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COAL rASIFICATION APPARATUS 

Background o f  the  Invention 

T h i s  i n v e n t i o n ,  which r e s u l t s  from a  c o n t r a c t  w i t h  the  IJn i ted 

5 S ta tes  Department o f  Energy, r e1  a tes  t o  coal  hydrogenat ion .  

Commercial processes f o r  t h e  p roduc t i on  o f  s y n t h e t i c  gas i n v o l v e  

t h e  r e a c t i o n  o f  f i n e l y  d i v i d e d  coal  w i t h  hydrogen and steam a t  e l eva ted  

p ressure  and a t  temperatures which can exceed 2500°F.. To ach ieve t he  

d e s i r e d  r e a c t i o n  c o n d i t i o n s ,  t h e  hydrogen r e q u i r e d  f o r  these processes 

10 must be preheated t o  about 2000°F. A l a r g e  amount o f  energy i s ,  o f  

course,  used by t h e  hea te rs  which r a i s e  hydrogen t c  t h e  r e q u i r e d  2000°F 

temperature. ,  

,. 
Summarv o f  the Invention 

I t  i s  an o b j e c t  o f  t h i s  i n v e n t i o n  t o  u t i l i z e  t h e  heat generated by 

1 5  .a coa l  hydrogenat' ion r e a c t i o n  t o  p r o v i d e  a  p o r t i o n  o f  t he  energy 
- "  

r e q u i r e d - f o r  r a i s i n g  t h e  temperature o f  hydrngen i n t r oduced  i n t o  t h e  

. r e a c t i o n  vessel  . 
. - 

Another o b j e c t - o f  t he  i n v e n t i o n  i s  t o  a r range  f l o w  passages i n  t h e  
- . - . . 

w a l l  - o f  a  coa l  hydrogenat ion r e a c t i o n  vessel so t h a t  hydrogen passed 
. - 

- 2 0 -  t h rpugh  i h e  passages i s  e f f e c t i v e l y  heated b y e n e r g y  t r a n s m i t t e d  i n t o  - .  - - . - 
. . 

. t h e  w a l l ;  by t h e  hyd rogena t i on  r e a c t i o n  o c c u r r i n g  i n  t h e  vesse l  .-. .. . - . - 



- ~ h e s e  :obj e c t s  a;e a t t a j  ned b j  a .  p r e f e r r e d  appara&u.s"embodjq&nf o f  - 
- ., 

- . .  - 
t he . . i n ven t i on  compr is ing :  - - - . 

. - - . . - .. 
.- - 

a - . r - ea i t i on  vessel  fqkned  w i t h  (1) .-a v e r t  i~ l - ly  disposed tubu1,ar - - .  . . 
. . 

c as i ng  hav ing  a  cover  a t tached .  t 0  t he  upper e n d - t h e r e o f ,  ( 2 )  a  coa l  - -. 

. -. 
5 i n l e t  i n  - s a i d  cover,. ( 3 )  a  p l u r a l  i t y  o f  f low passages ex tend ing  ver-  - 

t i c a l l y  th rough  t h e  wa-I1 of s a i d  cas ing  and c i r ~ u m f e r e n t i a l ' l ~  spaced 

a p a r t  from one another ,  ( 4 )  a  p l u r a l  i ty o f  feed ho les  r e s p e c t i v e l y  com- 

mun i ca t i ng  w i t h  s a i d  f l o c l  passages and the  i n t e r i o r  o f  s a i d  vesse l ;  and 

means f o r  f o r c i n g  hydrogen th rough  s a i d  f l o w  passages and sa id  

10 feed  ho les  i n t o  s a i d  vesse l .  

D e s c r i p t i o n  o f  t h e  Drawing 

The s i n g l e  f i g u r e  i s  a  dia&-amnat ic,  c r o s s - s e c t i o n a l  represen-  

t a t i o n  o f  t h e  p r e f e r r e d  apparatus embodiment o f  t h e  i nven t i on ,  t aken  

a l ' o n j  a  p lane i n c l u d i n g  t he  l o n g i t u d i n a l  a x i s  o f  t h e  hydrogena t ion  

15 r e a c t  i o n  vessel  t he reo f .  
" 

D e t a i l  ed D e s c r i p t i o n  o f  t h e  P r e f e r r e d  Embodiment 

I n  t h e  drawing, r e f e r e n c e  number 10 g e n e r a l l y  des igna tes  a  coa l  

h y d r o - j a s i f i e r  r e a c t i o n  vessel  i n  which hydrogen and steam are  con-- 

t a c t e d  w i t h  p u l v e r i z e d  coal  t o  produce methane. Vessel 1 0  c o n s i s t s  o f  

20 a  v e r t i c a l l y  disposed,' t u b u l a r  cas i ng  12, t h e  l owe r  p o r t i o n  14 o f  which - ' 
- has a  reduced d iameter  and t h e  upper end o f  vrh'ich i's c l osed  by. a  cover  

. - 
. . 

16. - The lowe; end o f  cas i ng  12 i s  connected t o ,  and communicates. w i t h :  . . 
. .. 

- -. 

t h e  i ! ~ t e r i u r  of, a chamber. 18 c o n t a i n i n g  a n  auger tube 20 f o r .  : - ' .  

- ... 

di .schar$ing t h e  m i x t u r e  22 o f  unreacted coal  p a r t j c l e s  and ash m a t e r i a l .  - . . 

25 accumud at.ed t he re i n .  Methane passes from. chamber 18 t h rough  a-condt l i t ;  . -  - -  . - - -  
. .  - . . 



. . Pul  vcr i -zed ch81 :.enters v e s s e l  10 v l a  an i n l e t  condu i t  26 which -., - .  - .  . - -.. -. 
- . .  . - extends th rough  cover  16 i . nc6ax (a l  r e l a t i o n  w i t h  cas i ng  12, and pre-  

- . .  - .  
-. - .  . - - ., - - - . -  . . . - 

- h e a t e d  wate r -  i s  f o i c e d  ttir%ugh a. ,e6ndui t  28 t o  a  p l u r a l  i t y  of- nozz les 
.' 

. . 
. . 
. .- .- .. . 

. - - -. .. . 
.. - 30 l o c a t e d  i n  t h e  lower  po r t . i o . no f  -fhe cas ing,  t h i s  water  f l a s h i n g  t o  

- - 

. . 5  steam 'as i t  i ssues -  frorn the  nozz les . '  .. - 

The w a l l  o f  vessel  10 i s  p r e f e r a b l y  formed o f  an i n n e r  r e f r - ac to r y  

l i n i n g ,  a  l a y e r  o f  i n s u l a t i o n  su r round ing  t h e  i n n e r  l i n i n g ,  and an 

o u t e r  metal  she1 1. A feed c o n d u i t  32 de l  i v e r s  hydrogen t o  an i n l e t  

man i fo ld  passage'34 which i s  formed i n  t h e  i n n e r  l i n i n g  o f  the  w a l l  o f  

.10 vessel  10 and which extends compl.etely therearound.  Spaced apa r t  f rom 

one another  c i r c u m f e r e n t i a l  l y  o f  vessel  10 a re  a  p l u r a l  i t y  o f  f l o w  

passages 36 which a re  a l s o  formed i n  t he  i n n e r  l i n i n g  o f  t h e  vessel  and 

which connect a t  t h e i r  l ower  ends w i t h  i n l e t  m a n i f o l d  passage 34. 

Located a t  t h e  m idd le  p o r t i o n  o f  vessel  10 i s  a  f i r s t  se t  o f  feed ho les 

1 5  38 each o f  which extends f rom a  r e s p e c t i v e  one o f  t h e  f l o w  passages 36 

t o  the  iGner  su r f ace  o f  t h e  v e s s e l  ,. t h e  l o n g i - t u d i n a l  axes o f .  these 

ho les  l y i n g  i n  a  p lane d isposed perpend icu la r  t o  t h e  l o n g i t u d i n a l  a x i s  

o f  - sa i d  vessel .  Sets o f  t h r e e  f 1 . o ~  passages 36 a re  j o i n e d  t oge the r  

above feed ho les,  and a  c o n t i n i l a t i o n  f low passage 40 extends upward 

20 f r om t h e  j u n c t i o n  42 o f  t h e  u n i t e d  f l o w  passages o f  each o f  these se ts .  

. - . . . . - A second se t  o f  feed ho les 44 i s  . l o c a t e d  above j u n c t i o n s  42, and each 
. . 

- o f  these ho les  extends f rom a  respec- t i ve  one o f  t h e  f l o w  passages 40 t o -  
. 

. .. 
! .. 
i - 
8 .  . . - -, .- the. i n n e r  su r f ace  o f  vessel  10. The l o n g i t u d i n a l  axes o f  feed ho les 44 
i 
! .  - .  

. - 

. - . a l s o  l i e  i n - a  p lane  d isposed pe rpend i cu l a r  t o  t he  l o n g i t u d i n a l  a x i s  o f  - 
. . 

: . .  . 25 s a i d  vessel .  Flow passages 40 extend upward t o  and th rough  cover  16 t o  .:: - . .  
- 2 - - - .  

- . -  t h e  s i d e .  su r f ace  46 o f  a recess fnrmed t h e r e i n .  
.. . . . . - . . 



. . - - H y d r d e n  i s  f o r ced  th rough  t he -  above-descr i  bed system'  o f  f l o w  ' , .- - . - 
. - . - 

- .. . . - -. . - - - .  passage-s 36,- 40 by a - pump- - 48 connected t o  feed. c o n d u i t  32, t h i s  h y d r o -  - - - .  
.. - . - 

qen be ihg  -heated by a  heat- ?x ihanger  50 -and a  gas f u e l e d  furna&-:S2.- . . -. . . .- . . _ . - . . - 

-1 bcated between t h e  pump'. and vessel  10. The tkrnperature of: the  '.hydro; . - -  
. - 

5  gen e n t e r i n g  i n l e t  man i f o l d  passage 34 and f l ow ing -upward  th rbugh  f l o w  .. 

passages 36 and 42 i s  f u r t h e r  r a i s e d  by heat energy t r a n s m i t t e d '  i n t o  

t h e  w a l l  o f  cas i ng  12 and cover  16 f r om the  hydrogenat ion r e a c t i o n  

o c c u r r i n g  i n  vessel  10. Thus o n l y  a p o r t i o n  o f  t he  t o t a l  amount ' o f  

energy r e q u i r e d  t o  heat t h e  hydrogen feed t o  i t s  hydrogena t ing  tern- 

10  p e r a t u r e  i s  supp l i ed  by heat exchanger 50 and fu rnace  52, and t he  

remainder  o f  t h i s  energy i s  supp l i ed  by t h e  hydrogena t ion  r e a c t i o n  

i t s e l f .  The amount o f  energy saved by t he  d i s c l o s e d  coa l  hydrogena t ion  

apparatus and process w i l l  va ry  depending upon t h e  o p e r a t i n g  con- 

d i  t i o n s  i n v o l  ved. t he rew i t h .  However, i n  some coal, g a s i f i c a t i o n  

: 15 apparatus,  the,  i n v e n t i o n  w i  11 pe rm i t  f i n a l  p rehea t i ng  o f .  hydrogen f rom 

a b o u t . . l 6 0 0 " ~  t o  2000°F i n  f l o w  passages36  and 40, thus  conserv ing  t h e  

- f ue l  normal ly r e q u i r e d  f o r  t h i s  hea t ing .  
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coal. ' hydrogena t ion  vessel  has hydrogen. h e a t i n g  passages -ex tend ing  . 

vert ical : - ly .  th rough  i t s  w a l l  and opening . . i n t o  i t s .  interior,. - 
. - 
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