
APPENDIX A 

COAL CONVERSION TECHNOLOGIES 

I n t r oduc t i on .  Many processes e x i s t  or are under development 
fo r  the conversion of  coal to syn the t i c  gaseous, l i q u i d , a n d  
so l i d  fue ls .  The impetus fo r  t h i s  development o r i g i na tes  
both from the need f o r  a l t e r n a t i v e s  to natura l  gas and o i l  
and from the need f o r  c lean-burn ing fue ls .  Some of the 
technology is s u f f i c i e n t l y  advanced to be commercial ly 
app l ied ,  but much is s t i l l  in the research or development 
stage. Fuels produced by these processes inc lude h igh- ,  
low-,  and medium-Btu gas, l i q u i d  fue ls  of var ious grades, and 
c lean-burn ing coal or char. 

The conversion processes have the advantages of  producing 
clean, ash-and s u l f u r - f r e e  coal from s o l i d ,  contaminated 
coal ,  and of using p l e n t i f u l  domestic coal in place of 
imported fo re ign  fue ls  or dwindl ing domestic gas and o i l .  
Un fo r tuna te ly  there are some disadvantages to the convers ion 
of  coal to other f ue l s .  Cost, both cap i ta l  and opera t ing ,  
thermal e f f i c i e n c y ,  equipment complex i ty  and r e l i a b i l i t y ,  
raw mater ia l  requi rements,  and po ten t i a l  a i r ,  water ,  and 
so l i d  waste p o l l u t i o n  a l l  are fac to rs  which may act a g a i n s t  
use of s p e c i f i c  processes in some app l i ca t i ons .  Genera l ly ,  
par t  of the coal is used to supply the required process 
heat, a i r  or oxygen is needed, and the hydrogen needed to 
l i q u e f y  or gas i f y  the coal is obtained from water.  

Desc r ip t i ve  in fo rmat ion  fo r  conversion technologies has 
been assembled from ava i l ab le  sources and is presented in 
Appendices C through F. The i nd i v i dua l  process desc r ip t i ons  
conta in data r e f l e c t i n g  the development program, c h a r a c t e r i s t i c s  
of  a commercial ly  sized f a c i l i t y ,  na r ra t i ve  process d e s c r i p t i o n ,  
and f low sheets. Background in fo rmat ion  includes the sponsors 
and developers,  fund ing,  cur ren t  s ta tus ,  and r e s t r i c t i o n s  on 
coal type. Fol lowing th i s  is a l i s t i n g  of techn ica l  data 
re levan t  to a l a rge -sca le  f a c i l i t y .  This in fo rmat ion  is 
usua l l y  based upon conceptual design and presents ava i l ab le  
raw mater ia ls  and product q u a n t i t i e s ,  composi t ions,  and 
c h a r a c t e r i s t i c s  of  s p e c i f i c  streams (where a p p l i c a b l e ) ,  and 
i d e n t i f i c a t i o n  of  major a n c i l l a r y  opera t ions .  (Conceptual 
designs are p lant  designs prepared during research and develop- 
ment f o r  the purpose of eva luat ing  the techn ica l  and economic 
f e a s i b i l i t y  of proposed process systems. The convention has 
been adopted, by p a r t i c i p a n t s  in syn the t i c  fue ls  research and 
development, to use 250 MSCF per day and 50,000 Bbl per day 
as standard sizes f o r  h igh-Btu g a s i f i c a t i o n  and l i q u e f a c t i o n  
processes. These are approx imate ly  equ iva lent  in Btu content ,  
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No convention is used for low- and medium-Btu processes because 
the heating value of the fuel gas varies between processes). 
A br ie f  narrative process description fol lows, and f i n a l l y  a 
process flow sheet is included. 

Coal Gasi f icat ion. Natural gas is extensively used at m i l i t a r y  
ins ta l la t ions  to heat individual buildings and domestic water 
and to generate steam for large-scale heating service. The 
gas is purchased from u t i l i t i e s ,  delivered to the i ns ta l l a t i on  
by the u t i l i t y  p ipel ine,  and d is t r ibuted to the various points 
of use through a local pipeline d is t r ibu t ion  system. Natural 
gas is composed almost en t i re ly  of methane (CH 4) and has a 
nominal heating value of approximately lO00 Btu per standard 
cubic foot (SCF). Small  amounts of nitrogen, carbon dioxide, 
water, and l i gh t  hydrocarbons may also be present in natural 
gas. 

Coal can be converted to fuel gas by reaction at high 
temperatures with steam and a i r  or oxygen. Depending upon 
the pressure, temperature, use of a i r  or oxygen, coal rank, 
and the reactor conf igurat ion, the result ing gas w i l l  have 
varying amounts of H2, CO, C02, CH 4, H20, and N2, and the heating 
value w i l l  range from lO0 to 500 Btu/SCF. There are two options 
for using the coal-derived gas; i t  can be burned d i rec t l y  as 
low- or medium-Btu gas, or subst i tute natural gas can be 
produced from i t  by raising the heating value to 950 Btu/SCF 
or higher by increasing the methane content. In practice the 
composition of synthetic gas from any process would vary over 
some range as a resul t  of the factors previously mentioned. 
The presence of high levels of nitrogen, introduced as a 
component of combustion a i r ,  makes the gas from a i r - f i r e d  
processes unsuitable for upgrading to high-Btu gas (unless 
the combustion reaction is segregated from the gas-producing 
reactions as in CO 2 Acceptor, for example). 

Some of the processes for gasifying coals are commercially 
available and operating in other countries. Others are under 
development, with some having p i l o t  plants in operation. 

The gaseous product from the gas i f ie r  has a higher hydro- 
gen to carbon rat io  than that in the coal i t s e l f ,  and to 
achieve th is ,  hydrogen must be added. Hydrogen is supplied 
by steam, which is contacted, along with oxygen or a i r ,  
with coal in the gas i f i e r .  Di f ferent  methods of contacting 
solid with gaseous streams are used. 
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There are four types of gasi f iers :  moving-bed, f l u i d i zed -  
bed, entrained-bed, and molten-bath. Reaction rate and the 
conversion obtained depend upon factors such as coal charac- 
t e r i s t i c s ,  reactor configurat ion, operating temperature and 
pressure, and the oxidizing medium. Al l  available commercial 
processes have been used to date to produce low- or medium- 
Btu gas.  However, addition of a methanation step can produce 
high-Btu pipel ine gas.  Except for the Lurgi gas i f i e r ,  which 
operates at a pressure of 20 to 30 atmospheres, commercial 
gasi f iers operate at or near atmospheric pressure. Higher 
pressures are used in the developing processes. Gasif ier 
operating temperatures vary from llO0 to 3600°F. I t  should be 
noted that higher pressures and lower temperatures resul t  in 
higher methane content, and lower pressures and higher 
temperatures resul t  in a higher H 2 and CO (synthesis gas) 
content in the product gas. Table AI shows commercial 
processes and Table A2 shows typical  processes under develop- 
ment along with the type of bed and the developer of each 
process. The f i r s t  four processes in Table AI have are 
commercial and addition of a methanation step in the Lurgi 
process can produce high-Btu pipel ine gas. 

Gasification Processes. Coal is used as a source of low- 
and medium-Btu gas in most parts of the world. In the United 
States, natural gas displaced coal-derived gas in the late 
1940's when construction of transcontinental pipelines began. 
In manyforeign countries gas is s t i l l  being manufactured from 
coal. Various grade of gas for d i f fe ren t  purposes have been 
produced in the gas generators previously and presently in use. 

Current development ef for ts  on low- and medium-Btu gas 
processes are directed toward: producing a fuel gas for high 
temperature combined gas-steam turbine e lec t r i c  generators; 
producing fuel gas for captive indust r ia l  use; and producing 
synthesis gas for chemical processing. I f  l o w - o r  medium-Btu 
gas is substituted for natural gas, burner modifications w i l l  
be required to allow for the higher volume of fuel needed to 
y ie ld  the same Btu content. 

Production of low- and medium-Btu gas from coal basica l ly  
involves reacting the coal w~h ~team and oxygen, q~ench~ng to 
remove condensibles and sol ids,  removing su l fur  compounds, 
and f i n a l l y  ei ther cooling pr ior  to use or using the hot gas 
d i rec t l y  as fuel.  Air  may be the oxygen source. Depending 
upon process conditions and equipment, quenching and cooling 
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TABLE Al, Commercial Gasification Processes 

Processes Developer Type of Reactor Btu Content 

Lurgi Lurgi Mineralotechnik Moving Bed Low and 
Gmbh High 

Kopper-Totzek Heinrick Koppers Gmbh Entrained Bed Low 

Winkler Davy Powergas, Inc. Fluidized Bed Medium 

Wellman-Galusha Wellman Engineering Co. Moving Bed Low and High 

Babcock-Wilcox (1) Babcock & Wilcox Co. Entrained Bed - - -  

Riley-Morgan (1) Riley Stoker Corp. Moving Bed - - -  

Gas Inegrale/ ~I Wooda l l -Duckham Co. Moving Bed - - -  
Woodall Duckham' ) 

Rummel/Otto ( l )  Dr. C. Otto & Co. Entrained Bed - - -  

I) Data for these systems could not be obtained, and they are included for reference. 

TABLE A2. Developin 9 Gasification Processe,s 

Processes 

I . 

2. 

3. 

4. 

5 

6 

7 

8 

9 

1-7: 

8: 

9: 

BIGAS 

HYGAS 

Synthane 

CO 2 Acceptor 

Hydrane 

Molten Salt 

Agglomerating Burner 
Process 

Westinghouse 

Cgmbustion Engineering 

High Btu processes 

Low Btu processes 

Developer 

Bituminous Coal Research, Inc. 

I ns t i t u te  of Gas Technology 

Pittsburgh Energy Research Center 
of ERDA 

Conoco Coal Development Co. 

Pittsburgh Energy Research Center 
of ERDA 

M. W. Kellogg Co. 

Bat te l le  Memorial Ins t i tu te  

Westinghouse Research Laboratories 

Combustion Engineering, Inc. 

Low Btu fuel gas processes used for e lec t r i c  
power generation 

Type of Reactqr 

Entrained Bed 

Fluidized Bed 

F1uidized Bed 

Fluidized Bed 

Entrained Bed 

Molten Salt Bath 

F1uidized Bed 

Fluidized Bed 

Entrained Bed 
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may be op t i ona l .  A general schematic is shown in Figure At .  
Each process (commercia l ly  ava i lab le  and under development) has 
s p e c i f i c  va r i a t i ons  which a f f e c t  the composit ion and heat ing 
value of the product ,  and the a p p l i c a b i l i t y  of the process to 
i nd i v i dua l  uses. Coal rank and preparat ion requi rements,  
suppor t ing serv ices and u t i l i t i e s ,  and equipment capac i t ies  
are also a f fec ted .  Several low- and medium-Btu processes can 
be used to produce high-Btu gas by using oxygen instead of 
a i r  and inc lud ing  add i t i ona l  operat ions.  

The major processing steps requi red fo r  l ow-Btu gas 
product ion are: 

0 Coal Preparat ion:  crushing and/or g r i nd ing ,  
d ry ing ,  and size c l a s s i f i c a t i o n .  

0 

0 

G a s i f i c a t i o n :  reac t ion  of the coal carbon wi th  
steam and oxygen to form H 2, CO, C02, and CH 4. 

Quench and Clean Up: cool ing and removal of  
p a r t i c u l a t e s ,  o i l s ,  and ta rs .  

e Su l fu r  Removal: removal of H2S, S02, and other 
s u l f u r  compounds from the gas. 

In add i t ion  to these opera t ions ,  support ing serv ices and u t i l i ~  
t i es  are requ i red.  These inc lude steam genera t ion ,  cool ing 
water supp l ies ,  water and wastewater t rea tment ,  so l i d  waste 
d isposa l ,  and s u l f u r  recovery Cconversion of  H2S to s u l f u r  
f o r  sale or d i sposa l ) .  

Cur ren t l y  the commercial low- and medium,Btu processes 
of g rea tes t  i n t e r e s t  are Lurg i ,  Winkler,  and Koppers-Totzek. 
Descr ip t ions  of  these and other processes as i nd i v i dua l  
process desc r ip t i ons  are discussed in Appendix C. 

High-Btu Gasification Processes. To date no commercial 
f a c i l i t y  f o r  producing high-Btu gas has been operated in the 
United States.  Test product ion of h igh-Btu gas has been 
accomplished wi th American coals in a Lurgi g a s i f i e r  in Europe~ 
and several commercial p lants based on Lurgi technology are in 
the planning stage by American indus t r y .  P i l o t  operat ions 
based on developing processes have been successful  in y i e l d i n g  an 
acceptable product ,  and semi-commercial demonstrat ion of  one 
of these processes is l i k e l y  in the near f u t u r e .  
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Figure AI. Basic Features of Low-Btu Gasification Processes 



Produc t ion  of  h igh-B tu  gas from coal i nvo lves  a l l  o f  the 
opera t ions  needed f o r  low-Btu gas p roduc t ion  w i th  the a d d i t i o n  
of  severa l  more s teps .  The f i n a l  s u b s t i t u t e  na tu ra l  gas is 
composed p r i n c i p a l l y  of  methane and can be in t roduced  i n t o  
e x i s t i n g  p i p e l i n e  systems in place o f  n a t u r a l g a s .  E x i s t i n g  
equipment can be operated on s u b s t i t u t e  na tu ra l  gas w i t h o u t  
m o d i f i c a t i o n s .  

As w i th  low-Btu gas, p roduc t ion  o f  h igh -B tu  gas is 
accompl ished by r e a c t i n g  coal w i t h  steam and oxygen, removing 
p a r t i c u l a t e s  and condens ib les  when necessary,  and removing 
s u l f u r  compounds. I n  a d d i t i o n  to these o p e r a t i o n s ,  i t  is  a lso 
necessary to remove carbon d i o x i d e ,  to a d j u s t  the hydrogen to  
carbon monoxide r a t i o  to th ree  to one, and f i n a l l y  to conver t  
the hydrogen and carbon monoxide to methane. F igure A2 is  a~ 
general  schemat ic f o r  h igh-Btu  g a s i f i c a t i o n .  

In producing h igh -B tu  gas, i t  is  d e s i r a b l e  to m a x i m i z e  
the f o rma t i on  o f  methane in the g a s i f i e r .  Co inc iden t  w i th  
t h i s ,  the leve l  o f  CO 2 should be as low as p o s s i b l e ,  wh i l e  
s t i l l  y i e l d i n g  s u f f i c i e n t  heat ( f rom combustion o f  par t  o f  
the coa l )  to ca r r y  out the g a s i f i c a t i o n  r e a c t i o n s .  Most 
processes use oxygen as the o x i d i z e r .  This e l i m i n a t e s  d i l u t i o n  
o f  the gas w i th  n i t r o g e n ,  which prec ludes ob ta i n i ng  a hea t ing  
value of  950 Btu/SCF. Two developmental  processes ( the  CO 2 
Acceptor  and HYGAS) use a i r  ins tead o f  oxygen to c a r r y  out the 
combustion p o r t i o n  o f  the r e a c t i o n  in a r eac to r  t h a t  is  
separated from the g a s i f i e r  and which ob ta ins  heat t r a n s f e r  
i n d i r e c t l y .  

High-Btu gas i f icat ion requires more process steps than 
low-Btu gas i f i ca t ion ,  although some are ident ica l .  The steps 
involved are: 

Q Coal P repa ra t i on :  c rush ing and/or  g r i n d i n g ,  d r y i n g ,  
and s ize  c l a s s i f i c a t i o n .  

G a s i f i c a t i o n :  r eac t i on  o f  the coal carbon w i th  
steam and oxygen to form H 2, CO, CO 2, and CH 4, 

P a r t i c u l a t e  Removal: most developmental  systems 
u t i l i z e  high temperature  removal o f  en t ra ined  
so l~ds.  
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Quench: quenching of  the gas is not usua l l y  neces- 
sary in h igh-Btu processes but steam may be added 
at t h i s  s tep.  

c CO-sh i f t :  c a t a l y t i c  adjustment of the H2:CO r a t i o  
to 3:1 by the r e a c t i o n .  

H20 + CO-----~CO 2 + H 2 

S u l f u r  and C02 Removal: s t r i p p i n g  of  C02, H2S , and 
o ther  s u l f u r  compounds from the gas. 

Methanat ion:  c a t a l y t i c  fo rmat ion  of  methane from 
H 2 and CO by the r e a c t i o n .  

3H 2 + CO ~CH 4 + H20 

Cool ing and Dry ing:  removal o f  water  formed dur ing  
methanat ion to meet p i p e l i n e  s p e c i f i c a t i o n s  and 
coo l i ng  to p i p e l i n e  c o n d i t i o n s .  

Support ing serv ices and u t i l i t i e s  are also necessary. Steam 
g e n e r a t i o n ,  oxygen p roduc t i on ,  coo l ing  water supp l i es ,  water 
and wastewater t rea tmen t ,  s o l i d  waste d i sposa l ,  and s u l f u r  
recovery are such se rv ices .  High-Btu g a s i f i c a t i o n  processes 
in general r equ i r e  moderate to high q u a n t i t i e s  o f  process 
water .  Because much of  the water is used to generate high 
pressure superheated steam, water t rea tment  f a c i l i t i e s  somewhat 
more extens ive than ~hose used f o r  low-Btu gas are needed. 

For h igh-Btu  g a s i f i c a t i o n  the most promis ing commerc ia l ly  
ava i l ab l e  process is based on Lurgi  techno logy.  The most 
advanced developmental processes are CO 2 Acceptor ,  Synthane, 
and HYGAS. C02 Acceptor  has been s u c c e s s f u l l y  p i l o t e d  u s i n g  
l i g n i t e ,  HYGAS has been tes ted on, several  coa ls ,  and the 
Synthane p i l o t  p lan t  is o p e r a t i o n a l .  Appendix D presents 
desc r i p t i ons  of  these and o ther  h igh-Btu  processes. 

Coal L i q u e f a c t i o n .  The o b j e c t i v e  of  conver t ing  coal to l i q u i d  
fue ls  is t h r e e - f o l d :  p roduc t ion  of  n o n - p o l l u t i n g  u t i l i t y  f u e l s ,  
p roduct ion  of  s y n t h e t i c  crude f o r  r e f i n i n g  to d i s t i l l a t e  f u e l s ,  
and/or  p roduc t ion  of  petrochemical  f eed -s tocks .  Major e f f o r t s  
in the United States c u r r e n t l y  are d i r ec ted  toward develop ing 
processes f o r  the p roduc t ion  of u t i l i t y  f u e l s .  The two routes 
app l ied  f o r  develop ing these processes are: ( I )  p y r o l y s i s  and 
hyd roca rbon i za t i on ,  and (2) c a t a l y t i c  and n o n - c a t a l y t i c  hydro- 
genat ion.  Using these technologies, the weight • r a t i o ,o~5h~o -  
gen to carbon in coal is increased from I:(12-18) to I: 
in the l iquid fuels. Table A.3 l i s t s  seven develop.ing processes 
of major importance. 
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TABLE A3. Coal L i q u e f a c t i o n  Processes 

Processes Developer Comments 

Pyrolysis 

COED 

COALCON 

Catalytic Hydrogenation 

Consol Synthetic Fuel 
(CSF) 

H-Coal 

Synthoil 

Noncatalytic 
Hydrogenation 

Solvent Refined Coal 
(SRC) 

Exxon Donor Solvent 

FMC Corp. 

Union Carbide Corp. 

Consolidation Coal Co. 

Hydrocarbon Research, Inc. 

Pittsburgh Energy Research 
Center, ERDA 

The Pittsburgh and Midway 
Coal Mining Co. 

Exxon Research and 
Engineering Co. 

Multistage pyrolysis in f luidized- 
bed reactors. Heat transfer by 
countercurrent flow of coal and 
gases produced from char. 

Hydrocarbonization process. Heat 
transfer by circulating hot coal- 
ash agglomerates. 

Dissolution of coal with hydrogen- 
donor solvent followed by extraction 
in a stirred vessel and catalytic 
hydrogenation of low ash coal extract 

Slurry preparation with coal de- 
rived oil followed by hydrogenation 
in an ebullating-bed reactor. 

Slurry of coal prepared with coal 
derived oi l .  Catalytic hydrogen- 
ation in a fixed-bed reactor. 

Slurry preparation with coal de- 
rived solvent followed by dis- 
solution and hydrogenation with H 2. 

Hydrogenation with hydrogen-donor 
solvent which is prepared on a 
fixed-bed catalyt ic reactor. 

N.B. Fischer-Tropsch Synthesis (catalyt ic conversion of CO+H2) is also a 
process used for l iquefaction of coal. I t  is the only commercial process 
available in the world. I t  has not been used in the U.S. This process 
requires, as a f i r s t  step, that the coal be gasified. 
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Pyrolysis and Hydroaarbonization. Pyro lys is  of coal 
involves heat ing the coal ,in the absence of d i r e c t  hydrogen 
contact  to about 800°F and higher to dr ive  o f f  the v o l a t i l e  
mater ia ls  and n a t u r a l l y  occur r ing o i l s .  P a r t i a l  combustion 
of  a por t ion  of the coal is usua l l y  the source of  heat in 
py ro l ys i s  processes. By-products obtained are gases (wi th  
a higher H/C r a t i o  than the feed coal)  and char,  both of  
which are recovered fo r  f u r t h e r  use in the process. The o i l  
is hydrot reated to remove s u l f u r ,  n i t rogen ,  and oxygen, and 
to produce a h i g h e r - q u a l i t y  product .  Hydrogen, fo r  hydro- 
t r e a t i n g ,  is obtained by reac t ing  the by-product  char w i th  
steam and oxygen. The quan t i t y  of l i q u i d  product depends 
on the coal rank, the mechanisms of heat ing,  and the operat ing 
pressure and temperature. At lower temperatures more char 
and smal ler  amounts of gases and l i qu i ds  are obtained.  At 
higher temperatures the l i q u i d  decomposes to gaseous products.  
The l i q u i d  y i e l d  can be increased by min imiz ing the exposure 
time to elevated temperatures. At increas ing pressures less 
l i q u i d  product is obtained wi th higher q u a n t i t i e s  of char 
and gas r e s u l t i n g .  At pressures above 25 atmospheres, 
product d i s t r i b u t i o n  no longer is changed by pressure. 

Hydrocarbonizat ion d i f f e r s  from py ro l ys i s  by using high- 
temperature hydrogen:r ich gas f o r  d e v o l a t i l i z a t i o n .  In 
add i t ion  to the e f f e c t  of heat, in the presence of  hydrogen 
at high temperatures,  coal components are hydrogenated. A 
greater  p ropor t ion  of more hydrogenated hydrocarbons i s  
produced than by py ro l ys i s .  Hydrogen is prepared by reac t ion  
of the char wi th oxygen and steam. General ly the py ro l ys i s  
and hydrocarbonizat ion processes are s i m i l a r  except f o r  the 
product y i e l d .  Pyro lys is  products usua l ly  requ i re  f u r t h e r  
hydrogenat ion,  whi le  products from hydrocarbon izat ion may not.  
A schematic f low diagram fo r  t y p i c a l  py ro l ys i s  of  coal is 
shown in Figure A3. 

The main process sequence cons is ts  of  e igh t  opera t ions .  
These are: 

© 

© 

Coal Preparat ion:  crush ing,  g r i nd ing :  and dry ing .  

Py ro l ys i s :  d e v o l a t i l i z a t i o n  using hot f l ue  gas 
or gases generated i n - s i t u  by the reac t ion  of  
steam and a i r  or oxygen with coal .  

© Quench: cool ing to condense l i q u i d  hydrocarbons. 
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0 Phase Separat ion:  separat ion of  crude o i l  from 
gases, water,  and so l i ds .  

0 Hydrogen Product ion:  generat ion of hydrogen from 
char, steam, and a i r  or oxygen. 

0 Liquid Product Hydro t rea t ing :  Hydrogenation of  
the crude to upgrade the hydrocarbon content and to 
remove s u l f u r ,  n i t rogen:  and oxygen. 

F rac t i ona t i on :  d i s t i l l a t i o n  in to  product and by- 
product  f r a c t i o n s .  

Product and By-Product Storage and Use: u t i l i z a t i o n  
of the main fue l  product and d i s p o s i t i o n  of by- 
products.  

E l e c t r i c a l  power, steam, a i r  or oxygen, water and cool ing water 
are required as u t i l i t i e s .  Support ing operat ions inc lude 
wastewater and so l i d  waste disposal and by-product  recovery.  

Hydrocarbonizat ion processes d i f f e r  from the f low sheet 
shown fo r  py ro l ys i s  by in t roduc ing  par t  of  the hydrogen in to  
the py ro l ys i s  reac to r  in place of steam, oxygen, or a i r .  In 
add i t i on ,  less hydrogen is needed fo r  hyd ro t rea t i ng  because 
the crude product is more h igh ly  hydrogenated. Aside from 
these d i f f e r e n c e s ,  the operat ions in the two technologies are 
qu i te  s i m i l a r .  

At t h i s  t ime the two processes based on py ro l ys i s  and 
hydrocarbon izat ion  of maximum importance are COED and Coalcon, 
r espec t i ve l y .  The COED p i l o t  program has been completed and 
the p i l o t  p lant  has been dismant led.  During 1973 a Navy 
dest royer  was success fu l l y  operated fo r  a shor t  (several  
hours) run on fuel  produced from COED crude. There are no 
cur rent  plans fo r  implementat ion of COED technology,  but 
fu tu re  development may make the process economical ly  com- 
p e t i t i v e .  A demonstrat ion p lant  f o r  the Coalcon process was 
planned fo r  New Athens, l l l i n o i s .  This p ro j ec t  is j o i n t l y  
funded by ERDA, ~ndustry ,  and the State of l l l i n o i s .  Coalcon 
is a hydrocarbon izat ion process based on e x i s t i n g  technology 
and equipment. While the major ~r~duct  ~s 1~quid f u e l ,  gas 
and fue l -g rade char also w i l l  be produced. Due to excessive 
cost increases CoAlcon probably w i l l  be terminated by the 
end of 1977. 

Process desc r ip t i ons  of the py ro l ys i s  and hydrocarboni -  
zat ion technolog ies are included in Appendix E. 
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Catalytic and Non-Oatalytic Hydrogenation. In c o n t r a s t  
to  p y r o l y s i s  and h y d r o c a r b o n i z a t i o n ,  hyd rogena t i on  of  coal 
i n v o l v e s  hea t ing  coal at e l eva ted  pressure and tempera tu re  
w i t h  d i r e c t  hydrogen con tac t .  The p r o p e r t i e s  o f  the l i q u i d s  
ob ta ined  depend upon the amount of  hydrogen added. L i q u i d s  
o f  lower  b o i l i n g  range are ob ta ined  when l a r g e r  q u a n t i t i e s  
o f  hydrogen are reac ted .  C a t a l y t i c  and n o n - c a t a l y t i c  hydro -  
gena t i on  r e s u l t  in d i f f e r e n t  end p roduc ts ,  the former  pro-  
duc ing more l i q u i d  than the l a t t e r .  I f  the hydrogen is 
reduced,  a s o l i d  p roduc t  (a t  ambient c o n d i t i o n s )  may be 
formed. Larger  q u a n t i t i e s  o f  hydrogen y i e l d  a l i q u i d  p roduc t  
a t  ambient  c o n d i t i o n s .  

Hydrogena t ion  o f  coal is  c a r r i e d  out in a c o a l - o i l  s l u r r y  
phase. Coal is  ground to the r e q u i r e d  s i z e ,  d r i e d ,  and mixed 
w i t h  an a romat i c  s o l v e n t ,  u s u a l l y  produced in the process 
i t s e l f .  The coal s l u r r y  is heated to 675°F to 850°F and 
hydrogenated in a r e a c t o r  at pressures of  200 to 4500 ps ig .  
At h i ghe r  tempera tu res  thermal  c rack ing  exceeds hydrogen 
t r a n s f e r  and r e s u l t s  in coke f o r m a t i o n  and gas p r o d u c t i o n .  
C a t a l y t i c  hyd rogena t i on  a l l ows  h ighe r  t empera tu res ,  up to 
950°F, w i t h o u t  coke f o r m a t i o n .  The conven t i ona l  c a t a l y s t s  
used are c o b a l t  and ammonium mo lybda te ,  n i c k e l  c h l o r i d e ,  
f e r r o u s  c h l o r i d e ,  and s i m i l a r  m a t e r i a l s .  

C a t a l y t i c  and n o n - c a t a l y t i c  hyd rogena t i on  processes b a s i -  
c a l l y  use the same process ing  o p e r a t i o n s .  G e n e r a l l y ,  d i f f e r -  
ences are in c o n d i t i o n s  at  which coal is  l i q u e f i e d .  A g e n e r a l -  
ized b lock  f l ow  sheet f o r  t y p i c a l  hyd rogena t ion  process is 
shown in  F igure  A4. The main process stream i nc l udes  o p e r a t i o n s  
as f o l l o w s :  

• Coal P r e p a r a t i o n :  c rush ing  and d r y i n g .  

S l u r r y i n g  and P rehea t i ng :  m ix ing  coal w i t h  r e c y c l e d  
s o l v e n t ,  i n t r o d u c i n g  hydrogen to the mix ,  and b r i n g i n g  
the s l u r r y  to the necessary  tempera tu re  and p ressure .  

L i q u e f a c t i o n :  e i t h e r  c a t a l y t i c  or n o n - c a t a l y t i c  
r e a c t i o n  o f  hydrogen w i th  coal components to produce 
l i q u i d  hydrocarbons .  

I Phase Sepa ra t i on :  removal o f  und i sso l ved  coal and 
m ine ra l  m a t t e r ,  and s e p a r a t i o n  of  l i q u i d  and vapor 
f r a c t i o n s :  
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Q Hydrogen Product ion :  p repa ra t i on  of~hydrogen f o r  
process use from undissolved carbon res idue .  

® Hydro t rea t i ng :  f u r t h e r  hydrogenat ion f o r  non- 
c a t a l y t i c  processes to remove s u l f u r ,  n i t r o g e n ,  
and oxygen, and to upgrade the crude f u e l .  

® F r a c t i o n a t i o n :  separa t ion  of  the fuel  components, 
recyc le  so l ven t ,  and by -p roduc ts .  

U t i l t i e s  (steam, a i r ,  coo l i ng ,  water ,  e l e c t r i c a l  p o w e r ) a r e  
requ i red  as wel l  as wastewater t rea tmen t ,  s o l i d  waste d i s p o s a l ,  
and by-product  s torage and d i sposa l .  

Solvent  r e f i n e d  coal is the most advanced l i q u e f a c t i o n  
process. Two p i l o t  p lants  are in ope ra t i on .  One, a 6 TPD 
p l a n t ,  is located at W i l s o n v i l l e ,  Alabama and the o the r ,  having a 
50 TPD capac i t y ,  is at Fort  Lewis, Washington. H-Coal and 
the Donor Solvent  Process are second in importance wi th  p i l o t  
opera t ions  planned or beg inn ing.  Appendix F presents desc r i p -  
t i ons  of  hydrogenat ion processes f o r  l i q u e f a c t i o n  of  coa l .  
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APPENDIX B 

SELECTION OF COAL TECHNOLOGIES 

Rat iona le  and C r i t e r i a  f o r  Se lec t i on  o f  Technologies For 
Fur the r  Cons ide ra t i on .  Obv ious ly  a l l  o f  the t echno log ies  
descr ibed in t h i s  r e p o r t  are not p r a c t i c a l  and a p p l i c a b l e  to 
Army bases. A l i m i t e d  number o f  s u i t a b l e  processes must be 
se lec ted  from those desc r ibed .  This s e l e c t i o n  should not be 
opt imized to ob ta in  a s i n g l e  process or even one process from 
each techno logy ,  but r a t h e r  to i d e n t i f y  w i t h i n  the t echno log ies  
processes which appear a p p l i c a b l e  and to e l i m i n a t e  u n q u a l i f i e d  
techno log ies  or processes.  

D i r e c t  combustion o f  coa l ,  convers ion o f  coal to gas, and 
convers ion  o f  coal to l i q u i d s  must be cons idered i n d i v i d u a l l y  
w i t h  respec t  to the c a p a b i l i t y  to f u l f i l l  s p e c i f i c  requ i rements .  
S i m i l a r l y ,  commerc ia l l y  a v a i l a b l e  and develoPmental processes 
w i t h i n  each techno logy must be cons idered s e p a r a t e l y .  The 
approach taken has been to eva luate  f i r s t  the t e c h n i c a l  f a c t o r s  
r e l e v a n t  to implement ing a g iven process.  A f t e r  one or more 
processes have been i d e n t i f i e d  as t e c h n i c a l l y  accep tab le ,  
economic f a c t o r s  then have been used to i d e n t i f y  and e l i m i n a t e  
economica l l y  i m p r a c t i c a l  processes.  

S p e c i f i c  t echn i ca l  c r i t e r i a  cons idered in the s e l e c t i o n  
inc lude  process design f a c t o r s ,  o p e r a b i l i t y ,  c a p a c i t y ,  
na tu ra l  resource requ i rements ,  and env i r onmen ta l  f a c t o r s .  
Economic c o n s i d e r a t i o n s  inc luded manpower, r e t r o f i t t i n g ,  
t r a n s p o r t a t i o n ,  and by -p roduc t  recovery  cos ts .  Table B{ 
i d e n t i f i e s  these c r i t e r i a .  

D i r e c t  Combustion Techno log ies .  Every d i r e c t  combustion coal 
techno logy  p r e v i o u s l y  d iscussed conce ivab ly  could be app l ied  
at Army bases. Advantages and d isadvantages o f  each system 
are shown in Table B2. The on ly  advanced developmental  
techno logy f o r  d i r e c t  combustion is  the f l u i d i z e d - b e d  system. 

A f t e r  eva lua t i on  o f  the d i f f e r e n t  s toke r  t e c h n o l o g i e s ,  
a l l  s toke r  systems could be app l ied  to  Army f a c i l i t i e s .  Each 
system is e f f i c i e n t  and r e l i a b l e ,  adaptab le  to burn ing 
most types of  coa ls ;  and compat ib le  w i t h  requ i red  load demands 
and v a r i a t i o n s .  Envi ronmenta l  problems, s tack gas emiss ions,  or 
ash d isposa l  are manageable. 
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TABLE BI. Factors In f luenc in B A p p l i c a b i l i t y  of Technologies to Army Use 

I. Technical Criteria 

A. Process Factors 

Product/Use Compatibility 

Product Storage/Delivery 

Process Complexity 

Process Rel iabi l i ty  

Feed Stock F lex ib i l i t y  

Conversion Efficiency 

Process and Cooling Water 
Requirements 

Abi l i ty  to Convert Waste 
Products 

Abi l i ty  to u t i l i ze  the product 
fuel for the end use application 

Need for product fuel storage and/or 
delivery system 

Compatibility of the level of 
technology sophistication with 
use for mi l i tary bases 

Abi l i ty  of process equipment to 
perform continously and on demand 

Capability of equipment to function 
effectively using different coals 

Amount of input energy recovered as 
useful heat 

Water quantity and quality 

Compatibility of u t i l i z ing  other fuel 
and later converting to coal 



t 

N 

B. 

TABLE BI. Factors In f luenc ing A p p l i c a b i l i t y  of Technologies 
To Army Use (Continued) 

Capacit~ iFactors 

Base Load 

Peak Load 

Turndown F lex ib i l i t y  

Size Compatibility with Demand 

Comparison of process base load 
capacity with mil i tary post 
consumption 

Abi l i ty  of one or more producing 
units to meet peak requlrements 

Range of outputs over which a single 
process unit can ef f ic ient ly  and 
reliably operate and the ab i l i t y  to 
selectively operate multiple units. 

Abi l i ty  of process units to be 
scaled up or down to match 
production to consumption. 

C. Coal Sup~l.y Factors 

6eograph~/Location 

C~al Rank and Properties 

Process Requirements 

Long Term Avai labi l i ty 

Ash and ~ulfur Content 

Regional avai labi l i ty  of coal 
suitable for use 

Effect  of coal rankand properties 
on equipment performance and com- 
pa t i b i l i t y  with the process requirements 

F lex ib i l i t y  of process to operate 
on range of coals 

Abi l i ty  of supplier(s)'to provide 
coal of required properties for the 
projected l i f e  of the equipment. 

Avai labi l i ty of methods to handle ash 
and sulfur compounds produced from coal 



TABLE B]. Factors 

D. Environmental Factors 

Ash Disposal 

I n f l u e n c i n g  
To A.rmy Use 

A p p l i c a b i l i t y  of Technologies 
(Continued} 

Faci l i t ies required for ash handling. 

Other Solid Waste Amount and type of solid wastes presenting 
disposal problems 

Ai r  Po l l u t i on  

Wastewa~er 

Local Environmental 

I I .  ECONOMIC FACTORS 

Capital Costs 

Operating Costs 

Manpower 

By-Product Values 

Regulations 

Necessary control system to prevent 
particulate, emissions to atmosphere 

Compatibility of wastewaters generated 
with existing treatment system and need 
for industrial wastewater treatment 

Compatibility of process to e f f i c i en t l y  
perform in compliance with environmental 
laws, both local and federal 

Cost of new equipment or modifications 
to existing systems, ins ta l la t ion ,  
engineering, and anci l lary equipment 

Maintenance, salaries, u t i l i t i e s  and 
services, raw materials, replacement 

Need for highly trained or unskilled 
labor to operate the system ab i l i t y  
automate equipment. 

to 

Need to dispose of or a b i l i t y  to 
p r o f i t a b i l i t y  market by-products 

Transportation Existing nearby transportation f a c i l i t i e s  
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TABLE B2. Summary of  Factors  in D i r e c t  Combustion A p p l i c a t i o n  

. . J  

Po 

TECHNOLOGY 

Spreader Stoker 

Underfeed Stoker 

Water-Cooled 
Vibrating Grate 
Stoker 

Chain Grate 
and Traveling 
Grate Stokers 

Pulverized Coal: 
Bin System 

Pulverized Coal 
Direct Firing 

..System 

Multi-cell 
Fluidized Bed 

Coal/Oil Slurry 

STATUS 

Highly reliable 
Requires mlnlmam 
space, Efficient 

CAPACITY, ECONOMICS AIR POLLUTION 

Boiler Capacity: 
75,000-400,000 Ibs of 
steam per hour, Re- 
ponsive to variations 
in load demands 

Efficient Output: up to 500,000 
Btu/sq f t  hr, One can 
be designed to handle 
variations in load 

Become increasingly 
popular, Efficient 

Output - up to 400,000 
Btu/sq f t  - hr 

Relatively h igh  Output 350,000-500,000 
maintenance, Btu/sq f t  hr 
Efficient 

Pulverizer system 
required, More 
efficient than 
stokers, 400,000 
Ib/steam hr output, 
Requires more space 
than direct f i r ing 

Pulverizer system Multiple pulverizers 
required, Must be and bprners permit 
operated continously, adjustment to demafid 
More efficient than 
stokers above 400,000 
Ib steamhr, Greater 
simplicity than bin 
system 

Most efficient 
method of direct 
combustion tech- 
nology under 
developmental stage 
Technology under 
development stage 

• Multiple modules permit 
adjustment to demand 

Won't significantly 
affect gtu output 
when oil fired unit 
is converted 

No longer competi- 
tive with direct- 
f ir ing 

Lower in i t ia l  cost 
than bin system 

Inexpensive due 
to fabrication 
potential 

Increase In'capital 
cost and operating 
costs 

Bust collectors, SO2 
Control, and Ash Disposa.l 
Necessary 

Particulate, S02, and 
ash dlsposal necessary 

Especially adaptable to 
multiple fuel f i r ing,  
Particulate and SO 2 re- 
moval equipment required, 
Ash disposal necessary 

Minimum of f ly  ash carry- 
over, SO2 and particulate 
control equipment necessary 

Dahger of explosionduring 
storage and pulverized 
coal, Requires S02 and 
particulate control equip- 
ment 

Requires SO 2 and particu- 
late control equipment 

Reduced sulfur dioxide 
(up to gD%)and nitrogen 
oxide emissions, Ash is 
sintered and can be 
used as an aggregate 

No significant affect on 
emissions 

FUEL 

Can burn broad range of 
fuels including caking 
coals - no anthracite, 
Coal size segregation 
important 

Coal size affects capacity 
and efficiency, Can burn 
caking coals as well as 
others, Coal size segregation 
important 

Low and high rank coals can 
both be burned, Can burn coals 
with high free swelling index 

Can burn nearly any solid fuel, 
Coal size segregation important 

Can burn all ranks of bitumin-'. 
ous - anthracite with special 
preparation 

Can burn any coal and other 
solld fuels, No danger of 
slagging, Can burn high 
ash coals 



Pu lve r i zed  coal combustion could a lso be e f f e c t i v e  at 
m i l i t a r y  i n s t a l l a t i o n s .  Despi te  the f a c t  t ha t  coal p u l v e r i z a -  
t i on  equipment is necessary ,  energy e f f i c i e n c y ,  s ize compat i -  
b i l i t y ,  and turndown c a p a b i l i t y  through use of m u l t i p l e  un i t s  
make p u l v e r i z e d - c o a l - b u r n i n g  a t t r a c t i v e .  As w i th  s t oke r s ,  
through proper p repa ra t i on  and c o n t r o l ,  env i ronmenta l  impact 
should be min imal .  

F l u i d i z e d - b e d  combustion (FBC) demonst ra t ion p lan ts  
c u r r e n t l y  are being funded by ERDA. This technology promises 
to be an e f f e c t i v e ,  e f f i c i e n t ,  economical ,  and e n v i r o n m e n t a l l y  
sound method of burn ing coa l .  V a r i a t i o n s  in load demand and 
s i z i n g  a lso are e a s i l y  met. A s i g n i f i c a n t  a d d i t i o n a l  advantage 
of FBC is the e l i m i n a t i o n  of the necess i t y  f o r  coal d e s u l f u r i -  
za t i on  and/or  s u l f u r  d i ox ide  stack gas c l ean ing .  

Coal G a s i f i c a t i o n  Technolog ies 

Commercial Processes. A l l  commerc ia l l y  a v a i l a b l e  g a s i f i -  
ca t ion  processes y i e l d  low- and medium-Btu gas. There are no 
proven commercial h igh -B tu  systems in o p e r a t i o n ,  a l though 
h igh -B tu  gas has been produced e x p e r i m e n t a l l y  dur ing  t es t s  at 
W e s t f i e l d ,  Scot land.  Plans to use the o x y g e n - f i r e d  Lurgi  
system fo r  producing s u b s t i t u t e  na tu ra l  gas are being imp le-  
mented but no p lan ts  have ye t  been cons t ruc ted .  Any immediate 
e f f o r t  to conver t  coal to gas w i l l  of  necess i t y  be based on 
one or more of the low-Btu processes.  

Tables B3, B4, and B5 summarize the c h a r a c t e r i s t i c s  which 
w i l l  have g rea tes t  i n f l u e n c e  on m i l i t a r y  a p p l i c a t i o n s  of the 
four  most advanced commercial low-Btu processes.  On the basis 
of  these summary tab les  the two most promis ing processes f o r  
near - term Army use are Lurgi  and Koppers-Totzek.  

For low-Btu p r o d u c t i o n ,  Koppers-Totzek based systems have 
the advantages of  accept ing  any type of coa l ,  opera t ing  at 
s u f f i c i e n t l y  high temperatures to min imize fo rmat ion  of  o i l s  
and t a r ,  and not r e q u i r i n g  h i gh -p ressu re  ope ra t i on .  The need 
fo r  an oxygen p lan t  to supply the g a s i f i e r  w i th  oxygen is  a 
d isadvantage.  Lurgi  has the advantages of being able to 
produce low-Btu gas using e i t h e r  a i r  or oxygen as the o x i d i z i n g  
medium and of  having a high thermal e f f i c i e n c y .  I t s  prime 
d isadvantage is the lower temperature opera t ionS lead ing  to 
fo rmat ion  of  o i l s ,  t a r s ,  and phenols which must be separated 
from the raw gas and then disposed o f .  (Lurg i  g a s i f i c a t i o n  
appears to have lower c a p i t a l  costs than Koppers-Totzek . )  



TABLE B3. Product Factors A f fec t ing  the Low-Btu Gas A p p l i c a b i l i t y  
to Army Bases 

Typical Gas Compositions, 
Mole Percent (2) 

CO_ CH__4 ~ H_2/CO 

Su i tab i l i t y  
for 
Upgrading 
to High- 
Btu Gas 

Need 
For Pres- 
su r i za t i on  
Before 
Distr ibut ion 

Volume Ratio of 
Gas Relative to 
Natural Gas (3~ 

M~ 

Gasifier Oxidizer (l) 

Lurgi A 9.2 4.7 20.I 2.2 
0 13.3 5.5 19.6 1.5 

Koppers- 
Totzek 0 50.4 O. 0 33.3 O. 7 

Wi nkl er A 25.7 O. 7 30.3 I. l 
0 19.0 2.5 13.9 0~7 

Wellman- A 29,6 2.4 32.3 l .l 
Gal usha 0 26.0 O. 5 I I. 7 O. 6 

No 
Yes 

No 

No 
No 

No 
No 

No 
No 

Yes 

Yes 
Yes 

Yes 
Yes 

5.6 
3.1 

3.3 

8.3 
3.3 

5.9 
3.6 

(I) A: Air, O: Oxygen 
(2) C02, N2, H20 and other constituents are not listed. 
(3) Natural Gas, lO00 Btu/scf. 



TABLE ~4. Equipment Factors Affecting Applicability 
of Low-Btu Gas to Army Use 

Gasifier 

Lurgi 

Koppers- 
Totzek 

Winkler 

Wellman- 

Type 

Fixed/ 
agitator 

Entrained 
slagging 

Fluidized 

Fixed/ 
agitator 

Gasifier Description 

Coal Feed 
Capabilities 

Needs sized low 
caking and non- 
caking coals 

Needs pulverized 
coals 
Can accept a l l  
types 

Needs crushed 
low caking and 
non-caking coals 

Needs sized low 
caking and non- 
caking coals 

Gasifying 
Medium 

A) Steam-air and 
B) Steam-oxygen 

A) Steam-oxygen 
B) Air cannot be 

used 

A) Steam-air 
B) Steam-oxygen 

A) Steam-air 
B) Steam-oxygen 

Operating 
Pressure 

atm. 

20 

Gasifier 
Diameter 

f t .  

12 
16 

(planned) 

2 burne~ ) 
4 burners 

I8 

lO 

Gasifier Performance 

Unit Capacity 
Bi l l ion Btu/Day 

7 to 9 
12 to 16 

7 to 9 
]4 to 18 

8 to lO 

15 to 20 

Heating Value Turn- 
Btu/scf down 

180 (air)  
320 (oxygen) 

35 300 65 

120 (air) 53 
300 (oxygen) 

170 (air)  
280 (oxygen) 90 

Overa I l 
Efficiency, 

Percent 

Hot 2- Cold 3 
I 

50 gl 82 

S team 
Requirement 
Ib/MM Btu 

150 to 180 

86 67 40 to 65 

75 65 20 to 30 

95 82 60 to 75 

Units 
Required 
for Army 
Scale Use 

2 to  lO 

l to 3 

2 to 3 

lO to 15 

(1) Not cyl indrical,  25 f t  Ellipsoid 

(2) Overall thermal efficiency with fuel gas at discharge temperature. 

(3) Overall thermal efficiency with fuel gas at ambient temperature (70°F) and no sensible heat recovery. 



TABLE B5, Product.,, By-Product ,  and Waste Factors 

Process By-products Environmental Considerations Remarks 

Lurgi 

Koppers- 
Totzek 

Tar, o i l ,  phenols, 
ammonia, steam 

Steam 

The fac i l i t y  wi l l  require a gas cleanup" 
and wastewater treatment fac i l i t y  

Purification system is less complicated 
since only trace amounts of tar, o i l ,  and 
phenols are present in the gas 

Suitable for industrial, heating 
Combined-cycle operation is not simple 

• Instrument control simple 

Suitable for combined-cycle operation 
Instrument control sophisticated 

Winkler 

Wellman- 
Galusha 

Steam 

Tar, o i l ,  phenols 
ammonia, steam 

Purification system is less complicated 
since only trace amounts of tar, oi l  and 
phenols are present in the gas. 

The fac i l i t y  wi l l  require a gas cleanup 
and wastewater treatment fac i l i t y .  

.Suitable for industrial heating and 
combined-cycle operati'on 

Instrument control sophisticated 

Suitable for industrial heating 
Combined-cycle operation simple 
Instrument control simple 



Developing Prooesses. While there are several  low-Btu and 
medium-Btu processes under development,  the o b j e c t i v e s  of t h i s  
techno logy are combined h igh - tempera tu re  gas and steam t u r b i n e  
e l e c t r i c  power gene ra t i on .  The scale of these un i t s  is not 
compat ib le  w i th  Army needs. Developmental low- and medium-Btu 
processes are not considered to be of  i n t e r e s t  f o r  m i l i t a r y  
a p p l i c a t i o n s .  

All high-Btu processes must be considered developmental. 
Tables B6, B7, and B8 summarize the relevant characterist ics 
of the most promising and most advanced of these. Oxygen- 
f i red Lurgi is the only fixed-bed system, and HYGAS and CO 2 
Acceptor are processes not requiring oxygen. 

The l a t te r  two processes suffer the disadvantage of 
extremely complex solids transfer in a high-temperature 
environment. High concentrations of methane are produced in 
the gas i f ie r .  Problems of scaledown to requisi te size from 
commercial scale are probable. P i lo t  plant sizes, however, 
could conceivably be scaled up, or p i lo t -s ized units repl icated, 
to produce gas in quantit ies required by Army f a c i l i t i e s ,  
although costs may be prohib i t ive.  

A l l  h igh-Btu  processes requ i re  steam ( the source of 
hydrogen) ,  carbon d i ox i de  and hydrogen s u l f i d e  removal ,  and 
methanat ion.  For m i l i t a r y  uses, p roduc t ion  of h igh -B tu  gas 
may requ i re  excessive s o p h i s t i c a t i o n  when compared to o ther  
a v a i l a b l e  op t i ons .  

Among the processes shown in Tables B6, B7, and B8, Lurgi 
is closest to commercialization for production of high-Btu gas. 
I t  is also the least "high technology" system, but requires 
(as does the low-Btu version) f a i r l y  extensive waste control. 
Shi f t ,  gas cleanup, and methanation a l l  are necessary pro- 
cessing steps to upgrade the raw gas to a high-Btu product. 

Synthane, BIGAS, HYGAS, and C02 Acceptor are considered 
second-generation technologies. Oxygen is required by Synthane 
and BIGAS and hydrogen is obtained from steam by the CO sh i f t  
reaction. Hydrogen must be supplied separately to HYGAS, while 
su f f i c ien t  hydrogen can be genera%ed in the C02 Acceptor reactor 
to avoid this.  All four require methanation but the highest 
concentration of methane, and therefore the least addit ional 
methanation reaction, is obtained with HYGAS. BIGAS and CO 2 
Acceptor are the "cleanest" of the processes. 



TABLE B6. Product and Process Factors A f f e c t i n g  A p p l i c a b i l i t y  o f  
, Hi,~h-Btu Gas to Army Use 

Typical Raw Gas Compos.itions.~ Mole Percent 

CH4 CO H2 

Lurgi 4.7 

Synthane 15.4 

Ratio of Quench and Gas 
H2/CO Heat Recovery Cleanup System 

9.2 20.I 2.2 Gas washed with Not required 
gas liquor prior to shi f t  

reaction but re- 
quired prior to 
methanation step 

I0.5 17.5 1.7 

BIGAS 8.1 22.9 12.7 0.6 

HYGAS 32.8 

Gas washed with 
water 

Gas washed with 
h o t  condensate 

l l . 6  37.6 3.1 Gas washed with 
water or oi l  

CO 2 Acceptor 17.3 3.2 Gas washed with 
water 

14.1 

v 

44.6 

Not required prior 
to sh i f t  reaction 
but required prior 
to methanation step 

Not required prior 
to sh i f t  reaction 
but required prior 
to methanation step 

Required prior to 
methanation step 

Smaller system re- 
quired due to H2S and 
C02 react with the 
acceptor 

Shift Reaction 

About 50% of the gas 
bypasses shi f t  reaction 

Part of the gas bypasses 
shi f t  reaction 

All the crude gas goes to 
shi f t  reaction 

Not required as H2/CO ratio 
after gas cleanup is 3.1 
Ratio adjusted by hydrogen 
addition i f  required 

Not required as raw gas 
contains enough hydrogen 



High-Btu Gas To Army Use (continued) 

C 

Process 

Lurgi 

Synthane 

BIGAS 

HYGAS 

CO 2 Acceptor 

Bed Type 

Fixed/Agitator 

TwO stage 
f1~id bed 

Entrained/ 
Slagging 

Three stage 
f l u i d  bed 

Single stage 
f l u id  bed 

Coal Feed 
C a p a b i l i t i e s  and 

P r e t r e a t m e n t  

Limited to non-caking or 
low caking coals. Fine 
coal sizes must be 
br iqu i t ted for use. 

Caking coal pretreated in 
a separate high pressure 
f lu id ized bed. Wide range 
of coal including l i g n i t e  
can be used. 

Al] types of coals can be 
used without pr ior  
treatment. 

Caking coal pretreated in 
a separate atmosphere 
f lu id ized bed. 

Caking coal pretreated in 
a separate f lu id ized bed. 
Limited to more reactive 
l i gn i t e  and subbituminous 
coals. 

Feed System 

Pressurized 
lock-hopper 
system 

Pressurized 
lock-hopper 
system 

Coal water 
s lur ry  

Coal o i i  
s lur ry  

Lock-hopper 
system 

Pressu re  
atm 

20 to 30 

70 

I00 

70 

10-20 

Exit Gas 
Temperature 

°F 

700-1100 

1400 

1700 

1200 

1500 

IL • 



TABLE B7. (continued) Equipment 
................. High-Btu Gas 

Factors AFfecting 
to A,rmy_U s e 

Appl icabi I i t y  
. 

r . . . . . .  

of  

co' 
OT 

Process 

Lurgi 

Synthane 

BIGAS 

HYGAS 

CO 2 Accepter 

Methanatlon 
and 

Hethanation larger 
than HYGAS process 

Hethanation smaller 
due to high percent 
of methane produced 
on the gasifier 

Methanator of large 
size wil l  ~e required 
due to small H2/CO 
ratio 

Hethanator smaller 
due to hig~ percent 
of methane produced 
in hydrogasifier 

Large slze, methanator 
required as amount=of 
methane produced 
d i rect ly  is low 

Oxygen 
Plant 

o 

Required 

Process ~ater 
Requirements 

Gal/~illion Btu 

3.4 

Required 
Oxygen re- 
q uirements 
ue to high 

C02 production 
in the gasifier 

4 ,3  

A large oxygen 
plant is re- 
quired 

6.4 

Not required 7.6 
(Steam-oxygen) 

Not required 6 ,3  

Thermal 
Efficiency 
Percent 

67 

65 

69 

57 
(Steam-Iron) 

• 71 
(Steam-Oxygen) 

6 2 . 5  

Heating Value 
Btu/SCF 

980 

9?-7 

943 

941 
(Steam-Iron) 

947 
(Steam-Oxygen) 

953 



The process most l i ke l y  to be compatible to Army u t i l i z a -  
tion for the near (but not immediate) future, is Lurgi. For 
consideration at a la ter  time, C02 Acceptor and HYGAS, the two 
most advanced second-generation processes, may be considered 
but with reservations due to equipment complexity. 

Coal Liquefaction Technologies. There are at present no 
commercial coal l iquefact ion processes in the United States. 
All processes in this technology are under development and 
w i l l  not become commercial in the near future. 

These developing l iquefact ion processes are characterized 
by complex unit operations and unit processes. New technology 
is required in the i n i t i a l  breakdown of coal into l iqu id  
components. Subsequent processing steps resemble oi l  ref in ing 
operations and the nature of the processing equipment and the 
technology dictates that large-scale f a c i l i t i e s  w i l l  be necessary 
to economically produce l iqu id  fuels from coal. In general, a 
minimum economic capacity is nominally 50,000 barrels per day 
of product produced from 18,000 to 25,000 TPD of coal. This is 
far in excess of the consumption of any individual Army f a c i l i t y .  
Even the major energy-consuming bases use only one-twentieth to 
one fo r t i e th  the Btu equivalent of this amount of o i l .  

On the basis of size, none of the coal l iquefact ion 
technologies under development can be selected for further 
study due to the large capacities required for economic operation. 
Additional factors in el iminating these processes are the 
production and disposal of mult iple by-products and the complexity 
of the technology. For practical purposes, a small petrochemicals 
plant would be operated i f  the processes were to be scaled down 
to requisi te size. Except for the capacity res t r i c t i on ,  Solvent 
Refined Coal (SRC), H-coal, and Coalcon processes would be 
the most promising l iquefact ion processes. I t  is possible that 
future developments may result  in l iquefact ion processes 
compatible with Army f a c i l i t i e s ' f u e l  needs in terms of capacity. 
At this time, however, no such processes have been ident i f ied .  

One al ternat ive to on-site production of l iqu id  fuel from 
coal is the operation of a regional f a c i l i t y .  A fu l l - sca le  
plant could be located to serve a number of m i l i t a r y  f a c i l i t i e s .  
The plant location could be chosen to minimize transport of 
coal and product. Product fuel would be delivered to the 
f a c i l i t i e s  served by the plant in tank trucks or by r a i l .  
Regional f a c i l i t i e s ,  however, are not within the scope of this 
e f fo r t .  



APPENDIX C 

LOW- AND MEDIUM-BTU GASIFICATION PROCESSES 

Descript ions of the major low-Btu gas i f i ca t i on  processes 
fo l low.  
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COAL GASIFICATION 

LURGI PROCESS 

Low-Btu Gas 

BACKGROUND 

Sponsor: 

Developer: 

Contractor: 

Contract Value: 

Status: 

Compatible Coal Type: 

Proposed Demonstration Plant 
sponsored by ERDA 

Lurgi Mineraloltechnik 
g.m.b.h. 

Commonwealth Edison Co./ 
Electric Power Research 
Inst i tu te  (EPRI) 

ERDA - $62.2 mil l ion 
Others - $42.7 mi l l ion 

600 tons/day demonstration 
plant scheduled for operation 
June 1978. Plant design and 
construction wi l l  be done by 
Fluor Engineers. American 
Lurgi wi l l  furnish the 
gasi f ier .  Plant si te Located 
at Pekin, I l l i n o i s .  

Non-caking coals. 

in 

CONCEPTUAL DESIGN Plant producing 307 MSCFD 
low-Btu gas. 

1 ~,q 



Coal Preparation 

Coal Type: 

Coal Analyses: 

Proximate, wt% 

Navajo Subbituminous 

Ul t imate (MAF), wt% 

Fixed Carbon 
V o l a t i l e  Matter 
Ash 
Moisture 

35.0 
31.2 
17.3 
16.5 

Carbon 
Hydrogen 
Nitrogen 
Sulfur 
Oxygen 

76.72 
5.71 
1.37 
0.95 

15.21 

Heating Value, 

Preparat ion:  

Btu/Ib: 8872 (MAF) 
7340 (As Received) 

Coal is dried and ground 
to I -3/4" x 3/16" 
Caking coals are to be 
pretreated. 

Feed System: 

Gas i f i ca t i on  Reactor 

Type: 

Description 

Lock hopper 

and O.peratin~ Conditions 

Counter-current moving 
bed 

Temperature: Top: IIO0-1400°F 
Bottom: 1700°F 

Pressure: 285 psig 

Input to Gas i f i e r  Reactor: 

Coal 
Steam 
A i r  
( i nc lud ing  water) 

440,000 Ib/hr  • ~ 
258,060 I b / h r  
184 MSCFD (.dry) 

3,679 Ib/hr  

1 3 9  .- 



Output from Gasifier Reactor: 

Product gas 
Heating ~Value 
Acid gas 

By-product 

Ash 
Tar 
Gas l iquor 

Analysis of Char, wt% Dry 

Not specified 

Heating value: 

Other Information 

Type of acid gas removal: 

Type of sulfur recovery: 

Thermal eff iciency: 

307.2 MSCFD 
230 Btu/SCF 
40.3 MSCFD 

Ib/hr 

80,224 
21,846 

231,165 

Not specified 

Hot carbonate (Benfield) 

Stretford 

80 to 85% (gasi f ier  only) 
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Process Descr ip t ion  

Coal can be converted to a low-Btu gaseous product in the 
Lurgi g a s i f i e r  (see Figures Cl and C2) by reac t ion  w i th  steam and 
a i r  at about 250-300 ps i .  The g a s i f i e r  is a moving-bed-type 
reac to r  wi th sized coal enter ing the top through a d i s t r i b u t o r  
and a mixture of  steam and a i r  enter ing the bottom through 
a r o t a r y - g r a t e .  The coal is fed through a lock hopper 
system. The g a s i f i e r  cons is ts  of B double-wal led pressure 
vessel ;  the double wal l  forms a water j a c k e t  which p ro tec ts  
the outer  pressure wal l  from h igh - reac t i on  temperatures.  
As the coal charge t rave l s  downward, the coal is d r ied ,  
devo la t ized and g a s i f i e d .  Resul t ing ash is removed by the 
r o t a t i n g  grate through a lock hopper system. The maximum 
temperature is reached in the combustion or ox ida t i on  zone, 
where the h igh ly  exothermic ox ida t ion  react ions provide the 
necessary heat and temperature fo r  the endothermic reac t ions  
and vapor iza t ions  which occur in the upper por t ions  of  the 
reac to r .  Ash leav ing the combustion zone is cooled by 
incoming steam and a i r  before being discharged. The crude 
gas is washed and cooled by generat ing low-pressure steam 
fo l lowed by a i r  and water quench coo l ing .  The gas is then 
p u r i f i e d  by passing i t  through the hot carbonate acid gas- 
removal un i t .  The S t r e t f o r d  un i t  is used fo r  s u l f u r  recovery.  

Although th i s  proven process has been used commercial ly  
since 1936, i t  does have ce r ta in  operat ing l i m i t a t i o n s .  
I t  is r e s t r i c t e d  to noncaking coals; hence only• l i g n i t e ,  
subbituminous coa ls ,  and noncaking and weakly caking b i t -  
uminous coals can be used d i r e c t l y .  Pret reatment  is 
necessary fo r  caking coals.  The size of coal fed must be 
c lose ly  regu la ted,  wi th a l l  f ines  e l im ina ted .  Several 
g a s i f i e r  un i ts  must be operated in p a r a l l e l  f o r  commercial 
p roduct ion ,  due to size l i m i t a t i o n s .  The maximum s ize of  
the Lurgi is about 12 fee t  in diameter.  Operat ional  problems 
are mechanical wear of  moving par ts .  

. / "  
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BACKGROUND 

Developer: 

Status: 

Compatible Coal 
Types: 

COAL GASIFICATION 

KOPPERS-TOTZEK PROCESS 

Low-Btu Gas 

Koppers Company 

Commercial plants in existence 
around the world 

Bituminous and Subbituminous 

CONCEPTUAL DESIGN Plant produces 290 MSCFD of medium - 
Btu Gas 

Coal Preparation Operation: 

Coal Type :  Nava jo  Subbituminous 

Coal Analyses: 

Proximate~ wt % 

Fixed Carbon 35.0 
Volatiles 31.2 
Ash 17.3 
Moisture 16.5 

Ultimate (MAF)~ wt % 

C 76.72 
H 5.71 
N 1.37 
S 0.95 
0 15.21 
Other 0.04 

Heating Value, Btu/Ib: 

Size of Coal Feed: 

8830 (MAF) 
7300 (As Received) 

Pretreatment 

Feed System: 

Drying and grinding, I0% (less 
than 200 mesh) 

Screw feed mixed with steam 
and oxygen 
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Gasi f ie r  Descr ipt ion and Operating Condit ions: 

Type: Entrained slagging 

Oxidant Supplied: Oxygen 

Temperature: 2700°F 

Pressure: 15 psig 

Input to Gasifier: 

Coal: 
Steam: 
Oxygen: 

479,300 lb/hr (2% moisture) 
84,700 Ib/hr 

326,000 Ib/hr 

Output from Gas i f ie r :  

Raw, dry gas from g a s i f i e r  and quench: 

CO 575,300 Ib/hr 
H2 22,200 Ib/hr 
C02 88,900 Ib/hr 
CH4 600 Ib/hr 
H2S 3,400 Ib/hr 
COS 700 Ib/hr 
N2 ll,O00 Ib/hr 
Higher 
Hydrocarbon 0 Ib/hr 

By-products from Gas i f ie r :  

Ash 
Tar & Oil 
Phenols 
NH3 
Hydrocarbon 
liquids 

Net dry product gas: 

I11,500 Ib/hr 
Negligible 
Negligible 
Negligible 

Negligible 

Volume of Product Gas 290 MSCFD 

Heating Value: 

Pressure of Product Gas: 

303 Btu/$CF 

166 psia ( a f t e r  compression). 

- ] 4 5  



Gas Analysis (Volume %): 

CH 4 
H 2 
N2 
C02 
CO 
H2S+COS 

O.l 
32.6 
1.2 
5.2 

60.9 
0.03 

Other Information: 

Net Process Water Consumption: 

Type of Acid Gas Removal: 

Sulfur Recovery: 

Type: Claus 
Total Produced: 3,330 Ib/hr 

Thermal Eff iciency: 53.0% to 69.0% 

0.4 MGD 

Methyl diethanolamine 
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Process Descr ip t ion  

Coal is p re t reated by drying and then pu lver ized to about 70 per- 
cent through 200 mesh. The drying medium, which is e i t h e r  
hot f l ue  gas or Koppers-Totzek gas burned wi th a i r ,  is 
c i r c u l a t e d  through the m i l l .  The r e s u l t i n g  coal dust is 
conveyed con t inous ly  by f l u i d i z a t i o n  to serv ice bins above 
the g a s i f i e r .  From each b in,  coal passes to a feed bin from 
which the coal is screw fed to the mixing head. At the 
mixing head a combination of steam and oxygen en t ra in  the 
coal p a r t i c l e s  and t r anspo r t  the dust at v e l o c i t i e s  g rea te r  
than the speed of  flame propagat ion.  Low-pressure steam 
produced in the g a s i f i e r  j acke t  is used as the process steam 
in the g a s i f i e r .  

Carbon is ox id ized by the steam and a i r  enter ing the g a s i f i e r  
and hydrogen is produced. The high temperature of operat ion 
causes slagging of the ash. Over ha l f  the slag f lows down 
the g a s i f i e r  wal ls  in to  quench tanks. The remainder of  
the ash leaves the g a s i f i e r  as a f ine  f l y  ash entra ined in 
the e x i t  gas, Water sprays remove the heavy p a r t i c l e s  
and cool the gas. Final gas cleaning is accomplished by 
two Thesen d i s i n t e g r a t o r s  arranged in ser ies .  A f t e r  com- 
pression the gas is scrubbed wi th amine to remove H2S 
for sulfur recovery (see Figure C3). 

147 



, . . , 4  

CO 

sTEAN  

FROM COAL 
PULVERIZER I 

TO VENT 

i _~i , ', 

V'-~ ~, ~,~,CE 

I ~ , , ~  " ,ROTARY VALV 

~ , ~ - - - ' ~ 1  

SLAG TO t SLU,cET /1'""" 
BIN, HIGH PRESS-URE 

PUMP 

~'RIM/MI~Y 
w M s . ~  

SLUDGE TO_ 
DISPOSAL 

STEAM 

WASHER 

FROM SLAG 
QtJENCH TANK 

CLARIFIER 

MAKE 

~ _ M A K E  -UP WATER 

I 

~ RAW 

TO SLAG 
QUENCH TANK 

SCRUBBING SYSTEM 

DE-SULFURIZED 
GAS TO USERS 

, r  r -  ~ _ d( 

~ I.JEAN ABSORBENT 

J 

FOUL 
T . . . .  : s AB S01~8ENT 

1.,~. ~ ,.so,.ER 
CONDENSATE (IF ANY} 

FigureC3. Koppers-Totzek Gasification Process 

• 0 



COAL GASIFICATION 

WINKLER PROCESS 

Medium-Btu Gas 

BACKGROUND 

Developer: Davy Powergas, Inc.  

Status:  The process has been in 
successful  commercial 
opera t ion  at 16 p la~ts in 
a number of c o u n t r i e s ,  
using a t o t a l  of  36 generators .  
Some p lants  are s t i l l  ope ra t i ng ,  
w i th  the l a rges t  having output  of  
26.4 MSCFD. The l as t  
i n s t a l l a t i o n  was in 1960. 

CONCEPTUAL DESIGN 

Coal Preparat ion 

Plant  producing 886 MSCFD 
medium-Btu gas .  

Coal Type: L i g n i t e  

Coal Analyses: 

Proximate, wt% 

Fixed Carbon N.R. 
V o l a t i l e  Matter  B.R. 
Ash 14.5 
Moisture 13.3 

Heating Value, B t u / I b :  

Prepara t ion :  

Feed System: 

U l t imate  (MAF), wt% 

Carbon 71.2 
Hydrogen 5.4 
Ni t rogen 0 . 8  
Oxygen 18 .3  

9320 (MAF) 
7970 (As received) 

Coal is dr ied and ground 
to minus I / 4  in .  Pre- 
t reatment  necessary fo r  
caking coals .  

Var iab le  speed screw 
f e e d e r .  
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Gasification Reactor Description and Operatin 9 Conditions 

Type: 

Temperature: 

Pressure: 

Input to Gasifier Reactor: 

Lignite 
Steam 
Oxygen 

Output from Gasifier Reactor: 

Raw Dry Gas 

CO 
H2 
C02 
CH 4 
H2S 
COS 
N2 

Fluidized Bed 

1700°F 

30 psia 

Ib/hr 

1,675,000 (8.7% moisture) 
820,800 
961,300 

Ib/hr Vol% 

1,094,800 35.2 
85,700 38.6 

1,066,500 21.8 
32,000 1.8 
51,250 0.4 
lO,O00 0.2 
34,000 l . l  

By-Products Ib/hr 

372,500 Char 
Tar and Oil 
Phenols 
NH3 

Higher Hydrocarbons 

Analysis of Net Dry Product Gas, Vol% 

CH 4 2,0 
H2 42.7 
N 2 1.2 
CO 2 15.1 
CO 38.9 
H2S+COS 0,08 

Heat ing Value:  

Pressure :  

282 Btu/SCF 

15 psia 
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Analys is  o f  Char, wt% Dry 

Not s p e c i f i e d  

Heating value:  

Other I n fo rma t i on  

Net process water consumption: 

Type of  acid gas removal: 

Type o f  s u l f u r  recovery :  

Thermal e f f i c i e n c y :  

4,810 B tu / l  b 

3.9 MGD 

Hot carbonate ( B e n f i e l d )  

Claus 

66.8 - 68.9% 
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Process Description 

The Winkler f luidized-bed gas i f ier  is shown in Figure C4. 
Crushed coal (minus I/4 in . )  is dried and fed by a screw 
feeder into the side of the reactor. Coal reacts with 
oxygen and steam to produce offgas rich in carbon monoxide 
and hydrogen. The f lu id ized bed operates at 1,500°-1,850°F 
depending on coal type. Pressure Is approximately atmo- 
spheric. 

Because of the high temperatures, a l l  tars and heavy hydro- 
carbons are reacted. About 70 percent of the ash is carried 
over by gas and 30 percent of i t  is removed from the bottom 
of the gas i f ie r  by the ash screw. Unreacted carbon carried 
by the gas is converted by secondary steam and oxygen in 
the space above the f lu id ized bed. 

As a resul t ,  maximum temperature occurs above the f lu id ized 
bed. To prevent ash part ic les from melting and forming 
deposits in the exi t  duct, gas is cooled by the radiant 
boi ler  section before i t  leaves the gas i f ie r .  Raw gas 
leaving the gas i f ie r  is passed through an addit ional waste- 
heat recovery section. Fly ash is removed by cyclones, 
followed by a wet scrubber, and f i n a l l y  an e lect rostat ic  
prec ip i ta tor .  Gas is then compressed and pur i f ied.  

Oxygen consumption for the Winkler process is intermediate 
between that of the moving-bed Lurgi and the entrained-bed 
Koppers-Totzek. While the Winkler does not produce the tars, 
phenols, and l i g h t  o i ls  that the Lurgi does, l ike Koppers- 
Totzek, i t  has been operated commercially only at atmospheric 
pressure. Studies of estimated results under conditions of 
1.5-atm pressure have been made. 
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BACKGROUND 

Deve loper :  

S ta tus :  

COAL GASIFICATION 

WELLMAN-GALUSHA PROCESS 

Low- and H igh-Btu  Gas 

Wellman Eng inee r ing  Company 

Two u n i t s  have been opera ted 
commerc i a l l y  in the Un i ted  
States on b i tum inous  coal 

CONCEPTUAL DESIGN No Data A v a i l a b l e .  
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Process D escrip.tion 

Coal gasifiers of the fixed-bed variety were once common in 
industrial complexes. One type that is now commercially 
available is Wellman-Galusha Generator shown schematically 
in Figure C5. 

Crushed coal (3/16-5/16 in.)  is dried and fed from the fuel 
bin by a lock-hopper system or through a rotary-drum feeder. 
A steam/oxygen mixture is introduced through a revolving 
grate at the bottom. Gasifiers are available with and 
without an agitator. The agitator producer has a slowly 
revolving horizontal arm which spirals ver t ica l ly  below the 
surface of the fuel bed. The agitator reduces channeling 
and maintains a uniform bed. The gasi f ier features internal 
jacketed side walls and a connecting overhead "steam dome" 
in which the steam needed for gasif ication is produced. 
The units bu i l t  in the past were about lO f t .  in diameter. 

The temperature of the gas leaving the gasi f ier is in the 
range of l,O00 ° to 1200°F depending on coal type. 
Pressure is about atmospheric. Ash is removedcontinuously 
through a slowly revolving eccentric grate at the reactor 
bottom. 

Substitution of air for oxygen to the gasi f ier wi l l  produce 
a low-Btu raw gas. Raw gas leaving the gasif ier is passed 
through a waste-heat-recovery system. Ash, which is carried 
over by gas, and tar are removed by scrubbing. The gas is then 
compressed. Pipeline quality gas can be produced by adding 
sh i f t ,  pur i f icat ion,  methanation, and dehydration. 
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COAL GASIFICATION 

COMBUSTION ENGINEERING PROCESS 

Low-Btu Gas 

BACKGROUND 

Sponsor: ERDA 
CombustionEngineering 
Electr ic Power Research 

Inst i tu te  

Developer: Combustion Engineering 

Contractor: Combustion Engineering 
(Design, Construction and 
Operation of Process 
Demonstration Unit) 

Contract Value: ERDA - $15.0 m i l l i o n  
Others - $6.9 m i l l i o n  

S ta tus :  Detailed engineering and 
construction of the 5 tons 
of coal per hour process 
demonstration unit (PDU) is 
scheduled to be completed in 
spring 1977, and operations 
are expected to continue unt i l  
mid-1978. PDU.is located at 
Windsor, Connecticut. 

CONCEPTUAL DESIGN No Data A v a i l a b l e  
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Process Description 

The Combustion Engineering gasif ication process is based on 
an air-blown, atmospheric-pressure, entrained-bed gasi f ier .  
A schematic of the process is provided in Figure C6. Some 
pulverized coal and recycled char are fed to the combusiton 
section of the gasi f ier  and burned to supply the heat 
necessary for the endothermal gasif ication reaction. In 
the combustion section, nearly al l  of the ash in the 
system is converted to molten slag, which is drawn off  
the bottom of the gasi f ier .  The balance of the pulverized 
coal plus steam are fed to the reduction portion of the 
gasi f ier  and are injected into the hot gases entering 
the reductor from the combustor. The gasif icat ion process 
takes place in the entrainment portion of the reactor where 
the coal is devolatized and reacts with the hot gases to 
produce the desired product gas. This 1,600°F product gas 
is cooled to 300°F. At this point, the gas contains solid 
part icles and hydrogen sulf ide that must be removed. Solids 
are removed and recycled by means of cyclone separators and 
venturi scrubbers. Hydrogen sulfide is removed and elemental 
sulfur is produced by the Stretford process. The clean low,Btu 
gas (127 Btu per standard cubic foot) can then be delivered 
to the burners of power boi lers, gas turbines, or combinations 
of the two in a combined-cycle power generator. 

Substitution of oxygen for air  in the gasi f ier  combustor 
w i l l  increase the heating value of product gas from 127 
to 285 Btu per standard cubic feet of gas. The main virtue 
of the atmospheric gasi f icat ion system is that development 
work is necessary on the operation and control of the gasi f ier  
only. All other components are commerically available items 
with predictable operating characterist ics. 
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COAL GASIFICATION 

WESTINGHOUSE PROCESS 

Low-Btu Gas 

BACKGROUND 

Sponsor: 

Developer: 

Contractor: 

ERDA 
Public Service Indiana 
Westinghouse Electr ic  Corp. 
Amax Coal Company 
Bechtel, Inc. 
Peabody Coal Company/Kennecott 
Copper Corporation 

Westinghouse Electr ic Corp. 

PDU Operated by Westinghouse 
Electr ic Corporation. Detailed 
Engineering, Design and 
Construction by Bechtel Corp. 

Contract Value: ERDA - $9.7 mi l l i on  
Others - $4.2 mi l l ion  

Status: Work is now under way with a 
1,200 Ib/hr process development 
uni t .  Design and construction 
of a 120 tons of coal 
per day p i l o t  plant is scheduled 
for completion in 1977. The 
overall program is directed 
toward the operation of a 

Types: Compatible Coal 

CONCEPTUAL DESIGN 

combined-cycle power plant 
using a commercial-sized 
gas i f ie r  with a capacity of 
about 1,200 tons of coal per 
day. Plant is located at 
Waltz M i l l ,  Pennsylvania. 

Public Service of Indiana has 
designated i ts  Dresser Station, 
near Terre Haute, Indiana, as 
the si te for the commercial 
plant. 

Not specified. 

No Data A v a i l a b l e  
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Process Description 

A schematic of  the advanced coal g a s i f i c a t i o n  system fo r  
e l e c t r i c  power generat ion is provided in Figure C7. The 
main reac to r  subsystems are the d e v o l a t i z e r / d e s u l f u r i z e r  
and the g a s i f i e r / a g g l o m e r a t o r .  Dry coal is in t roduced 
in to  the devo la t i ze r  through a centra l  d r a f t  tube in 
which coal ,  hot gases, a n d r e c i r c u l a t i n g  char  and dolomite 
f low upward at a v e l o c i t y  of 40 f t / s e c .  The hot so l ids  
r e c i r c u l a t e  downward in the annulus around the d r a f t  tube 
at weight rates of about I00 times the coal feed ra te  to 
prevent agglomerat ion of the f resh coal as i t  passes 
through i t s  s t i c k y  phase. Dense dry char c o l l e c t s  in the 
f l u i d i z e d  bed at the top of  the d r a f t  tube and is w i t h -  
drawn at t h i s  po in t .  Dolomite or calcium oxide (sorbent )  
is added to the f l u i d i z e d  bed to absorb the s u l f u r  present 
as hydrogen s u l f i d e  in the fuel  gas. Spent dolomite i s  
withdrawn from the bottom of the reac to r  and regenerated.  
Heat is suppl ied p r i m a r i l y  by the h igh- temperature  fue l  gas 
produced in the gas i f i e r - combus to r .  A f t e r  separat ion 
of f ines  and ash, product gas is cooled and scrubbed wi th  
water f o r  f i n a l  p u r i f i c a t i o n .  

G a s i f i c a t i o n  of char produced in the d e v o l a t i z e r / d e s u l f u r i -  
zer is ca r r ied  out in the g a s i f i e r / a g g l o m e r a t o r .  In the 
lower portion of the gas i f i e r ,  char fines produced in the 
devolat~zer are combusted with a i r  to provide the basic 
heat source for the process. PRoduct gases of C02 and steam 
are produced. In the upper portion of the gas i f i e r ,  steam 
reacts with coarse char to form the CO and H2 r ich stream 
which goes to the devolat~zer. The combustor, operating 
at about 2,100°F, also causes ash to reach i t s p l a s t i c  
stage, agglomerate~ and f a l l  out of the f lu id ized  bed of 
char. I t  is removed at the bottom of the reactor. 
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APPENDIX D 

HIGH-BTU GASIFICATIONPROCESSES 

Descriptions of the major high-Btu gasification process 
follow. 
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COAL GASIFICATION 

LURGI PROCESS 

High-Btu Gas 

BACKGROUND 

Developer: Lurgi  M inera lo techn ik  g .m.b.h .  

Announced Commercial and 
Demonstration Plants: Listing follows 
(As of May 15, 1976) 

flow sheet 

CONCEPTUAL DESIGN Plant producing 251 MSCFD 
high-Btu gas 

Coal Pre.p.ara.ti.o.n 

Coal Type: Navajo subbituminous 

Coal Analyses: 

Proximate~ wt% Ultimate IMAF), wt% 

Fixed carbon 35.0 Carbon 76.72 
Volati le Matter 3 1 . 2  Hydrogen 5.71 
Ash 1 7 . 3  Nitrogen 1.37 
Moisture 16.5 Sulfur 0.95 

Oxygen 15.21 

Heating Value, B t u / I b :  8872 (MAF) 
7340 (As Received) 

Prepara t ion :  Coal is dr ied and ground 
to I - 3 / 4 "  x 3 /16" .  
Caking coals requ i re  
p re t rea tment .  

Feed System: Lock hopper 
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Gasification 

Type: 

Temperature: 

Reactor Description and Opera,tin~ Condi t ions 

Counter -cur rent  moving 

Top: 1 I00-1400 °F 
Bottom: 1 700°F 

Pressure: 420 psia 

Input to Gasifier Reactor: 

Ib/hr 

Coal 
Steam 
Oxygen 

1,722,200 
1,762,200 

468,500 

Output from Gasifier Reactor: 

Raw Dry Gas 

Higher 

CO 
H2 
C02 
CH4 
H2S 
COS 
N2 

Hydrocarbons 

Ib/hr 

535,500 
76,500 

1,243,800 
174,000 
10,700 

8,800 
28,900 

Vol% 

19.5 
5.0 

29.0 
II .2 
0.3 

0.3 
0.9 

Analys is  

Heating 

Pressure: 

lb/hr By-Products 

314,000 
126,400 

I0,100 
16,900 
18,400 

Ash 
Tar & Oil 
Phenols 
NH3 

Hydrocarbon Liquids 

972 Btu/SCF 

of Net Dry Product Gas, Vol% 

CH4 95.9 
H 2 0.8 
N 2 1.2 
C02 2.0 
CO 0.1 
H2S+COS 

Value: 
915 psia 

bed 
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Analys is  of Char, wt% Dry 

Not spec i f i ed  

Heating Value: 

Other In fo rmat ion  

Net Process Water Consumption: 

Type of Acid Gas Removal: 

Type of Su l fu r  Recovery: 

Thermal E f f i c i e r c y :  

O. 8 MGD 

Cold methanol (Rectisol) 

Stretford 

52.9-67.3% 
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Process D e s c r i p t i o n  

The Lurgi gasif ication process for high-Btu gas is shown 
in Figures Dl and D2. The Lurgi gasif ier is classif ied as-a 
high-pressure (300-500'psig), moving-bed, nonslagging steam- 
oxygen system producing synthesis gas from coal. The 
equipment consists of a double-walled pressure vessel whose 
wa l l s  form a water  j a c k e t  to p r o t 4 c t  the Quter pressure  
vessel wa l l  from high r e a c t i o n  tempera tu res .  Sized coal 
en ters  the top through a d i s t r i b u t o r  and a ~ i x t u r 6  o f  
steam and oxygen enters  the bot tom. Ash is d ischarged 
from the bottom o f  the r e a c t o r  through a r o t a t i n g  g r a t e  
i n t o  a lock hopper. Coal moving downward from the top o f  the 
r e a c t o r  w i l l  be d r i e d ,  d e v o l a t i z e d ,  g a s i f i e d ,  and ox i d i zed  
in succession as the tempera ture  inc reases .  

Hot crude gas l eav ing  the g a s i f i e r  con ta ins  p r i m a r i l y  
carbon d i o x i d e ,  carbon monoxide, hydrogen, and methane. 
To achieve the proper r a t i o  o f  CO/H2 f o r  methana t ion ,  
a p o r t i o n  o f  the crude gas is passed through a s h i f t  
convers ion u n i t .  The conver ted gas and the bypass are 
then cooled to remove water  and l i q u i d  by -p roduc ts  be fo re  
gas p u r i f i c a t i o n .  In gas p u r i f i c a t i o n ,  carbon d iox ide  
and gaseous s u l f u r  compounds are removed from the gas by 
the Rec t i so l  process.  The p u r i f i e d  gas is then methanated 
to h igh -B tu  product  gas. The waste gas produced by Rec t i so l  
is  t r e a t e d  by a S t r e t f o r d  u n i t  to  recover  the by -p roduc t  
hydrogen s u l f i d e  as e lemental  s u l f u r .  

The water  and l i q u i d  by -p roduc ts  removed from the crude 
gas are f u r t h e r  processed to recover  t a r ,  t a r  o i l ,  crude 
phenol ,  ammonia, andwater  f o r  use in the p lan t  c o o l i n g  
system and o ther  i n - p l a n t  uses. Fuel requ i rements  f o r  
the p l an t  and process steam are prov ided by an a i r .  
blown c o a l - g a s i f i c a t i o n  u n i t  which prov ides  a c lean ,  low- 
h e a t i n g - v a l u e  gas. 
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BACKGROUND 

Sponsors: 

Developer: 

Contractor: 

Contract Value: 
$ M (Cost Share): 

Status: 

COAL GASIFICATION 

CARBON DIOXIDE ACCEPTOR PROCESS 

High-Btu Gas 

ERDA and AGA 

Conoco Coal Development Company 

Conoco Coal Development Company 

ERDA - $2.0 Mil l ion 
AGA - $I.0 Mil l ion 

A p i lo t  plant is located in Rapid City, 
South Dakota. The plant converts 40 tons 
of coal daily into 500,000 SCFD of high- 
Btu gas. 

CONCEPTUAL DESIGN (263 MSCFD high-Btu gas) 

Coal Preparation & Storage Operation 

Coal Type: Lignite 

Coal Analysis: 

Proximate~ wt % Ultimate IMAF)~ wt % 

Fixed Carbon . . . .  
Volati les . . . .  
Ash 7.47 
Moisture 33.67 

C 70.53 
H 4.71 
N l .17 
S l .00 
0 22.59 

Heating Value, Btu/Ib: 7375 (MAF) 
6825 (As Received) 

Pretreatment: Moisture content lowered to 5% in 
f luidized preheater, coal ground to 
less than I/8" 

Feed System: Lock Hopper 
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G a s i f i e r  D e s c r i p t i g n  & Operat ing Cond i t ions  

Type: Fluid bed 
Temperature: 1500°F 
Pressure: 150 psia 
Input to Gasifier: 

Lignite: 1,413,400.1b/hr 
Steam: 1,653,700 Ib/hr 
Air: (For regeneration of acceptor) 

3,373,400 
Dolomite:(Regenerated) 

7,164,000 lb/hr 

(0% mo is tu re )  

Main Output from G a s i f i e r :  

Raw dry gas from g a s i f i e r  and quench: 

CO 431,600 I b / h r  
H2 145,000 I b / h r  
CO 2 308,500 I b / h r  
CH4 98,900 I b / h r  
H2S 1,142 I b / h r  
COS Not Reported 
N2 6,200 I b / h r  
Higher Hydrocarbons Not Reported 

Other by-products  from g a s i f i e r  ~nd quench: 

Ash See sec t ion  below 
Tar & Oi l  
Phenols . . . . . . . . . . .  
NH3 
Hydrocarbon L iqu ids  ~ . . . .  
Char 496,800 I b / h r  

Char Ana lys i s :  

wt % 

C 63.41 
H 0.54 
0 2.26 
S 0.97 
N 0.25 
Ash 32.57 
Heating Value 9,450 B t u / I b  
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C02 Acceptor Regeneration Section 

Input to Regeneration Section 

Char 
Reacted acceptor 
Air 
Dolomite makeup 
C02 
Water 

Output from Regeneration Section 

Regenerated acceptor 
Carbonated ash slurry 

(50% water) 
Acid gas 
Flue gas 

Net Dry Product Gas Analyses: 

Volume of Product Gas 
Heating Value 
Pressure of Product Gas 
Gas Analysis (Volume%): 

CH4 
H2 
N2 
C02 
CO 

Net Process Water Usage: 

Type of Acid Gas Removal: 

Sulfur Recovery: 

Type: 
Quantity Recovered: 
Thermal Efficiency: 

496,810 Ib/hr 
7,977,000 Ib/hr 

44,500,000 SCFH 
254,454 Ib/hr 
600,000 SCFH 
15,800 Ib/hr 

7,164,000 Ib/hr 

466,000 Ib/hr 
450,000 SCFH 

57,300,000 SCFH 

263 MSCFD 
972 Btu/SCF 

lO00 psia 

93.0 
4.8 
0.8 
1.3 
O.l 

1.5 MGD 

9,920 Ib/hr 
60.2%-76% 
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Process D e s c r i p t i o n  

In the carbon d iox ide  acceptor  process (see Figure D3), 
subbi tuminous coal is  ground to I / 8  i n . ,  d r i ed  to 5% 
mo is tu re ,  and charged ~n a f l u i d i z e d - b e d  p rehea te r .  The 
preheated coal is  then fed i n t o  the g a s i f i e r  c lose to the 
bottom o f  a f l u i d i z e d  bed of  char .  Rapid d e v o l a t i z a t i o n  is 
f o l l owed  by g a s i f i c a t i o n  o f  the hydrocarbon.  The  necessary 
heat f o r  the endothermic  g a s i f i c a t i o n  reac to r s  is supp l ied  
by the carbon d iox ide  acceptor  r e a c t o r .  

The manner in which an accepto r  ( l imes tone  or do lomi te )  
is c i r c u l a t e d  between the g a s i f i e r  and the regenera to r  to 
supply  t h i s  heat is the unique f ea tu re  o f  the CO 2 acceptor  
process.  The accep to r ,  reduced to app rox ima te l y  6x14 
mesh, en ters  the g a s i f i e r  above the f l u i d i z e d  char bed, 
f a l l s  through the bed, and c o l l e c t s  in the g a s i f i e r  boot .  
H y d r o g a s i f i c a t i o n - r e q u i r e d  steam enters  through the boot 
and the d i s t r i b u t o r  r i n g ,  which is a sharp,  s tab le  i n t e r f a c e  
between the char and the cha r -accep to r  m i x t u r e  in the bed. 
Do lomi te ,  consumed at  s t a r t u p  to avoid p lugg ing ,  is  rep laced 
by f resh  accepto r  once c i r c u l a t i o n  ra tes  are determined and 
process ope ra t i ng  temperature  and pressure are reached. 
Product  gas passes through a s team-genera t ing  heat exchanger 
and goes to the gas cleanup s e c t i o n .  

The accepto r  r egene ra to r  ca l c i nes  the consumed accep to r .  
Recarbonated acceptor  from the g a s i f i e r  f lows through a 
s tand leg and is conveyed pneuma t i ca l l y  to the r e g e n e r a t o r  
bot tom. Char, a product  o f  g a s i f i c a t i o n ,  is  recyc led  to the 
regene ra to r  where i t  is  burned in the presence of  a i r .  
The regenera to r  tempera ture  is boosted to 1850°F. Due to 
reversa l  o f  the carbon d iox ide  acceptor  r e a c t i o n ,  the accep to r  
is ca l c i ned .  The regenerated acceptor  is re tu rned  to the 
g a s i f i e r  v ia  a s tand leg .  Flue gas from the regene ra to r  
goes through a heat exchanger,  genera t ing  steam f o r  the 
g a s i f i e r  and the a i r  compressor.  

The flue gas from the regenerator and the product 
gas are cleaned. The clean synthesis product gas is sent 
to  the methanat ion u n i t  whtc~ c ~ s t ~ t s  o f  a s h i f t  conv e~te~,  
a carbon d iox ide  absorber ,  h y d r o d e s u l f u r i z e r ,  a z i n c  
ox ide s u l f u r  guard,  and a packed-tube methanator .  A 
bowtherm system is  used f o r  tempera ture  con t ro l  and heat 
removal f o r  the s t r o n g l y  exo thermic  methanat ion r e a c t i o n .  
The methanat ion process increases the heat ing  value o f  the 
gas to p i p e l i n e  q u a l i t y .  
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COAL GASIFICATION 

HYGAS PROCESS 

High-Btu Gas 

BACKGROUND 

Sponsor: ERDA and the American Gas 
Assoc ia t ion  

Developer: I n s t i t u t e  of  Gas Technology (IGT) 

Cont rac to r :  I n s t i t u t e  of  Gas Technology 
P i l o t  P lant  Engineer ing and 
Cons t ruc t ion  by Procon 
Incorpora ted .  P re l im ina ry  
Engineer ing by Bechtel 
Corporat ion~ 

Contract  Value: ERDA - $29.2 m i l l i o n  
Others - $ I 0 . I  m i l l i o n  

Status:  75 tons/day p i l o t  is  c u r r e n t l y  
being operated by IGT. Steam- 
oxygen system complete, F iscal  
'76. P re l im ina ry  demonstrat ion 
p lan t  design complete. Plans 
have been announced to b u i l d  
an $18 m i l l i o n  p i l o t  p lan t  
f a c i l i t y  to demonstrate the 
steam-i ron process fo r  H2 
genera t ion .  P i l o t  p lan t  
located in Chicago, I l l i no i s .  

Compatible Coal Types: B i tuminous,  Subbituminous, and 
L i g n i t e .  

CONCEPTUAL DESIGN Plant producing 260 MSCFD 
high-Btu gas 
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Coal Preparation 

Coal Type: Bi tuminous,  I l l i n o i s  No. 6 

Coal Analyses: 

Proximate, wt% Ultimate IMAF), wt% 

Fixed Carbon 46.52 
Volati le Matter 30.36 
Ash I0.79 
Moisture 6.48 

Heating Value, Btu/Ib: 

Preparation: 

Carbon 78.45 
Hydrogen 5.43 
Nitrogen 1.53 
Sulfur 4.75 
Oxygen 9.85 

12600 (MAF) 
I1240 (As Received) 

Coal is dried to l to 2 
percent moisture and 
ground to less than 
8 mesh 

Feed System: Coal-oil slurry 

G a s i f i c a t i o n  Reactor Desc r i p t i on  and Operat in  9 Condi t ions 

Type: F l u i d i zed  bed, 4 sect ions 

Temperature: Section °F 

Top 600 
2nd 1250 
3rd 1750 
Bottom 1900 

Pressure: 1200 psia 

Input to Gasifier Reactor: 

Ib/hr 

Coal 
Steam 
Oxygen 

1,057,900 (0% moisture) 
981,700 
270,300 
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Output from G a s i f i e r  Reactor: 

R..aw. Dr), Gas I b / h r  Vol% 

CO 
H2 
C02 
CH4 
H2S 
COS 
N2 

Higher Hydrocarbons 

650,100 
48,300 

763,800 
244,200 

43,300 
700 

1,700 
15,100 

28.5 
29.6 
21.3 
18.7 

1.6 
0.01 
0 , I I  
0 .23  

By-Products Ib/.hr 

138,900 Char 
Tar & Oil 
Phenols 
NH3 

Hydrocarbon Liquids 

1,300 
11,300 
39,800 

Analys is  of Net Dry Product Gas, Vol% 

CH 4 93.0 
H 2 6.6 
N2 0.2 
CO 2 0 . I  
CO 0 . I  

Heating Value: 965 Btu/SCF 

Pressure: 958 psia 

Analys is  of  Char, wt% Dry 

Not spec i f i ed  

Heating Value: 1,488 B tu / I b  
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Other Information 

Net process water consumption: 

Hydrogen Generation Process 

Steam/Iron 
Steam/Oxygen 

Type of acid gas removal: 

Type of sulfur recovery: 

Thermal e f f ic iency:  

MGD 

3.0 
1.8 

Cold methanol (Rectisol) 

Claus 

60.3 - 70.5% 
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Process Description 

A diagram of the HYGAS process is provided in Figure D4. 
Raw coal is crushed, dried~ andpretreated (in case of caking 
coals) at 660°F to 750°F and atmospheric pressure. Prepared 
coal is mixed in a slurry tank with l igh t  aromatic o i l  
recovered in the process. Noncaking coal is fed d i rect ly  to 
the slurry tank. The coal-oi l  slurry is pumped by a centr i -  
fugal pump to lOO atm and then sprayed into the l i gh t  
oi l  vaporlzer section of the gasi f ier ,  where most of the 
l igh t  oi l  flashes of f  and is recovered downstream and 
returned to the process. The coal passes to the next stage 
operated at 1300 to 1500°F where approximately 20 percent 
of coal is converted to methane by the hot gas from the 
bottom stage of the hydrogasifier. Part of the devol' 
atized char is hydrogasified with hydrogen and steam at 
1700°F. An additional 25 percent of the i n i t i a l  coal is 
converted to methane in this hydrogen-rich environment. 
Char produced from the hydrogasifier is used for hydrogen 
production in one of three alternate processes: 
Electrothermal, Steam-Oxygen, or Steam-Iron. (Development 
work on the Electrothermal Process has been terminated due to 
the high cost of e l e c t r i c i t y . )  The product gas (containing 
methane and other raw gases, part iculates, trace elements, 
and water and oi l  vapors) from the reactor is quenched, 
pur i f ied,  and passed to the methanator. The rat io of hydrogen 
to carbon monoxide in the puri f ied gas entering the methanator 
is adjusted to about three to one. The puri f ied gas passes 
through a nickel catalyst methanation reactor at controlled 
temperature and is converted to p ipel ine-qual i ty  gas with an 
average heating value of 965 Btu per cubic foot. 
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COAL GASIFICATION 

BIGAS PROCESS 

High-Btu Gas 

BACKGROUND 

Sponsor: ERDA and American Gas 
Assoc ia t i on  

Developer:  

Con t rac to r :  

Cont rac t  Value: 

S ta tus :  

Bi tuminous Coal Research, Inc .  

P r o j e c t  managed by P h i l l i p s  
Petroleum Company. Respon- 
s i b i l i t y  o f  c o n s t r u c t i n g  and 
ope ra t i ng  the p i l o t  p l a n t  
awarded to Stearns-Roger ,  
Inc.  G a s i f i e r  designed and 
b u i l t  by Babcock and Wi lcox.  

ERDA - $58.1 m i l l i o n  
Others - $11.5 m i l l i o n  

120 tons/day p i l o t  p lan t  was 
scheduled f o r  complet ion by 
the second qua r t e r  of  1976. 
Located in Homer C i t y ,  
Pennsy lvan ia .  

Compatible Coal Types: B i tuminous,  Subbi tuminous,  
and L i g n i t e  

CONCEPTUAL DESIGN 

Co ai P repara t ion  

Coal Type: 

Coal Analyses:  

Proximate,  wt % 

Fixed Carbon 45.4 
V o l a t i l e  Mat ter  39.5 
Ash 6.7 
Mois ture  8.4 

P lan t  producing 250 MSCFD 
h igh-Btu  gas 

Bi tuminous:  Western Kentucky 

U l t ima te  (MAF), wt % 

Carbon 80.20 
Hydrogen 5.50 
N i t rogen 1.62 
S u l f u r  4.10 
Oxygen 8.58 

No. I I  
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Heating Value, Btu/Ib 12330 (MAF) 
llSO0 (As Received) 

Preparation: Coal is dried to 2 percent 
moisture and ground to 70 
percent less than 200 mesh 

Feed System: Coal-water slurry 

Gasification Reactor Description and Operatin 9 Conditions 

Type: Top Entrained 
Bottom Slagging 

Temperature: Top 1700°F 
Bottom 3000°F 

Pressure: 1200 psia 

Input to Gasifier Reactor: 

Ib/hr 

Coal 
Steam 
Oxygen 

946,300 (I.3% moisture) 
409,700 
497,600 

Output from Gasifier Reactor: 

Raw Dry Gas Ib/hr Vol % 

CO 1,024,300 43.5 
H 2 40,900 24.5 
C02 512,300 14.0 
CH 4 207,300 15.5 
H2 S 40,600 1.4 
COS . . . . . . . . . . .  
N2 15,300 0.6 
Higher Hydrocarbons 

By-Products Ib/hr 

Ash 68,400 
NH 3 7,700 
Tar and Oil . . . . . .  
Phenols 
Hydrocarbon Liquid . . . . . .  
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Analys is  o f  Net Dry Product Gas, vol % 

CH4 91.8 
H2 5.1 
N2 1.9 
C02 1 . I  
CO 0 . I  
H2S+S02 

Heating Value: 

Pressure: 

A...nalysis o f  Char, wt % Dry 

Not Spec i f i ed  

Heating Value: 

Other In fOrmat ion 

Net process water  consumption: 

Type of  acid gas removal:  

Type of  s u l f u r  recovery :  

Thermal e f f i c i e n c y :  

943 Btu/SCF 

1075 psia 

1 . 5 "MGD 

Hot carbonate ( B e n f i e l d )  

Claus 

61.8-66.8% 
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Process Description 

The BIGAS process is a two-stage, high-pressure, oxygen- 
blown system using pulverized coal and steam in entrained 
flow. A diagram of the BIGAS process is provided in 
Figure D5. Basical ly,  there are four major steps in the 
process: coal preparation, s lurry preparation, gasi f ica- 
t ion,  and gas pur i f i ca t ion  and methanation. 

Coal preparation consists of pulverizing the coal so that 
approximately 70 percent w i l l  pass through 200 mesh. Both 
par t ic le  size and par t ic le  size d is t r ibu t ion  can vary, 
however. The coal, mixed with water, is fed to a centr i fuge, 
where the solids are concentrated into a cake of 50 to 60 
percent sol ids. The cake is then s lurr ied in the blend tank 
to the consistency used in the process and the s lurry is 
contacted with hot iner t  recycle gas for nearly instan- 
taneous vaporization of the surface water. The coal is 
conveyed to a cyclone separator by the stream of water vapor 
and iner t  gas, then to the gas i f ie r .  The iner t  gas is 
recovered, reheated, and recycled. As the coal is conveyed 
from the cyclone to the gas i f ie r ,  i t  is f lu id ized by gas 
recycled from the methanator. 

The coal enters the gas i f ie r  through in jector  nozzles near 
the throat separating Stage l and Stage 2. Steam is in t ro -  
duced through a separate annulus in the in jector .  The two 
streams combine at the top and jo in  the hot synthesis gas 
r is ing from Stage I. A mixing temperature of about 2,200°F 
is attained rapidly and the coal is converted to methane, 
additional synthesis gas, and char. The raw gas and char 
rise through Stage 2, leave the gas i f ier  at about 1,700°F, 
and are quenched to 800°F by atomized water pr ior  to separa- 
t ion in a char cyclone. The raw gas (containing methane, 
carbon monoxide, carbon dioxide, hydrogen, water, and 
hydrogen sul f ide)  passes through a scrubber for addit ional 
cooling and cleaning. The clean gas, along with the desired 
amount of moisture, is sent to a carbon monoxide sh i f t  
converter to establish the proper rat io  of carbon monoxide 
and hydrogen required in the methanation process. Gas from 
the sh i f t  converter is pur i f ied to remove H2S and CO 2 and 
then methanated to produce pipeline gas. 
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COAL GASIFICATION 

SYNTHANE PROCESS 

High-Btu Gas 

BACKGROUND 

Sponsor: 

Developer: 

Cont rac to r :  

Cont ract  

Sta tus :  

Value: 

Compatible Coal Type: 

ERDA 

Pittsburgh Energy Research 
Center 

Rust Engineering/Lummus Corp. 
Designed, Engineered, and 
Operated by C-E Lummus. Field 
Construction by Rust 
Engineering 

$9.6 m i l l i o n  

75 tons/day p i l o t  p lan t  
ope ra t i on .  Located in 
Bruceton,  Pennsylvania.  

in 

Bituminous, Subbituminous, 
and Lignite 

CONCEPTUAL DESIGN 

Coal Preparation 

Coal Type: 

Coal Analyses: 

Proximate, 

Fixed Carbon 
V o l a t i l e  Mat ter  
Ash 
Mois ture 

wt % 

32.3-38.7 
49.2-59.4 
7.4 
2.5 

Plant producing 250 MSCFD 
high-Btu gas 

Bi tuminous,  P i t t sbu rgh  Seam 

Ultimate (MAF), wt % 

Carbon 81.9 
Hydrogen 5.8 
Ni t rogen 1.7 
Su l f u r  1.8 
Oxygen 8.9 
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Heating Value, B t u / I b :  13700 (MAF) 
12690 (As Received) 

Pret reatment :  Coal is dr ied to 1.5 to 
2 percent mois ture and 
ground to 70 percent  less 
than 200 mesh 

Feed System: Lock hopper 

G a s i f i c a t i o n  Reactor Desc r ip t i on  and Operat ing Cond i t ions  

Type: Fluidized bed 

Temperature: Top 800°F 
Bottom 1700°F 

Pressure: lO0 psia 

Input  to G a s i f i e r  R e a c t o r :  

I b / h r  

Coal 
Steam 1,169,700 
Oxygen 304,000 

Output from G a s i f i ~ r  Reactor 

R__aw Dry Gas 

CO 
H2 
C02 
CH4 
H2S 

COS 
N2 
Higher 

Hydrocarbons 

1,187,500 (2.5% moisture) 

I b / h r  Vol % 

320,000 
38,200 

871,000 
268,000 

12,200 

16,000 
15,000 

16.7 
28.0 
29.0 
24.6 

0.5 
__,_ 
0.8 
0.3 

By-Products Ib/hr 

Char 
Tar and Oi l  
Phenol 
NH3 
Hydrocarbon L iqu ids  

362,200 
43,200 

13,200 
7,400 
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Analysis of Net Dry Product Gas, vol % 

CH 4 90.5 
H 2 3.6 
N 2 2.1 
C02 3.7 
CO O.l 
H2S+SO 2 

Heating Value: 927 Btu/SCF 

Pressure: lO0 psia 

Analysis of Char, wt % Dry 

Carbon 
Hydrogen 
Nitrogen 
Sulfur 
Oxygen 
Ash 

71.4 
0.9 
0.5 
1.5 
1.8 

23.9 

Heating Value: ll,O00 Btu/Ib 

Other Information 

Net process water consumption: l.O MGD 

Type of acid gas removal: Hot carbonate (Benfield) 

Type of sulfur recovery: Stretford 

Thermal eff ic iency: 59.3-66.0% 
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Process D e s c r i p t i o n  

A schemat ic  o f  the Synthane process is  p rov ided  in  F igu re  
D6. Crushed, d r i e d ,  ~nd p r e s s u r i z e d  coal i s  fed £o the 
f l u i d i z e d - b e d  p r e t r e a t e r  ( i n  case o f  cak ing coa l s )  th rough  a 
l o c k - h o p p e r  system. I t  i s  p r e t r e a t e d  w i t h  steam and oxygen 
at 800°F where i t  i s  p a r t i a l l y  d e v o l a t i z e d  and i t s  cak ing  
tendency des t royed .  

The p r e t r e a t e d  coal ove r f l ows  f rom the p r e t r e a t e r  i n t o  the 
two-zone g a s i f i e r ,  which c o n s i s t s  o f  a dense f l u i d  bed at  an 
expanded top s e c t i o n  and a d i l u t e  f l u i d  bed a t  a c o n t r a c t e d  
bot tom s e c t i o n .  By c o n t a c t i n g  the coal w i t h  hot  gas coming 
f rom the d i l u t e  f l u i d  bed, d e v o l a t i z a t i o n  and hydrggas~ 
i f i c a t i o n  take p lace a t  I I 0 0  to 1470°F and I000 ps la .  The 
d e v o l a t i Z e d  coal f rom the dense f l u i d  bed is  g a s i f i e d  w i t h  
steam and oxygen in  the d i l u t e  f l u i d  bed at  1750 to 1800°F 
to produce s y n t h e s i s  gas f o r  the dense f l u i d  bed. Steam and 
oxygen e n t e r  the g a s i f i e r  j u s t  below the f l u i d i z i n g  gas 
d i s t r i b u t o r .  Unreacted char f l ows  downward i n t o  a bed 
f l u i d i z e d  w i t h  steam and water  sp rays ,  and is  removed by 
p r e s s u r i z e d  l ock  hoppers.  Th is  char  can be used to produce 
process steam. 

The product gas, containing methane, hydrogen, carbon 
monoxide, carbon dioxide, ethane, and impur i t ies,  is passed 
through an o i l  venturi scrubber and a water scrubber to 
remove carry-over ash, char, and tars. The cleaned gas goes 
to a sh i f t  converter, where the ra t io  of H2 to CO is 
adjusted to a value of 3:1. Gas from the sh i f t  converter is 
pur i f ied  to remove C02 and H2S and then methanated and 
dehydrated to produce pipel ine gas. Two a l ternat ive 
methanation systems are being investigated: the hot gas 
recycle system and the tube wall reactor system. 
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COAL GASIFICATION 

HYDRANE PROCESS 

High-Btu Gas 

BACKGROUND 

Sponsor: 

Developer: 

Sta tus:  

ERDA 

P i t t sbu rgh  Energy Research 
Center 

26 tons/day process 
development u n i t  is being 
designed and c o n s t r u c t i o n  is  
planned at Morgantown, West 
V i r g i n i a  

CONCEPTUAL DESIGN No Data Ava i l ab le  



Process Description 

The Hydrane flow sheet is shown in Figure D7~ Crushed 
raw coal is fed to a two-zone hydrogenation reactor 
operated at lO00 psig and 1650°F. In the top zone, 
the coal f a l l s  freely as a di lute cloud of particles through 
a hydrogen-rich gas containing some methane from the lower 
zone. About 20 percent of the carbon in the raw coal is 
converted to methane, causing the coal part icles to lose 
their  vo la t i le  matter and agglomerating character ist ics. 
The coal is now essential ly a char. This char fa l l s  into 
the lower zone where hydrogen feed gas maintains the 
part icles in a f luidized state and also reacts with about 
34 percent more of the carbon to make methane. The product 
gas exits from the center of the reactor and is cleaned of 
entrained solids and some unwanted gases. After cleanup, 
methanation of the small amount (2 to 5 percent) of residual 
carbon monoxide gives a pipeline qual i ty ,  high-Btu, sub- 
s t i tu te  natural gas. Char from the lower zone of the 
hydrogasifier is reacted with steam and oxygen to make 
the needed hydrogen. 
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COAL GASIFICATION 

AGGLOMERATING BURNER PROCESS 

High-Btu Gas 

B A C K G R O U N D  

Sponsor: 

Developer:  

C o n t r a c t o r :  

Contract Value: 

Status: 

ERDA and the American Gas 
Assoc ia t i on  

B a t t e l l e  Memorial I n s t i t u t e  

P i l o t  P lant  I n s t a l l a t i o n  
Operat ion by B a t t e l l e .  
Eng inee r i ng ,  Design, and 
Cons t ruc t i on  by Chemical 
Cons t ruc t i on  Corpora t ion  
(Chemico) 

and 

ERDA - $7.2 m i l l i o n  
Others - $ ] . 6  m i l l i o n  

25 tons /day  p i l o t  p lan t  
located at  West J e f f e r s o n ,  
Ohio. Gas p u r i f i c a t i o n ,  
s h i f t  conve rs ion ,  and 
methanat ion of  the product  
gas are not par t  o f  the present  
program. 

CONCEPTUAL DESIGN No Data A v a i l a b l e  
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Process Description 

The f lowsheet  fo r  the Agglomerat ing Burner p rocess ; i s  shown in 
Figure D8. Coal is separated in to  two sizes ( I - I 0 0 )  mesh 
fo r  use in burner and -8+100 mesh fo r  use in g a s i f i e r )  and 
is d r ied ,  Caking coal is fed to a f l u i d i z e d - b e d  p r e t r e a t e r  
Where i t  is mixed with gas and a i r  at atmospheric pressure 
at 750°F. Treated coal is cooled, fed to the steam. 
f luidized-bed gas i f ie r ,  then burned with a i r  in a f l u id i zed -  
bed burner, in a manner allowing agglomeration of the ash 
at a temperature approaching the ash fusion point (2100°F). 
The hot f lue gases produced in the burner are free of f l y  
ash and can be expanded in a gas turbine for energy recovery. 

Hot ash agglomerates are t r ans fe r red  con t inuous ly  from the 
burner to the g a s i f i e r  by means of a steam l i f t .  Superheated 
steam enters the g a s i f i e r  below the d i s t r i b u t o r  p la te .  Coal 
is fed through the lock hoppers by i n e r t  gas and is contacted 
wi th  hot ash agglomerates (200°F) from the burner.  The 
sens ib le  heat is u t i l i z e d  from the g a s i f i c a t i o n  reac t i on .  
Raw gas from the g a s i f i e r  is sent to a cleanup sec t i on .  The 
unreacted char is t r ans fe r red  together  wi th  cool-ash 
agglomerates (1500~F) to the burner where the char is burned 
wi th  a i r  and ash agglomerates are heated to 2000°F. Ash 
equ iva len t  to the ash content  of  the coal fed t o t h e  burner 
is removed from the system cont inuous ly  to mainta in a 
constant  quan t i t y  of  ash agglomerates in the cyc le .  
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COAL GASIFICATION 

KELLOGG MOLTEN SALT PROCESS 

High-Btu Gas 

BACKGROUND 

Sponsor: 

Developer: 

ERDA (1964-I 967) 

M. W. Kellogg Company 

Contractor :  M. W. Kellogg Company 

Status: OCR (now ERDA) funded a bench- 
scale program from 1964-1967. 
Major d i f f i c u l t i e s  were 
experienced with materials of 
construct ion.  OCR ceased 
sponsorship for~this 
reason, budgetary res t r ic t ions,  
and assignment of higher 
p r io r i t i es  to other coal 
gasif icat ion processes. 
M. W. Kellogg has carried 
additional development since 
1967, but no support has yet 
been obtained for construction 
of a large-scale p i lo t  plant. 

CONCEPTUAL DESIGN No Data Available 

. .  
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Process Description 

The block diagram of the single-vessel coal gasi f icat ion 
process is shown in Figure Dg, Coal is crushed to pass through 
12 mesh and pressurized in lock hoppers. I t  is then fed to 
the gas i f ie r  by a stream of preheated oxygen and steam 
along with recycle sodium carbonate recovered from the ash 
reject ion system. The coal-steam reaction conditions are 
1700°F and 1200 psi. The coal-steam reaction is catalyzed 
by the molten sal t  contained i n t h e  reactor so that gas 
free of tar ,  with an appreciable methane content is produced. 
The heat required for the coal-steam reaction is provided 
by oxidation of a por t ion 'o f  the coa3 with oxygen in the 
reactor. A bleed stream of molten sal t  containing ash 
in suspension is withdrawn from the bottom of the gas i f ie r  and 
is contacted with water to dissolve the sodium carbonate. 
Ash is separated by f i l t r a t i o n  and the carbonate solution is 
treated to precip i tate bicarbonate. The bicarbonate is 
f i l t e red  out and heated to restore the carbonate sal t  which 
is then recycled to the gas i f ie r .  

Raw gas leaving the gas i f ie r  passes through a heat recovery 
section and any entrained sal t  is removed. I t  further 
passes through the sh i f t  conversion uni t ,  where the H 2 to 
CO ra t io  is properly adjusted. Eff luent gas from shi~t 
conversion is pur i f ied ,  methanated, and dehydrated to 
produce pipel ine qual i ty  gas. 
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APPENDIX E 

PYROLYSIS AND HYDROCARBONIZATION LIQUEFACTION PROCESSES 

Descr ip t ions  of the major py ro l ys i s  and hydrocarbon iza t ion  
processes fo l l ow .  
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COAL LIQUEFACTION 

8 

CHAR OIL ENERG.y DEVELOPMENT (COED) PROCESS 

BACKGROUND 

Sponsor: ERDA 

Developer: FMC Corporation 

Contractor: FMC Corporation 

Contract Value: $21 M i l l i on  

Status: 36 tons/day pi lot  plant 
operation completed. 
Located in Princeton, 
New Jersey. 

Compatible Coal Types: Bituminous, Subbituminous, 
and L ign i te  

m~mmmlmmlmmlmmmwmlmmlmllmmmlmmmlmmllmmmmllmmmlmmlmllmmmwm. 

CONCEPTUAL DESIGN Plant producing 328,800 Ib/hr 
of Syncrude 

Coal Preparation O.pera.tion 

Coal Type: Bituminous, I l l i n o i s  #6 

Coal Analyses: 

Proximate, % Ult imate (MAF), % 

Fixed Carbon 44.0 
Vo la t i les  32.0 
Ash I0.0 
Moisture 14.0 

Carbon 75.5 
Hydrogen 6.0 
Nitrogen 1.2 
Sulfur 4.6 
Oxygen 13.2 

Heating Value, Btu / Ib :  ll300 (MAF) 
I0170 (As Received) 
12420 (5.9% Moisture) 

Preparat ion: 

Feed System: 

Coal is dried t o  5.9 percent 
moisture and ground to less 
than 16 mesh (minimum fines) 
Mechanical feeders to a mixing 
tee from which i t  is blown 
into dryer and f i r s t  stage 
pyrolysis 
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Liquefaction Description and Operating Conditions 

Type of Process: 

Number of Reactors: 

Dimensions: 

Reactor Temperature: 

Reactor Pressure: 

Cooling Mechanism: 

Fluidized-bed ,pyrolysis 

Two sets of four reactors 

60'-70' in diameter 

Stage l 
Stage 2 
Stage 3 
Stage 4 

8 psig 

Cooling tower, 3 MGD 

550-600°F 
850°F 

I050°F 
1550°F 

Input to Liquefaction Reactor: 

Coal 
Steam 
Natural Gas 
Combustion Air 
Oxygen 
Transport gas 

2,126,000 Ib/hr (5.9% moisture) 
507,200 Ib/hr 
48,600 Ib/hr* 

732,000 Ib/hr 
313,000 Ib/hr 
94,100 Ib/hr 

Output from Liquefaction Reactor: 

Raw Product: 
Char 
Gas 
Water 

2,174,500 Ib/hr 
1,042,600 Ib/hr 

732,000 Ib/hr 
187,000 Ib/hr 

*Does not include 288,500 Ib/hr gas recycled through 
char cooler 

Hxdrotreatin 9 Process: 

Type of process: Three sections, downflow 

Input to Hydrogen Production: 

Product Oil: 371,800 Ib/hr 
Hydrogen Makeup: 56,800 Ib/hr 
Stripping Gas: 205,600 Ib/hr 
Fuel Gas: 167,000,000 Btu/Hr 

Output from Hydrogen Production: 
Liquid Products: 
Sour Gas: 
S t r ipp ing  Gas: 
Sour Water: 
Flue Gas 

328,800 Ib/hr 
58,000 Ib/hr 

214,000 Ib/hr 
33,200 Ib/hr 

Not Specified 
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Hydrogen Production 

Type of Process: Steam reforming of natural gas 

Input to Hydrogen Production 

Mixture of clean product gas 
and hydrotreater off-gas 

Net Water Consumption 
Fuel Gas 
Air 

108,000 Ib/hr 

• 86,000 Ib/hr 
46,000 Ib/hr 

Output from Hydrogen Production: 

Hydrogen 
Steam 
Flue Gas 
Water 

56,800 Ib/hr 

Overall Output from COED Process 

Liquid Product 
Char 
Gas 
Water 
Sul fur  

Analysis of L iquid Product, (~t %) 
Carbon 87.1% 
Hydrogen 10.9% 
Nitrogen 0.3% 
Oxygen 1.6% 
Sul fur  0.7% 
Ash 0.1% 
Moisture 0.1% 

328,800 Ib/hr 
1,042,600 Ib/hr 

732,000 Ib/hr 
187,000 Ib/hr 
42,500 Ib/hr 

Heating Value (Approximate): 19,000 Btu/Ib 

Analysis of Char, !wt % Dry) 

Carbon 73.8 
Hydrogen 0.8 
Nitrogen 1.0 
Sul fur  3.2 
Oxygen 0.0 
Ash 21.2 

Neating Value: 11,700 Btu/ Ib 
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Other Information: 

Net Process Water Consumption: 

Type of Acid Gas Removal: 

Type of Sul fur  Recovery: 

Thermal E f f i c iency :  

Not specified 

Primary- (H2S+C02) 
hot carbonate 

Secondary - (CO 2 only) 
not specified 

Claus 

57.6-72.2% 
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Process D e s c r i p t i o n  

The COED (Char Oil Energy Development) process reacts coal: 
in multistage f lu idized beds producing gas, o i l ,  and char~see 
Figure El). I n i t i a l l y  the-coal is crushed and dried. Pyrolysis 
then occurs in a four-stage reactor~ Each successive stage 
operates at a higher temperature. Each temperature is 
s l igh t l y  lower than the temperature at which the coal 
type agglomerates. The fuel to heat the reactors 
originates~nthe fourth stage of the reactor where char 
is burned with oxygen in the presence of steam. The 
heated gases leave the fourth stage'and flow countercurrently 
to the char. 

A f t e r  a c t i n g  as the f l u i d i z i n g  medium f o r  the second and 
t h i r d  p y r o l y s i s  s tages ,  the hot  gases are sent  to the 
p roduc t  recove ry  system. Gas and o i l  are recovered from 
vapors l e a v i n g  the second s tage .  A cyc lone  is  u t i l i z e d  
to  remove f i n e s  from the vapors .  The vapors are then 
quenched w i t h  water  in  a v e n t u r i  s c rubbe r ,  condensing the 
o i l .  The gases and o i l s  then are separa ted in  a decan te r .  

A f t e r  d e s u l f u r i z a t i o n ,  pa.~ to f  the p roduc t  gas is  conver ted  
to  hydrogen and r e c y c l e d  to the process.  The remainder  
is  e i t h e r  so ld  as f u e l  gas or  conver ted  to p i p e l i n e  gas or 
hydrogen.  

The decanted o i l  i s  dehydra ted  and f i l t e r e d  in  a r o t a r y  
p ressu re  p recoa t  f i l t e r .  The o i l  is  p r e s s u r i z e d  and 
h y d r o t r e a t e d  in  a f i x e d - b e d  c a t a l y t i c  r e a c t o r .  The 
h y d r o t r e a t e r  removes n i t r o g e n ,  s u l f u r ,  and oxygen by 
r e a c t i n g  w i t h  hydrogen to produce ammonia, hydrogen 
s u l f i d e ,  and wate r .  

S u l f u r  is  removed f rom the char in  a s h a f t  k i l n .  Hydrogen 
added to the k i l n  reac t s  w i t h  the char to produce hydrogen 
s u l f i d e .  The hydrogen s u l f i d e  is  then adsorbed by an 
accep to r  such as c a l c i n e d  l imes tone  or d o l o m i t e .  The 
a c c e p t o r ,  which can be regene ra ted ,  is  separa ted from the 
char  in a con t inuous  f l u i d i z e d  s e p a r a t o r .  The p roduc t  
char  can be reac ted  in  a g a s i f i e r  w i t h  steam and oxygen 
to  make low-Btu  gas. 
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COAL LIQUEFACTION 

COALCON PROCESS 

GENERAL 

Sponsor: ERDA 

Developer: Union Carbide 

C o n t r a c t o r :  Consort ium of Companies 

P r i n c i p a l  Members Company 

Metals . . . . . . . . . . . . . . . .  Reynolds Metals Co. 

Chemicals Du Pont 
Union Carbide Corp. 

A r c h i t e c t u r a l  
Eng ineer ing  

and 
Serv ices Chemical C o n s t r u c t i o n  

Corpo ra t i on  

Petroleum . . . . . . . . . . . . . . . . . . . .  Ashland Oi l  Co. 
Mobil Oi l  Co. 
S~n Oi l  Co. 
A t l a n t i c  R i c h f i e l d  Co. 

Coal Youghiogheny & Ohio 
Coal Company 

E l e c t r i c - -  E l e c t r i c  Power 
Research I n s t .  

Gas Conso l ida ted  Gas Co. 

Heavy I ndus t r y -  Mar t in  M a r i e t t a  

Con t rac t  Value:  ERDA - $130 m i l l i o n  
Others - $107 m i l l i o n  

S ta tus :  2600 tons /day  demonst ra t ion  
p l an t  is  to be l oca ted  in New 
Athens,  i l l i n o i s .  Con t rac t  
awarded to COALCON f o r  the 
phased des ign ,  c o n s t r u c t i o n ,  
and o p e r a t i o n .  Scheduled 
o p e r a t i o n a l  date is  F isca l  
Year 1980. 
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CONCEPTUAL DESIGN 

Coal Preparat ion Operat ion 

Coal Type: 

Coal Analyses ( P i t t s b u r g  
No. 8 Coal):  

Proximate~ % 

Fixed Carbon 
V o l a t i l e s  
Ash 
Moisture 

Bi tuminous,  L i g n i t e ,  Subbitumious 

54.7 
45.3 

9.1 
3.7 

Ul t imate (MAF), % 

Carbon 82.4 
Hydrogen 5.5 
Nitrogen 1.2 
Oxygen 113.2 
Su l fu r  3.6 

Heating Value, B tu / I b :  14,900 (MAF) 
13,200 (As Received) 
13,600 (Dry) 

Preparat ion:  80% I00 mesh, 1 percent moisture 

Feed System: dry ,  lock hopper 

L ique fac t i on  Desc r ip t i on  and Operat ing Condi t ions:  

Type of process: F lu id ized-bed hydrogenation (hydro- 
ca rbon i za t i on )  

No other  in fo rmat ion  is c u r r e n t l y  ava i l ab le  on t h i s  process 
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Process Description ' 

The COALCON process shown in Figure.E2 is based on a 
dry, f luid-bed hydrogenation technique known as hydrocarboni- 
zation. The feed coal is crushed, sized to 80% through lO0 
mesh, and dried to about I% moisture. Prepared coal is then 
fed to the hydrocarbonization reactor through a lock hopper 
system where coal is heated to lO00°F in the presence of hydrogen 
at approximately 500 psi. Proper d is t r ibut ion of hydrogen 
to the reactor gives better f lu id iza t ion  and hence higher 
coal react iv i ty .  

The hydrocarbon vapor product leaves the reactor 
through a cyclone separator. The vapor is then cooled and 
scrubbed of f inal  dust; the heavier hydrocarbons,condense 
to form the l iquid hydrocarbon products. The condensed 
product is further fractionated to separate l ighter  and 
heavier hydrocarbons. The uncondensed gaseous products are 
separated and treated to produce a high-Btu pipeline qual i ty 
gas. The essential steps include acid gas removal, hydrogen 
pur i f icat ion,  andmethanation, 

The char from the hydrocarbonization reactor is removed 
through a lock hopper system, cooled,  and ground to the 
requ i red  s ize f o r  use in g a s i f i e r s .  Hydrogen produced in 
the g a s i f i e r  is  used in the process. 

209 



COAL 
PREP 

H[ATING 

linES 

I,,I V D l q O  - 

L I I I I O N I Z [ I I  

C ..m C M A I I  

r l0N SMP~" T 
[ - - ' - - ' ~ a P ] ¢  ON VE iI~K)U 

MA I(1[ - ~P H z 

RECYCLE H~_ 

I 

i 

I 

COOL ING 

F R A C I O O N -  
A ! lo l l  

I PU 

MICO 

:AY~ • SiNG 

O R ¥  

1 . , °© 

3 ! ~£RY liF. k4C)V AL 

R E ~ L  

LIGHT OIL PIIOOUCT 

FUEL OIL PliOOQC1 

Asi. E~) 

Figure E2. Coalcon Hydrocarbonization Process 

Ik  4 



COAL LIQUEFACTION 

FISCHER-TROPSCH PROCESS 

BACKGROUND 

Developer: M. W. Kellogg Co. and Arge- 
A rbe i t  Germeinschaft Lurgi  
and Ruhrchemie 

Status:  The Sasol p lan t  (6,600 tons of 
coa l /day to the g a s i f i e r )  has 
been in operat ion in South 
A f r i ca  .since 1957. 

Compat ib leCoal  Type: Depends upon 9 a s i f i e r  type 

CONCEPTUAL DESIGN No data ava i lab le .  
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Process Description 

The schematic for a Fischer-Tropsch based process is shown 
in Figure E3. This process basical ly converts carbon 
monoxide and hydrogen to l iqu id  hydrocarbons. The two 
chemical equations which generalize the formation of 
hydrocarbons are: 

= + nH20 nCO + 2nH 2 (CH2) n 

= +nCO 2 2nCO + nH 2 (CH2) n 

Noncaking coal is crushed to 3/8 to l - I / 2  in . ,  dried and 
reacted with oxygen and steam in a Lurgi gas i f ie r  at 350-450 
psi, generating a gas composed mostly of carbon monoxide and 
hydrogen. Gas is quenched to remove tar and o i l .  Then, CO 2 
and H2S are removed to produce synthesis gas. 

A part of the synthesis gas is passed through a fixed 
catalyst bed contained in ver t ica l  tubes (Arge Synthesis). 
Released heat is absorbed by boi l ing water outside the 
tubes. Feed gas has an H2/CO rat io  of about 2. Operating 
conditions are 4300-490 ° and 360 psig. Recycle gas to 
fresh-feed rat io  is about 2.4:1. The products of the fixed 
bed synthesis are s t ra ight ,chain,  h igh-boi l ing hydrocarbons, 
with some medium-boiling o i l s ,  diesel o i l ,  LP-gas, and 
oxygenated compounds. 

The portion of the synthesis gas which did not go to the 
Arge synthesis goes to a f luid-bed reactor (Kellogg synthesis). 
A portion of the t a i l  gas from the Kellogg f l u i d  bed is 
reformed with steam to increase the H2/CO rat io  to about 3, 
and is mixed with the fresh synthesis gas. In the f l u i d  
bed the catalyst is circulated along with the synthesis 
gas. Gas and catalyst leaving the reactor are separated 
in cyclones and the catalyst  is recycled. Operating conditions 
are 600°-625°F and 330 psig. Recycle gas to fresh feed 
ra t io  is 2:1. Products from the f luid-bed synthesis a r e  
mainly low-boi l ing hydrocarbons (CI-C4) and g~soline, 
with l i t t l e  medium and high-boi l ing material.  Substantial 
amounts of oxygenated products and aromatics are made. 
A portion of the fixed-bed and f luid-bed t a i l  gas is 
removed and used for u t i l i t y  gas. 
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APPENDIX F 

HYDROGENATION LIQUEFACTION PROCESSES 

Descriptions of the major hydrogenation processes 
fo I low. 

214 



Preparat ion: Coal is dried to 2.7% moisture 
and ground to I/8" 

Feed System: Conveyor to solvent s l u r r y  tank 

L iquefact ion Reactor Des'cription and Opera t ingCond i t ions  

Type: Non-cata ly t i c  hydrogenation 

Number of Reactors: 

Pressure: 1,000 psig 

Temperature: 840°F 

Cooling Mechanism: Not spec i f ied ,  cool ing towers used 

Input to L iquefac t ion  Reactor: 

Coal 

Steam (Water) 
RecycTe Slur ry  
Synthesis Gas 
Combustion A i r :  

833,300 Ib/hr 
(2.7% moisture) 
118,500 Ib/hr 

1,666,700 Ib/hr 
740,300 Ib/hr 
811,900 Ib/hr 

Ouput from L iquefact ion Reactor: 

Raw Product (includes Char) 
Gas 

3,689,700 Ib/hr 
873,200 Ib/hr 

Hydrotreating,: 

Input to Hydrotreating: 

Product Oil 
Hydrogen Makeup 
Fuel Gas 
Combustion Ai r  
Water or Steam 

405,400 Ib/hr 
8,200 Ib/hr 
9,500 Ib/hr 

125,700 Ib/hr 
29,600 Ib/hr 

Output from Hydrotreat ing:  

Liquid Products (not including 
I0,I00 Ib/hr to 
plant fuel) 

Sour Gas 
Sour Water 
Flue Gas 

385,750 Ib/hr 

15,900 I b /h r  
41,400 I b /h r  

135,156 I b /h r  
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COAL LIQUEFACTION 

SOLVENT REFINED COAL ISRC) PROCESS 

BACKGROUND 

Sponsor: 

Developer: 

Cont rac to r :  

Contract  Value: 

Status: 

Compatible Coal Type: 

I .  ERDA 
2. EPRI, Southern Serv ices,  

Inc.  ERDA 

P i t t sbu rgh  and MidwaY Coal 
Mining Company (PAMCO) 

I .  PAMCO 
2. C a t a l y t i c ,  Inc.  

I .  $42 m i l l i o n  
2. Not spec i f i ed  

2 P i l o t  Plants in Operat ion 

I .  Tacoma, Washington - 50 tons/day 
2. W i l s o n v i l l e ,  Alabama - 6 tons/day 

Bi tuminous,  Brown Coal 

CONCEPTUAL DESIGN Plant  produces approx imate ly  
16,667 ba r re l s /day  of 0.5% 
s u l f u r  o i l  and 8,333 ba r re l s /day  
of 0.2% s u l f u r  o i l .  

Coal Preparat ion Operat ion 

Coal Type: Bi tuminous,  l l l i n o i s  #6 

Coal Analyses: 

Proximate Analys is  % Ultimate Analysis (MAF) % 

Fixed Carbon 35.58 Carbon 78.46 
Volatiles 47.82 Hydrogen 5.20 
Ash 6.59 Nitrogen 1.19 
Moisture lO.O0 Sulfur 3.75 

Oxygen l l .40 

Heating Value, B tu / I b :  11320 (MAF) 
10570 (As Received) 
12280 (2.7% Moisture)  
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Hydrogen Pro.duc..tion 

Type of Process: 

Input to Hydrogen Production: 

CO Sh i f t  

Char, Ash, and Heavy Liquid 
Gas i f ie r  Steam 
Oxygen 
Other Steam and Water 
Fuel Gas 
A i r  

Output from Hydrogen Production: 

Hydrogen 
Synthesis Gas 
Ash (contains 59,400 Ib /h r  

of slag) 
Acid Gas 
Steam 
Flue Gas/CO 2 
Water 

Overall Products from SRC Process 

Heavy L iquid 

Amount 
Sulfur Content 
Gravity 
Heating Value 

Hydrotreated Liquid 

Amount 
Su l fur  Content 
Bo i l ing  Range 
Gravi ty 
Heating Value 

L ight  Oils 

Amount 
Su l fur  
Bo i l ing  Range 
Gravi ty 
Nitrogen 

Sul fur  

255,100 Ib /h r  
77,500 Ib /h r  

163;700 Ib /h r  
563,600 Ib /h r  

7,100 Ib /h r  
93,800 Ib /h r  

8,200 Ib/hr 
303,200 Ib/hr 
108,300 Ib/hr 

111,600 Ib/hr 
331,500 Ib/hr 
168,300 Ib/hr 
129,700 Ib/hr 

242,900 Ib /h r  
0.59% 

-9.7°API 
16,660 Btu/ Ib 

120,200 Ib /h r  
0.2% 

400-870°F 
13.gRAPI 
18,330 Btu/ Ib 

22,700 Ib /h r  
1 ppm 

C4-400°F 
52°APi 
26,400 Ib /h r  

26,400 Ib /h r  
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Other Information 

Net Process Water Consumption: 

Type of Acid Gas Removed: 

Type of Sulfur Recovery: 

Thermal Eff ic iency:  

Primary - mono-ethanol 
amine/caustic 

Secondary - hot carbonate 

Claus 

60.3-70% 
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Process D e s c r i p t i o n  

The 5o lven t  Ref ined Coal (SRC) process (see Figure FI)  conver ts  
h i g h - s u l f u r ,  h igh-ash coal to ash less ,  l o w - s u l f u r  l i q u i d  f u e l .  
Pu lve r i zed  coal is  mixed w i th  a coal -based so l ven t  in a 
s l u r r y  tank.  Hydrogen, produced elsewhere in the process,  
is combined w i th  the s l u r r y .  The m ix tu re  is then pumped 
through a p rehea te r  and i n t o  a d i s s o l v e r  where about 
90 percent  o f  the dry ,  ash - f r ee  coal is  d i s s o l v e d .  
S imu l taneous ly  the coal is  depolymer ized and hydrogenated.  
The so l ven t  is hydrocracked,  fo rming lower mo lecu la r  we igh t  
hydrocarbons such as l i g h t  o i l  and methane. The s u l f u r  
is  removed as hydrogen s u l f i d e .  

A f t e r  l eav ing  the d i s s o l v e r ,  the gases are separated from 
the s l u r r y  o f  und isso lved  s o l i d s  and coal o i l  s o l u t i o n .  
Raw gas goes to a hydrogen recovery  and gas d e s u l f u r i z a t i o n  
u n i t .  The recovered hydrogen is recyc led  w i th  the f resh  
coal feed s l u r r y .  Hydrocarbon gases are re leased and the 
hydrogen s u l f i d e  is conver ted to elemental  s u l f u r .  

So l ids  f i l t e r e d  from the s l u r r y  ( c o n t a i n i n g  unreacted 
carbon) are sent  to a g a s i f i e r - c o n v e r t e r  where they 
are combined w i th  a d d i t i o n a l  coa l ,  oxygen, and steam, and 
thereby conver ted to hydrogen f o r  use in the process.  The 
r e f i n e d - c o a l  is  separated from the so lven t  in the so l ven t  
recovery  u n i t .  This r e f i n e d  coal has a s o l i d i f i c a t i o n  
po in t  o f  350°F-400°F. 
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COAL LIQUEFACTION 

H-COAL PROCESS 

BACKGROUND 

Sponsors: ERDA, State of Kentucky, 
Electric Power Research 
Institute, and Several Oil 
Companies 

Developer: Hydrocarbon Research, Inc. 

Cont rac tor :  Hydrocarbon Research, Inc.. 

Contract  Value: ERDA-S8.1 m i l l i o n  
Others-S2.7 m i l l i o n  

Status:  A 3 ton/day bench p lan t  is in 
opera t ion  at Trenton,  New Jersey 
and a 600 ton/day p lan t  is being 
designed fo r  cons t ruc t i on  at 
C a t l e t t s b u r g ,  Kentucky 

Compatible Coal 
lypes: L i g n i t e ,  Subbitumious, Bituminous 

CONCEPTUAL DESIGN Plant  produces 91,240 bar re ls  of 
crude o i l  per day 

CoB! Preparat ion Operat ion 

Coal Type: Bi tuminous,  l l l i n o i s ,  #6 

Coal Analyses: 

Proximate, % 
Fixed Carbon 37.8 
V o l a t i l e s  43.3 
Ash 8.9 
Moisture I0 .0  

Heating Value, B t u / I b :  

Prepara t ion :  

Feed System: 

U l t imate  (,MAF), wt % 

Carbon 78.5 
Hydrogen 6.0 
Ni t rogen 1 . I  
Su l f u r  5.5 
Oxygen 8.9 

11560 (MAF) 
10530 (As Received) 

Coal is dr ied u n t i l  essen- 
t i a l l y  a l l  moisture is 
removed and then crushed 
to less than 40 mesh 
Coal is mixed w i th  recyc le  
o i l  to form a s l u r r y  

221 



Liquefaction Reactor Descriptions and Operating Conditions 

Type: Catalytic hydrogenation, ebullating 
bed 

Number of Reactors: 

Dimensions: 

Reactor Temperature: 850°F 

Reactor Pressure: 2000 psig 

Cooling Mechanism: Non-contact cooling water with 
cooling tower 

Input to Liquefaction Reactor: 
Coal 2,083,300 Ib/hr (dry) 
Recycle Slurry 4,166,700 Ib/hr 
Gas 65,800 Ib/hr 

Output from Liquefaction Reactor: 

Raw Product 
Gas . . . . . . . . . . . .  

H~drotreatin 9 Process: The H-Coal process does not 
'" require hydrotreating 

H~drogen PrOdUlc.ti.on 

Type of Process: 
Input to Hydrogen Production: 

Steam-carbon reaction (gasification) 

Heavy Bottoms and Coal 
Gasifier Steam (from waste heat 

boiler) 
Oxygen 
Other Steam and Water 

653,300 Ib/hr 

|77,800 Ib/hr 
414,000 Ib/hr 

1,528,300 Ib/hr 

Output from Hydrogen Production: 

Hydrogen 
Ash 
Steam 
Flue Gas/CO 2 

Water 
Acid Gas 

92,000 Ib/hr 
222,300 Ib/hr 

1,104,800 Ib/hr 
(includes 19,800 
Ib/hr of H20 vapor) 

554,800 Ib/hr 
291,500 Ib/hr 
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Overall Products from H-Coal Process 

Synthetic Crude 
By-Product Fuel Gas 
High-Btu Char 
Sulfur 
Ammonia 

Analys is  of Syn the t i c  Crude: 

Grav i ty  
Hydrogen, 
Su l f u r  
Ni t rogen 
Heating Value 

Analys is  of By-Product Fuel Gas: 

Hydrogen Content (volume %) 
Heating Value 

1,201,300 Ib/hr 
.I00,800 Ib/hr 

0 
107,900 Ib/hr 
17,100 Ib/hr 

25 .2°API  
9.48% 
0.19% 
0.68% 

18,290 B t u / i b  

5 6  

24,000 B tu / I b  
(900 B tu / sc f )  

Other In fo rmat ion  

Type of Acid Gas Removal: 

Type of Sulfur Recovery: 

Thermal Efficiency: 

Primary - a lkanolamine 
Secondary - hot carbonate 

Claus 

67.7-77.0% 

. . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . .  
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Process Description 

The H-coal process:(see Figure F2) isia cata ly t ic  hydro- 
genation process that produces low-su fur bo i le r - fue ls  
and syncrude from high-sulfur coal. 

The coal is dried and crushed, mixed with recycle 
o i l ,  and pumped to a pressure of 2,000 psig. Compressed 
hydrogen is added to the s lurry.  The mixture is preheated 
and charged continuously into an ebullating-bed cata ly t ic  
reactor. The upward passage of the in terna l ly  recycled 
reaction mix keeps the catalyst in a f lu id ized state. The 
temperature of the reactor is regulated by adjustment of 
the quantit ies of reactants entering the preheater. 

The heavier components of the vapor leaving the top of the 
reactor are collected by cooling the gas.  The hydrogen- 
rich gas that remains fol lowing adsorption of ammonia is 
pressurized and mixed with the input coal s lur ry .  The 
l i qu id -so l i d  product (unconverted coal, o i l ,  and ash) is fed 
to a flash separator. An atmospheric d i s t i l l a t i o n  unit 
treats the material that boils o f f .  The remaining bottoms 
product (heavy o i l  and solids) is further separated with 
a hydroclone ( l i qu id -so l i d  separator) and a vacuum s t i l l .  

The gas and l iqu id  products (hydrocarbon gas, hydrogen 
su l f ide,  ammonia, l i gh t  d i s t i l l a t e ,  heavy d i s t i l l a t e ,  and 
residual fuel) may be fur ther  refined as desired. 

The type of fuel produced in the H-coal process can be 
regulated by a l ter ing the operating conditions. For syncrude 
o i l  production, addit ional hydrogen is used, reducing the 
y ie ld  of residual o i l .  The so l i d - l i qu id  separation can be 
accomplished by vacuum d i s t i l l a t i o n ,  thus el iminating the 
l iqu id-so l ids  separation phase uni t .  A clean fuel gas and 
low-sulfur residual fuel can be obtained by lowering the 
temperature and pressure in the cata ly t ic  reactor and 
l im i t ing  hydrogen consumption. 
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COAL LIQUEFACTION 

EXXON DONOR SOLVENT PROCESS 

BACKGROUND 

Sponsor: 

Developer: 

Contractor: 

Contract 

Status: 

Compatible 
Type: 

~ m m m m m m l m ~ m m ~  

Value: 

Coal 

ERDA 

Exxon Research & Engineer ing 
Company 

Exxon 

Not Spec i f i ed  

One ton/day p i l o t  p lan t  in 
opera t ion  in Baytown, Texas. 

Planning for a 250 ton/day, 
50,000 bbl/day p i lo t  plant 
has begun. 

L i g n i t e ,  Subbituminous, Bituminous 

CONCEPTUAL DESIGN: 50,000 bbls/day of low-sulfur 
fuel oi l  

Coal Preparation and Storage: 

Coal Type: I l l i n o i s  

Coal Analyses (as received): 

Proximate~ wt % 

Moisture 16.0 
Ash 8.0 
Volat i le Matter 35.0 
Fixed Carbon 41.0 
Sulfur 3.50 
Alkalies, Na20 0.15 

Heating Value, 

Pretreatment: 

Feed System: 

Btu/Ib: 

Coal is 
8 mesh 
Tubular 

#6, Bituminous 

Ultimate, wt % 

Carbon 58.17 
Hydrogen 4.22 
Nitrogen l .54 
Chlorine 0.18 
Sulfur 3.50 
Oxygen 7.89 
Ash 8.00 
Moisture 16.50 

I0700 (MAF) 
9840 (As Received) 

dried and ground to 

pneumatic conveyor 
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Liquefaction Reactor Description and Operating Conditions 

Type of Process: 

Temperature: 

S t i r red  tank, tubu la r  plug 
f low, tubu la r  with external  
and i n te rna l  r e c i r c u l a t i o n ,  
ebu l l a t i ng  c a t a l y t i c  bed. 

370-480°C 

Pressure: 300 psig to 2500 psig 

Input :  1,340,000 - 1,540,000 Ib/hr  

Hydrotreat ing Process: 

Hydrogen Product ion: 

No in format ion ava i lab le  

No in format ion ava i lab le  

Overall Output: Total of 50,000 bar re ls /day  
of Naphtha and Fuel Oil 

Analys is ,  wt % 

Heavy Naphtha 200°C + Fuel Oil 

Raw 
Liquid 

Hydrotreated 
.... Liquid 

Raw Hydrotreated 
L iqu id L iqu id  

Carbon 85.60 86.80 
Hydrogen 10.90 12.90 
Oxygen 2.82 0.23 
Nitrogen 0.21 0.06 
Sul fur  0.47 0.005 

89.40 90.80 
7.70 8.60 
1.83 0.32 
0.66 0.24 
0.41 0.04 

Heating 
Value, 
Btu / Ib  

18,307 19,295 

Other In format ion 

17,103 18,091 

Type of Acid Gas Removal: 

Turndown F l e x i b i l i t y :  

Monoethenolamine 

50% 

(MEA) 
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Process Description 

The Exxon Donor Solvent Process~(see Figure F3) converts high- 
su l fur ,  high-ash coal into naphtha and low-sul fur,  low-ash fuel 
o i l .  The coal feed is drCed, ground, and screened. The coal and 
recycled solvent are mixed in a s lurry  preparation vessel. 
The s lur ry  is then fed through a preheater into a l ique- 
fact ion reactor. The hydrogen treat ing gas is preheated 
ei ther separately or in a mixture with the s lur ry .  The 
products are gas, raw coal l iqu ids ,  and a heavy bottoms 
stream composed of unreacted coal and mineral matter. Dis- 
t i l l a t i o n  separates the l iqu ids ,  and the spent solvent 
is c a t a l y t i c a l l y  hydrogenated for recycle. Heavy bottoms 
from the d i s t i l l a t i o n  are processed to y ie ld  other l iquids 
and hydrogen or fuel gas.  Gases generated during l iquefact ion 
are used as fuel and for hydrogen manufacture. 
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BACKGROUND 

Sponsor: 

Developer: 

Contractor: 

Gontract 

Status: 

Compatible 
Type: 

Value: 

Coal 

COAL LIQUEFACTION 

SYNTHOIL PROCESS 

ERDA 

Pittsburgh Energy Research. 
Center of ERDA 

Foster Wheeler Energy Corp. 

ERDA - $6.9 Mil l ion 
Foster Wheeler-S1.1 Mil l ion 

A I0 ton/day p i l o t p l a n t  is 
in operation at Pittsburgh 
Energy Research Center, 
Bruceton, Pennsylvania. A 
7,000 ton/day plant is under 
preliminary design 

Lignite, Subbituminous, Bituminous 

CONCEPTUAL DESIGN 

Coal Prepar.ation 

Coal Type: 

Coal Analysis: 

Heating Value, 

Plant converts Wydoak 
50,000 barrels/day of 

Operation 

Subbituminous, Wyodak 

Ultimate, WT~ % 
Moisture 29.0 
Ash 6.6 
Carbon 47.0 
Hydrogen 3.5 
Nitrogen 0.5 
Sulfur 0.7 
Oxygen 12.7 

Btu/Ib: 8050 (MAF) 
7420 (As Received) 

coal to 
oi l  



Preparation: Coal is dried to 0.5 percent 
water and ground to 65 percent 
less than 200 mesh 

Feed System: Screw fed 

Liquefacti.?n Reactor Description and Operating Conditions 

Type: 

Number: 

Dimensions: 

Temperature: 

Pressure: 

Catalytic Hydrogenation, Turbulent Bed 

7 

2900 c u f t ,  6.67' ID x 83" 

860°F 

4200 psig 

Cooling Mechanism: Countercurrent heat exchange 

Input to Liquefaction Reactor (including hydrogen 
production) 

Iblh____~r 

Coal 1,704,800 
Steam 147,000 
Oil 1,594,200 
Residue 16,000 
Oxygen 302,960 
Char 178,000 

Output from L iquefact ion Reactor 
No informat ion ava i lab le  

Hydrogen Production 
Type of Process: Fluidized gasification 
Input to Hydrogen Production: 

C1i-ar{recyCied} 
Coal 
Oxygen 
Steam (450 psig 

and 900°F) 

89.0 tons/hr 
184.2 tons/hr 
151.48 tons/hr 

148,000 pounds/hr 
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Output from Hydrogen Product ion :  

Mi l l ion SCFH 

H 2 12.51 
CO 0.22 
CO 2 O.Ol 

Overall Products from Synthoil Process 

Ammonium sulfate 
Sulfuric acid 
Heavy Fuel Oil 
Fuel Gas 
Ash 

Analysis of heavy fuel oi l  

Sulfur content 
Heating value 

Other Information 

Raw water usage: 

Type of acid gas removal: 

Thermal Efficiency: 

15,240 Ibs/day 
II,333 Ibs/day 
50,000 barrels/day 

840,800 SCFH 
I0,583 Ibs/hr 

0.7% 
18,300 Btu/Ib 

20.4 MGD 

Primary secondary hot 
carbonate 
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Process Desc r i p t i on  

in the Syn tho i l  process (see Figure F4): a c a t a l y t i c  hydro- 
genat ion process, h i g h - s u l f u r  coal is  converted to low-ash,  Iuw- 
s u l f u r  fue l  o i l .  The coal is crushed, ground: and d r i ed .  Re- 
cycled product  o i l  is then combined:.with the coa l ,  forming a 
s l u r r y .  The s l u r r y  is mixed w i th  recyc le  hydrogen, 
preheated, and t r anspo r ted  to the f i xed -bed  c a t a l y t i c  
r eac to r .  The hydrogen propels  the s l u r r y  through the 
reac to r  so v i o l e n t l y  t ha t  p lugg ing by the coal mineral  
mat ter  is prevented.  The tu rbu lence  of  the s l u r r y  promotes 
mass and heat t r a n s f e r :  encouraging h y d r o d e s u l f u r i z a t i o n  and 
l i q u e f a c t i o n .  The c a t a l y s t  cons is ts  of  coba l t  molybdate 
on s i l i c a - p r o m o t e d  alumina. The r e s u l t i n g  mix ture  is 
cooled and the l i q u i d  and unreacted so l i ds  are separated 
from the gases. 

The l i q u i d s  and res idue are then c e n t r i f u g e d .  A p o r t i o n  o f  
the l i q u i d  is  recyc led  and combined wi th  the feed coa l .  
The remainder,  the product  o i l ,  is  low in s u l f u r .  The 
char is py ro l yzed ,  y i e l d i n g  a d d i t i o n a l  product  o i l  and ash. 
The ash, con ta i n i ng  some carbonaceous m a t e r i a l ,  is sent to 
the g a s i f i e r  and the r e s u l t i n g  gas is  sent to the s h i f t  
conve r te r .  

The gases leav ing  the separa to r  are p u r i f i e d  and combined 
wi th  the ash: water ,  and oxygen, y i e l d i n g  a hydrogen produc t .  
In the gas p u r i f i c a t i o n  system, ammonia, water ,  hydrocarbon 
gases, andhydrogen s u l f i d e  are removed. The s u l f i d e  is  
then converted to e lementa l  s u l f u r .  
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COAL LIQUEFACTION 

COSTEAM PROCESS 

BACKGROUND 

Sponsor: 

Developer: 

Status: 

Compatible Coal Type: 

CONCEPTUAL DESIGN 

ERDA 

Pittsburgh Energy Research Center 

I0 tons/day, l ign i te- fed p i lo t  
plant demonstration unit under 
design. Unit to be located. 
at Grand Forks, North Dakota. 

L i g n i t e  

No Data Ava i l ab l e  
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Process D e s c r i p t i o n  

The schematic of  the COSTEAM process is  shown in F igure F5. 
I t  d i f f e r s  from o ther  coal to o i l  processes which use hydrogen 
d i r e c t l y  under c o n d i t i o n s  of  high temperature and pressure 
in the presence of a c a t a l y s t .  The COSTEAM process uses 
syn thes i s  gas (or  carbon monoxide) and steam, and does not 
r e q u i r e  a c a t a l y s t .  

A s l u r r y  c o n s i s t i n g  of  30-50 w e i g h t - p e r c e n t  of  a i r - d r i e d ,  
p u l v e r i z e d  coal in l i g n i t e - d e r i v e d  o i l  is pumped w i th  
syn thes i s  gas or carbon monoxide i n t o  a s t i r r e d  r e a c t o r  at 
4,000 ps ig and 800°F. Water requ i red  f o r  the r e a c t i o n  is  
ob ta ined from the coa l .  The e f f l u e n t  stream goes through a 
g a s - l i q u i d  sepa ra t i on  where the raw o i l  is  separated from 
the product  gas. Then a c e n t r i f u g e  or f i l t e r  is  used to 
remove any unreacted coal and ash from the o i l .  The 
r e s u l t i n g  l o w - s u l f u r ,  low-ash o i l  can be used f o r  steam 
genera t ion  in conven t iona l  power p l a n t s .  
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APPENDIX G 

EXAMPLES OF BOILER CONVERSION 

F o l l o w i n g  are two examples of convers ion  of  b o i l e r s  
o r i g i n a l l y  des igned to f i r e  o i l  or gas to conven t i ona l  c o a l -  
f i r e d  u n i t s .  This d i s c u s s i o n  was excerp ted  from Power Magazine 
Ju l y  1976. A l i s t  o f  r e q u i r e d  equipment m o d i f i c a t i o n s  and 
a d d i t i o n s  is  i n c l u d e d .  A rough es t ima te  of  costs f o r  m o d i f i -  
ca t i ons  would be $ 3 / I b  of  steam generated f o r  o i l -  and gas- 
f i r e d  b o i l e r s  when u t i l i z i n g  new, f a c t o r y - a s s e m b l e d  ~quipment 
or $ 6 / I b  f o r  e r e c t i o n  of  m o d i f i c a t i o n s  in the f i e l d .  

The f i r s t  example compares a bo t t om-suppo r ted  o i l / g a s -  
f i r e d  u n i t  ra ted  300,000 I b / h r  to the same u n i t  m o d i f i e d  f o r  
s p r e a d e r - s t o k e r  f i r i n g .  The c a p a c i t y  on c o a l ,  as l i m i t e d  by 
fu rnace  s i ze  and g ra te  area,  would be about 200,000 I b / h r ,  
but the need to l i m i t  v e l o c i t i e s  th rough the b a f f l e d  b o i l e r  
bank to reduce e ros ion  to accep tab le  va lues lowers the 
nominal  ra ted  c a p a c i t y  to between 150,000 and 175,000 
I b / h r ,  depending on the coal se l ec ted  and the ash c o n s t i t u e n t s  
produced du r i ng  combust ion .  

A convers ion  o f  t h i s  type r e q u i r e s  these s teps :  

Modi fy  the fu rnace  bot tom pressure  par ts  to 
accommodate a s p r e a d e r - s t o k e r  and an o v e r f i r e  a i r  
system. 

Prov ide  space f o r  the dropped fu rnace  bot tom, 
an ash hopper ,  and an ash removal system. 

Add supe rhea te r  su r face  to m a i n t a i n  design 
steam tempe ra tu re .  

I n s t a l l  a d d i t i o n a l  soo tb lowers  and assoc ia ted  
p i p i n g ,  e t c . ,  to keep convec t i on  su r faces  c lean .  

Add hoppers f o r  gas-pass f l y  ash c o l l e c t i o n  and 
r e i n j e c t i o n  to m in im ize  carbon l oss .  

Mod i fy  the a i r  hea te r  to l i m i t  a i r  t empera tu re  
to the g r a t e ,  and i n s t a l l  an economizer  to rega in  
the h e a t - r e c o v e r y  c a p a b i l i t y  l o s t  in m o d i f y i n g  
the a i r  hea te r .  

• I n s t a l l  a dust  c o l l e c t o r  ahead of  the r e g e n e r a t i v e  
a i r  hea te r  to p revent  a i r  hea te r  p l u g g i n g .  Where 
t u b u l a r  a i r  heaters  are i n s t a l l e d ,  a dust  c o l l e c t o r  
is  not r e q u i r e d .  

~Perry,  R. H.,  Chemical Engineers Handbook, F i f t h  E d i t i o n ,  
(McGraw H i l l ,  1973).  
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I n s t a l l  new founda t i ons ,  suppor t  s t e e l ,  ductwork,  
e t c . ,  as requ i red .  

Modify combustion and sa fe ty  c o n t r o l s .  

Add an i n d u c e d - d r a f t  fan f o r  b a l a n c e d - d r a f t  
ope ra t i on .  

Modify the furnace buckstays and add ductwork 
s t i f f e n e r s  requ i red  f o r  b a l a n c e d - d r a f t  ope ra t i on .  

Such a conversion impacts heavily on plant operations. 
Field modifications, for example, take about 12 months 
(based on a 40-hr week), while the entire job, including 
engineering and equipment lead times, can run 18-24 months. 
During the conversion, the boiler wi l l  be out of service for 
perhaps 9 months. A comparable schedule for a new unit 
would require 13 months from order to shipment, about 12 
months for instal lat ion, and 2-3 months for pre-operational 
cleaning, shakedown, and s taf f  training. 

A top -suppor ted  d i s t i l l a t e - o i l  and g a s - f i r e d  u n i t  ra ted 
400,000 I b / h r ,  converted to p u l v e r i z e d - c o a l  f i r i n g ,  is  a lso 
d iscussed.  T h e  capac i t y  obta ined wi th  pu l ve r i zed  coal is a 
nominal 265,000 I b / h r .  The new r a t i n g  is  l i m i t e d  by furnace 
hea t - re lease  ra tes  and by the coal se lec ted .  I f  a spreader 
s toker  had been se lec ted  f o r  t h i s  u n i t ,  the maximum o b t a i n a b l e  
capac i t y  would be only 200,000 I b / h r ,  because of  phys ica l  
c o n s t r a i n t s  on gra te  s i ze .  

To convert this boiler to pulverized-coal f i r ing i t  is 
necessary to: 

Modify the fu rnace-bo t tom pressure pa r t s  tO accommodate 
a hopper f o r  furnace-ash c o l l e c t i o n  and removal.  This 
inc ludes  revamping downcomers to serve the r i n g  header 
replacing the original single header. 

@ Provide space f o r  the dropped furnace bottom, an 
ash hopper, and an ash removal system. 

Modify the windboxes, coal nozz les ,  and i g n i t i o n  
equipment.  
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• Add pulverizers and coal piping. 

Ins ta l l  sootblowers in the furnace walls, superheater, 
and boi ler  bank. 

Modify the superheater to obtain the desired 
spacings. 

Modify the a i r  heater, as required, to prevent 
plugging by coal ash.  Add a primary-flow a i r  heater 
i f  the exist ing unit cannot develop the pulverizer 
a i r  i n le t  temperature required because of high- 
moisture coal. 

Ins ta l l  new foundations, support steel ductwork, 
etc. ,  as required. 

• Modify the combustion and safety controls. 

• Add an induced-draft fan to boost unit r e l i a b i l i t y .  

Modify the furnace buckstays and add ductwork 
s t i f feners required for balanced-draft operation. 

These modifications probably w i l l  take upwards of 24-30 
months to complete, including engineering time. The l im i t i ng  
item here is the pulverizer equipment, which may require 24 
months for del ivery. By comparison, i t  takes about 30 
months to bring a new top-supported unit into service. 
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