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SOLAR COAL GASIFICATION REACTOR 

W I T H  PYROLYSIS  GAS RECYCLE 

Background of t h e  Invention 

The present invent i  on re1 a t e s  i n  general t o  hydrocarbon 

gas i f i c a t i on ,  and more p.art icul  a r l y  t o  a hydrocarbon gas i f i c a t i on  . 

system u t i  1 i z i  ng so l a r  energy. The United S t a t e s  Government has r i g h t s  

in  t h i s  invention pursuant t o  Contract No. W-7405-ENG-48 between-the 

U.S. Department of Energy and the  Universi ty of Ca l i fo rn ia  f o r  t he  

operat i  on of Lawrence Li vermore Nati onal Laboratory. 

The united S t a t e s  has a vast energy resource i n  the  form of 

coal.. The energy can be released from t h e  coal through conventional 

power plant  technology, 'wherein the  coal i s  burned t o  produce steam and 

the .s team i s  in  t u r n  used to  produce e l e c t r i c i t y .  I t  i s  a l so  poss ib le  

t o  produce a syn the t ic  gas from coal t h a t  can be used . i n  place o f  , . ,, 

natural  gas. I t  i s ,  however, important t o  note t h a t  projected energy 

shortdyes fo r  the United States over t he  near term appear t o  be f o r  

l iquid  f u e l s ,  p a r t i c u l a r l y  l iquid  f u e l s  f o r  powering automobiles and 

other forms of t ranspor ta t ion.  A system t h a t  would u t i l i z e  

hydrocarbons su'ch as t h e  vast coal deposi ts  f o r  t h e  economical 

production of l i qu id  f u e l s  would be an important contr ibut ion t o  

solut ions  t o  energy problems facing t h e  United S ta tes .  

Preliminary research has demonstrated the  potent ia l  f o r  u t i l i z i n g  

so la r  energy t o  gas i fy  coal and/or o ther  carbonaceous matter  such a s  

hydrocarbons or biomass. Conventional g a s i f i e r s  burn par t  of t he  coal 

to  provide t he  heat required t o  dr ive  t he  ga s i f i c i a t i on  react ions .  A 

su la r  g a s i f i e r  uses f o c ~ ~ s e d  sunl ight  t o  provide t h i s  h e a t ,  which 

incorporates a rene:vable energy source in  t h e  ga s i f i c a t i on  



process. In addi t ion,  a subs tan t ia l  f r ac t i on  of the  so l a r  energy i s  

converted i n t o  chemical energy in t he  process, and t h e  converted energy 

is' stored i n  the  product. Since so la r .  energy i s  used r a the r  than . . 

burning par t  of t he  coal t o  provide energy, l e s s  coal i s  required which 
. . 

conserves t h a t  resource and reduces potent i  a1 . envi ronmental problems 

associated w i t h  the  use of coal proportionately. '  

Solar coal ga s i f i c a t i on  systems have.been proposed, b u t . a l l  such 

systems would produce a combination of gases i n  t h e  product stream. 

The combinations of gases t y p i c a l l y  include gases containing 

hydrocarbons, such as methane. Such hydrocarbon-containing product 

streams would be highly useful f o r  p ipe l ine  q u a l i t y  gas, but would 

requ i re  expensive re f in ing  . . t o  pro'duce l i qu id  f u e l s  s u i t a b l e  f o r  

powering motor vehicles.  I t  is de s i r ab l e  t o  provide a system f o r  

gasifying coa l ,  other hydrocarbons, and/or biomass, and, produce a 

product stream tha t  i s  f r e e  from hydrocarbons, 

-. . - - - - - - Description of Pr io r  Art 
- - 

A s o l a r  energy coking apparatus i s  described i n  U.S. Patent  No. 

2,760,920 t o  R . B .  Olsen, patented August 28, 1956. A parabol ic  sur face  

i s  covered with small f l a t  rectangular  mirrors and an absorber i s  

mounted above t he  parabolic mirror covered surface.  Coal i s  fed t o  t h e  

absorber. 

A hydrocarbon gas i f i c a t i on  system u t i l i z i n g  s o l a r  energy i s  
described i n  U.S. Patent  No. 3,993,458 t o  Michael J .  Antal, J r . ,  

patented Nuvember 23, 1916. Steam, CO or  some mixture of these  two 
;, gases i s  heated t o  a temperature of 600 C or more i n  a chemical 

reactor  located a t  the  focus of a tower top so l a r  furnace. This 

working f l u i d  i s  used to  f l u i d i z e  a reac tan t  bed of char and organic 

mater ia l .  Sol id  wastes, shredded or unshredded, depending on t h e  

economics of the  system, are introduced in to  the reactor .  

In U.S. Patent  No. 4,149,856 t o  Willy Kel ler ,  patented April 17, 

1979, a method and apparatus fo r  producing a gaseous fue l  by means of 

so la r  energy i s  described. A piece of carbon i s  heated through 

exposure t o  reflection-focused so la r  radia t ion and contact ing i t  with 

s t e a i ~ ~  to pravirle gaseous fue l .  

In U.S. Patent No. 4,229,154 t o  David W. Gregg, patented on 

October 21,  19S0, impt40ved apparatus and method of so l a r  coal 



gas i f i ca t ion  i s  disclosed.  The process uses coal r a t h e r  than carbon, 

avoids ca t a ly s t  use, and provides f o r  continuous operat ion among i t s  

many fea tures .  The disc losures  of t he  patent  and cont inuat ion- in-par t  

appl icat ion Ser ia l  No. 06/174,964, f i l e d  August 4, 1980, a r e  ' 

incorporated herein. 

Summary of the  Invention 

The present invention provides a  s o l a r  coal ga s i f i c a t i on  r eac to r  

with a  pyrolysis  gas recycle  stream. The pyrolysis  gas recyc le  stream 

subs t an t i a l l y  e l iminates  hydrocarbon i n  t h e  product stream by steam 

reformation on hot char. The product i s  s u b s t a n t i a l l y  f r e e ,  i f  not 

e n t i r e l y  f r e e ,  of t a r  and other  hydrocarbons, and thus  be s u i t a b l e  f o r ,  

d i r e c t  use in many processes. A coal feed i s  t ransmit ted i n t o  t h e  

so la r  reactor .  Solar  energy i s  d i rec ted  i n t o  t h e  so l a r  reac tor  and 

onto char produced from the coal feed,  thereby producing a  ga s i f i c a t i on  

zone spaced from the coal feed and generating hot gases from t h e  char. 

These hot gases flow countercurrent  t o  the  s o l i d  phase, and produce a 
pyrolysis  zone between . t h e  gas i f i ca t ion  zone and t h e  coal feed en t ry  

point. ~ ~ r o l ~ s i s  gases and char are  produced i n  the  pyrolysis  zone, 

and the  pyrolysis  gases are recycled t o  t he  ga s i f i c a t i on  zone. The 

product gas i s  withdrawn from the  reac tor  i n  a  region where the  coal 

feed has been reduced t o  char. 

I t  i s  an object  of the  present invention t o  provide a  coal 

gas i f i ca t ion  reactor  t h a t  wi l l  produce a  product stream t h a t  is 

r e l a t i v e l y  f r e e  from hydrocarbons. I t  i s  a  f u r the r  ob jec t  of the  

present invention t o  provide a  so l a r  coal ga s i f i c a t i on  system t h a t  

u t i l i z e s  a  pyrolysis  gas recycle stream and injected steam (and/or 

C02, Hz or CH4) t o  e l iminate  hydrocarbons in the  product stream 

by steam reformation of methane and higher hydrocarbons on t h e  hot char. 

Additional ob jec t s ,  advantages, and novel f ea tu r e s  of t he  

invention w i  11 be s e t  f o r t h  in par t  i n  ' t h e  descr ipt ion which follows,  

and in par t  wil l  become apparent t o  those  s k i l l e d  i n  t he  a r t  upon 

examination of t he  following,  or appreciated by p r ac t i c e  of t h e  

invention. The objects  and advantages of the  invention can be rea l ized  



and a t t a ined  by means of t he  i n s t rumen ta l i t i e s  and combinations 

p a r t i c u l a r l y  pointed o11t i n  t h ~  appended claims. 

To achieve t h e  foregoing and o ther  ob jec t s ,  and i n  accordance 
with the purpose of the  present invention,  a s  embodied and broadly 

described herein,  t h e  system of t h i s  invention can comprise t h e  

production of a subs tan t i  a1 l y  hydrocarbon-free product gas from a s o l a r  

reactor  u t i l i z i n g  a coal feed by t ransmi t t ing  t h e  coal feed i n t o  t he  

so l a r  reac tor  and d i r ec t i ng  so l a r  energy i n to  t h e  so l a r  reac tor  onto 

char produced from t h e  coal feed. A ga s i f i c a t i on  zone i s  produced 

above the coal feed en t ry  point which is driven p r inc ipa l l y  by t h e  

action of t h e  s o l a r  energy on t he  char. In t u r n ,  t h e  hot gases from 

gas i f i c a t i on  of s a id  char produce a pyrolysis  zone below the  

gas i f i ca t ion  zone ( i .  e., between t h e  ga s i f i c a t i on  zone and t h e  feed  

en t ry)  with pyrolysis  gases and char being produced in the  l a t t e r .  The 

pyrolysis  gases are withdrawn from a region of t h e  r eac to r  below the  

pyrolysis  zone ( i . e . ,  the  pyrolysis  zone and the  feed en t ry ) ,  and 

in jected ( w i t h  a r e ac t i ve  gas such as steam, C o p ,  HZ and CH4) 

i nto a regi on-of t h e  reac tor -  above t h e  ga s i f i c a t i on  zone ( i  .e.,  between 

t h e  reactor  en t ry  of the  so l a r  energy and the  ga s i f i c a t i on  zone). 

Subs tan t ia l ly  hydrocarbon-free product gas i s  withdrawn from a region 

of the reactor  below the  ga s i f i c a t i on  zone and above t h e  pyrolysis  zone. 
4. 

. .  . . 

Brief Description of t h e  Drawings. 

The .accompanying drawings, which are  incorporated i n  and form a 

par t  of the  speci  ficdliurr, i l l u s t r a t e  an embodiment of t h e  present  

invention and, together  with the  descr ipt ion,  serve t o  explain t h e  

p r inc ip les  of t h e  invention. In t h e  drawings: 

Figure 1 i s  a di,agrammatic i l l u s t r a t i o n  of a system t h a t  embodies 

t h e  present invention. 

Figure 2 i s  a schematic view of a so la r  reac tor  constructed in  

dccvrdance wlih t he  present i nventi on. 

Detailed Description of the Invention 

Referring now t o  the  drawings, and i n  p a r t i cu l a r  t o  Figure 1, a 

system t h a t  en~bud ies the present invention i s  'i l lus t ra ted.  A coa'l or 

other carbonaceous-material feed i s  introduced i n t o  a so l a r  r eac to r  2 

and a product gas i s  produced. This system has pa r t i cu l a r  u t i l  i t y  f o r  



t he  gas i f i ca t ion  of coal using s o l a r  energy. The coal i s  ga s i f i ed  by 

react ing i t  w i t h  steam ( o r  C02 or  ]I2) i n  the focal zone of a s o l a r  

centra l  receiver  plant .  Because t h e  coal-steam reac t ion  is 
endothermic, t h e  product gas has .greater  heating value than the in i . t i a1  

5 coal. The necessary energy t o  d r i v e -  t h e  endothermic reac t ion  is 
provided by the  focused so l a r  energy. Solar  energy is t h u s  converted 

. . 

i n t o  chemical energy a t  t h e  same time coal i s  gas i f i ed .  This process 

has the dual a t t r a c t i o n s  of upgrading coal to  a more e a s i l y  u t i l i z e d  

form of fuel  and of.chemica1ly s t o r ing  so l a r  energy. 

10 The chemistry of coal g a s i f i c a t i o n  involves t he  two bas ic  s t eps  
of pyrolysis  and char ga s i f i c a t i on .  Pyrolysis  chemistry simply 

describes the  manner in which coal decomposes when heated, and can be 
.- . - . . -  . . . 

: represented iri a simple fashion as follows: 

Coal + heat + char (CH,) + CO + Cop + Hz + CH4 + t a r s  + H20. 

15 The energy required f o r  t h i s  reac t ion  i s  r e l a t i v e l y  small,  because 

these  decomposition reac t ions  are  only s l i g h t l y  endothermic. The 

primary energy requirement involves heal ing t he  coal t o  pyro lys i s  

temperatures. The mass l ibe ra ted  by pyrolysis  can vary from only a few 

t o  as much as 40 w t % ,  depending on t h e  pa r t i cu l a r  coal. 

20 The char-gasif i  ca t ion chemistry can be represented i n  a simple 

fashion by t he  following equation: 

char (CH,) + H20 + CO + Hp - 131.4 kJ/g-mol 

(-31.4 kcal/g-mol ) . 
This highly endothermic react ion i s  the primary react ion f o r  chemically 

25 s tor ing so l a r  energy in  product gas, and adds 131.4 kJ/g-mol t o  t h e  

heat of combustion of the  product gas. Because t he  heat  of combustion 

of 1 g-mol of H2 + 1 g-mol of CO i s  525 kJ/g-mol, s o l a r  energy 

contr ibutes  approximately 25% t o  t h e  heating value of t h e  product gas 

t h a t  r e su l t s  from the  char ga s i f i c a t i on  s tep.  The net con t r ibu t ion  of 

30 so l a r  energy t o  the  heating value of the  product gas w i  11 depend on t h e  

re1 a t i  ve magnitudes of the  pyrolysis  and char-gasi f icat ion s t eps  and 

thus on the  pa r t i cu l a r  coal being gasi f ied.  

The f ixed or natural  water i n  the  coal normally does not exceed 

about 35% which i s  the  approximate weight of water i n  Wyodak coal .  

35 This prnress w i  l l operate s a t i s f a c t i  ly on such cudls and i n  f a c t  on 

coal feeds containing about 50% by weight of water. When t h e  r e l a t i v e  

amount of water in the feed,  whether f ixed or mixed therewith,  exceeds 



about 50%, the feed should be pre-dried. Ambient a i r  drying while 

protected from condensation ( i  .e . ,  snow, ice  or r a in )  usually suf f ices ,  

par t icu lar ly  a t  drying temperatures above freezing.. The natural water 

i s  converted to  steam in the process. 

I t  should be c lear ly  understood tha t  the f igures  and discussion 

which follow r e l a t e  to  a steady s t a t e  condition of carrying out the 

present invention. Th'ere'is always an i n i t i a l  and transient.condi ' t ion 

upon start-up whi-ch . i s  not described, during which a char bed i s  

produced. 
. . 

The solar  energy coal gas i f ica t ion  reactor 2 i 1 lus t ra ted  

di agramati  cal l y  in Figure 1 provides an improved- product gas because 

the product gas i s  subs tant ia l ly  f r e e  from hydrocarbons. The 

concentrated solar  energy entering the  reactor  2 through a window 8 

acts upon the coal feed within the reactor ,  producing a gasif icat ion 

zone spaced from the unreacted feed. Hot gases are generated in the  

gasif icat ion zone, and these hot gases produce a pyrolysis zone between 

the gasif icat ion zone and the unreacted feed. Pyrolysis gases are  
produced-. in--the. pyrolysis'-'zone. The pyrolysis leaves a char residue 

between the pyrolysis zone and the gasif icat ion zone which moves t o  t h e  

l a t t e r  and i s  gasified there. The pyrolysis gases are withdrawn from 

the pyrolysis zone u t i l i z ing  a pump 4 and recycle l i ne  6 ,  and inserted 

a t  a point proximate the gasif icat ion zone. Preferably steam i s  

injected into the reactor 2, b u t  other react ive gas ( i . e . ,  reacts  with 

char to produce a gas) such as C O Z Y  Hz or CH4, e tc .  can be 

injected. Hydrocarbons are eliminated from the product stream by steam 
reformation on the hot char in the gas i f ic ia t ion  zone. The product gas 
i s  withdrawn from a region of the reactor between the gasif icat ion zone 

and the pyrolysis zone. Ash generated by the gasif icat ion can be 

removed by any one of several means (not shown). For example, a t  t h e  

top of the char in the gasif icat ion zone there can be scrapers or steam 

je t s .  Reinoval of the ash i s  important to  eliminate i t s  accumulation 

and t o  maintain solar energy contact w i t h  the char. 

Referring now to  Figure 2,  a schematic view of a solar  reactor  

system for the gasif icat ion of coal constructed in accordance with the 

present. invention i s  i l l u s t r a t ed .  A solar- reactor- 10 Is positioned t o  



receive concentrated sunlight 20 through a window 30. Technology i s  

currently available f o r  building large solar-energy plants  in which 

sunlight i s  focussed (e.g., onto a tower) from a large f i e l d  of mirrors 

called he l ios ta t s .  The coal i s  introduced into the  reactor  10 by a 

coal feed device 28. The solar  energy dr ies  and pyrolyzes -the coal: 

This produces carbon.dioxide gas, carbon monoxide gas, hydrogen gas, 

methane' gas, higher hydrocarbons including tar,  steam, ammonia gas, 

hydrogen su l f ide  gas, char and ash. The products are  a11 gases except 

f o r  the char and ash. 

A gas i f ica t ion  front  16 i s  established we1 1 above the unreacted 

feed within the reactor.  The hot gases from the gas i f ica t ion  zone 32 

adjacent gasif icat ion front  16 are swept downward, and produce a 

pyrolysis f r o n t  1 2  nearer the feed. A t  the same time the  hot gases a re  

swept downward, the char i s  pushed upward into the gas i f ica t ion  zone. 

The char in t u r n  i s  gasified endothermically by reaction with s t e &  

introduced through in l e t  ports 18. The gases leaving the ga.sification 

zone'contain considerably more sensible  heat than i s  required to  heat 

the incoming coal to dry and pyrolyze i t .  T h u s  part  of these gases can 

be diverted in to  the product stream. The remaining gases flow downward 

t o  contact the fresh coal, heat i t ,  dry i t ,  and generate pyrolysis 

gases in a pyrolysis zone 34 immediately adjacent the  pyrolysis f r o n t  

12. The pyrolysis gases, along with the remaining gas i f ica t ion  gases, 

combine to  form a recycle stream. Blower 26 withdraws these gases 38 

through exi t  port 36 and transmits them upward in pyrolysis gas recycle 

l ine  24. The pyrolysis gas recycle stream 38 i s  injected through 

injection port 22 into a region of the reactor immediately above the 

gasification f ron t  16. Steam i s  injected into the region of the  

reactor above the gasif icat ion front  16 through steam i n l e t  ports  18. 

The hydrocarbon species from the recycle stream are heated in the  

gasification zone in contact with the steam and char surface. These 

hydrocarbons are decomposed by reaction with the steam forming carbon 

monoxide gas, carbon dioxide gas, and hydrogen gas. The concentrated 

sunlight supplies the heat fo r  these endothermic reactions. 

Steam and other species from the recycle stream entering through 

irljection port  22 and from the separately injected steam entering 

through steam in le t  ports 18 are heated in the gasif icat ion zone, and 

react with the char to  gasify i t .  The concentrated sunlight supplies 



the heat f o r  t h i s  endothermic react ion.  The ash residue generated by 

gas. if ication of the coal cdrl be removed as .previously explained. 

Product gases are  removed from the  reac tor  10 through t h e  product 

gas withdrawal l i n e  14. These product gases ' a re  removed from a .region 

of the reac tor  located between the  ga s i f i c a t i on  f ron t  16 and t h e  

pyrolysis f r o n t  12. As wi l l  be appreciated from t h e  previ,ous 

explanation,. the  pyrolysis. gas recyc le  system insures t h a t  t a r s  and 

other hydrocarbons w i l l  be steam reformed on t h e  hot char-ash 

surfaces. In addi t ion,  t h e  f ixed water content of the  coal ,  which can 

be as high ' a s  about 40 weight %, i s  vaporized by the process and i s  

used to  supply par t  of the  steam f o r  t he  char-steam react ion,  The 

foregoing provides an improved product gas, w i t h  low hydrocarbon 

content. This product gas would be very s u i t a b l e  f o r  many purposes, 

including conversion t o  methanol, according t o  t h e  equation: 

CO + 2H2 -+ CH30H 

The foregoing system f o r  producing a .  subs tan t i  a1 l y  

hydrocarbon-free product gas wi 11 be more f u l l y  appreciated by 
. . , . . . . - - . -. . - -- - - . - - - . . . - . . . - -  .- - 

considering t he  s o l a r  coal ga s i f i c a t i on  of a spec i f i c  type of coa l ,  

Roland Seam (WYODAK) coal can be gas i f i ed  as f o 1 . l . o ~ ~ :  

1. The coal i s  dried and pyrolyzed as i t  i s  heated. 

dry  coal + 0.498 He 

+ 0.050CH4 

+ 0. 031C3H7 (higher  hydrocarbon) 

+ 0.098H20 . 

+ 0:008NH3 

+ 0.001H2S 



Pseudomolecules are used to  represent the coal, char, t a r ,  and 

higher hydrocarbon gases. The products are a l l  gases except f o r  the  

char. The gases are.swept downward into the recycle loop, and the  char 

i s  pushed upward in to  the  gasif icat ion zone. 

2. Char i s  gasified endothermically by reaction with H20: 

( l -x)  L0.719 C H O m l 4  + 0.719 H20 -r 0.179 CO + 0 . 7 6 9 ~ ~ 1  

The symbol x i s  a function of reaction temperature. High temperatures 

give a small x ,  and thus favor high CO and low C02 i n  the product gas. 

3. The gases leaving the gasif icat ion zone contain considerably 

more sensible heat than i s  required to  heat the incoming coal,  drying 

and pyrolyzing i t .  Thus part  of these gases can be diverted i n t o  t h e  

product stream. The remainder flow downward t o  contact the  f r e s h  coal,  

heat i t ,  and generate the  pyrolysis gases. 

4. The pyrolysis gases, along with the remainder of the . 
gasif icat ion gases, combine t o  form the  recycle stream. This recycle  

stream i s  reinjected above the gasif icat ion zone. In the  gas i f ica t ion  

zone, a1 1 hydrocarbons from the  pyrolysis reac t i  on are steam-ref ormed: 

High reaction temperatures give a small y, and favor high CO and low 

C02 in the product gas. 

5. Water from the recycle stream and from the separately 

injected steam react with the  char t o  gasify i t .  The concentrated 

sunlight supplies the heat for  t h i s  endothermic reaction. 

As those sk i l led  in the a r t  know, the temperature sought t o  be 

achieved for gasif icat ion i s  a t  least  about 900O~, and typ ica l ly  on 

the order of about 1 1 0 0 ~ ~  i s  preferred. The pyrolysis temperature i s  

m~rch lower on the order of several hundred deyrees or higher, t yp ica l ly  

about 600-800'~. Sui table  pressures can vary r e l a t ive ly  widely; but, 

as those sk i l led  in the a r t  know, typica l ly  pressures do not exceed 



about 600 psi (=40 atmos.). Pressures of only a few hundred (e.g., 

200) or l e s s  are generally preferred on balance. These parameters and 

a l l  the other apparatus and reaction parameters are interdependent, and 

once one i s  fixed, the  others are res t r ic ted ,  i f  not fixed. The 

optimum combination can be readi ly found by routine experimentation 

beginning with the coal and the s i ze  pieces or par t ic les  t o  be used as  

feed. The s i z e  of the output of the unit  i s  of course very important. 

I t  i s  t o  be understood tha t  the distance between the pyrolysis zones 

and the gasi f  i  cation zones can be varied subst ant i  a1 ly. The important 

considerations are t h a t  they be su f f i c i en t ly  separated t o  enable a gas 

product stream to be drawn off which i s  re la t ive ly  f r e e  of 

hydrocarbons. That i s ,  the product withdrawal should be f a r  enough 

toward the pyrolysis zone to  provide fo r  essent ia l ly  complete steam 

reforming of the hydrocarbons present in the gasif icat ion zone, and y e t  

back-stream enough from the pyrolysis zone to be essent ia l ly  f r e e  of 

hydrocarbons f  ormed in the pyrolysis zone. A generally s a t i s f a c t o r y  

s t a r t ing  point to  determine the optimum spacing by routine t e s t s  i s  a 

r a t io  of about two ( 2 )  to-one (1) of separation compared t o  the  reac tor  

diameter. Referring t o  the drawing, the distance between 22 and 36 i s -  

about two times the reactor diameter. 

The foregoing description of a preferred embodiment of the  

invention has been presented f o r  purposes of i  1 l ~ l s t r a t i o n  and 

description. I t  i s  not intended to be exhaustive or to  l imi t '  the 

invention to  the precise  form disclosed, and obviously many 

modifications drid vdriakions are possible in the l ight  of the above 

teaching. For example, carbon dioxide, hydrogen, or methane gas can be 

substi tuted for  the steam injected above the gasif icat ion zone, In 

addition, horizontal or inverted operation i s  enti.rely feas ib le .  The - 
embodiment was chosen and described in order to  best explain the  

principles of the invention and i t s  pract ical  application t o  thereby 

enable others sk'il'led in ' the  a r t  to best u t i l i z e  the invention in 

various embodiments and with various modifications as are su i ted  t o  t h e  

part icular  use contemplated. I t  i s  intended tha t  the scope of the 

invention be defined by the claims appended hereto. 



. . . . 

Abstract of the Disclosure 

Coal ( o r  o ther  carbonaceous mat ter ,  such as  biomass) is converted 

i n to  a .product  gas t h a t  i s  subs t an t i a l l y  f r e e  from hydrocarbons. The 

; coal i s  fed i n t o  a s o l a r  reac tor  ( l o ) ,  and so l a r  energy (20)  i s  
Y 

5 directed i n to  the  reac tor  onto coal char,  c rea t ing  a g a s i f i c a t i o n  f ron t  

(16) and a pyrolysis  f r o n t  (12). A gas i f i c a t i on  zone (32)  is produced 

well above t he  coal level  within the  reactor .  A pyro lys i s  zone (34) is  

produced immediately above t he  coal level .  Steam (18) ,  i n j ec t ed  i n to  

the  reactor  adjacent t o  the  gas i f i ca t ion  zone (32) ,  r e a c t s  w i t h  char t o  

10 generate product gases. Solar energy suppl ies  t h e  energy f o r  t h e  

endothermic steam-char reaction.  The hot product gases (38) flow from 

t h e  gas i f i ca t ion  zone (32) t o  t h e  pyrolysis  z o n e  (34) t p  generate  hot 

char, Gases (38) are withdrawn from the  pyrolysis  zone (34) and 

re injected i nto t h e  region of t he  reac tor  adjacent t h e  g a s i f i c a t i o n  

15 zone (32). This e l iminates  hydrocarbons i n  the  gas by steam 

reformation on t he  hot char. The product gas (14)  is withdrawn from a 

region of t h e .  reac tor  between the  gas i f i ca t ion  zone (32) and t h e  

pyrolysis  zone (34) .  The product gas wi l l  be f r e e  of t a r  and o the r  

l.~ydrocarbons, and thus be su i t ab l e  fo r  use i n  many processes.  








