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HYGAS@ PROCESS UPDATE 

by 

Kar l  S. Vor res  

INTRODUCTION A N D  HISTORICAL BACKGROUND 

@ 
The H,YGAS Process  involves hydrogen &sification of coal and 

der ives  its name f rom that reaction. The main product of the process  

is substitute natural  gas. The H.YCAS Process  is a second-generation 

I high-pressure process  designed to handle a l l  ranks of coal. It is  a method 

which can prsduce approximately two-thirds of the product methane in 

the hydrogasi'fier by d i rec t  hydrogenation. The process  i s  c a r r i e d  out 

a t  a pressure ;  of about 1000 ps i  and tempera tures  f r o m  600°F  in a s l u r r y  

d r i e r  to 1850°F in the steam-oxygen gasification zone. It i s  current ly 

being studied in a pilot .plant designed to produce 1-1 12 million SCF/day 

of methane f rom 80 tons of coal. This presentation will give some back- 

ground on the, process  and a n  indication of our pr.ogress to date. 

Ea r ly  'studies of hydrogen gasification of coal at the Institute of 

Gas Technology (IGT) go back m o r e  than two decades. This led to con- 

t r ac t s  with the U. S. Department of the Inter ior ,  Office of Coal Research,  

and support by the American Gas Association (A. G. A. ) star t ing in 1964. 

The objectives of the HYGAS program a r e  to verify the technical and 

economic feasibility of the process  and to develop the HYGAS concept a s  

a candidate commercia l  process  by the 1980ts ,  a s  well  a s  to develop an 

environmentaily acceptable coal conversion process  that can utilize all 
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types  of coal.  It could supplement na tura l  gas  supplies and r e s e r v e s  

with gasified coal. This  p rog ram is one of s e v e r a l  pilot plant p rog rams  

cu r r en t ly  being supported by the U.  S. Energy  R e s e a r c h  and ~ e v e l o ~ m e n t  

Adminis t ra t ion ( E R D A ) ,  and in some  c a s e s  a l so  by the A.G.A.  These  

p r o c e s s e s  include the Synthane P r o c e s s ,  the GO2 Acceptor ,  BI-GAS, 

and the ~ ~ ~ l { m e r a t i n g  Ash  Burner .  
I 

I 

..- THE HYGAS PROCESS 

' l h e  HYGHS P r o c e s s  is based on two p r o c e s s e s  for  converting 
I 

coa l  tojsynthf.tic pipeline gas .  One of these  involves the gasification 
I 

of coa l  with x y g e n  and s t e a m  to produce a mix tu re  of carbon  monoxide 
I 

and hydrogen: which is  sui table  f o r  methanation. The p ther  involves 
I 

d i r e c t  hydrogenation of coal  a t  high t empera tu re s  (1200" -1800 O F )  and 

high p r e s s u r e s  (1000 ps i )  a t  modera t e  res idence t imes .  The presen t  

'HYGAS P r o c e s s  incorpora tes  pr inciples  developed in both of these  

conccpts.  

The r t su l t ing  HYGAS P r o c e s s  gives a high yield (65-70%) of the 

product  methane  formed in the hydrogasi'fier. by  d i r e c t  hydrogenation of 

coal. The use of hydrogen and s t eam in hydrogasification gives a n  

opportunity to balance exothermic react ions  with endothermic react ions  

in o r d e r  to provide built-in t empera tu re  .controls a s  wel l  a s  internal  

hydrogen generation.  

The HYGAS P r o c e s s  a s  presen t ly  operated is  i l lus t ra ted in 

F i g u r e  1. Raw coal  is c rushed  to pass  a 118-inch. s c r e e n  and,  if i t  

p o s s e s s e s  agglomerat ing p rope r t i e s ,  is  sent  t o  a p r e t r e a t e r .  Otherwise,  

th i s  s t e p  is omitted. The  p r e t r e a t e r  is a fluidized bed which pe rmi t s  a 

su r f ace  oxidation of the coal a t  a tmospher ic  p r e s s u r e  and t empera tu re s  
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in the vicinity of 800 O F  with a i r .  Some fuel gas is re leased  in this step. 

The pretreated coal  goes to s l u r r y  preparat ion which is not shown. 

This s l u r r y  is pumped'to the top of the hydrogasifier.  In the uppermost 

stage the light o.il is removed and the d r y  solids contact a hot r is ing 

s t r eam of hydrogen and other gases .  The partially reacted coal  falls 

to a lower portion of the reac tor  to have a fur ther  opportunity to reac t  

a t  a higher tempera ture  with m o r e  hydrogen. 
I 

The rjesidual char  then passes  to a steam-oxygen gasif ier  where 

the tempera ture  i.s increased and oxygen reac t s  with carbon to form 

carbon monoxide which in turn m a y  reac t  with s t eam to fo rm hydrogen. 

The spent ma te r i a l  is discharged to the a s h  receiver .  .The product 

mixture goes to  a gas purification t rain for  quenching, removal  of the 

light oil  and carbon dioxide a s  well a s  sulfur compounds and ammonia.  

The remaining gas mixture ,  essent ial ly  carbon monoxide and hydrogen 

besides the methane,  is in a desirable  proportion for  converting to 

methane in the methanator.  The product gas m a y  then be dr ied  and placed 

in the pipeline. 

F igure  2 indicates a c r o s s  section of the HYCAS pilot plant r e -  

ac tor .  The s t ruc tu re  is about 132 feet  tall.  It has  been constructed 

as a balanced p r e s s u r e  reac tor  with a miaximum 30"-ID for  the lower 

, stages.  The upper par t  of the reac tor  is pressur ized  between the shel l  

and components with nitrogen. P r e s s u r e s  of 1000 to 1100 ps i  a r e  main-  

tained in the reactor .  . 
f . . 

Coal en ters  a t  the top a s  a s l u r r y  of up to 50-50 weight percent  

mixture with a light oil produced in the process .  The upward flow of hot. 
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pr,oduct bases  c rea te s  a drying zone in whic.h the light oil is ' rernoced.  ' 

.The dr ied doal passes  down to a mixing chamber to.then un.dergo C ~ r s t -  

s tage  hydrogasification a t  about, 1250 OF. . Residence t imes  v a r y  up to 

10 seconds before entering the gas  -solids disengaging zone'. Par t ia l ly  

reacted c h a r  hen goes f rom the f i r s t - s tage  hydrogasificati'on to the 16 

second stage4 This  is a la rge  fluidized bed where the t empera tu re  is  

incrkased to ?bout 1750 'F depending on coal character is t ics . ,  A 

residence t i 4 e  of about 30 minutes is provided here.  Char  f rom 

second-stage/  hydrogasification is discharged to the steam-oxygeri gasLfiar 

in the lowest jpart for s t eam and ox.ygen to produce synthesis gas  for  the 

upper stages.: The  gas  flow proceeds vert ical ly  upward through the . , 

reactor .  ~ h &  raw gas contains a mixture  of methane,  carbon monoxide., 

carbon .dioxide, hydrogen, s team,  ammonia,  sulfur bearing gases , '  and 

light :~.i.ls a s  well  a s  coal  fines which did not react .  
. . 

The fi'rst s tep  in t rea tment  of , the raw gas is to quench it with a 

water  spray .  This  g ives 'a  three-phase mixture  of light oil, water  and 

coa l  fines in addition to the product gas.  The liquid-solid mixture  is 

separated in a horizontal  separa tor .  Light oil is  recycled to  the s l u r r y  ... 

. . mixer .  Coal fines a r e  s e ' ~ a r a t e d ,  f i l tered,  and removed. The water  is . '  

processed  and recycled. 

The  product gas  then goes to a diglycolamine scrubber  to  remove 

hydrogen sulflide and carbon dioxide. The amine goes to  a s t eam s t r ippe r  

f o r  removal  of hydrogen sulfide which goes to a Claus plant fo r  c.onversibn 
! 

t o  e lemental  sulfur.  The lean amine solution is pumped back to the 

process  gas  scrubber .  
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The prockssed gas then goes to a t'wo-stage methanation unit for 

conversion of residual hydrogen and carbon monoxide to methane. 

EARLY DEVELOPMENT 

The his.tory of the gevelopment of the MYGAS Proces's goes back to 

the period 19144 to 1964 in which IGT c a r r i e d  out in-house and A.G.A. - 
funded work bn the fundamental investigation of concept parameters .  A 

contract  sigded in 1964 with'OCR and A .  G. A .  provided joint funding to 

c a r r y  out process  development unit studies to  form the basis  for  a pilot 

plant design.i In 1967, the design of the pilot plant was s tar ted.  This  was 

followed by ~ ~ o n s t r u c t i o n  and shakedown, a s  well  a s  the development of an  

e lec t ro thermal  gasifier.  Jn 1971 , the pilot plant operations were  initiated 

with hydrogen produced fro1-n a r e fo rmer  and an e lec t ro thermal  gas i f ie r  

was constructed. Also  a steam-oxygen sys tem for  gasifying char  was . 

developed. In 1972 through 1974 the pilot plant sys tems were  demonstrated 

in integrated operation. In 1974 the steam-oxygen gasification sys tem was 

designed and installed. A light oil  recovery unit was installed. Operations 

with lignite and bituminous coals have been ca r r i ed  out. 

In theiperiod 1944 to 1964, during the pregovernment  sponsorship 

e r a  the A .  G..A. provided $ 3  million to fund efforts in a fundamental in- 

vestigation of the concept pa ramete r s .  During this t ime ,  synthe'sis gas 

was generated by steam-oxygen gasification of coal a t  r a t e s  up to 

1500 lb lh r .  Total  methanation of synthesis gas  was  accomplished on 

nickel catalysts.  The concept of high p res su re  (1000 to ,1500 psi)  and high 

tempera ture  (1200" to .  180U O F )  hydrogasification of coal was established 

with hydrogen-steam mixtures .  H~drogas i f ica t ion  tes t s  w e r e  conducted 

in batch and continuous flow units in the range of 5 to 10 l b / h r  of coal. 

I N S T I T U T E  O F .  G A S  T E . C H N O L O G Y  



. . . ... . . . . . . 
...'. . . ' . . .. . . . . . .  . . .  . . . . . 

In the period o f  1964 -to 1967 cdn t rec t  efforts b ide r  p ~ r t i a l : : ~ ~ ~  sponsor-'. 

sh ip  led to process  development unit ( P D U )  studies to form the basis f o . ~  , -  

. .  . . . 

a pilot plant design. This  work established the fluidized bed ra ther  than . - 
a moving bed a s  a mode of gas-solids contact. f o r ' e a s e  of scale-up. 

I 

Continuous P D U  gasification tests  were  conducted a t  coal feed ra t e s  up 
to 100 l b / h r  in a 4 -inch-diameter. reactor. '  The two-stage I~ydrogasifica- 

. tion concept $as verified f o r  mkx'imum di rec t  formation of methane f rom 

coal  over a temperature range up to 2000°F and p r e s s u r e s  u p  to  2000 psi. 

Thirteen coals were  tested ranging in sa~llc f rom lignite through semi-  

anthracite.  Pre t rea tment  conditions were  defined In a 10-inch-diameter 

PDU.  Methanation catalysts  were  screened and a cold gas recycle system 

was developeg for  tempera ture  control in methanators .  

HYGAS PILOT PLANT 

I '  a 

The p,eriod 1967 through 1971 extended lhe develo.pment, initiated 

.the design, and ca r r i ed  out the construction of the pilot platit. IGT,  

together with Bechtel, developed a prel iminary design of the pilot plant. 

This  included the gasif ier  reac tor  design which involves multiple reaction 

stages in one vessel .  The s ingle-vessel  concept eliminates thermal  ex- 

pansion problems. The gasifier internal d iameter 'was  se t  a t  30 inches 

to reduce reactor  heat loss  and provide optimum intermediate scale-up 

'data .  S lu r ry  feeding of coal was selected. The unreliable lide of lock hopper 

valves led to !design of a s l u r r y  sys tem 'for feeding coal  into and diqcharging 
I 

residue from the gasi l ier .  The detailed design, procurement ,  and con- 

s t ruct ion of the pilot plant was ca r r i ed  out by Procon.Incorporated and was: 

followed by the shalcedown of the pilot plant. The shalcedown of the pilot 

plant was ca r r i ed  out f r o m  May 1971 to October 1971. The electrothermal  

6 
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. . .gasifier was a l so  developed.. The plant \;;as,.d&signkd to convert  80 t0n.s . . 

. . _: 

of coal lday to 1. 5 million cubic feet ,  of pipelin.e-quality ga's.. It was ' ' .  

a l so  designed to handle lignite, bituminous, and s-ubhituni.inous coals.. 

. . 
Construction was ca r r i ed  out  under a guaranteed maximum pt ice.  (.GMP) 

ar rangement  fo r  a $7  mill ion total. An electrothe.rm.a.1 method of 

gas'ification for  generating hydrogen f rom char  in a 6-inch-diameter PDU 

reac tor  with h p o w e r  input of 300 kW was tested a t  1000 psi p r e s s u r e  and 

The p+riod 1971 to 1972 included plant operation, construction of. 

the e lec t ro thermal  gasif ier  and development of the steam-oxygen gasifica- 

tion method fo r  hydrogen production. In this t ime,  seven initial t e s t s  were  

conducted usilng hydrogen f rom the reforming of na tura l  gas. The e lec t ro-  

thermal  gasification pilot plant unit was designed and constructed by 

Procon to use up to 2 MW of ac 'power  using on-line computer control 

for  power input. It was a l so  designed for  integration with the HYGAS 

re'actor for  char  feed and constructed under a G M P  ar rangement  for  

$2 million. Studies o.f the steam-oxygen gasification method. w e r e  

completed for  hydrogen generation f r o m  char  in the 6-inch-diameter PDU 

reac tor  a t  p r e s s u r e s  up to 1000 ps i  and tempera tures  between 1600" and 

Demonstration of pilot plant sys tems took place during 1972 

through 1974. The use of coal-oil s l u r r y  sys tem was 'demonstrated fo r  

pressurizing coal  feed, a s  well  a s  the operabili ty of IGT's cold gas recycle  

sys tem for. methanation. A re f rac tory  grid was d.eveloped for  gas dis t r ibu-  

tion and fluid bed support. Twenty tes t s  were  conducted with Montana 
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lignite culminating in Test  No. 2.7 in March 1974. The tes t  program was 

completed on batch gasification of char  in the electrothermal  gasifier. 

Operabili ty was demonstrated (10 tes ts  conducted). Fur the r  development 
' '. 

of the unit:was not pursued due to the high cost of conventional power 

The pkri,od of 1974 and 1,975 involved design and installation of 

additional pilbt plant equipment a s  well a s  operations with lignite and 

bituminous chal. The s team -oxygen gasification unit was designed, cou- 
I 

. . 

strutted, and integrated into the bottom of the H Y G ~ A S  r&actor .  A light 

oil  recovery  unit was designed, constructed, and integrated into the pilot 

plant. Ten tes ts  were  conducted using lignite with steam-oxygen gasifica- 

tion. Tes t  Nv. 37, completed in July 19'75, was the m o s t  successful t e s t  

, in the pilot plant lignite program. The resul t s  of this t e s t  w e r e  self-  

sustained operation f o r  15 days. Over 1000 tons of lignite w e r e  processed. 

During the 15-day period the ent i re  plant was ons t ream for  92% of the t ime 

o r  3 3 0  hours .  Steady-state conditions were  achieved for  160 hours.  Solids 

flow through the ' r eac to r  was' smooth. Arrlitle acid-gas removal  and 

methanation sections worked well. F u l l  conversion of car'bon moiiaxide was 

maintained. The light oil  stripping section performed sat isfactori ly  fo r  the 

f i r s t , . t ime,  and net pr,oduction of oil was demonstrated. Overall  ma te r i a l  

balances for .  three ma jo r  sections,  that is gasification, purification, a n d .  

methanation, were  essentially closed. The s l u r r y  feeding sys tem operated 

a t  feed ra t e s  up to 2-1.12 tons/hour.  The plant was in excellent condition on 

post-test  examination. The tes t  resul t s  were  reviewed by the ERDA/A. G.A. 

Operating Committee and judged to have m e t  the requirements  of technical 

feasibility. 
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Pilot plant operations with Illinois No. 6 bituminous coal  occurred  

f r o m  1975 to the pr#esont, Pilot  plant operations s-ta.rted.in September 1975 

with the bituminous cdal. Tes t  No, 54 achieved self-sustained operations 

fo r  nine days.  of which severi were  a t  .2  -1 /2 tons /hour and two w e r e  a t  

3 tons/hour of pretreated char  to the reactor .  This  t e s t  gasifi,ed 640 tons 

of high s u l f  urj 'calcing c . ~ a l .  Self -s ustained operation rli'eans that the plant 
I 

produc.ed gas ; f rom the chemical  reaction of wa te r ,  oxygen, and coal  

without s u p p l ~ m e n t a l  sources  of hydrogen and heat. 
' I 

In thig run,  the coal b a s  pre t rea ted  to 800 OF pr io r  to being fed into 

the. r eac to r  vks sel .  Good heat and m a t e r i a l  balances were  recorded during 

' the 214-hour !run. The run was .  te.rminated voluntarily when the coal  supply 

was depleted.: 

SUMMARY.  ; 

In s umrnary, the overal l  a c  colnplishments of the HYGAS program 

to date a r e  that it has  demonstrated the lcey p rocess  concepts and integrated 

unit operations.  It has  a l s o  den~ons t r a t ed  s e v e r a l  methods of hydrogen 

generation, including catalytic s team reforming of na tura l  ga,s , e lec t ro-  

the rma l  gasii ication, and a l so  steam-oxygen gasification. A total  of 
1 
I 

37  t e s t s  were  conducted with l ignite,  including a total  of 5500 tons of 
. . 

lignite processed.  During this t ime,  it demonstrated the technical f eas i -  

bility of a process  using lignite. A total  of 17 t e s t s  w e r e  conducted 

involving a total  of 3100 tons of bituminous coal. Some specific objectives 

of the H Y G A S  p rogram for  f i sca l  1977 include tes t s  to be conducted with 
, ' 

j 
subbituminou$ coal. Data will be cotlected for  use in the design of a n  

I 

effluent t rea tment  and water  r euse  cycles  in a commerc ia l  plant. New 

methanation catalysts  will  be tested. Mater ia l s  testing will continue. 

9 .  
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Refrac tory  and meta l s  coupons prepared b.y separa te  contra.ctors under 

sponsorship of the Metal Prope.rties Council will be tested. Data will be . ' 

. gathered on performance of piping and vesse ls  in corros ive  o r  erosive 

environment. 
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F i g u r e '  1. S I M P L I F I E D  F L O W  DIAGRAM O F  T H E  IGT 
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Figure  2 .  M Y G A S  P.T.T,O,T-PLANT REACTOR 
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