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Description 

The  invention  relates  to  a  process  for  the 
gasification  of  coal  to  produce  synthesis  gas  com- 
Drising  the  steps  of  feeding  particulate  coal  to  a 
gasification  zone,  and  partially  oxidizing  coal  with 
Dxygen  in  said  gasification  zone,  producing  a 
stream  comprising  synthesis  gas  and  flyash,  and 
oroducing  bottom  impurity  solid  materials  which 
are  collected  in  a  water  bath  as  char,  fine  slag,  and 
coarse  slag;  quenching  and  cooling  the  said  pro- 
duced  stream,  and  separating  flyash  from  the  said 
stream,  producing  a  separated  flyash;  removing  a 
material  comprising  char  from  said  water  bath; 
fluidizing  removed  char  in  a  fluidized  bed  in  a 
Fluidization  zone,  and  oxidizing  said  char  in  said 
fluidized  bed  with  oxygen  at  a  temperature  below 
the  fusion  temperature  of  the  mineral  components 
Df  the  char  and  the  fluidized  bed,  producing  a 
substantially  carbon-free  residue  and  heated  gases. 

Usually  in  processes  for  the  gasification  of  coal 
to  produce  synthesis  gas,  significant  quantities  of 
unreacted  impurity  matter,  variously  referred  to  as 
char  and  slag,  and  produced  during  combustion  or 
oxidation  in  the  gasification  zone.  Upon  separation 
of  the  char  and/or  slag  from  the  gasification  zone,  a 
disposal  problem  exists,  since  these  materials  have 
undesirable  properties  which  limit  options  for  their 
disposal.  At  the  same  time,  the  char,  and  at  least 
some  of  the  fine  slag,  contains,  in  addition  to 
mineral  matter  or  components,  a  residual  carbon 
content  that  has  significant  energy  value.  For  ex- 
ample,  the  char  and  fine  slag  may  contain  from 
about  5  per  cent  to  about  90  per  cent  by  weight 
carbon,  based  on  the  total  weight  of  the  char  and 
fine  slag.  If  the  char,  or  char  and  fine  slag  are 
disposed  of,  e.g.,  as  land  fill,  this  energy  value  is 
lost.  Accordingly,  a  procedure  which  captured  this 
energy  value,  at  the  same  time  reducing  the  vol- 
ume  of  material  to  be  disposed  of,  could  have 
economic  importance.  The  invention  provides  such 
a  procedure. 

Additionally,  if  coal  is  dried  to  remove  the  bulk 
of  the  moisture  therein  before  gasification,  the  re- 
moval  of  this  moisture  involves  a  significant  energy 
expenditure.  If  coal  is  combusted  to  provide  the 
heat  necessary  for  the  drying,  from  about  2  per 
cent  to  about  12  per  cent  by  weight  of  the  total 
coal  supplied  to  the  process  may  be  utilized,  thus 
lowering  the  efficiency  of  the  process.  The  inven- 
tion,  in  a  further  embodiment,  is  directed  to  reduc- 
ing  this  energy  expenditure. 

A  process  for  gasification  of  coal  characterized 
by  utilization  of  heat  values  obtained  from  flyash, 
with  concomitant  reduction  of  material  for  disposal 
has  already  been  proposed  in  the  related  European 
patent  application  No.  0227196.  The  present  inven- 
tion  is  complementary  thereto,  such  that  a  common 

fluidized  bed  oxidation  zone  Tor  neat  energy  recov- 
ery  may  be  employed. 

Therefore,  it  is  an  object  of  the  invention  to 
provide  a  process  for  the  partial  oxidation  or  com- 

5  bustion  of  coal  in  which  disposal  problems  for  the 
char  and  fine  slag  are  reduced,  and  energy  costs 
for  the  process  are  reduced.  The  invention,  further, 
combines  a  procedure  for  reducing  char  and  fine 
slag  disposal  with  a  coal  drying  procedure,  so  that 

io  improvement  in  both  techniques  is  achieved. 
Therefore,  the  process  of  the  invention  is  char- 

acterized  in  that  the  said  removed  char  is  oxidized 
at  a  temperature  from  500  °C  to  1150°C  and  a 
pressure  of  about  atmospheric  or  higher  in  the  said 

15  fluidized  bed  concomitantly  with  at  least  part  of  the 
said  separated  flyash,  which  is  injected  into  the 
said  fluidized  bed  and  oxidized,  and  utilizing  out- 
side  the  gasification  zone  the  heat  thus  recovered 
to  dry  the  coal  to  be  fed  to  the  gasification  zone. 

io  It  is  remarked  that  US-A-4,508,542  discloses  a 
slag  separator  for  a  coal  gasification  installation. 
This  separator  permits  the  classification  of  slag 
particles  by  decantation  in  a  water  bath,  the  pre- 
cise  selection  of  the  desired  grain  of  slag  affording 

25  an  advantage  for  the  slag  recycling.  Further,  US-A- 
2,633,416  discloses  the  gasification  of  carbona- 
ceous  solids  wherein  the  slag  is  burned  in  a  waste 
heat  boiler  by  oxidation  in  a  fluidized  bed  for  re- 
covering  its  energy  as  heating  gas  for  drying  the 

30  most  coal  before  use. 
However,  there  is  no  indication  at  all  in  US-A- 

2,633,416  or  US-A-4,508,542  that  separated  flyash 
from  the  synthesis  gas  can  be  injected  into  a 
fluidized  bed  wherein  the  char  removed  from  the 

35  gasification  zone,  is  oxidized. 
In  an  advantageous  form  the  present  invention 

comprises  a  process,  as  described,  in  which  the 
heat  in  said  heated  gases  is  utilized  by  contacting 
moist  feed  coal  with  a  solid  or  gas  heated  directly 

40  or  indirectly  by  said  heated  gases. 
Pressures  in  the  gasification  zone  may  be  var- 

ied  widely,  but  will  advantageously  range  from  10 
to  100  atmospheres,  more  advantageously  from  20 
to  50  atmospheres,  while  pressures  in  the  fluidiza- 

45  tion  zone  will  range  from  atmospheric  to  10  at- 
mospheres  or  higher.  A  rough  separation  of  char 
and  fine  slag  from  coarse  slag  may  be  made  in  the 
gasification  zone,  or  char  and  fine  slag  and  all  or  a 
portion  of  the  coarse  slag  may  both  be  sent  to  the 

so  fluidization  zone.  As  used  herein,  the  term  "char" 
refers  to  those  materials,  whether  solid  or  molten, 
which  remain  in  the  gasifier  upon  production  of 
synthesis  gas,  and  have  an  average  particle  size 
(on  solidification,  if  molten)  of  less  than  250 

55  microns  in  width.  "Fine  slag"  refers  to  those  ma- 
terials,  whether  solid  or  molten,  which  remain  in  the 
gasifier  upon  production  of  synthesis  gas,  and  have 
an  average  particle  size  (on  solidification,  if  molten) 

2 
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of  greater  than  250  microns,  but  less  than  1  mil- 
limetre  in  size.  As  used  herein,  the  term  "coarse 
slag"  refers  to  those  materials  which  remain  in  the 
gasifier  upon  production  of  synthesis  gas,  and 
which  have  an  average  particle  size  upon  solidifica- 
tion  of  greater  than  1  millimetre  in  width.  As  in- 
dicated,  char  and  fine  slag  contain  varying  portions 
of  residual  carbon,  e.g.,  form  5  per  cent  by  weight 
to  90  per  cent  by  weight  of  residual  carbon,  based 
on  the  total  weight  of  the  char  or  fine  slag,  while 
coarse  slag,  which  is  generally  a  vitreous  type  of 
material,  contains  less  than  1  per  cent  by  weight  of 
residual  carbon. 

The  heat  liberated  is  used  to  dry  feed  coal  to 
the  process.  That  is,  the  invention  relates  to  a 
process  for  the  gasification  of  coal  to  produce 
synthesis  gas  in  which  particulate  coal  is  dried  in  at 
least  one  drying  zone,  the  coal  is  fed  from  at  least 
one  drying  zone  to  a  gasification  zone,  and  partially 
oxidized  or  combusted,  as  hereinbefore  described, 
to  produce  synthesis  gas,  char,  fine  slag,  and 
coarse  slag,  which  is  treated  as  described,  and  the 
heat  generated  by  oxidizing  the  char  or  char  and 
fine  slag  and  at  least  part  of  the  said  separated 
flyash  is  utilized  in  drying  coal  in  at  least  one 
drying  zone.  As  used  herein,  the  term  "oxygen", 
unless  otherwise  evident  from  the  context  where 
employed,  is  taken  herein  to  include  air,  pure  oxy- 
gen,  air  enriched  with  oxygen,  and  other  oxygen- 
containing  gases. 

While  the  particular  gasification  or  partial  oxida- 
tion  or  combustion  procedure  employed  is  not  per 
se  part  of  the  invention,  the  invention  is  particularly 
applicable  to  high  pressure  coal  gasification  slag- 
ging  processes  in  which  the  coal  is  partially  ox- 
idized  or  combusted  to  produce,  in  addition  to  the 
synthesis  gas,  flyash,  a  bottom  "char"  material, 
fine  slag  and  a  vitreous  or  coarse  slag  which  are 
collected  in  water  bath  in  or  associated  with  the 
gasification  zone.  The  oxygen  and  coal  flows  are 
controlled  so  that  little  CO2  is  produced  in  the 
gaseous  product.  In  general,  these  procedures  are 
carried  out  by  feeding  coal,  advantageously  dry 
coal,  e.g.,  coal  having  a  moisture  content  of  below 
about  ten  per  cent  by  weight,  entrained  in  a  gas, 
such  as  an  inert  gas,  into  a  gasification  zone,  and 
combusting  or  oxidizing  the  coal  with  oxygen. 
Flame  temperatures  may  reach  3500  °  C,  with  zone 
outlet  temperatures  advantageously  from  1100  'C  
to  1800  °C.  Pressures  in  these  processes  will 
range  from  10  atmospheres  to  100  atmospheres, 
advantageously  from  20  atmospheres  to  50  at- 
mospheres.  In  one  such  process,  the  synthesis  gas 
and  flyash  are  removed  from  the  upper  portion  of 
the  gasification  zone,  and  the  char,  fine  slag,  and 
coarse  slag  are  collected  from  the  lower  portion  in 
a  water  bath. 

A  wide  variety  of  coals  are  suitable  for  use  in 

the  invention,  hor  example,  antnracite,  Dituminous 
coal,  lignite,  and  so-called  brown  coal  may  be  used 
in  the  invention.  A  real  advantage  of  the  invention 
is  the  ability  to  use  lower  grade  coals,  such  as 

5  lignite.  As  used  herein,  the  term  "coal"  is  taken  to 
include  these  inferior  grade  carbonaceous  fuels,  as 
well  as  the  higher  quality  coals.  The  coal  will  ad- 
vantageously  be  fed  to  the  gasification  zone  in  a 
particle  size  suitable  for  boiler  furnace  operation, 

70  e.g.,  80  to  90  microns  in  diameter,  although  those 
skilled  in  the  art  may  select  the  appropriate  particle 
size,  as  desired.  In  an  advantageous  embodiment, 
the  invention  is  practised  with  "dry"  coal,  that  is, 
coal  having  a  moisture  content  of  less  than  10  per 

15  cent  by  weight,  based  on  the  weight  of  the  moist 
coal. 

Synthesis  gas  and  entrained  matter,  which  is 
known  as,  or  becomes  what  is  known  as,  flyash,  is 
removed  from  the  gasification  zone  and  treated  as 

20  described  therein.  Heavier  solid  particulate  matter 
and  molten  matter  remaining  in  the  gasification 
zone  are  allowed  to  fall  into  the  lower  part  of  the 
reactor,  and  thence  for  example  into  a  water  bath, 
and  are  collected  in  the  lower  portion  of  the 

25  gasification  zone.  As  those  skilled  in  the  art  will 
recognize,  a  significant  distinction  between  "flyash" 
and  "char"  is  the  density.  Fine  slag  is  somewhat 
denser,  while  coarse  or  vitreous  slag  has,  as  noted, 
little  carbon  content,  and  has  a  "glassy"  appear- 

30  ance. 
The  char  and  fine  slag  may  be  separated 

roughly  in  the  water  bath  by  this  density  differen- 
tial,  although  there  will  be  some  intermixture.  That 
is,  the  coarse  slag  particles  tend  to  fall  to  the 

35  bottom  of  the  water  bath,  the  fine  slag  above  the 
coarse  slag,  and  the  char  generally  above  the  fine 
slag.  Means,  e.g.,  a  sluice,  may  be  provided  for 
achieving  the  separation  of  the  char,  and  fine  slag, 
if  desired,  from  the  coarse  slag.  Alternately,  all 

40  material  may  be  removed,  either  intermittently  or 
continuously,  from  the  bottom  or  lower  portion  of 
the  gasification  zone  water  bath.  It  is  thus  not  a 
requirement  of  the  invention  that  the  particles  in 
question  be  separated  in  the  gasification  zone  wa- 

45  ter  bath;  the  portions  may  be  separated  by  sizing 
equipment  external  to  the  bath.  Moreover,  it  is 
within  the  concept  of  the  invention  that  all  of  the 
"bottoms"  material,  i.e.,  char,  fine  slag,  and  coarse 
slag,  be  sent  to  the  fluidization  zone.  If  desired,  the 

50  bottoms  material  may  be  crushed  to  ensure  the 
desired  size  for  fluidization. 

According  to  the  invention,  at  least  the  char, 
and  advantageously  the  fine  slag,  are  oxidized  con- 
comitantly  with  at  least  part  of  said  separated 

55  flyash  in  a  fluidization  zone  comprising  at  least  one 
fluidized  bed  to  remove  the  carbonaceous  matter 
therein,  producing  a  denser,  more  easily  disposal 
of  material.  The  heat  liberated  during  oxidation  is 

3 
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used  either  directly  or  indirectly  to  dry  the  coal  to 
be  fed  to  the  gasifier.  As  will  be  appreciated  by 
those  skilled  in  the  art,  the  amount  of  heat  gen- 
erated  from  the  bottoms  material  will  be  insufficient 
to  dry  the  large  volume  of  coal  needed  for  the 
process.  The  bottoms  material  is  combined,  as 
mentioned,  with  at  least  part  of  the  said  separated 
flyash,  in  the  manner  provided  in  the  above-men- 
tioned  application.  To  supplement  the  heat  gen- 
erated  by  the  bottoms  material  and  flyash,  other 
combustible  or  partially  combustible  materials  or 
fuels,  such  as  coal  or  coal  fines,  may  be  added  to 
the  fluidized  bed  and  oxidized.  Obviously,  a  sepa- 
rate  drying  technique  may  also  be  used,  but  it  is 
an  advantage  of  the  invention  that  an  independent 
dryer  or  drying  zone  may  be  eliminated. 

The  type  of  fluidized  bed  or  beds  employed  is 
a  matter  of  choice.  What  is  required,  however,  is 
that  the  bed  or  beds  be  operated  at  a  temperature 
below  the  fusion  temperature  of  the  mineral  matter 
in  the  bed,  including  that  of  a  coal  or  fuel  supple- 
ment.  In  general,  the  mineral  content  of  flyash 
comprises  silica,  alumina,  and  other  inorganic  com- 
ponents  in  varying  quantities,  and  the  melting  point 
of  the  mixture  may  be  determined  routinely.  Since 
these  temperatures  are  normally  above  1482  °C 
(although  some  may  be  less),  problems  with  clog- 
ging  will  normally  not  be  encountered  if  the  bed  is 
operated  below  this  temperature.  As  indicated,  the 
fusion  temperature  or  range  of  temperatures  may 
be  determined  routinely  for  each  flyash  or  fuel 
utilized,  and  the  temperature  in  the  fluidized  bed 
may  be  controlled  accordingly.  Advantageously, 
the  temperatures  are  operated  well  below  the  fu- 
sion  temperature,  e.g.,  from  500  °C  to  1150  C, 
more  advantageously  from  about  650  °  C  to  about 
1120  °C.  Pressures  in  the  fluidization  zone  may  be 
varied  to  the  extent  suitable  for  fluidized  beds,  but 
may  be  ranged  from  atmospheric  to  10  at- 
mospheres,  for  example  from  atmospheric  pres- 
sure  to  5  atmospheres.  The  fluidized  bed  or  beds 
may  be  jacketed,  or  may  have  coils  to  absorb  the 
heat  produced  by  the  oxidation.  The  bed  may 
contain  other  particulate  matter,  including  catalysts. 
The  combustion  gases  generated  are  removed 
from  the  fluidization  zone,  and  transfer  their  heat, 
either  directly  or  indirectly,  as  desired,  advanta- 
geously  to  the  coal  feed.  The  coal  can  be  ground 
and  dried  in  a  combination  procedure,  and  to  allow 
conventional  equipment  to  be  used,  a  moderating 
gas,  such  as  air,  or  nitrogen,  at  a  temperature  of, 
for  example,  15  'C  to  40  °C,  is  added  to  the 
combustion  gases  to  lower  the  temperature  to  200 
°  C  to  500  '  C. 

The  invention  will  now  be  described  in  more 
detail  by  way  of  example  with  reference  to  the 
accompanying  drawing,  in  which  the  figure  is  a 
schematic  illustration  of  the  process  flow  type.  All 

values  are  calculated  or  exemplary. 
Accordingly,  reference  numeral  (1)  designates 

a  supply  line  from,  for  example,  a  storage  vessel, 
not  shown,  in  which  coal  having  an  average  particle 

5  size  diameter  of  1  .3  cm  is  fed  to  a  drying  zone  (2) 
which  contains  a  combination  pulverizer-dryer 
wherein  the  coal  is  crushed  to  an  average  particle 
size  of  from  80  to  90  microns  and  dried  by  the  gas 
stream  in  a  line  (3)  to  a  moisture  content  of  10  per 

w  cent  by  weight,  based  on  the  weight  of  the  mois- 
ture  and  the  coal.  In  this  illustration,  the  gas  stream 
in  the  line  (3)  has  a  temperature  of  250  '  C,  con- 
tacts  the  coal  directly  in  the  combination 
pulverizer-dryer,  and  exits  the  drying  zone  (2)  via  a 

15  line  (4).  The  exit  gas  may  be  treated  for  control  of 
pollutants,  or  utilized  (not  shown).  Concomitantly, 
dried  particulate  coal  is  removed  from  the  drying 
zone  (2)  through  a  line  (5)  and  forwarded  to  a 
gasifier  (6).  Means  may  be  provided  (not  illus- 

20  trated),  for  raising  the  pressure  of  the  coal  and 
entraining  gas  up  to  the  level  employed  in  the 
gasification  zone.  In  the  gasification  zone  (6),  the 
coal  is  injected  in  an  entraining  gas,  e.g.  nitrogen, 
through  nozzles  and  combusted  in  a  reducing  at- 

25  mosphere  or  partially  oxidized  with  pure  oxygen  at 
25  atmospheres  and  at  a  flame  temperature  of 
3400  °  C  to  3500  °  C.  Synthesis  gas  and  impurity 
particles  are  removed  overhead  from  the  gasifica- 
tion  zone  at  a  temperature  of  1400  °  C,  and  sent  to 

30  a  quenching  and  cooling  zone  (7).  Char  and  slag, 
which  are  heavier  impurity  materials,  fall  downward 
into  the  gasifier,  and  are  removed  from  the  lower 
portion  thereof.  The  quench  and  cooling  zone  (7) 
can  be  connected  directly  to  the  outlet  of  the 

35  gasifier  (6).  The  synthesis  gas  can  be  first 
quenched  and  cooled  with  cold  recycle  gas.  The 
temperature  of  the  synthesis  gas  can  be  lowered  to 
900  °  C,  and  molten  impurities  in  the  gas  are 
solidified  to  what  is  known  as  flyash.  The  quench- 

40  ing  and  cooling  sequence  can  be  carried  out  in 
more  than  one  stage,  the  final  temperature  before 
separation  of  the  flyash  being  from  235  °  C  to  320 
"C. 

In  order  to  separate  the  flyash  from  the  synthe- 
45  sis  gas,  the  stream  is  forwared  via  a  line  (8)  to  a 

cyclone  (9)  (or  the  cooling  zone  may  discharge 
directly  thereto).  The  great  bulk  of  the  flyash  is 
separated  in  the  cyclone  (9),  and  the  flyash  is 
removed  from  the  cyclone  (9)  via  a  line  (10).  The 

50  gas  stream  is  removed  from  the  cyclone  (9)  via  a 
line  (11)  and  sent  for  further  processing,  such  as 
for  H2S  removal,  and  for  product  use.  Because  the 
cyclone  is  not  totally  effective,  a  final  solids 
cleanup  stage  (12),  e.g.,  bag  filters,  is  provided  in 

55  the  line  (11).  Solids  are  removed  from  a  unit  (12) 
via  a  line  (13).  Solids  from  the  cyclone  (9)  and  the 
solids  removal  stage  (12)  is  utilized  for  energy 
recovery  according  to  the  invention. 

4 
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The  impurity  molten  materials  and  solids  not 
removed  with  the  synthesis  gas  from  the  reaction 
zone  fall  to  the  lower  portion  of  the  gasifier  (6),  and 
through  a  slag  tap  (20)  into  a  water  bath  (21). 
Primarily  because  of  differences  in  the  density  of  5 
the  particles,  a  rough  separation  of  the  particles 
takes  place,  as  mentioned  previously.  A  sluice  (22) 
is  provided  for  removal  of  fine  slag  and  char,  and 
coarse  slag  may  be  removed  from  the  bottom  of 
the  bath  at  a  line  (23).  The  material  separated  in  w 
the  sluice  (22)  is  passed  via  a  line  (24)  to  a 
fluidization  zone  (14),  wherein  it  is  treated,  as  de- 
scribed  hereinafter. 

Accordingly,  solids  in  the  lines  (10),  (13)  and 
(24)  are  injected  into  the  fluidized  bed  (1  4),  and  are  75 
reacted  with  oxygen  in  excess  from  a  line  (15)  at  a 
temperature  of  800  °C  to  900  °  C,  which  is  well 
below  the  fusion  temperature  of  the  mineral  com- 
ponents  of  the  bed.  The  oxygen  may  serve  as  the 
fluidizing  gas,  or  a  separate  fluidizing  gas  may  be  20 
provided.  The  substantially  carbon  free  residue 
may  be  removed  via  a  line  (16).  Residence  times 
of  the  solids  will  depend  on  the  operating  con- 
ditions,  such  as  the  temperatures,  pressures,  and 
specific  equipment,  and  may  be  adjusted  suitably  25 
by  those  skilled  in  the  art.  The  combustion  gas  is 
removed  from  the  bed  (14)  via  the  line  (3),  and  is 
utilized  as  described  previously.  As  noted  previous- 
ly,  the  total  carbon  present  in  the  bottoms  solids  is 
insufficient  to  provide  the  required  heat  for  drying  30 
the  coal  to  the  process.  The  bottoms  material  is 
combined  with  at  least  part  of  the  separated  flyash. 
To  supplement  the  heat  requirements,  additional 
carbon-containing  materials,  such  as  coal  fines, 
may  be  added  to  the  fluidized  bed  (14)  via  a  line  35 
(25)  . 

In  order  to  determine  if  the  bulk  density  of  a 
sample  of  fine  slag  and  char  remaining  from  the 
gasification  of  coal  might  be  increased,  the  sample 
was  heated  in  a  quartz  dish  for  at  least  one  hour  in  40 
air  at  750  °  C  in  a  muffle  furnace.  The  sample 
weighed  69.11  grams  and  had  a  volume  of  about 
82  ml.  After  the  heat  treatment,  the  sample 
weighed  61  .2  grams,  had  a  volume  of  about  55  ml. 
The  loss  on  ignition  was  11.4  per  cent  by  weight,  45 
based  on  the  weight  of  the  original  sample. 

While  the  invention  has  been  illustrated  with 
particular  apparatus,  those  skilled  in  the  art  will 
recognize  that,  except  where  indicated  as  material 
herein,  other  equivalent  or  analogous  equipment  50 
may  be  employed.  For  example,  crushing  and  dry- 
ing  equipment  may  be  separate,  and  the  gasifier 
need  not  have  the  specific  configuration  shown. 
Means  other  than  a  sluice  may  be  provided  for  fine 
slag  and  char  removal.  55 

Again,  as  used  herein,  the  term  "zone",  as 
employed  in  the  specification  and  claims,  includes, 
where  suitable,  the  use  of  segmented  equipment 

jperated  in  series,  or  the  division  or  one  unit  into 
multiple  units  to  improve  efficiency  or  overcome 
;ize  constraints,  etc.  For  example,  a  series  of  cy- 
;lones  may  be  employed,  and  the  quench  and 
;ooling  operations  are  preferably  carried  out  in 
multiple  units,  utilizing  different  techniques.  Parallel 
)peration  of  units,  is,  of  course,  well  within  the 
>cope  of  the  invention,  and  all  equipment,  such  as 
)umps,  valves,  control  units,  etc.  has  not  been 
llustrated. 

Claims 

1.  A  process  for  the  gasification  of  coal  to  pro- 
duce  synthesis  gas  comprising  the  steps  of 

feeding  particulate  coal  to  a  gasification 
zone,  and  partially  oxidizing  coal  with  oxygen 
in  said  gasification  zone,  producing  a  stream 
comprising  synthesis  gas  and  flyash,  and  pro- 
ducing  bottom  impurity  solid  materials  which 
are  collected  in  a  water  bath  as  char,  fine  slag, 
and  coarse  slag; 

quenching  and  cooling  the  said  produced 
stream,  and  separating  flyash  from  the  said 
stream,  producing  a  separated  flyash; 

removing  a  material  comprising  char  from 
said  water  bath; 

fluidizing  removed  char  in  a  fluidized  bed 
in  a  fluidization  zone,  and  oxidizing  said  char  in 
said  fluidized  bed  with  oxygen  at  a  tempera- 
ture  below  the  fusion  temperature  of  the  min- 
eral  components  of  the  char  and  the  fluidized 
bed,  producing  a  substantially  carbon-free  resi- 
due  and  heated  gases;  characterized  in  that 
the  said  removed  char  is  oxidized  at  a  tem- 
perature  from  500  °C  to  1150°C  and  a  pres- 
sure  of  about  atmospheric  or  higher  in  the  said 
fluidized  bed  concomitantly  with  at  least  part  of 
the  said  separated  flyash,  which  is  injected  into 
the  said  fluidized  bed  and  oxidized,  and  utiliz- 
ing  outside  the  gasification  zone  the  heat  thus 
recovered  to  dry  the  coal  to  be  fed  to  the 
gasification  zone. 

2.  The  process  as  claimed  in  claim  1  character- 
ized  in  that  the  heat  in  said  heated  gases  is 
utilized  by  contacting  moist  feed  coal  with  a 
solid  or  gas  heated  directly  of  indirectly  by 
said  heated  gases. 

Revendications 

1.  Procede  de  gazeification  de  charbon  pour  pro- 
duire  un  gaz  de  synthese  comprenant  les  eta- 
pes: 

5 
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-  d'alimentation  de  particules  de  charbon 
dans  une  zone  de  gazeification,  et  d'oxy- 
dation  partielle  du  charbon  avec  de  I'oxy- 
gene  dans  ladite  zone  de  gazeification, 
produisant  un  flux  comprenant  du  gaz  de  5 
synthese  et  des  cendres  volantes,  et  pro- 
duisant  des  impuret.es  de  matieres  son- 
des  au  fond  qui  sont  collectees  dans  un 
bain  d'eau  telles  que  du  produit  de  car- 
bonisation,  des  scories  fines  ou  grossie-  w 
res; 

-  de  trempe  et  refroidissement  dudit  flux 
produit,  et  de  separation  des  cendres 
volantes  dudit  flux,  produisant  des  cen- 
dres  volantes  separees  ;  15 

-  d'elimination  de  la  matiere  comprenant  le 
produit  de  carbonisation  a  partir  dudit 
bain  d'eau  ; 

-  de  fluidisation  du  produit  de  carbonisa- 
tion  elimine  dans  un  lit  fluidise  dans  une  20 
zone  de  fluidisation,  et  oxydation  dudit 
produit  de  carbonisation  dans  ledit  lit  flui- 
dise  avec  de  I'oxygene  a  une  temperatu- 
re  inferieure  a  la  temperature  de  fusion 
des  composants  mineraux  du  produit  de  25 
carbonisation  et  du  lit  fluidise,  produisant 
un  residu  pratiquement  depourvu  de  car- 
bone  et  des  gaz  chauffes  ;  caracterise  en 
ce  que  ledit  produit  de  carbonisation  eli- 
mine  est  oxyde  a  une  temperature  de  30 
500°  C  a  1150°  C  et  une  pression  d'envi- 
ron  la  pression  atmospherique  ou  supe- 
rieure  dans  ledit  lit  fluidise  concomitam- 
ment  avec  au  moins  une  partie  desdites 
cendres  volantes  separees,  qui  est  injec-  35 
tee  dans  ledit  lit  fluidise  et  oxydee,  et  on 
utilise  a  I'exterieur  de  la  zone  de  gazeifi- 
cation  la  chaleur  ainsi  recuperee  pour 
secher  le  charbon  destine  a  alimenter  la 
zone  de  gazeification.  40 

2.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  la  chaleur  des  gaz  chauffes  est 
utilisee  en  mettant  en  contact  le  charbon  d'ali- 
mentation  humide  avec  un  solide  ou  gaz  45 
chauffe  directement  ou  indirectement  par  les- 
dits  gaz  chauffes. 

.umtassena  syntnesegas  una  nugascne,  una 
Herstellung  von  Verunreinigungen  als  Fest- 
stoffmaterialien  als  Ruckstand,  die  in  einem 
Wasserbad  als  Kohle,  feine  Schlacke  und 
grobkornige  Schlacke  gesammelt  werden; 

Abschrecken  und  Abkuhlen  des  genannten 
hergestellten  Stroms,  und  Abtrennen  der  Flu- 
gasche  aus  dem  genannten  Strom,  Herstellen 
einer  abgetrennten  Flugasche; 

Entfernen  eines  Kohle  umfassenden  Mate- 
rials  aus  dem  genannten  Wasserbad;  Fluidisie- 
ren  der  entfernten  Kohle  in  einem  Wirbel- 
schichtbett  in  einer  Fluidisierungszone,  und 
Oxidieren  der  genannten  Kohle  in  dem  ge- 
nannten  Wirbelschichtbett  mit  Sauerstoff  bei 
einer  Temperatur  unterhalb  der  Schmelztem- 
peratur  der  Mineralkomponenten  der  Kohle 
und  des  Wirbelschichtbettes,  Herstellen  eines 
im  wesentlichen  kohlenstofffreien  Ruckstandes 
und  erhitzter  Gase;  dadurch  gekennzeichnet, 
da/3  die  entfernte  Kohle  bei  einer  Temperatur 
im  Bereich  von  500°  C  bis  1150°C  und  einem 
Druck  im  Bereich  von  atmospharischen  Druck 
Oder  hoher  in  dem  genannten  Wirbelschicht- 
bett  zusammen  mit  mindestens  einem  Teil  der 
genannten  abgetrennten  Flugasche  oxidiert 
wird,  welche  in  das  genannte  Wirbel  schicht- 
bett  eingedust  und  oxidiert  wird,  und  Verwen- 
dung  der  so  gewonnenen  Warme  aufierhalb 
der  Vergasungszone  zum  Trocknen  der  in  die 
Vergasungszone  einzuspeisenden  Kohle. 

2.  Das  Verfahren,  wie  in  Anspruch  1  beansprucht, 
dadurch  gekennzeichnet,  dafl  die  Warme  in 
den  genannten  erhitzten  Gasen  genutzt  wird, 
indem  man  feuchte  Einspeisungskohle  mit  ei- 
nem  Feststoff  oder  Gas  kontaktiert,  welcher(s) 
direkt  Oder  indirekt  durch  die  genannten  erhitz- 
ten  Gase  erhitzt  wird. 

Anspruche  so 

1.  Ein  Verfahren  zur  Vergasung  von  Kohle 
zwecks  Herstellung  eines  Synthesegases,  urn- 
fassend  die  folgenden  Verfahrensstufen: 

Einspeisen  von  teilchenformiger  Kohle  in  55 
eine  Vergasungszone  und  Teiloxidation  der 
Kohle  mit  Sauerstoff  in  der  genannten  Verga- 
sungszone,  Herstellung  eines  Stroms 
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