 4500°F (2500°C). Two 
high-temperature combustion facil- 
ities are being operated to obtain 
data required to design MHD com- 
bustors for power plants of the 
future. 
A concern for utilizing coal in an 
environmentally acceptable men- 
ner underlies all combustion re- 
search at PETC. Integral with each 
of the current research programs 
are studies of techniques for con- 
trolling or reducing emissions of ni- 
trogen oxides, sulfur oxides, and 
particulates to the atmosphere. 
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Process Sciences 

The Process Sciences division is 
responsible for PETC research and 
development functions in chemis- 
try, catalysis, pyrolysis, and coal 
structure characterization. Accom- 
plishments of the division include 

COSTEAM process and a pro- 
cess to remove sulfur from coal via 
air-water treatment under pressure. 
The two processes have the poten- 
tial for economically utilizing much 
of our nation's vas~ reserves of coal 
in an environmentally acceptable 
manner. 

While research projects are se- 
lected to generate ideas to develop 
significantly imDroved coal conver- 
sion and utilization processes, sub- 
stantial R & D efforts am currently 
focused on the development of sup- 
port technology that is needed in 
the near tarm. Examples of such 
technology are catalyst develop- 
ment for both coal liquefaction and 
gasification, development of a solid 
separation technique in coal lique- 
faction, and coal liquids upgrading 
to produce coal-derived fuels that 
will meet both today's and future 
fuel specifications. 

Environment and Conservation 

This division plans, directs, and co- 
ordinates the e~vironmental impact 
studies of PETC's coal conversion 
processes and participates in the 
review and development of demon- 
stration plant impact studies. This. 
division is responsible for develop- 
ing methods for prevention, con- 
trol, and, treatment of effluents from 
coal conversion processes as well 
as promoting and monitoring ana- 
lytical techniques that identify po- 
tentially hazardous components 
and effluents from these processes. 

The division assists in the develop- 
ment o[ techniques to improve the 
net energy efficiency of these coal 

conversion processes. The division 
further supports energy conserva- 
tic='1 studies through process ioen- 
;.ification, optimization, and thermal 
conservation. The division pro- 
motes and monitors energy conser- 
vation studies for proposed build- 
ings and facilities as well as e~ist- 
ing operations at PET.C, plus direct- 
ing retrofit efforts on these facili- 
ties. 

C h e m i c a l  and I n s t r u m e n t a l  
Analysis 

The Chemical and Instrumental 
Analysis division is principally en- 
gaged in analysis and characteriza- 
tion of the feed materials and the 
products of coal liquefaction, gasi- 
f icat ion, and combustion pro- 
cesses. All ~lata generated are tab- 
ulated and accumulated for storage 
in computer data bases for immedi- 
ate or later correlation and compar- 
ison. The process materials of ma- 
jor analytical interest are the vari- 
eties of coal used and the catalysts 
that contribute significantly to the 
technologic and economic eff i -  
ciencies of the processes. Charac- 
terization of coal conversion prod- 
ucts is necessary to ensure their 
most effective utilization and to 
guard against possible deleterious 
environmental effects. 

Office of the Director 

The Office of the Director provides 
administrative and technical super- 
vision for all PETC divisions. This 
office ~xercic.es full administrative 
and technical ncanagement support 
ot all phases of the research and 
development programs of PETC. 
The selection, training, and direc- 
tion of the staff of over 370 people 
and budget preparation are coordi- 
nated by this office. The Office of 
the Director also maintains liaison 
between PETC and the rest of DOE, 
as well as other government and 

non-government agencies and or- 
ganizations. 

The ADP Systems Coordination 
Branch analyzes, evaluates, and 
coordinates engineering data and 
acquisit ion sysf.ems for various 
PETC processes and projects. The 
Planning and Budget Branch coor- 
dinates program planning and re- 
views program accomplishments of 
PETC. prepares budget schedules 
for the Controller, and r,-,onitors in- 
dustry and university needs and 
programs. 

PETC receives administrative and 
contractual support from DOE's 
Chicago Operations Office. 

The public information and public 
relations programs respond to indi- 
vidual requests and initiate con- 
tacts for general and technical in- 
formation exchange. A Public Doc- 
uments Center and a Speakers 
Bureau are also maintained at 
PETC. 

Administrative 

The Personnel Branch conducts 
personnel and various labor rela- 
tions functions. These include or- 
ganization and position manage- 
ment, employee benefits and ser- 
vices, organizatic;n and delegation 
of authority, employee develop- 
ment, and equal opportunity em- 
ployment. 

The Procurement and Property 
Management Branch obtains sup- 
plies and services for PETC. The 
staff prepares invitations for bids 
and administers supply and con- 
struction contracts. This branch 
also coordinates utilization, report- 
ing, and disposal of property. 

The Safety Branch not only directs 
safety inspections and control pro- 
cedures but also organizes safety 
coupes for employees. Programs 
inc lude:  f i rst  aid ins t ruc t ion ,  
cardio-pu!monary resuscitat ion 
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courses, and fire prevention train- 
ing. The staff has recently pub- 
lished an in-house safety manual, 
and organized safety steering, znd 
safety inspection committees. The 
b, anch contains a high-pressure 
cylinder control section. The medi- 
ca] program monitors the health of 
el! personnel. 

Bui ldings. laboratories, and all 

other physical facilities needed tor 
research activities at PETC are 
overseen by the Engineering and 
ConsttuclJon Branch. Enginesfing 
drafting personnel prepare illustra- 
tions, graphs. ¢~a:~, and structural 
and mechanical dmwing~ The in- 
stnumen', design staff develops 
equipment  for labora to ry  and 
b¢~..r-I'~.scate research. Construc- 
tion pe,~onnei plan, monitor, and 

coordinate PETC's construction 
projects. They also act as a liaison 
between PETC and other DOE con- 
struction and contracting divisions. 

The A d m i n i s t r a t i v e  Serv ices  
~ranch is respormible for manage- 
ment of records, forms, publica- 
tions, correspondence, mail, print- 
ing. library service, travel service, 
and security. 

METRIC EQUIVALENTS 
1 pound (Ib) == 0.454 kilograms (kg) 

1 ton (t) = 0.907 tonne = 907 kilograms (kg) 

1 foot (ft) == 0.3048 meters (m) 

1 cubic foot (fP) = 0.0283 cubic meters (m 3) 

1 pound per square inch (psi) ---- 6895 pescals (Pa) 

Degrees F 

1 horsepower (HP) 

1 barrel 

---- 9/5 degrees C + 32 

= 0.746 kilowatts (kW) 

---- 0.159 cubic meters (rn 3) 
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