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3.0 Summary of Pilot Plant Development 

T h e  p r e l i n : i n a r y  e n g i n e e r i n g  d e s i g n  of  t he  HYGAS p i l o t  p l a n t  w a s  p e r -  
f o r m e d  by  B e c h t e l  C o r p o r a t i o n  in  a s s o c i a t i o n  w i t h  I G T .  

T h e  f i n a l  d e s i g n  a n d  c o n s t r u c t i o n  of  t h e  H Y G A S  p i l o t  p l a n t  w a s  p e r f o r m e d  
by P r o c o n ,  I n c . ,  a d i v i s i o n  of  U O P ,  in  a s s o c i a t i o n , w i t h  IGT.  

D e t a i l e d  d i s c u s s i o n  in P a r t  III  c o v e r s  p r o c e s s  c h e m i s t r y ,  p r e l i m i n a r y  
p l a n t  d e s i g n ,  d e s i g n  m o d i f i c a t i o n s  a n d  c o n s t r u c t i o n ,  a n d  s t a r t - u p  o p e r a t i o n s .  
P r o b l e m s  a r e  d e l i n e a t e d  a s  w e l l  a s  t h e i r  s o l u t i o n s ,  a n d  f i n d i n g s  a n d  r e c o m m e n -  
d a t i o n s  aDplicable to other coal hydrogasification plant designers are informally 
presented. 

T h e  f i r s , :  s e v e n  s t a r t - u p  t e s t  r u n s  a r e  r e p o r t e d  i n ' d e t a i l ;  h o w e v e r ,  t h e  
l i m i t e d  a m o u n t  of  o p e r a t i o n a l  d a t a  o b t a i n e d  d u r i n g  t h e  c o n t r a c t  p e r i o d  m a d e  
i t  i n a d v i s a b l e  to p r e s e n t  t h a t  m a t e r i a l  h e r e .  I n s t e a d ,  w i t h  t h e  c o n s e n t  of  
O C R ,  o p e r a t i o n a l  d a t a  f r o m  t h e  p e r i o d  r e p o r t e d  h e r e  w i l l  b e  p r e s e n t e d  i n  
m o r e  m e a n i r ,  g f u l  p e r s p e c t i v e  in  r e p o r t s  of  t h e  s u b s e q u e n t  H Y G A S  c o n t r a c t  
s p o n s o r e d  b F O C R  w i t h  t h e  s u p p o r t  o f  t h e  A . G . A .  ( O C R  C o n t r a c t  N o .  
1 4 - 3 Z - 0 0 0 1 - 1 2 2 1 ,  n o w  E R D A  C o n t r a c t  No .  E ( 4 9 - 1 8 ) - l Z Z 1 . )  

T h e  H Y G A S  p r o c e s s  f o r  t h e  h y d r o g a s i f i c a t i o n  of  c o a l  i s  t a i l o r e d  to m a x i -  
m i z e  t h e  d i r e c t  p r o d u c t i o n  of m e t h a n e  in t h e  h y d r o g a s i f i c a t i o n  r e a c t o r  by  
t h e  u s e  of  h i g h  t e m p e r a t u r e  ( 1 2 0 0 ° - 1 8 5 0 ° F )  and  h i g h  p r e s s u r e  (1000 p s i g ) .  
T h e  p r o c e s s  c a n  u s e  a s  f e e d  c a k i n g  b i t u m i n o u s  c o a l s  a s  w e l l  a s  n o n c a k i n g  
l i g n i t e  a nd  s u b b i t u m i n o u s  c o a l s .  

T h e  HY(3AS p r o c e s s  is  b a s e d  on  g a s i f i c a t i o n  s t u d i e s  t h a t  s t a r t e d  in  1944.  
B y t h e  m i d - 1 9 5 0 '  s, tw o  p r o c e s s e s  to  c o n v e r t  c o a l  to  s y n t h e t i c  p i p e l i n e  g a s  
w e r e  b e i n g  d e v e l o p e d :  1) g a s i f i c a t i o n  of  p o w d e r e d  c o a l  in  s u s p e n s i o n  w i t h  
o x y g e n  and  s t e a m  to  p r o d u c e  a m i x t u r e  o f  c a r b o n  m o n o x i d e  and  h y d r o g e n  
( s y n t h e s i s  gzl.s), w h i c h  w a s  t h e n  m e t h a n a t e d ,  a n d  2) d i r e c t  h y d r o g e n a t i o n  
of  t h e  c o a l  a t  e l e v a t e d  t e m p e r a t u r e  a n d  p r e s s u r e  in  a f l u i d i z e d  b e d .  T h e  
p r e s e n t  H Y G A S  p r o c e s s  i n c o r p o r a t e s  t h e  p r i n c i p l e s  d e v e l o p e d  in  b o t h  o f  

• t h e s e  c o n c e p t s .  

Of t h e  tc, t a l  m e t h a n e  f o r m e d  in  t h e  H Y G A S  p r o c e s s ,  6 5 - 7 0 %  i s  d i r e c t l y  
f o r m e d  in  t h e  h y d r o g a s i f i e r .  T h i s  i s  a k e y  f e a t u r e  of t h e  p r o c e s s ,  a n d  c o n -  
t r i b u t e s  s i g n i f i c a n t l y  to  t h e  h i g h  o v e r a l l  t h e r m a l  e f f i c i e n c y  of  m o r e  t h a n  7 0 4 .  
If t h e  p r o c e s s  w e r e  o p e r a t e d  a t  a l o w e r  p r e s s u r e ,  m o r e  m e t h a n e  w o u l d  n e e d  to  
b e  m a d e  i n d i r e c t l y ,  a n d  l o s s e s  in  e f f i c i e n c y  w o u l d  r e s u l t .  

The second key feature of the process is the use of hydrogen and steam 
in hydrogasi:~ication. The coal-hydrogen reaction, 

coal + 2H2 -' CH4 (I) 

is strongly exothermic, while the coal-steam reaction, 

coal +MzO -CO +H 2 (z) 



i s  s t r o n g l y  e n d o t h e r m i c .  By  u s i n g  a m i x t u r e  of  h y d r o g e n  a n d  s t e a m  i n s t e a d  
of  h y d r o g e n  a l o n e ,  t h e  h e a t  r e l e a s e d  by R e a c t i o n  1 i s  a b s o r b e d  in  s i t u  b y  
R e a c t i o n  Z, r e s u l t i n g  in  

• B u i l t - i n  t e m p e r a t u r e  c o n t r o l ,  and  

• I n t e r n a l  h y d r o g e n  g e n e r a t i o n .  

T h e  r a w  g a s  f r o m  t h e  h y d r o g a s i f i e r  c o n t a i n s  c a r b o n  m o n o x i d e  a n d  h y d r o -  
g e n .  T h e s e  a r e  c o n v e r t e d  to  m e t h a n e  t h r o u g h  R e a c t i o n  3, 

CO + 3H z -~ CH 4 +HzO (3) 

in  t h e  c a t a l y t i c  c l e a n - u p  m e t h a n a t i o n  un i t ,  w h e r e  t h e  c a r b o n  m o n o x i d e  c o n -  
t e n t  i s  r e d u c e d  to t h e  p i p e l i n e  s t a n d a r d  of l e s s  t h a n  0 . 1 ¢ ,  a n d  t he  h e a t i n g  
v a l u e  o f  t h e  p r o d u c t  g a s  i s  r a i s e d  to  s a t i s f a c t o r y  SNG l e v e l s .  

In the pilot plant, the hydrogasifier reactor vessel is 135 feet high; the 
outer pressure shell has a 5.5-foot inside diameter. The slurry is sprayed 
into the dryer, a 2.5-foot-diameter, 10-foot-high fluidized drying bed. The 
sensible heat in the gaseous reaction products from the later stages vaporizes 
the oil. At this point, the dry coal i s  heated to about 600 °F. 

The coal flows by gravity from the drying bed into a 3-inch-diameter, 
vertical-lift-line reactor in which the hot gases (1700°F) from the reaction 
section below provide the lifting force, the heat to raise the solids tempera- 
ture to 1200°F, and hydrogen that reacts with about 20% of the coal to pro- 
duce methane. This is the first stage of hydrogasification -- the low- 
temperature reactor. At the top of the lift line, the gas and coal disengage. 
The gas moves up to vaporize the oil in the slurry-drying bed. The partially 
reacted coal can be split into two streams; part of it can be transferred to 
the base of the lift line to be mixed with the incoming fresh coal. By this 
means, IGT believes, raw caking coal can be fed directly to the reactor 
without pretreatment. ]Eliminating pretreatment can reduce gas cost 
s ignifica ntly. 

T h e  r e m a i n d e r  ( o r  a l l )  of  t h e  p a r t i a l l y  r e a c t e d  c o a l  f l o w s  b y  g r a v i t y  to  t he  
s e c o n d - s t a g e  h y d r o g a s i f i e r  -- t h e  h i g h - t e m p e r a t u r e  r e a c t o r .  T h e  s e c o n d -  
s t a g e  b e d  i s  2. 5 f e e t  in  d i a m e t e r ,  i s  l i n e d  w i t h  r e f r a c t o r y ,  a n d  i s  15 f e e t  d e e p .  
H e r e  t h e  s o l i d s  a r e  h e a t e d  in  a f l u i d i z e d  b e d  to  a b o u t  1 7 0 0 ° F  a n d  f u r t h e r  
g a s i f i e d  b y  t h e  s t e a m  a n d  h y d r o g e n - r i c h  g a s  r i s i n g  f r o m  t h e  s t e a m - o x y g e n  
g a s i f i c a t i o n " . '  b e l o w .  ( O r ,  a l t e r n a t i v e l y ,  t h e  h y d r o g e n - r i c h  g a s  m a y  f l o w  f r o m  
t h e  s t e a m - i r o n  r e a c t o r  o r  t h e  e l e c t r o t h e r m a l  g e n e r a t o r .  ) 

In t h i s  s e c o n d  s t a g e  of  t h e  r e a c t o r ,  t h e  e x o t h e r m i c  h y d r o g e n  r e a c t i o n  
p r o d u c e s  m e t h a n e ,  a n d  t h e  e n d o t h e r m i c  s t e a m  r e a c t i o n  p r o d u c e s  c a . r b o n  
m o n o x i d e  a n d  h y d r o g e n .  I f  t h e  t e m p e r a t u r e  r i s e s ,  t h e  s t e a m - c h a r  r e a c t i o n  
s p e e d s  up  a n d  p r e v e n t s  t he  t e m p e r a t u r e  f r o m  r i s i n g  a n y  f u r t h e r .  I f  t h e  
t e m p e r a t u r e  d r o p s ,  t h e  s t e a m - c h a r  r e a c t i o n  s l o w s  d o w n  a n d  t h u s  p r o v i d e s  
a n  a u t o m a t i c  t e m p e r a t u r e  c o n t r o l .  A b o u t  75% m o r e  of t h e  c o a l  i s  c o n v e r t e d  
in  t h i s  r e a c t i o n  s t a g e ,  m a k i n g  t h e  t o t a l  a b o u t  ~5% in  t h e  two  s t a g e s .  

An electrothermal gasifier was built in the period reported; a steam- 
o x y g e n  g a s i f i e r  w a s  i n s t a l l e d  a f t e r  t h i s  c o n t r a c t  p e r i o d ;  a s t e a m - i r o n  
g a s i f i e r  i s  u n d e r  c o n s t r u c t i o n  in  m i d - 1 9 7 5 .  



F r o m  th i s  r e a c t i o n  s tage ,  the c h a r  goes  to the h y d r o g e n - p r o d u c e r  g a s i f i e r ,  
w h e r e ,  d e p e n d i n g  on the p r o c e s s  be ing  used ,  the c h a r  u n d e r g o e s  d i f f e r e n t  
d e g r e e s  of a d d i t i o n a l  g a s i f i c a t i o n .  The s t e a m - o x y g e n  gasifier: '"  be ing  u s e d  a s  
the h y d r o g e n  p r o d u c e r  in the pi lot  p l an t  is  d i r e c t l y  be low the  h i g h - t e m p e r a t u r e  s t age  
h y d r o g a s i f i e r .  The s t e a m  and h i g h - p u r i t y  oxygen  i n t r o d u c e d  into the g a s i -  
t i e r  c o n v e r t  c h a r  into h y d r o g e n  and c a r b o n  ox ides  at  1850°F  in a f l u i d i z e d  
bed 2 f ee t  in d i a m e t e r  and  12 f ee t  deep .  Ash  i s  d i s c h a r g e d  f r o m  th i s  s t age  
w i t hou t  be ing  s l agged .  The  a sh  is  d i s c h a r g e d  into a tank w h e r e  w a t e r  is  
a d d e d  to m a k e  a s l u r r y ,  wh ich  is  t h e n  d e p r e s s u r i z e d .  The ash  is r e c o v e r e d  
by f i l t e r i n g  and the  w a t e r  is  r e c y c l e d .  

T h e  c o m p o s i t i o n  of gas  s y n t h e s i z e d  in  the  two p r i n c i p a l  r e a c t o r  s t age s ,  
and p a s s e d  u p w a r d  t h r o u g h  the  s l u r r y  d r y e r  a t  the  top of the  h y d r o g a s i f i c a t i o n  
r e a c t o r ,  depend-=, on the type  of h y d r o g e n  p r o d u c e r ,  as  shown in  t h e  fo l lowing  
t a b l e .  In a d d i t i o n  to t h e s e  m a j o r  c o m p o n e n t s ,  the  gas  c o n t a i n s  the  s l u r r y  
oil,  c o a l  dus t ,  and  t r a c e  c o n s t i t u e n t s  such  as  a m m o n i a  and h y d r o g e n  c y a n i d e .  

GA.S COMPOSITION LEAVING HYGAS R E A C T O R  

Steam-Oxygen Steam -Iron Electrothermal 
C o m p o n e n t .  S y s t e m  SZ s t e m  ..... S y s t e m  

CO 18.0 7.4 21.3 

COz 18.5 7.1 14.4 

H z ZZ. 8 g 2 . 5  24 .2  

HzO 24.4 32.9 17.1 

CH4 14.1 26.2 19.9 

C2H6 0. 5 i. 0 0.8 

HzS 0.9 I. 5 1.3 

Othe r  0 .8  1 . 4  1 .0  

Tota l  100.0  100 .0  100.0  

The gas mixture delineated is at 600°F; it passes to a baffle tower in which 
it is quenched and washed with water. This removes the dust and water- 
soluble trace components and condenses the water and light-oil vapors. The 
gas then flows to a conventional, packed-tower acid-gas removal system in 
which the carbon dioxide and the hydrogen sulfide are absorbed in a digly- 
colamine-water solution, Upon regenerating this solution, the carbon dioxide 
and h#drogen sulfide are released and flow to a Claus plant for sulfur re- 
covery. The arnine purification system used in the pilot plant is not in- 
tended as a commercial design because it does not provide for separate 
collection of the various constituents. It was selected because it can han- 
dle the wide range of acid-gas concentrations arising from the various coals 

to be tested. 

Installed in the base of the existing HYGAS reactor vessel 
after the close of this contract period. 



C a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  p u r i f i e d  g a s  e n t e r i n g  t he  m e t h a n a t i o n  
s e c t i o n  of  a c o m m e r c i a l  p l a n t  w o u l d  t y p i c a l l y  h a v e  t h e  c o m p o s i t i o n  t a b u l a t e d  
b e l o w .  T h e  m e t h a n a t i o n  s t e p  h a s  two  p u r p o s e s :  One  is  to r a i s e  t he  h e a t i n g  
v a l u e  o f  t h e  g a s  to  n e a r  t h a t  o f  m e t h a n e ;  t h e  o t h e r  is  to  r e d u c e  t h e  c a r b o n  
m o n o x i d e  c o n c e n t r a t i o n  to t h e  r e q u i s i t e  0 . 1 %  o r  l e s s .  T h i s  i s  a c c o m p l i s h e d  
by  c a r r y i n g  o u t  R e a c t i o n  3, g i v e n  e a r l i e r .  

GAS COMPOSITION ENTERING THE HYGAS METHANATOR 

S t e a m  - O x y g e n  S t e a m  - I r  on  E l e  c t r o t h e  r r e a l  
C o m p o n e n t  S y s e e m  S y s t e m  S y s t e m  

CO 1 8 . 0  1 2 . 8  1 6 . 8  

CO z 2.0 2.0 Z.O 

H z 54.0 38. 5 50. 5 

CH 4 25.0 45.0 29. 5 

CzH6 I. 0 i. 7 I. 2 

Total I00.0 I00.0 100.0 

T o  o b t a i n  n e a r l y  c o m p l e t e  e l i m i n a t i o n  of  c a r b o n  m o n o x i d e  a n d  l ow  
r e s i d u a l  h y d r o g e n  ( p i p e l i n e - q u a l i t y  g a s )  in  t h e  m e t h a n a t i o n  s e c t i o n ,  t h e  
r a t i o  o f  h y d r o g e n  to  c a r b o n  m o n o x i d e  i s  a d j u s t e d  to s l i g h t l y  a b o v e  3" .  
H i g h  p r e s s u r e  a n d  l ow  t e m p e r a t u r e  f a v o r  c o m p l e t i o n  of  t h e  m e t h a n a t i o n  
r e a c t i o n i ,  e.  - - i n t h e  m e t h a n a t o r .  V e r y  r e a c t i v e ,  h i g h - n i c k e l - c o n t e n t  
c a t a l y s t s  a r e  g e n e r a l l y  p r e f e r r e d  to m a k e  t h e  r e a c t i o n  p r o c e e d  r a p i d l y  
a t  t h e  low t e m p e r a t u r e s  e m p l o y e d .  T h e  t e m p e r a t u r e  of  t h e  c a t a l y s t  m u s t  
b e  a b o v e  4 5 0 ° F  to  a v o i d  f o r m a t i o n  of  n i c k e l  c a r b o n y I ,  w h i c h  c a u s e s  
d e p l e t i o n  of  t h e  n i c k e l  c o n t e n t  o f  t h e  c a t a l y s t ,  a n d  b e l o w  a b o u t  9 5 0 ° F  to  
a v o i d  c a r b o n  d e p o s i t i o n  a n d  c a t a l y s t  s i n t e r i n g .  T h e  r e a c t i o n  i s  v e r y  
e x o t h e r m i c ;  t h e r e f o r e ,  t o  a v o i d  e x c e s s i v e  t e m p e r a t u r e  r i s e s ,  t h e  HYG AS 
p r o c e s s  u s e s  a c o l d - g a s  r e c y c l e  s y s t e m .  

3. 1 Introduction 

Early laboratory and bench- scale research on the hydrogasification 
of coal presented in Part II of this report was performed at IGT under 
sponsorship of the American Gas Association. By the early 1960's, the 
IGT work had reached a stage where expanded facilities were required. 
Beginning on July 29, 1964, the program gained momentum under sponsor- 
ship of the Office of Coal Research, U.S. Department of Interior, through 
OCR Contract No. 14-001-0001-381, with sponsorship participation by 
A. G. A. 

A principal focus of the expanded work was the design, construction, 
and start-up of the IIYGAS pilot plant at an IGT facility in Chicago. Only 
that portion of funds provided by OCR was used in construction; therefore, 
the plant is totally U.S. property. The sections that follow describe the 

A water-gas shift section would be installed for this purpose in a 
commercial operation, o A 



p r e l i m i n a r y  e n g i n e e r i n g  des ign ,  f ina l  des ign ,  and c o n s t r u c t i o n  of the HYGAS 
p i lo t  p l an t  by IGT and i t s  p r i n c i p a l  s u b c o n t r a c t o r s ,  B e c h t e l  C o r p o r a t i o n  
( p r e l i m i n a r y  e n g i n e e r i n g  des ign) ,  and P r o c o n  I n c . ,  a s u b s i d i a r y  o£ UOP 
(final d e s i g n  and  c o n s t r u c t i o n ) .  The  s e c t i o n  ends  wi th  a d e s c r i p t i o n  of • 
s t a r t - u p  o p e r a t i o n s  and p r o b l e m s .  All  p r o c e s s  f low d i a g r a m s  and t a b l e s  
of s t r e a m  da ta  in th i s  P a r t  III of the  F i n a l  R e p o r t  HYGAS 381 r e p r e s e n t  
B e c h t e l  p r e l i m i n a r y  d e s i g n  c o n f i g u r a t i o n s  and da ta .  F i g u r e s  3-1 t h r o u g h  
3-6 r e p r e s e n t  the  p lan t  c o n f i g u r a t i o n  at  the  t i m e  tha t  s t a r t - u p  t e s t s  began .  

3. Z. HYGAS P r o c e s s  C o n s i d e r a t i o n s  

The  HYGAS p r o c e s s  t akes  into a c c o u n t  the a d v a n t a g e s  and  d i s a d v a n -  
t ages  of the  s ix  b a s i c  coal  g a s i f i c a t i o n  r e a c t i o n s ,  and  a p p l i e s  c o n t a c t i n g  
m e t h o d s  b e s t  s u i t e d  fo r  e a c h  p r o c e s s  s i tua t ion .  The  r e a c t i o n s  a r e  -- 

coa l  + nil2 "~ INCH4 + hea t  (1) 

C(char )  + ZHa -~ CH4 + hea t  (2) 

C(char) + H~.O + heat "~ CO + Ha (3) 

C + O2 -CO~. + heat (4) 

CO + HaO r- CO2 + H~_ + heat (s) 

CO + 3Ha -~ CH4 + H20 + heat (6) 

The p r o c e s s  and  p lant  d e s i g n  a t t e m p t e d  to m a x i m i z e  r e a c t i o n s  1 and  
2 in such  a m a n n e r  tha t  the hea t  g e n e r a t e d  f r o m  t h e s e  r e a c t i o n s  can  be 
u s e d  to p r o m o t e  r e a c t i o n  3. Thus ,  the HYGAS p r o c e s s  d e s i g n  i n c o r p o r a t e s  
r e a c t i o n  c o n c e p t s  tha t  e n h a n c e  r e a c t i v i t y ,  i m p r o v e  d i r e c t  m e t h a n e  y i e ld ,  
c o n s e r v e  e n e r g y  wi th  b u i l t - i n  t h e r m a l  c o n t r o l s  and,  a t  the s a m e  t i m e ,  
p r o v i d e  o p t i m u m  s y s t e m  e f f i c i ency .  

The  h igh m e t h a n e  c o n c e n t r a t i o n s  in t y p i c a l  HYGAS gas c o m p o s i t i o n s  
a r e  a r e s u l t  of the  h i g h - p r e s s u r e  o p e r a t i o n ,  in e x c e s s  of 1000 ps i ,  and  
of the  s t ag ing  of g a s i f i c a t i o n  s t eps  for  the  s y s t e m .  F o r  e x a m p l e ,  b e c a u s e  
r e a c t i o n  1 p r o c e e d s  r a p i d l y ,  th is  o p e r a t i o n  is c a r r i e d  out in a s u s p e n s i o n ,  
o r  t r a n s p o r t  c o n t a c t o r .  B e c a u s e  r e a c t i o n  2 is s o m e w h a t  s l o w e r ,  and 
p r o d u c e s  c o n s i d e r a b l e  hea t ,  i t  is  c a r r i e d  out  in  a f l u i d i z e d - b e d  c o n t a c t o r  
tha t  p r o v i d e s  1) l o n g e r  r e s i d e n c e  t i m e s  fo r  the c h a r  - su f f i c i en t  to u n d e r g o  
g a s i f i c a t i o n ,  and Z) a m p l e  c o n t a c t i n g  t i m e  b e t w e e n  the c h a r  and the s t e a m  
p r e s e n t  in the gas ;  thus  e n a b l i n g  r e a c t i o n  3 to a b s o r b  m u c h  of the h e a t  
p r o d u c e d  by r e a c t i o n  2. 

The p lan t  is d e s i g n e d  to p r o d u c e  abou t  1 .5  m i l l i o n  s t a n d a r d  cubic  
f e e t  p e r  day  of p i p e l i n e - s p e c i f i c a t i o n  Subs t i tu t e  N a t u r a l  Gas (SNG) when  
the coa l  f e ed  r a t e  to the  h y d r o g a s f f i c a t i o n  s e c t i o n  is 3 tons p e r  h o u r  of 
b i t u m i n o u s  coa l ,  o r  abou t  1 .0  m i l l i o n  s t a n d a r d  cub ic  f e e t  p e r  day  of 
SNG w h e n  the c o a l  f e e d  r a t e  to the h y d r o g a s i f i c a t i o n  s e c t i o n  is 3 tons 
p e r  hour  cf l i g n i t e .  



The d e s i g n  output of b y - p r o d u c t  char ,  and of oil  and gas s t r e a m s  to 
d i s p o s a l  a r e  shown on the m a t e r i a l  b a l a n c e  and p h y s i c a l  p r o p e r t i e s  t ab l e s  
a c c o m p a n y i n g  vario,~s p r o c e s s  f low d i a g r a m s  that  a p p e a r  in this  s ec t ion .  

The  d e s i g n  is  p r e d i c a t e d  on coal  f eed  c o n s i s t i n g  of b i t uminous  coal,  
such as P i t t s b u r g h  No. 8 f r o m  the I r e l a n d  m i n e ,  o r  of l ign i te ,  such as 
that  f r o m  the Savage  m i n e  in Nor th  Dakota,  having  the fo l lowing typ i ca l  
u l t i m a t e  ana tys  e s: 

C o m p o n e n t s  B i t u m i n o u s  

(dry wt/¢~) 

Lignite 

(dry 

Carbon  71 .50  65.60 
Hydrogen 5.02 4.38 
Sulfur 4.42 0.78 
Nitrogen I. 23 0.9Z 
Oxygen 6. 53 19.87 
Ash II. 30 8.55 

The d e s i g n  is  a l so  p r e d i c a t e d  on the u s e  of n a t u r a l  gas bo th  for  
fue l  and for h y d r o g e n  plant  feed.  The n a t u r a l  gas is p r e s u m e d  to have  
the  fo l lowing t yp i ca l  a n a l y s i s :  

C o m p o n e n t s  Vol/~/~ 

Carbon  Dioxide O. 72 
H e l i u m  0 .10  
N i t r o g e n  3 .30 
Methane 8 7.9 
Ethane 5.6 
Propane i. 7 
n- Butane 0.31 
i so-Butane 0.24 
C-5's 0.Ii 
C-6's 0.0Z 
C-7's 0.02 

G r o s s  hea t i ng  va lue  
Speci f ic  g r a v i t y  
P r e s s u r e ,  p s ig  
T e m p e r a t u r e  

1040 B t u / S C F  
0. 630 
30 ps ig  
A m b i e n t  

(The o d o r a n t  l e v e l  was  e s t a b l i s h e d  as 0 .75  lb of " B P  Cap tans"  
pe r  m i l l i o n  cubic fee t  of gas) 

In the in i t i a l  HYGAS pi lo t  p lan t  des ign ,  the ga se s  r e q u i r e d  to suppor t  
the  s e c o n d  s tage  of h y d r o g a s i f i c a t i o n  w e r e  i n t r o d u c e d  to the  h y d r o g a s i f i c a -  
t ion  s e c t i o n  at  the  base  of the  m a i n  r e a c t o r  v e s s e l .  T h e s e  g a s e s  w e r e  
b ro u g h t  up to s y s t e m  t e m p e r a t u r e  by d i r e c t - f i r e d  s u p e r h e a t e r s  and t h rough  
con tac t  with a h e a t - e x c h a n g e  bed  of p a r t i a l l y  g a s i f i e d  c h a r  at the bo t tom 
of the  m a i n  r e a c t o r  v e s s e l .  Gases  i n t r o d u c e d  w e r e  h y d r o g e n  ob t a ined  



by r e f o r m i n g  m e t h a n e  and s t eam.  By m i d - 1 9 7 4 ,  m o d i f i c a t i o n s  and add i -  
t ions  ava i l ab l e  o r  unde r  c o n s t r u c t i o n  at the  p i lo t  p l an t  i n c l u d e d  p r o v i s i o n  
at the s i te  to p rov ide  h y d r o g e n  by any of t h r e e  h y d r o g e n - r i c h  gas  p roduc ing  
s y s t e m s ,  r e p o r t e d  in P a r t  IV: H y d r o g e n  Gene ra t i on ,  of th i s  F i n n ! R e p o r t  
HYGAS 381. M o r e  d e t a i l e d  i n f o r m a t i o n  on t h e s e  i nnova t ions  is  ava i l ab l e  
in I n t e r i m  Relport  No. 1 HYGAS 12Z l ,  c o v e r i n g  o p e r a t i o n s  b e t w e e n  S e p t e m b e r  
1972 and 1974, which  was'  s u b m i t t e d  to OCR Augus t  15, 1974. 

The p r e l ' [ m i n a r y  d e s i g n  of the  HYGAS p i lo t  plant ,  d e s c r i b e d  h e r e ,  was  
i n t e n d e d  to ir, t r o d u c e  an o p t i m u m  s e l e c t i o n  of the  v a r i o u s  m a j o r  d e s i g n  
opt ions  ava i l ab l e  in 1968, when the  d e s i g n  work  was  begun. Note,  e s -  
pec ia l ly ,  that  the use  of s e p a r a t e  r e a c t o r  s t ages  p e r m i t s  the  s e q u e n t i a l  
e m p l o y m e n t  of d i f f e r e n t  se t s  of r e a c t i o n s  to o p t i m u m  advan tage .  

3 .3  . P r e l i m i n a r y  Des ign :  G e n e r a l  

The block f low d i a g r a m  in F i g u r e  3-1 shows the  p r i n c i p a l  o r i g i n a l  
s e c t i o n s  of the HYGAS p i lo t  p lan t  in Chicago.  

NATURAL GAS 

H HYIDItI~H L HYDROGEN 
COMPRESSION 

_1 LI L A-44-rd12 

GAS H PURIFICATiC~t 

r- 
ILIETHANATION I 

Figure 3-I. BLOCK FLOW DIAGRAM OF HYGAS PILOT PLANT AT 
START-UP 
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B r i e f  d e s c r i p t i o n s  of m a j o r  p i lo t  p lan t  s e c t i o n s  f¢rllow. 

3. 3 .1 .  Raw Coa l  Hand l ing  

Coal  c a r s  d e l i v e r  f e e d  to the r a w  coa l  hand l ing  s e c t i o n  ( F i g u r e  3-2) 
and the coa l  is  d u m p e d  and c o n v e y e d  to s t o r a g e .  
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Figure 3-2. RAW COAL HANDLING IN HYGAS PILOT PLANT AT 
START-UP 

The coa l  is  d r i e d  and c r u s h e d  to the  p r o p e r  s i ze  in the  m i l l .  Hot  c o m -  
b u s t i o n  g a s e s  and r e c y c l e  g a s e s  a r e  u s e d  to d r y  the  coa l  as  r e c e i v e d  b e f o r e  
i t  e n t e r s  the  m i l l  s y s t e m .  Ai r ,  c r u s h e d  coa l  of t he  r e q u i r e d  s ize ,  and f i ne s ,  
ex i t  v i a  the  s e p a r a t o r .  The c r u s h e d  coa l  is  s e p a r a t e d  f r o m  the  a i r  and  f i n e s  
in the c y c l o n e  s e p a r a t o r .  The a i r  and  f ines  l e a v e  the  s y s t e m  t h r o u g h  the  fan  
and a u x i l i a r y  c o l l e c t o r .  If p r e t r e a t r n e n t  is  r e q u i r e d  to e l i m i n a t e  the t e n d e n c y  
of s o m e  c o a l s  to a g g l o m e r a t e ,  the  coa l  is  c o n v e y e d  to a coa l  s u r g e  bin, w e i g h e d ,  
and fed  into  t h e  p r e t r e a t m e n t  s ec t ion .  

3. 3, 2. Coal and Char Pretreatment 

The  p r e t r e a t m e n t  s e c t i o n  ( F i g u r e  3-3) is  r e q u i r e d  on ly  if an a g g l o m -  
e r a t i n g  coa l  is  b e i n g  u s e d  as  feed .  H e r e ,  c r u s h e d ,  r a w  coa l  is w e i g h e d  
and  c h a r g e d  to the  p r e t r e a t e r  v e s s e l ,  w h e r e  it  is  d r i e d  and s l i g h t l y  
o x i d i z e d  by c o n t a c t  wi th  a i r .  The  p r e t r e a t e r  is a f l u i d i z e d - b e d  r e a c t i o n  
v e s s e l  t ha t  u t i l i z e s  an i n - l i n e  a i r  h e a t e r  for  s t a r t - u p .  In o p e r a t i o n ,  
e x c e s s  h e a t  is  r e m o v e d  f r o m  the f lu id  bed  by s t e a m  g e n e r a t i o n  co i l s  in 
the bed.  The  p r e t r e a t e d  coa l  o r  c h a r  is d i s c h a r g e d  into  a q u e n c h  t o w e r ,  
coo led ,  and  s en t  to s t o r a g e .  The  p r e t r e a t e r  o f f -ga s  is c o o l e d  in the  f i r s t  

H Q 



s tage  quench  s y s t e m  to r e m o v e  t a r s ,  heavy  oi ls ,  and f ines .  
and oi ly  w a t e r  go to d i sposa l .  

The  o f f -gas  
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F i g u r e  3-3. P R E T R E A T M E N T  SECTION OF HYGAS PILOT PLANT AT 
START-UP 

3 . 3 . 3  ~!:)rdro~asification Sec.tion 

The p r i n c i p a l  p r o c e s s  un i t s  of the  h y d r o g a s i f i c a t i o n  s ec t i on  a r e  shown 
in  F i g u r e  3-4.  H e r e ,  the  s i z e d  and d r i e d  coal  (or in the  ca se  of a g g l o m e r -  
a t ing  coal ,  ~ e  p r e t r e a t e d  char )  i s  w e i g h e d  and c h a r g e d  into a s l u r r y  m i x  
tank.  The feed  is  m i x e d  with a l igh t  a r o m a t i c  oi l  tha t  is  a p r o c e s s  by-  
p roduc t ,  to f o r m  a s l u r r y ,  and is  c i r c u l a t e d  t h r o u g h  the  in take  m a n i f o l d  
of a p o s i t i v e  d i s p l a c e m e n t  pump.  The p o s i t i v e  d i s p l a c e m e n t  pump  f e e d s  
i t  at p r o c e s s  p r e s s u r e  (above I000 ps i )  t h r o u g h  a s l u r r y  h e a t e r ,  to the top 
of the  13Z- foo t -h igh  h y d r o g a s i f i e r  v e s s e l .  Upon e n t e r i n g  the  top of the  
v e s s e l ,  the  s l .urry i s  d r i e d  by the  ac t i on  of the  r i s i n g  hot  g a s e s  l e a v i n g  
the p r o d u c t  gas  s e p a r a t o r  u s ing  a f l u i d i z e d - b e d  c o n t a c t o r .  The p r e t r e a t e d ,  
hea t e d ,  d r i e d  so l ids  t h e n  e n t e r  the  f i r s t  of two c o n t i n u o u s - f l o w  r e a c t o r s  
l o c a t e d  beneaoth the s l u r r y  d r y i n g  bed.  

Sol ids  f lowing f r o m  the d r i e r  into the f i r s t - s t a g e  r e a c t o r  e n t e r  a 
s t r e a m  of f a s t - m o v i n g ,  r i s i n g  gas f r o m  the l ower ,  s e c o n d - s t a g e  r e a c t o r .  
The gas f ro rn  the  s e c o n d  s t age  hea t s ,  l i f ts ,  and  r e a c t s  wi th  the  d r i e d  
feed .  The m i x t u r e  p a s s e s  u p w a r d  to the p r o d u c t  gas s e p a r a t o r  w h e r e  a 
r a p i d  e x p a n s i o n  of r e a c t o r  d i a m e t e r  c a u s e s  the  s t r e a m  v e l o c i t y  to d i m i n i s h ,  
and so l ids  drop  out and  co l l e c t  for  t r a n s f e r  to the s e c o n d - s t a g e  r e a c t o r  
bed.  The rLsing m i x t u r e  of so l ids  and g a s e s  in the f i r s t - s t a g e  c o c u r r e n t  
f low u n d e r g o e s  r e a c t i o n s  that  d i r e c t l y  f o r m  a p p r o x i m a t e l y  o n e - t h i r d  of the  
m e t h a n e  pro:~uced in th is  p r o c e s s  u s i n g  r e a c t i o n  1. A r e c y c l e  s t r e a m  
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of solids also can be returned to the first-stage reactor for process tem- 
perature control. The product then rises to the drying section. 
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Figure 3-4. HYDROGASIFICATION SECTION OF HYGAS PILOT PLANT AT 
START-UP 

From the first-stage reactor bed, solids flow downward, assisted by 
gravity, into the second-stage reactor where they are reacted with a mix- 
ture of hydrogen and steam, directly producing an additional one-third 
of the methane produced in the process, mostly by reaction 2. Additional 
hydrogen is generated in this fluidized-bed stage by reaction 3. Char from 
the second-stage reactor enters the fluidized-bed heat-exchange char cooler, 
where it is cooled by the incoming steam-hydrogen mixture. High-pressure 
steam is then used to convey the char to the quench tank. Water injected 
into the quench tank cools the char and forms a slurry. The water-slurry 
is reduced to atmospheric pressure through a valve, and the slurry passes 
to a vacuum filter, or alternatively to a char-set~ling pond. 

3.3.4 Purification Section 

T h e  p u r i f i c a t i o n  s e c t i o n  of the  H Y G A S  p i l o t  p l a n t  i s  s h o w n  in  
F i g u r e  3 - 5 .  H e r e ,  the  h y d r o g a s i f i e r  e f f l u e n t  g a s e s  a r e  c o o l e d  by  d i r e c t  
c o n t a c t  w i t h  w a t e r  to  r e m o v e  w a t e r ,  l i g h t  o i l s ,  and  f i n e s .  T h e  l i g h t  
o i l s  and  f i n e s  a r e  t h e n  s e p a r a t e d  f r o m  the  c i r c u l a t i n g  q u e n c h  w a t e r .  
C a r b o n  d i o x i d e ,  h y d r o g e n  s u l f i d e ,  s o m e  COS,  and  CS 2 a r e  r e m o v e d  f r o m  

I r% 
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F i g u r e  3 -- 5. H Y G A S  P I L O T  P L A N T  P U R I F I C A T I O N  A T  
S T A R T  - U P  

t h e  g a s  u s i n g  a d i g l y c o l a m i n e  s c r u b b i n g  s y s t e m .  T h e  p r o c e s s  g a s  l e a v -  
i ng  t h e  a b s o r b e r  i s  s c r u b b e d  w i t h  d i l u t e  c a u s t i c ,  f o l l o w e d  b y  a w a t e r  
w a s h  to  r e m o v e  t r a c e s  of  c a u s t i c  f r o m  t h e  g a s  s t r e a m .  T h e  g a s  f r o m  
t h i s  c o l u m n  is  f e d  to  t h e  m e t h a n a t i o n  s e c t i o n .  

3 . 3 .  5. M e t h a n a t i o n  

M a j o r  e l e m e n t s  o f  t h e  m e t h a n a t i o n  s e c t i o n  a r e  s k e t c h e d  in  F i g u r e  3 - 6 .  
G a s  f r o m  t h e  p u r i f i c a t i o n  s e c t i o n  i s  b l e n d e d ,  w h e n  n e c e s s a r y ,  w i t h  h y d r o -  
g e n  to  t h e  d e g r e e  r e q u i r e d  in  o r d e r  to  p r o v i d e  t h e  a p p r o x i m a t e l y  3:1 
h y d r o g e n - t o - c a r b o n  m o n o x i d e  r a t i o  n e e d e d  i n  m e t h a n a t i o n .  T h i s  t e c h n i q u e  
i s  u s e d  to  r e p l a c e  a s h i f t  r e a c t o r  w h i c h  w o u l d  a c h i e v e  t h e  3:1 r a t i o  t h r o u g h  
r e a c t i o n  5. A p o r t i o n  of  t h i s  g a s  i s  t h e n  f u r t h e r  b l e n d e d  w i t h  r e c y c l e  g a s  
to  l i m i t  t h e  c o n c e n t r a t i o n  of  c a r b o n  m o n o x i d e .  T h e  b l e n d e d  g a s  i s  h e a t e d  
b y  e x c h a n g e  w i t h  e f f l u e n t  g a s  a n d  f e d  i n to  t h e  f i r s t - s t a g e  m e t h a n a t o r  w h e r e  
r e a c t i o n  6 o c c u r s .  A h e a t e r  i s  p r o v i d e d  f o r  s t a r t - u p .  

The  b a l a n c c  of t h e  f e e d  g a s  i s  a l s o  m i x e d  w i t h  r e c y c l e  g a s  to  l i m i t  
t h e  c o n c e n t r a t i o n s  o£ c a r b o n  o x i d e s .  T h e s e  g a s e s  a r e  t h e n  b l e n d e d  u n d e r  
t e m p e r a t u r e  c o n t r o l  w i t h  t he  h o t  e f f l u e n t  g a s  f r o m  t h e  f i r s t  s t a g e  to  
p r o v i d e  p r e h e a t e d  f e e d  g a s  f o r  t h e  s e c o n d - s t a g e  m e t h a n a t o r .  B o t h  f i x e d -  
bed rnethanation reactors contain a nickel catalyst. Reactor effluent is 
cooled to remove water from the product gas, and to supply cool gas 
to t h e  r e c y c l e  compressor. 
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Figure  3--6. METHANATION SECTION OF HYGAS PILOT PLANT 
AT START- UP 

B. 4. Design E labora t ion  

This sec t ion  e l abo ra t e s  on design phi losophy,  and d i scusses  gene ra l  
p r a c t i c e s  and safe ty  aspec ts  of the HYGAS pi lo t  plant .  Included are  
b r i e f  explanat ions  of 1) the function of each  m a j o r  p iece  of equipment  
or  se rv ice ,  2) se lec t ion  c r i t e r i a ,  3) safe ty  p r o c e d u r e s  where  war ran t ed ,  
and 4) br ie f  d i s cus s ion  of a l t e r n a t i v e s  (if any). 

The d e s i g n  speci f ied  by IGT and Bechte l  was subject  to modi f ica t ions  
dur ing detai led eng ineer ing  by IGT and P r o c o n  because  many  p r e l i m i n a r y  
eng inee r ing  design a reas  were  of n e c e s s i t y  conceptual .  Avai lable  equip-  
men t  and fab r i ca t ion  techniques  n e c e s s i t a t e d  r edes ign  or  modi f ica t ion  of 
c e r t a i n  concepts  and equipment.  These  changes a re  de sc r ibed  in l a t e r  
po r t ions  of t h i s  d iscuss ion .  

The m a j o r  sect ions  of the deta i led  p r e l i m i n a r y  design that  a re  d is -  
cussed  he re  a re  -- 

Coal  p repa ra t ion ,  which includes  coal  s to rage ,  pa r t i c l e  size, s ize 
reduc t ion ,  and drying.  

Coal pretreatment, which includes the pretreater reactor, quench, 
and pretreated coal handling sections. 

Hydrogas i f i ca t ion ,  which includes  the coal  s l u r r y  feed sys tem,  hydro-  
gas i f i ca t ion  r eac t ion  sect ion,  hydrogen  c o m p r e s s o r ,  s t e am and hydro -  
gen s u p e r h e a t e r s ,  and the spent  char  d i scharge  sect ion.  

~_I~ 



P u r i f i c a t i o n ,  w h i c h  i n c l u d e s  r a w  p r o d u c t  gas quench ,  a c id  gas  r e m o v a l ,  
c a u s t i c  and w a t e r  w a s h  t r e a t m e n t  s e c t i o n s .  

Q M e tha na t i on ,  w h i c h  i n c l u d e s  the m e t h a n a t i o n  r e a c t o r ,  gas  r e c y c l e ,  and  
p r o d u c t  gas c o o l e r s .  

3 .4 .  1. Coal  P r e t r e a t m e n t  Sec t i on  

3 . 4 . 1 . 1 .  B a s i s  for  D e s i g n  

The  coa l  p r e t r e a t m e n t  s e c t i o n  c o n s i s t s  of a p r e t r e a t e r  r e a c t o r  wi th  
s u p p o r t  f a c i l i t i e s  to f eed  the coa l  into the r e a c t o r ,  p r o v i d e  a i r  fo r  f l u id -  
i z a t i o n  and oxida t ion ,  cool  and c o n d e n s e  the o f f - g a s ,  and coo l  and  t r a n s -  
p o r t  the c h a r  to s t o r a g e .  

Th i s  s e c t i o n  has  b e e n  d e s i g n e d  to supply  3 t o n s / h r  of p r e t r e a t e d  
b i t u m i n o u s  coa l  to the h y d r o g a s i f i c a t i o n  s ec t i on .  A p r o c e s s  f low d i a g r a m  
is  p r e s e n t e d  in F i g u r e  3-7,  t o g e t h e r  wi th  the m a t e r i a l  b a l a n c e  and  s t r e a m  
p h y s i c a l  p r o p e r t i e s  in Tab le  3-1.  

H Y G A S - a s s o c i a t e d  l a b o r a t o r y  and b e n c h - s c a l e  w o r k  had  d e t e r m i n e d  
tha t  s o m e  raw,  b i t u m i n o u s  coa l s  t end  to a g g l o m e r a t e  du r ing  hea t i ng  if 
t hey  a r e  c h a r g e d  d i r e c t l y  into a f l u i d i z e d - b e d  h y d r o g a s i f i e r  r e a c t o r .  
W h e r e  not n e e d e d ,  h o w e v e r ,  as  wi th  l ign i te ,  p r e t r e a t m e n t  is u n d e s i r a b l e  
b e c a u s e  a p p r o x i m a t e l y  10 p e r c e n t  of the coa l  c h a r g e d  to the p r e t r e a t e r  
i s  l o s t  as  p r e t r e a t e r  o f f -gas ,  o i l s ,  and  e n t r a i n e d  f ines .  

3 .4 .  1 .2 .  P r e t r e a t e r  R e a c t o r  

The  p r e t r e a t e r  is a f l u i d i z e d - b e d  type  r e a c t i o n  v e s s e l  w h o s e  m a j o r  
d i m e n s i o n s  a r e  9 8 - i n c h  ID by 16 fee t  8 i n c h e s  s e a m - t o - s e a m .  A i r  is 
c o m p r e s s e d  to p r o v i d e  the f lu ld i z ing  m e d i u m ,  and  this  a i r  is a l so  u s e d  
as  an  i n - p r o c e s s  ox idant .  Raw c r u s h e d  and s i z e d  coa l  is  w e i g h e d  and 
c h a r g e d  into a s m a l l  s u r g e  h o p p e r .  The  coa l  t hen  e n t e r s  the r e a c t o r  
t h r o u g h  a s t a r - a n d - s c r e w  f e e d e r  that  is  c apab le  of f e e d i n g  a g a i n s t  a 10- 
p s ig  b a c k  p : t ' essure .  The o f f -gas  f r o m  the  p r e t r e a t e r  e n t e r s  an i n t e r n a l  
c y c l o n e  w h e r e  e n t r a i n e d  f ines  a r e  r e t u r n e d  to the bed.  

The  p r e t r e a t e r  bed  o p e r a t e s  at  about  800°F and f r o m  1 .0  to 10. 0 
ps ig .  I n t e r n a l  w a t e r - c o o l e d  co i l s  r e m o v e  e x c e s s  hea t  f r o m  the f l u i d i z e d  
bed.  Cool ing  w a t e r  is  v a p o r i z e d  u n d e r  c o n t r o l l e d  t e m p e r a t u r e ,  and the 
s t e a m  exhat l s t s  to the a t m o s p h e r e .  The d i r e c t  i n j e c t i o n  of w a t e r  o r  
s t e a m  fo r  t e m p e r a t u r e  c o n t r o l  is i m p r a c t i c a l  b e c a u s e  it wou ld  change  the  
s u p e r f i c i a l  f l u id i z ing  v e l o c i t y  and  i n c r e a s e  the load  on the q u e n c h  s y s t e m .  

The p r e t r e a t e d  c o a l  is d i s c h a r g e d  t h r o u g h  a f l u id i zed  s t andp ipe  and" 
a s l ide  va lve .  A i r  is d i s t r i b u t e d  t h r o u g h  a m e t a l l i c  deck  wi th  u n i f o r m l y -  
s p a c e d  h o l e s ,  a c h i e v i n g  good f lu id i za t ion .  The  h o l e s ,  about  0 .25  inch  in  
d i a m e t e r ,  a r e  d e s i g n e d  to p r o v i d e  about  1 -ps i  d rop  a c r o s s  the deck  at  
m a x i m u m  flow cond i t i ons .  The deck  is c u r v e d  to p r o v i d e  s t r e n g t h ,  ye t  
p e r m i t  expans ion .  A d r a i n  va lve  p r o v i d e d  in the p l e n u m  be low the deck  
p e r m i t s  the p e r i o d i c  r e m o v a l  of so l ids  tha t  have  "wept"  t h r o u g h  the h o l e s  
in  the  deck .  
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3. ,~:. 1 .3.  P r e t r e a t e r  I n t e r n a l  Sol ids  S e p a r a t o r  s (2 -T-4)  

I n t e r n a l  c y c l o n e s ,  r a t h e r  than  e x t e r n a l  c y c l o n e s ,  a r e  u s e d  in the  
de s ign  to r e m o v e  the bulk  of f ines  f r o m  the o f f -gas .  Heavy  oi ls  and  t a r s  
m i g h t  c o n d e n s e  and  so l id i fy  in an e x t e r n a l  s e p a r a t o r .  While  a t w o - s t a g e  
cyc lone  is shown on the  P F D  (F igu re  3-7),  a s i n g l e - s t a g e  cyc lone  m i g h t  
p r o v e  a cc ep t ab l e .  

3 . 4 . 1 . 4 .  P r e t r e a t e r  Coo l ing  Coi ls  ( 2 -E -3 )  

The r e a c t i o n  of coa l  wi th  a i r  dur ing  p r e t r e a t r n e n t  is e x o t h e r m i c ;  
p a r t  of the e n e r g y  r e l e a s e d  hea t s  the i n c o m i n g  coa l  and a i r  to r e a c t i o n  
t e m p e r a t u r e ,  and the b a l a n c e  is r e m o v e d  in the cool ing coil .  A d e s i g n  
duty of 3 m i l l i o n  Btu p e r  hour  s a t i s f i e s  r e q u i r e m e n t s  of the  v a r i o u s  
coa ls  to be t r e a t e d  ove r  a r ange  of p r e t r e a t m e n t  s e v e r i t i e s  and  o p e r a t i n g  
t e m p e r a t u r e  s. 

3 . 4 . 1 . 5 .  P r e t r e a t e r  A i r  H e a t e r  ( Z - F - l )  

The a i r  h e a t e r  uni t  is i n t e n d e d  to hea t  a i r  by d i r e c t  c o m b u s t i o n  wi th  
fuel  gas.  The uni t  is f i r e d  du r ing  s t a r t - u p  only w h e n  b i t u m i n o u s  coa l  
is p r e t r e a t e d .  The e x o t h e r m i c  hea t  of r e a c t i o n  p r o v i d e s  su f f i c i en t  h e a t  
to m o r e  than  m a i n t a i n  the P r e t r e a t m e n t  r e a c t i o n  at m o r e  than  s t e a d y -  
s ta te .  Des ign  s p e c i f i c a t i o n s  for  the unit  ac tua l ly  i n s t a l l e d  a r e  t a b u l a t e d  
below: 

M a n u f a c t u r e r :  John  Zink  & Co. 

A i r  F low Rate :  M i n i m u m :  1200 S C F / m i n  
M a x i m u m :  1500 S C F / m i n  

Ai r  In le t  T e m p e r a t u r e :  Z30°F 

A i r  Out le t  T e m p e r a t u r e :  1200°F 

Hea t  R e l e a s e :  1 , 7 5 0 , 0 0 0  B t u / h r  

Work ing  P r e s s u r e :  M i n i m u m :  10 p s i g  
M a x i m u m :  20 ps ig  

Fue l :  N a t u r a l  gas or  SNG 

3 . 4 . 1 . 6 .  P r e t r e a t e r  C o m b u s t i o n  A i r  C o m p r e . s s o r  (Z -K- l )  

This  c , ' )mpresso r  was  c o n c e i v e d  to m o v e  1500 ac tua l  cubic f ee t  p e r  
m i n u t e  (ACFM) of a i r  at a d i s c h a r g e  p r e s s u r e  of 20 ps ig .  N o r m a l  
p r o c e s s  r e q u i r e m e n t s  would  be about  1100 A C F M  at an o p e r a t i n g  p r e s s u r e  
of about  1 psig in the r e a c t o r .  The p r e s s u r e  in the r e a c t o r  could be as 
h igh  as 10 ps ig ,  depend ing  upon the ac tua l  p r e s s u r e  d rop  in the o v e r h e a d  
s y s t e m .  The d i s c h a r g e  p r e s s u r e  of 20 ps ig  would  a c c o m m o d a t e  about  a 
10 ps ig  drop  t h rough  the a i r  h e a t e r ,  In F i g u r e  3-7, a i r  is shown ven t ing  
to the a t m o s p h e r e  d o w n s t r e a m  of the c o m p r e s s o r  to con t ro l  flow. De-  
s ign s p e c i f i c a t i o n s  for the uni t  ac tua l ly  i n s t a l l e d  a r e  t abu la ted  below: 

~ - 1 7  



I n g e r s o l l  Rand  Type "L" AXI C o m p r e s s o r  

In le t :  1590 C F / m i n  

In le t  P r e s s u r e :  14.5  p s i a  

D i s c h a r g e  P r e s s u r e :  30 p s i a  

ABS CR: 2. 069 

In le t  T e m p e r a t u r e :  60°F 

D i s c h a r g e  T e m p e r a t u r e :  Z45°F 

3 .4 .  1 .7 .  P r e t r e a t e d  Cha r  C o o l e r  (Z-T-5)  

Uni t  Z - T - 5  was  c o n c e i v e d  to coo l  p r e t r e a t e d  c h a r  f r o m  800 o down 
to 200°F in  a c l o s e d  v e s s e l .  V a p o r s  f r o m  th i s  coo l ing  a r e  m i x e d  wi th  
the  o f f -gas  f r o m  the  p r e t r e a t e r - r e a c t o r  and h a n d l e d  wi th  that  t r a in .  
Coo led  c h a r  is  d i s c h a r g e d  into the  c h a r  s t o r a g e  h o p p e r  and l a t e r  s en t  
to t h e  r e a c t o r .  The un i t  a c t u a l l y  i n s ~ l l e d  i s  a d i r e c t  w a t e r - s p r a y  quench  
c h a m b e r  of 3 f e e t  ID and is  15 f e e t  10 i n c h e s  long.  

3.4. 1.8.  P r e t r e a t e r  Q u e n c h  S y s t e m  

Th i s  quench  s y s t e m  c o n s i s t s  of a p r e t r e a t e r  quench  t o w e r  wi th  s e p -  
a r a t o r ,  c o o l e r ,  and  c i r c u l a t i o n  pump .  The o f f -ga s  is coo led  by c o u n t e r -  
c u r r e n t  con tac t  wi th  w a t e r  in  the  v e r t i c a l  p a c k e d  t o w e r .  O p e r a t i n g  
e x p e r i e n c e  on s i m i l a r  type un i t s  i n d i c a t e s  -- when  the  o f f -gas  is c o o l e d  
f r o m  800°F to a m i n i m u m  of about  150°F -- p r a c t i c a l l y  a l l  of the  h e a v y  
o i l s  and  t a r s  a r e  c o n d e n s e d ,  and  tha t  m o s t  of the  oi l  can be r e m o v e d  in 
the  s e p a r a t o r .  Cool ing  of the  h e a v y  oi ls  and  t a r s  to be low 150°F t e n d s  
to induce  h igh  v i s c o s i t y ,  g r e a t l y  i n c r e a s i n g  the  r i s k  of p lugg ing  the  s y s t e m .  

The  s e p a r a t o r  has  an i n t e r n a l  o v e r f l o w  w e i r ;  the  h e a v y  oi l  l a y e r  is  
r e m o v e d  t h r o u g h  a boot  on  the  b o t t o m  of the  s e p a r a t o r ,  and  o i l s  l i g h t e r  
t h a n  w a t e r  f low o v e r  the  w e i r  fo r  r e m o v a l .  Th is  s y s t e m  c o n s t a n t l y  r e -  
q u i r e s  w a t e r  m a k e - u p .  The  i n c o m i n g  gas v a p o r i z e s  s o m e  of the quench  
w a t e r  so tha t  gas l e av ing  the  top of the  t o w e r  is  s a t u r a t e d .  In addi t ion ,  
the  o v e r h e a d  s t r e a m  con ta ins  e n t r a i n e d  w a t e r .  

In o r d e r  to m a i n t a i n  t e m p e r a t u r e  in  the  t o w e r ,  the  i n c o m i n g  q u e n c h  
w a t e r  is  u n d e r  t e m p e r a t u r e  c o n t r o l  wi th  a b y p a s s  a r o u n d  the  coo le r .  

W a t e r  is u s e d  as the q u e n c h  m e d i u m  r a t h e r  t han  oil .  The  use  of 
w a t e r  p e r m i t s  m o r e  a c c u r a t e  qua l i t a t i ve  and quan t i t a t i ve  a n a l y s e s  of the  
t a r s ,  o i l s ,  and  o t h e r  c o m p o n e n t s  in the  p r e t r e a t e r  o v e r h e a d  eff luent .  

3.4.1.9. P r e t r e a t e r  Quench  T o w e r  (Z-C-Z) 
,, L , .  , . . . 

The v e s s e l  is  3 f ee t  6 i n c h e s  ID by 15 f ee t  10 i nches  long wi th  a 
5 - f o o t - l o n g  s e c t i o n  wi th  Z- inch  m e t a l  pa l l  r i n g s .  In  ac tua l  p r a c t i c e  the 
pack ing  m a t e r i a l  in  t he  t o w e r  p lugged  and was  r e p l a c e d  by a v e n t u r i  s c r u b b e r  
and  s i d e - t o - s i d e  ba f f l e s .  

~ . - lP .  



3.4.  1. 10. Quench  S e p a r a t o r s  (Z-C-3) 

The qu~!:nch s e p a r a t o r  is o£ 3 fee t  0 i nches  ID by 10 fee t  long,  a 
h o r i z o n t a l  v e s s e l  wi th  a b o t t o m  d r a w - o f f  boot. The e l e v a t i o n  of the  
t o w e r  and s e p a r a t o r  a r e  f ixed to give a l Z - i n c h  l iqu id  holdup in the bo t -  
t o m  of the I:ower, to p r o t e c t  the  bo t t om of the t o w e r  in c a s e  of a to ta l  
c i r c u l a t i n g - q u e n c h - w a t e r  f a i lu re .  

In p r e p a r a t i o n  of m a t e r i a l  ba lance  t ab l e s ,  i t  is a s s u m e d  tha t  a l l  of 
the  oil,  t a r s ,  and f ines ,  e t c . ,  l e a v e  v ia  the  boot  on 2 - C - 3 .  F o r  d e s i g n  
p u r p o s e s ,  a d e s i g n  r a t e  equal  to the  f low v o l u m e  shown is  a s s u m e d  for  
the overflow. 

The pu~:np suc t ion  n o z z l e  is r a i s e d  18 i n c h e s  into the  v e s s e l  in  o r d e r  
to obta in  o i l - f r e e  quench  wa te r .  

3.4:. 1.11 Quench  C o o l e r  ( Z - E - I )  

The tube side of the  e x c h a n g e r  is d e s i g n e d  to p e r m i t  quick  c l e a n i n g  
b e c a u s e  the  quench  w a t e r  wi l l  con ta in  t a r s ,  f ines ,  and  oi ls .  Des ign  
s p e c i f i c a t i o n s  of the  un i t  i n s t a l l e d  a r e  t a b u l a t e d  below:  

She l l  Side Tube Side 

F l u i d  C i r c u l a t e d  
Tota l  F lu id  E n t e r i n g  
Grav:[ty- Liquid (in / out) 
Viscc, s i ty  CP ( in /out )  
T e m p e r a t u r e  In 
T e m p e r a t u r e  Out 
O p e r a t i n g  P r e s s u r e  (Inlet) 
P r e s s u r e  Drop (Al lowable)  
Fou l ing  F a c t o r  
Hea t  E x c h a n g e d  

Cool ing  HzO Quench  H20 
17, 800 l b / h r  24, 240 l b / h r  
0. 995/0.  989 0. 971/0.  977 
0. 9 0 / 0 . 5 6  0 . 3 6 / 0 . 4 7  
75~F I75°F 
1Z0°F 140°F 
90 ps ig  25 ps lg  
10 ps ig  10 p s i g  
O. OO6 O. OO6 

800,000 B t u / h r  

Manttfa,=turer:  Basco  M u l t i - T u b e  h e a t  e x c h a n g e r .  

3 . 4 . 1 .  lZ. Quench  C i r c u l a t i o n  P u m p  (Z-G-I )  

V e n d o r s  w e r e  a d v i s e d  that  the o i ly  w a t e r  so lu t ion  in the  pump m i g h t  
con ta in  heavy  f ines  and  v i s c o u s  t a r s .  Des ign  s p e c i f i c a t i o n s  of the  uni t  
i n s t a l l e d  a r e  t abu l a t ed  below:  

Man u fa c tu r e  r:  Inge r s 011-Rand 

Type:  I n - l i n e  c e n t r i f u g a l  

Horsepower: 5 

Flow Rate, gpm: 40 

Tempe'rature: 173°F 

Inlet Pressure: 4.5 psig 

Outlet ]?ressure: 50.5 psig 

"~-lq 



3 . 4 . 2 .  H y d r o g a s i f i c a t i o n  S e c t i o n  

3 . 4 . 2 . 1 .  B a s i s  fo r  Des ign  

The  g a s i f i c a t i o n  s e c t i o n  u t i l i z e s  four  s e p a r a t e  h i g h - p r e s s u r e  f l u i d i z e d -  
bed  c o n t a c t i n g  s t eps  t o -  

I .  D r y  the  s l u r r y .  

2. Af fo rd  an i n i t i a l  r e a c t i o n  s tage  b e t w e e n  coa l  and  p a r t l y - r e a c t e d  gas .  

. P r o v i d e  a f i na l  r e a c t i o n  s t age  b e t w e e n  the p a r t l y  r e a c t e d  coa l  (char)  
and  p r e h e a t e d  t r e a t i n g  gas.  

. P r o v i d e  h e a t - e x c h a n g e  c o n t a c t  b e t w e e n  p a r t i a l l y  g a s i f i e d  c h a r  and 
f eed  gas to c o n s e r v e  h e a t  and  cool  the  p r o d u c t  so l i d s .  

Th i s  s e c t i o n  c o n s i s t s  of a t w o - s t a g e  c o n t i n u o u s - f l o w  h y d r o g a s i f i c a t i o n  
r e a c t i o n  s e c t i o n  w i th  c h a r  coo l ing ,  an a r o m a t i c - o i l - b a s e d  s l u r r y  s y s t e m  
to e l e v a t e  the p r e t r e a t e d  c h a r  to o p e r a t i n g  p r e s s u r e ,  a s l u r r y  d r i e r  to 
r e m o v e  the  a r o m a t i c  c a r r i e r  and  d r y  f eed  for  p r o c e s s i n g ,  and  a w a t e r  
s l u r r y  s y s t e m  t o  r e t u r n  the  spen t  c h a r  .to a t m o s p h e r i c  p r e s s u r e .  The  
p r e l i m i n a r y  d e s i g n  p r o c e s s  f low d i a g r a m  (PFD)  fo r  this  s e c t i o n  is p r e -  
s e n t e d  in F i g u r e  3-8,  t o g e t h e r  w i th  the m a t e r i a l  b a l a n c e  and  s t r e a m  
p h y s i c a l  p r o p e r t i e s  in T a b l e  3-2.  

The  h y d r o g a s i f i c a t i o n  s teps  o p e r a t e  at  a n o m i n a l  p r e s s u r e  of about  
1150 ps ig ;  the  b a s i c  e q u i p m e n t  d e s i g n  p r e s s u r e  is 1650 ps ig .  T e m p e r -  
a t u r e s  t h r o u g h  the  h y d r o g a s i f i c a t i o n  s t a g e s  r a n g e  f r o m  1400 o to 1800°F. 
D e s i g n  c r i t e r i a  p r e s u m e d  a n o m i n a l  bu lk  d e n s i t y  of p r e t r e a t e d  coa l  of abou t  
Z5 pounds  p e r  cub ic  foot,  and  t ha t  of the  spen t  c h a r  of abou t  1 5 pounds  p e r  
cub ic  foot..  

The  h igh  t e m p e r a t u r e  and  p r e s s u r e s  of th i s  s e c t i o n  r e q u i r e  s p e c i a l  
c o n s i d e r a t i o n  fo r  i n s u l a t i o n .  F o r  a p i lo t  un i t ,  h e a t  loss  m u s t  be he ld  
to a m i n i m u m .  B e c h t e l  r e c o m m e n d e d  tha t  the r e f r a c t o r y  i n s u l a t i o n  
m a t e r i a l  be s e l e c t e d  m a k i n g  u s e  of the c o m b i n e d  e x p e r i e n c e  of v e n d o r s  
as  w e l l  as  of IGT.  

3 . 4 . 2 . 2 .  H y d r o g a s i f i e r  P r o c e s s  F l o w  

In the  p r e l i m i n a r y  h y d r o g a s i f i e r  P F D ,  a c o a l - b e n z e n e  s l u r r y  is  shown 
b e i n g  p u m p e d  to h igh  p r e s s u r e  and  i n t r o d u c e d  into a f l u i d i z e d  s l u r r y  
d r i e r .  Any  of the  s e v e r a l  a r o m a t i c  oi ls  a r e  s u i t a b l e  for  th i s ,  but IGT 
c h o s e  to u s e  t o l u e n e ,  a p r o c e s s  b y - p r o d u c t .  In  the  d r i e r ,  at the top of 
the  m a i n  r e a c t o r  t o w e r ,  hot  g a s e s  f r o m  the f i r s t  s t age  h y d r o g a s i f i e r  
evaporate the  a r o m a t i c  oi l .  A p e r f o r a t e d  m e t a l l i c  deck  is u s e d  a s  a gas 
d i s t r i b u t o r .  The  d r i e d  coa l  f lows into a s m a l l  m i x i n g  c h a m b e r  w h e r e  it  
c o n t a c t s  hot  g a s e s  r i s i n g  f r o m  the s e c o n d - s t a g e  h y d r o g a s i f i e r .  The  gas 
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l i f ts  the so l id s  t h r o u g h  a ve r t i c . a l  t r a n s p o r t  s e c t i o n  into a s p o u t i n g - b e d  
s e p a r a t o r ;  o f f -gas  f r o m  the  s e p a r a t o r  e n t e r s  the s l u r r y  d r i e r  above .  A 
r e c y c l e  s t r e a m  of so l ids  m a y  be r e t u r n e d  to the i-nixing c h a m b e r  to he lp  
c o n t r o l  t e m p e r a t u r e .  The b a l a n c e  of the  so l ids  e n t e r s  the s e c o n d  s t age  
h y d r o g a s i f i e r .  The  p r i n c i p a l  r e a c t i o n s  and d i r e c t  m e t h a n e  p r o d u c t i o n  of 
the f i r s t - s t a g e  h y d r o g a s i f i e r  o c c u r  d u r i n g  the v e r t i c a l  t r a n s p o r t  w h e n  so l ids  
and  gases  a r e  in c o n t a c t  wh i l e  f r e e l y  r is ing~ see  the d e s c r i p t i o n  of 
S t r e a m  313 in T a b l e  3-2 for  an i n d i c a t i o n  of o f f -gas  con ten t  at th i s  poin t  
in the p r o c e s s .  

In the , ! e c o n d - s t a g e  h y d r o g a s i f i e r ,  the  p a r t i a l l y  g a s i f i e d  c o a l  is  r e a c t e d  
wi th  a h y d r o g e n  and  s t e a m  f eed  gas  m i x t u r e  du r ing  a so l ids  ho ld ing  t i m e  
of s e v e r a l  :minutes  at a f l u i d i z e d - b e d  t e m p e r a t u r e  of about  1800°F. The 
spen t  c h a r  is d i s c h a r g e d  to a hea t  r e c o v e r y  f l u i d i z e d  bed  in the p r e l i m -  
i n a r y  d e s i g n  r e a c t o r  c o n f i g u r a t i o n .  The g a s e s  f r o m  the  s e c o n d  s t age  r i s e  
into the f i r s t - s t a g e  r e a c t o r .  

Spent  c h a r  f r o m  the 1800°F s e c o n d - s t a g e  r e a c t o r  e n t e r s  the f l u i d i z e d  
b e d  hea t  e x c h a n g e r  w h e r e  it is c o o l e d  to about  1400°F. The h e a t e d  gas  
f lows into the s e c o n d  s t age  r e a c t o r .  The c h a r  is  m o v e d  f r o m  the h e a t -  
e x c h a n g e  bed  v i a  a s h o r t  f l u i d i z e d  s t andp ipe  and t h r o t t l i n g  v a l v e  to e n t e r  
a r i s e r ;  h e r e ,  it is  l i f t ed  by a f low of h i g h - p r e s s u r e  s t e a m  to the spen t  
c h a r  s l u r r y  tank.  W a t e r  is i n j e c t e d  into the s l u r r y  t ank  in o r d e r  to 
q u e n c h  the c h a r  and c o n d e n s e  the  c a r r i e r  s t e a m .  The  spen t  c h a r - s l u r r y  
is  t hen  le t  down to a t m o s p h e r i c  p r e s s u r e  to f a c i l i t a t e  spen t  c h a r  r e m o v a l .  

The f lu: idized bed of the s e c o n d - s t a g e  r e a c t o r  i s  s u p p o r t e d  on a c e r -  
a m i c  deck .  The p r e s s u r e  d rop  a v a i l a b l e  fo r  gas  d i s t r i b u t i o n  h e r e  is  
s m a l l  to avo id  e x c e s s i v e  s ea l  leg  he igh t .  Too low a d i f f e r e n t i a l  cou ld  
c a u s e  u n s a t i s f a c t o r y  bed  f l u id i za t i on .  

3.4.2.3. Coal Feed 

A l o c k - h o p p e r  s y s t e m  to i n t r o d u c e  coa l  into the  h i g h - p r e s s u r e  r e a c t o r  
w a s  d e e m e d  e x p e n s i v e  and  bulky a n d -  in  1968 w h e n  the d e s i g n  e f f o r t  
began  -- v a l v e s  tha t  m u s t  o p e r a t e  hot  and  s e a l  a g a i n s t  h igh  d i f f e r e n t i a l  
p r e s s u r e  w!.th a so l ids  s y s t e m  w e r e  not  p r o v e d  c o m m e r c i a l  i t e m s .  F o r  
th i s  r e a s o n ,  a c o a l  s l u r r y  f e e d  s y s t e m  was  s e l e c t e d .  

The s i z e  r a n g e  fo r  coa l  f e ed  has  b e e n  s p e c i f i e d  as 10 to 100 m e s h  
U.S .  s i eve .  C o a l  of th is  r a n g e  can  be m i x e d  wi th  a l ight  a r o m a t i c  oi l  
to f o r m  a ~ilurry w h i c h  can  be c h a r g e d  to the h i g h - p r e s s u r e  r e a c t i o n  s y s -  
t e rn  by a s l u r r y  pump .  The s l u r r y  l i qu id  m u s t  be e v a p o r a t e d  b e f o r e  the 
d r i e d  coa l  e n t e r s  the a c t u a l  r e a c t i o n  zone .  This  d r y i n g  is done  in a 
f l u i d i z e d - b e d  u s i n g  e f f luen t  g a s e s  f r o m  the f i r s t - s t a g e  r e a c t o r  to p r o v i d e  
the  hea t .  

Feed coal is charged to the plant at a constant rate by means of a 
w e i g h - b e l t  c .0nveyor.  F e e d  is d u m p e d  into a hoppe r ,  f lows down a g r a v i t y  
chute ,  and e n t e r s  a s l u r r y  f e e d  m i x  tank  which  has  about  1 h o u r  s u r g e  
c a p a c i t y .  The t ank  is  o p e r a t e d  at  a ' few inches  of w a t e r  head ;  i . e . ,  s l i g h t l y  
above a t m o s p h e r i c  p r e s s u r e .  N o r m a l l y ,  coa l  is  r e c e i v e d  a t  about  200°F, 
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the  ho t  coa l  f r o m  the f eed  p r e p a r a t i o n  s e c t i o n  be ing  coo l ed  to tha t  t e m -  
p e r a t u r e  l e v e l  b e f o r e  f lowing  to the  w e i g h t  s c a l e .  The  s l u r r y  oi l  is  r e -  
c e i v e d  f r o m  s t o r a g e  at abou t  100OF; the s l u r r y  m i x  is at  about  l l S ° F .  
A ~ttr ickle v a l v e "  on the coa l  in l e t  chu te  and  a " s e a l "  n i t r o g e n  c o m -  
b ine  to e x c l u d e  a i r  f r o m  the  s l u r r y  m i x  tank,  p r e v e n t i n g  the o c c u r r e n c e  
of a r o m a t i c - o i l  a n d  a i r  m i x t u r e s  at  th i s  po in t .  

An a g i t a t o r  in the t ank  and  e x t e r n a l  c i r c u l a t i o n  pumps  s e r v e  to m i x  
the  s l u r r y  of c o a l  and  a r o m a t i c  oil ,  and  to m a i n t a i n  even  c o n s i s t e n c y  t h r o u g h  
fhp s y s t e m .  A c e n t r i f u g a l  p u m p  is a r r a n g e d  to c i r c u l a t e  d i r e c t l y  t h r o u g h  
the  suc t i on  m a n i f o l d  of a m u d - p u m p  type  r e c i p r o c a t i n g  pump,  thus  a v o i d -  
ing  p o c k e t s  w h e r e  so l ids  can  se t t l e  f r o m  the s l u r r y .  (A dup l i ca t e  pumpi ng  
s y s t e m  is p r o v i d e d  fo r  s t a n d b y . )  A l l  the s l u r r y  l i ne s  a r e  a r r a n g e d  so 
tha t  t h e r e  a r e  no d e a d  ends .  

The  p l u n g e r  p u m p  runs  a t  c o n s t a n t - v o l u m e  d i s c h a r g e  p e r  s t r o k e .  
The  d i s c h a r g e  r a t e  can  be m a n u a l l y  a d j u s t e d  t h r o u g h  a v a r i a b l e - s p e e d  
d r i v e .  M a k e u p  a r o m a t i c  oi l  is p u m p e d  into the  m i x  tank  as r e q u i r e d  to  
m a i n t a i n  th is  s l u r r y  s u r g e  v o l u m e  by m e a n s  of a l e v e l  c o n t r o l .  As a 
r e s u l t  of th is  a r r a n g e m e n t ,  coa l  f e ed  is d e p o s i t e d  in the  s l u r r y  at the 
w e i g h t  r a t e  s e t  by the  w e i g h  be l t ;  the  o i l - t o - c o a l  r a t i o  is d e t e r m i n e d  by 
the  p l u n g e r  p u m p  d i s c h a r g e  r a t e .  

The p l u n g e r  p u m p  d i s c h a r g e s  s l u r r y  at  h igh  p r e s s u r e  t h r o u g h  a 
h i g h - p r e s s u r e  s t e a m  hea t  e x c h a n g e r ~ a n d  h e n c e  to the f l u i d i z e d  d r y i n g  
b e d  at  the top of the  r e a c t i o n  s y s t e m .  In the  f l u i d i z e d  bed,  hot  g a s e s  
f r o m  the f i r s t  s t age  r e a c t o r  a r e  coo l ed  f r o m  14000 to 000°F. The o i l  
i s  v a p o r i z e d  and  l e a v e s  wi th  the p r o d u c t  g a s e s .  D r i e d  f eed  coa l  at  
600°F flows down to the first-stage reactor through a fluidized standpipe 
a n d  f low d o n t r o l  v a l v e .  The  s l u r r y  ex i t  t e m p e r a t u r e  f r o m  the  s t e a m  
h e a t  e x c h a n g e r  is  c o n t r o l l e d  to  m a i n t a i n  the d e s i r e d  t e m p e r a t u r e  in the  
d r i e r  bed.  

A r o m a t i c  o i l  a n d  w a t e r  in the  o v e r h e a d  s t r e a m  a r e  c o n d e n s e d  in a 
q u e n c h  t o w e r .  T h e  c o n d e n s e d  m i x t u r e  f lows into  a h o r i z o n t a l  s e t t l i ng  
v e s s e l .  A w e i r  e x t e n d s  above  the  o i l - w a t e r  i n t e r f a c e  l e v e l  so tha t  the  
o i l  p h a s e  o v e r f l o w s .  The  o i l  is r e m o v e d  u n d e r  l e v e l  c o n t r o l  and  f lows 
t h r o u g h  an oi l  c o o l e r  to a t m o s p h e r i c  p r e s s u r e  s t o r a g e ;  t h e r e ,  d i s s o l v e d  
g a s e s  a r e  f l a s h e d  and  v e n t e d  to a f l a r e  s y s t e m .  W a t e r  is c i r c u l a t e d  
t h r o u g h  a c o o l e r  to the top of the q u e n c h  t o w e r .  E x c e s s  w a t e r  is r e -  
m o v e d  u n d e r  i n t e r f a c e  l e v e l  c o n t r o l  and r o u t e d  to the  spen t  c h a r - w a t e r  
s l u r r y  m i x  s y s t e m .  Any e x c e s s  o i l  f r o m  the  s t o r a g e  t ank  is r e m o v e d  
p e r i o d i c a l l y  to w a s t e  d i s p o s a l .  

A s l u r r y  c o m p o s e d  of two p a r t s  by w e i g h t  of oi l  and  one p a r t  of 
c o a l  can  be r e a d i l y  p u m p e d .  By a d j u s t i n g  the  s l u r r y  ou t l e t  t e m p e r a t u r e  
f r o m  the  s l u r r y  h e a t  e x c h a n g e r  to b e t w e e n  a m b i e n t  and  500°F, s u f f i c i e n t  
h e a t  is  a v a i l a b l e  f r o m  the f i r s t  stage h y d r o g a s i f i e r  o f f - g a s e s  to m a i n t a i n  
the  s l u r r y  d r i e r  bed  a t  600oF. 

This is a specially designed double pipe heat exchanger, not a direct-fired 
heater as shown in Figure 3-8. 
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W a t e r  is not a p r a c t i c a l  cho i ce  for  the  coa l  f eed  s l u r r y  in th i s  
HYGAS p r o c e s s  s y s t e m  b e c a u s e  i ts  hea t  of v a p o r i z a t i o n  is about  f ive 
t i m e s  tha t  of the  u s u a l  a r o m a t i c  oil  at  the  d r y i n g  bed  o p e r a t i n g  cond i -  
t i ons ,  and h e a t  b a l a n c e  could  not  be a c h i e v e d  wi th  a s l u r r y  of p u m p a b l e  
c o n s i s t e n c y .  W a t e r  is  u s e d  fo r  the e m e r g e n c y  c o n t r o l  of d r y i n g  bed  
t e m p e r a t u r e s ,  and a quench  l ine  with an a u t o m a t i c  t e m p e r a t u r e - c o n t r o l  
s t a t i on  was  i n s t a l l e d .  

3 .4 .  Z. 4. R e a c t i o n  Sy.s tem . V e s s e l  

The  c o m b i n a t i o n  of high p r e s s u r e s  and  t e m p e r a t u r e s  wi th  h y d r o g e n  
and  s t e a m  in the  r e a c t i o n  s y s t e m  v e s s e l s  and p ip ing  c a l l s  fo r  c a r e f u l  
de s ign .  The e x p e r i e n c e  and r e c o m m e n d a t i o n s  of the e n g i n e e r i n g  c o n t r a c t o r  
p r o v e d  par ' i : i cu la r ly  i m p o r t a n t  in t h e s e  d e c i s i o n s .  

O b s e r v a t i o n s  at  the  t i m e  the  p r e l i m i n a r y  d e s i g n  was  p e r f o r m e d  
i n c l u d e d  -- 

3 .4 .  Z. 4 . 1 .  R e f r a c t o r y  C o n s i d e r a t i o n s  

Cold  w a l l  de s igns  have  i n t e r n a l  r e f r a c t o r y  and  insula t i 'on  l a y e r s ,  and  
u s u a l l y  o p e r a t e  wi th  v e s s e l  w a l l s  at 250 ° to 350°F. T h e s e  t e m p e r a t u r e s  
a r e  b e l o w  the dew poin t  of the  p r o c e s s  f lu ids  in the . sys t em and  w o u l d  
c a u s e  c o n d e n s a t i o n  of v a p o r  on the  i n s i d e  of the she l l .  R e f r a c t o r y  p r o -  
d u c e r s ,  in fact ,  w e r e  u n c e r t a i n  how " w e t "  o p e r a t i o n  wou ld  a f f ec t  the  
r e f r a c t o r y .  In add i t i on  to s t e a m  and  h y d r o g e n ,  the p r o c e s s  g a s e s  con-  
t a i n  c a r b o n  ox ides  and su l fu r  c o m p o u n d s .  T h e r e  a p p e a r e d  to be  no 
o p e r a t i n g  e x p e r i e n c e  u n d e r  c o m p a r a b l e  cond i t i ons  to d r a w  on t h a t  wou ld  
p e r m i t  s e l e c t i o n  o r  r e j e c t i o n  of a c o l d - w a l l  s y s t e m .  

Hot  w a l l  d e s i g n s  wi th  the v e s s e l  s h e l l  m e t a l  in d i r e c t  c o n t a c t  wi th  
the  p r o c e s s  f lu ids  r e q u i r e  a l l oys  a d e q u a t e  for  the  o p e r a t i n g  t e m p e r a t u r e s .  
F o r  th i s  a p p l i c a t i o n  wi th  m e t a l  t e m p e r a t u r e s  of 1400 ° to 1800°F and  
1650 p s i g  d e s i g n  p r e s s u r e ,  especial l~r  c o n s i d e r i n g  the  c o r r o s i v e  e f fec t  of 
the  s t e a m -  and  h y d r o g e n - r i c h  e n v i r o n m e n t ,  as w e l l  as  the e r o s i v e  e f fec t  
of so l i d s  u n d e r  t h e s e  cond i t i ons ,  w a l l  t h i c k n e s s e s  w o u l d  be too g r e a t  to 
be p r a c t i c a l  o r  e c o n o m i c a l  w i thou t  r e f r a c t o r i e s .  

In add i t ion ,  a c o m b i n a t i o n  of both i n t e r n a l  and  e x t e r n a l  i n s u l a t i o n  
a p p e a r s  to be u n a t t r a c t i v e .  M e t a l  t e m p e r a t u r e  of the  v e s s e l  cou ld  v a r y  
w i d e l y  frorr:t the  d e s i r e d  l eve l ,  d e p e n d i n g  on the a c c u r a c y  of h e a t  f low 
c a l c u l a t i o n s ,  w e a t h e r  cond i t ions ,  the  p h y s i c a l  c6nd i t ion  of the i n s u l a t i o n ,  
and  on how h y d r o g e n  a f fec t s  the  c o n d u c t i v i t y  of the i n t e r n a l  i n s u l a t i o n :  
T h e s e  v a r i a b l e s  wou ld  d i c t a t e  a c o s t l y  s y s t e m  of m e t a l  t e m p e r a t u r e  m e a -  
s u r e m e n t .  E v e n  wi th  such  a m e a s u r e m e n t  s y s t e m ,  hot  spots  -- once  
d e t e c t e d -  could  be c o r r e c t e d  on ly  by p lan t  shu tdown and  r e p a i r .  Hot 
spots  no__~t l oca t ed ,  on the  o t h e r  hand,  wou ld  c o n s t i t u t e  a h a z a r d .  The 
p r i n c i p a l  a d v a n t a g e  p r o m i s e d  by i n t e r n a l / e x t e r n a l  i n s u l a t i o n  in the  p r e -  
l i m i n a r y  d e s i g n  is a v o i d a n c e  of c o n d e n s a t i o n  at  the  i n s i d e  s u r f a c e  of the 
m e t a l  she l l .  
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3 . 4 . 2 . 4 . 2  R e a c t o r  V e s s e l  Des ign  

A w a t e r - j a c k e t e d  v e s s e l  wi th  both i n t e r n a l  and  e x t e r n a l  i n su l a t i on ,  
o p e r a t e d  wi th  w a t e r  at  r e a c t i o n  s y s t e m  p r e s s u r e ,  o f f e r s  a d v a n t a g e s  for  
the  r a n g e s  of 1400 ° to 1800°F, and  1000 to 1500 p s ig  o p e r a t i n g  cond i t ions .  
The  j a c k e t  w a t e r  a b s o r b s  h e a t  t r a n s m i t t e d  t h r o u g h  the  i n t e r n a l  i n s u l a t i o n ,  
a n d  m a i n t a i n s  both  i n n e r  and  o u t e r  m e t a l  wa l l s  of the v e s s e l  at s u b s t a n -  
t i a l l y  the  s a m e  t e m p e r a t u r e .  S t e a m  g e n e r a t i o n  o c c u r s  and the s t e a m  
e n t e r s  the r e a c t o r  s t e a m  s e p a r a t o r  d r u m  w h e r e  the s t e a m  is c o n d e n s e d  
a n d  the w a t e r  r e t u r n e d  to the  b o t t o m  of the j a c k e t .  This  d r u m  is con -  
n e c t e d  to the p r o c e s s  zone of the  v e s s e l  t h r o u g h  a p r e s s u r e - b a l a n c e  l ine .  
In th i s  des ign ,  then ,  the j a c k e t  w a t e r  t e m p e r a t u r e  is  the e q u i l i b r i u m  
t e m p e r a t u r e  of s t e a m ,  o r  about  550°F fo r  1000 ps ig  o p e r a t i o n ,  to 600°F 
f o r  1500 ps ig .  T h e s e  t e m p e r a t u r e s  a r e  above the dew points  of the f luids 
in  the r e a c t i o n  s y s t e m ,  so tha t  no c o n d e n s a t i o n  of v a p o r  o c c u r s  in the 
i n t e r n a l  i n s u l a t i o n  next  to the  m e t a l  v e s s e l  she l l .  T h e s e  m e t a l  t e m p e r -  
a t u r e s ,  too, a r e  such  tha t  an i n n e r  j a c k e t  s h e l l  of c a r b o n  o n e - h a l f  
m o l y b d e n u m  s t e e l  should  p r o v i d e  r e a s o n a b l e  p r o t e c t i o n  a g a i n s t  h y d r o g e n  
a t t ack .  The o u t e r  s t r e n g t h  s h e l l  c an  be c a r b o n  s t ee l ,  b e c a u s e  the two 
m e t a l s  have  s i m i l a r  c o e f f i c i e n t s  of e x p a n s i o n  and p r e s e n t  no p a r t i c u l a r  
p r o b l e m s  for  f a b r i c a t i o n  as a d o u b l e - s h e l l  a s s e m b l y .  Th i s  w a t e r - j a c k e t e d  
v e s s e l  con t a in s  the  h i g h - t e m p e r a t u r e  s e c o n d - s t a g e  h y d r o g a s i f i e r  and the  
h e a t - e x c h a n g e  bed.  

The  f i r s t - s t a g e  r e a c t i o n  of the p r o c e s s  i n c l u d e s  a s m a l l  m i x i n g  zone 
w h e r e  1800°F s e c o n d - s t a g e  o f f -gas  is m i x e d  wi th  60001 ? coa l  f e ed  so l id s .  
T h e r e  is a coa l  f e e d  s t andp ipe ,  a l i f t - l i n e  f r o m  the  m i x i n g  zone to an 
u p p e r  r e a c t i o n  and  s e p a r a t i o n  v e s s e l ,  and a so l ids  r e c y c l e  s t andp ipe  f r o m  
the s e p a r a t o r  to the  m i x i n g  zone  for  t e m p e r a t u r e  c o n t r o l .  The f eed  l ine 
is a f l u i d l z e d  s t andp ipe  wi th  a t h r o t t l i n g  va lve ,  as is the so l id s  r e c y c l e  
l ine .  L i n e s ,  m i x i n g  zone,  and s e p a r a t o r  a r e  r e l a t i v e l y  s m a l l ,  but  have  
h igh  o p e r a t i n g  t e m p e r a t u r e s  and  p r e s s u r e s .  A h o t - b o x  d e s i g n  c o n c e p t  
was  u s e d  for  th is  s y s t e m  in o r d e r  to p r o v i d e  f l ex ib i l i t y  in m a i n t e n a n c e  
and  m o d i f i c a t i o n s ,  as  w e l l  as  in cos t  s a v i n g s .  

A l loy  p ip ing  and  p r e s s u r e  e q u i p m e n t  c o m p o n e n t s ,  c apab le  of w i t h -  
s t a n d i n g  both the  a n t i c i p a t e d  140001 ~ o p e r a t i n g  t e m p e r a t u r e ,  and  p o s s i b l e  
t r a n s i e n t  t e m p e r a t u r e s  to 1800°F d u r i n g  o p e r a t i n g  u p s e t s ,  a r e  e n c l o s e d  
in  a p r e s s u r e  v e s s e l  a d e q u a t e  fo r  the  r e q u i r e d  o p e r a t i n g  p r e s s u r e .  The 
hot  i n t e r n a l  p ip ing  and  p a r t s  a r e  w r a p p e d  wi th  i n s u l a t i o n .  The void  
v o l u m e  b e t w e e n  i n t e r n a l s  and  the p r e s s u r e  e n c l o s u r e  v e s s e l  is  f i l l ed  wi th  
n i t r o g e n  to b a l a n c e  the  p r e s s u r e  in s ide  the p r o c e s s  zones .  With th is  
de s ign ,  the  m e t a l  of the e n c l o s i n g  v e s s e l  is  at r e l a t i v e l y  low t e m p e r a t u r e  
a n d  p r e s e n t s  no s p e c i a l  de s ign  p r o b l e m s .  The i n t e r n a l  p r o c e s s  c o m -  
ponen t s  o p e r a t e  at  qui te  h igh  t e m p e r a t u r e s ,  but h a v e  v e r y  low o p e r a t i n g  
p r e s  s u r e  d i f f e r e n t i a l s .  

3 . 4 . 2 . 4 .  3. R e a c t i o n  S y s t e m  V e s s e l  Layou t  

A " s t a c k e d  a s s e m b l y "  was  c o n s i d e r e d  a p r o b a b l e  a r r a n g e m e n t  of the 
v a r i o u s  h i g h - p r e s s u r e  s e c t i o n s  of the h y d r o g a s i f i c a t i o n  p r o c e s s  f r o m  the 
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b e g i n n i n g  of  d e s i g n .  In  t h i s  a s s e m b l y ,  t h e  m a i n  e n v e l o p e  i s  a c a r b o n -  
s t e e l  s h e l l  of  5 f e e t  6 i n c h e s  i n s i d e  d i a m e t e r  a n d  12.0 f e e t  0 i n c h  f r o m  
t a n g e n t  l i n e  to  t a n g e n t  l i n e .  T h e  v e s s e l  is  s u p p o r t e d  f r o m  g r a d e  by  a n  
i n t e g r a l  s k i r t .  T h e  l o w e r  s e c t i o n  a c c o m m o d a t e s  t h e  s e c o n d - s t a g e  r e a c t o r  
and  t he  p r o d u c t  c h a r  c o o l i n g  f l u i d  b e d ,  a n d  u t i l i z e s  a w a t e r  j a c k e t  to  
c o n t r o l  m e t a l  t e m p e r a t u r e s ,  a s  d i s c u s s e d  e a r l i e r .  A l t h o u g h  i n t e r n a l  c h a n g e s  
h a v e  b e e n  i n c o r p o r a t e d  s i n c e  S e p t e m b e r  1972,  t h e  i n i t i a l  d e s i g n  i s  d e s c r i b e d  
he  r e .  

T h e  u p p e r  s e c t i o n  of  t h e  v e s s e l  i n c o r p o r a t e s  t h e  h o t - b o x  s y s t e m .  T h e  
u p p e r  s e c t i o n  c o n t a i n s  t h e  s l u r r y  f e e d  d r y i n g  b e d ,  t h e  f i r s t - s t a g e  r e a c t o r  
a n d  l i f t  p i p e ,  t h e  r e c y c l e  p i p e ,  t h e  g a s - s o l i d s  s e p a r a t o r ,  a n d  r e l a t e d  p i p i n g .  
T h e s e  c o m p o n e n t s  a r e  of  a l o n i z e d  I n c o l o y  800 t h a t  w i l l  p r o v i d e  r e a s o n a b l e  
s e r v i c e  l i f e  u n d e r  t h e  s e v e r e  o p e r a t i n g  c o n d i t i o n s  d e s c r i b e d .  T h e  a l l o y  
p a r t s  a r e  e.~.: ternally i n s u l a t e d  and  s u r r o u n d e d  by  a n i t r o g e n  a t m o s p h e r e  
m a i n t a i n e d  :.n b a l a n c e  w i t h  t h e  r e a c t i o n  s y s t e m  p r e s s u r e .  T h e  p r e s s u r e  
e n c l o s u r e  o1! t he  h o t  box  is  t h e  m a i n  v e s s e l  s h e l l  w i t h  r e a s o n a b l e  a c c e s s  
f o r  m a i n t e n ~ n c e  w o r k  on  t h e  a l l o y  i n t e r n a l s  a n d  i n s u l a t i o n .  T w o  m a n h o l e s  
a r e  l o c a t e d  on  t he  h o t  box  s h e l l  to p r o v i d e  v e n t i l a t i o n  f o r  m a i n t e n a n c e  w o r k  
d u r i n g  s h u t d o w n .  T h e  t o p  of  t h e  s l u r r y  d r i e r  v e s s e l  o p e r a t e s  a t  r e a c t i o n  
p r e s s u r e  a n d  r e l a t i v e l y  l o w e r  t e m p e r a t u r e  of  a b o u t  6 0 0 * F .  The  s l u r r y  
d r i e r  v e s s e l  d o e s  n o t  r e q u i r e  i n t e r n a l  i n s u l a t i o n ,  b u t  e x t e r n a l  i n s u l a t i o n  
i s  r e q u i r e d  f o r  u p p e r  a n d  l o w e r  s e c t i o n s  of  t h e  v e s s e l .  

T h e  o p e r a t i n g  p r e s s u r e  of  t he  r e a c t i o n  s y s t e m  i s  a l i t t l e  o v e r  1000 p s i  
a n d  t h e  d e s i g n  p r e s s u r e  i s  1650 p s i .  T h e  p r e s s u r e  in  t h e  n i t r o g e n - f i l l e d  
s h e l l ,  i s  h e l d  a s  c l o s e  to  t h o s e  in  t h e  r e a c t i o n  z o n e  a s  p o s s i b l e .  T h i s  i s  
a c c o m p l i s h e d  by a c o n t r o l  s y s t e m  in  t h e  c a s e  of  t h e  n i t r o g e n  a t m o s p h e r e  
of  t h e  h o t  box,  and  by  m e a n s  of  an  e q u a l i z i n g  l i n e  t o  t h e  r e a c t i o n  s y s t e m  
f r o m  t h e  r e a c t i o n  s t e a m  s e p a r a t o r  d r u m ,  in  t h e  c a s e  o f  t h e  w a t e r - j a c k e t e d  
v e s s e l .  

O n l y  s m a l l  p r e s s u r e  d i f f e r e n t i a l s  e x i s t  d u r i n g  n o r m a l  o p e r a t i o n ,  b u t  
t h e s e  d i f f e r e n t i a l s  c a n  b e c o m e  a p p r e c i a b l e  d u r i n g  o p e r a t i n g  u p s e t s .  F o u r  
p e r c e n t  of t h e  1500  p s i g  d e s i g n  p r e s s u r e  -- i . e . ,  60 p s i g  in  e i t h e r  d i r e c -  
t i o n -  w a s  s u g g e s t e d  a s  a d e s i g n  v a l u e  f o r  a l l o w a b l e  p r e s s u r e  d i f f e r e n t i a l  
b e t w e e n  h o t  b o x  a n d  u p p e r  a n d  l o w e r  v e s s e l  s e c t i o n s .  T h e  i n n e r  s h e l l  
of  t h e  w a t e r  j a c k e t e d  l o w e r  s h e l l  m u s t  a l s o  w i t h s t a n d  t h i s  d i f f e r e n t i a l  a s  
an  e x t e r n a l  p r e s s u r e .  In  c o n n e c t i o n  w i t h  t h e  a l l o y  i n t e r n a l s  o f  t h e  h o t  
box ,  t h e  60 p s i g  d i f f e r e n t i a l  i s  o n l y  a t r a n s i e n t  c o n d i t i o n  t h a t  w o u l d  r e -  
s u l t  f r o m  a n  o p e r a t i o n s  u p s e t .  T h e  c r e e p  s t r e s s  l i m i t s  t h a t  a p p l y  f o r  
c o n t i n u o u s  l o a d i n g  a t  e l e v a t e d  t e m p e r a t u r e s  a r e  n o t  a p p l i c a b l e ,  a n d  d e s i g n  
w a s  b a s e d  on t h e  a p p r o p r i a t e  e l a s t i c  m o d u l u s .  

T h e  60 p s i g  d i f f e r e n t i a l  n o t e d  a b o v e  b r i n g s  t h e  d e s i g n  p r e s s u r e  i n -  
s i d e  t h e  h o t  b o x  to  1560  p s i g ,  c o r r e s p o n d i n g  to  t h e  r e q u i r e m e n t  o f  1500  
p s i g  i n  t h e  a c t u a l  r e a c t i o n  z o n e s  of  t h e  e q u i p m e n t .  
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P r e s s u r e  r e l i e f  p r o t e c t i o n  is  r e q u i r e d  b e t w e e n  the  d i f f e r e n t  s e c t i o n s  
of the  r e a c t i o n  s y s t e m  v e s s e l .  T w o - w a y  sa f e ty  h e a d s  or  '1 rupture  d i s k s " ,  
wi th  r u p t u r e  p r e s s u r e s  of 40 to 60 ps i ,  a r e  u s e d .  Safe ty  h e a d s  a r e  i n -  
c o r p o r a t e d  in t h i s  r u p t u r e  r a n g e  tha t  u t i l i z e  c o m b i n a t i o n  m e t a l  and Te f lon  
e l e m e n t s .  

3 . 4 .  Z. 5 P r o d u c t  C h a r  ~ e m o v a l  S y s t e m  

C h a r  f r o m  the  r e a c t i o n  s y s t e m  v e s s e l  is  d i s c h a r g e d  t h r o u g h  the  bo t tom 
so l i d s  c o n t r o l  v a l v e ,  and is  t r a n s f e r r e d  by c a r r i e r  s t e a m  f low into a c h a r  
s l u r r y  q u e n c h  tank .  The  t ank  is  a t  s y s t e m  p r e s s u r e ,  be ing  c o n n e c t e d  
by an e q u a l i z i n g  l ine  to the r e a c t i o n  v e s s e l .  E x c e s s  w a t e r  f r o m  the  o v e r -  
h e a d  q u e n c h  s y s t e m  p lus  r e c y c l e d  m a k e u p  w a t e r  f r o m  the  c h a r  s e t t l i ng  
pond  i s  p u m p e d  into  the q u e n c h  tank,  coo l ing  the  ho t  c h a r  and c o n d e n s i n g  
the  c a r r i e r  s t e a m .  A c i r c u l a t i n g  pump t a k e s  suc t i on  f r o m  the  bo t tom 
of the  t ank  and d i s c h a r g e s  back  into  the  v e s s e l ,  p r o v i d i n g  c h a r - w a t e r  s l u r r y  
m i x i n g  and m a i n t a i n i n g  an e v e n  s l u r r y  c o n s i s t e n c y .  S l u r r y  c o n c e n t r a t i o n s  
of up to 30 w e i g h t  p e r c e n t  so l id s  c a n  be r e a d i l y  h a n d l e d .  

3 . 4 .  Z. 6 R e a c t o r  S y s t e m  C o n t r o l  

E a c h  of the  fou r  f l u i d i z e d  beds  of the  r e a c t i o n  s y s t e m  is o p e r a t e d  
u n d e r  l e v e l  c o n t r o l .  F e e d  so l i d s  e n t e r  a t  the  top and a r e  d i s c h a r g e d  
f r o m  the  b o t t o m  of the  r e s p e c t i v e  bed  v i a  a f l u i d i z e d  s t andp ipe  in c o m -  
b i n a t i o n  wi th  a t h r o t t l i n g  va lve .  The fo l lowing  five s t andp ipe s  r e q u i r e  
c o n n e c t i o n s  fo r  h i g h - p r e s s u r e  n i t r o g e n ,  p r o v i d i n g  b l o w b a c k  to c l e a r  the 
l i n e s  a s  r e q u i r e d :  

I. F r o m  s l u r r y  d r i e r  to f i r s t - s t a g e  mixing c h a m b e r .  

Z. F r o m  spou t ing  b e d  s e p a r a t o r  to f i r s t - s t a g e  m i x i n g  c h a m b e r .  

3. F r o m  spou t ing  b e d  s e p a r a t o r  to s e c o n d - s t a g e  r e a c t o r .  

4. F r o m  s e c o n d - s t a g e  r e a c t o r  to the h e a t  e x c h a n g e  bed.  

5. F r o m  the h e a t - e x c h a n g e  b e d  to s p e n t - c h a r  r e m o v a l .  

Al l  b l o w b a c k  c o n n e c t i o n s  m u s t  be m a d e  d i r e c t l y  above  the  r e s p e c t i v e  so l id s  
v a l v e s  i n v o l v e d .  At the  t i m e  s t a r t - u p  t e s t i n g  began ,  the  p r i m a r y  e l e m e n t  
of the  l e v e l  c o n t r o l l e r  fo r  the c h a r  s l u r r y  d r y i n g  bed  was  of the  n u c l e a r  
r a d i a t i o n  and  a d s o r p t i o n  type .  A p r e s s u r e  d i f f e r e n t i a l  c o n t r o l l e r  l a t e r  
c a m e  to be r e l i e d  on e x c l u s i v e l y  f o r  l e v e l - s e n s i n g .  The  r e m a i n i n g  bed  
l e v e l s  a r e  c o n t r o l l e d  by a p r e s s u r e  d i f f e r e n t i a l  c o n t r o l l e r  o p e r a t i n g  on the 
p r e s s u r e  d r o p  c a u s e d  by so l i d s  l e v e l  in  the  £1uidized bed.  

The  r e c y c l e  s t r e a m  of so l id s  tha t  i s  r e t u r n e d  to  the  f i r s t - s t a g e  m i x i n g  
c h a m b e r  s e r v e s  a s  a m e a n s  to c o n t r o l  f i r s t - s t a g e  r e a c t i o n  cond i t i ons .  
T h i s  r e c y c l e  s t r e a m  i s  c o n t r o l l e d  by the  t e m p e r a t u r e  of the  s t r e a m  l e a v i n g  
the  m i x i n g  c h a m b e r .  W a t e r  s p r a y s  a r e  u s e d  if  n e e d e d  to c o n t r o l  r e a c t i o n  
t e m p e r a t u r e  in  the  spout ing  bed  s e p a r a t o r .  



.& 

I n s t r u m e n t  tub ing  c o n n e c t i o n s  to al l  p a r t s  of the r e a c t i o n  s y s t e m  r e -  
q u i r e  blowba.::k gas  l i n e s  to p r e v e n t  p lugg ing  by the e n t r y  of so l ids ,  

With the: hot  box des ign ,  i n s t r u m e n t a t i o n  is r e q u i r e d  to m a i n t a i n  a 
c l o s e l y  b a l a n c e d  p r e s s u r e  b e t w e e n  the hot  box and the p r o c e s s  s ide  of 
the  r e a c t i o n  s y s t e m  v e s s e l .  B a l a n c e  is m a i n t a i n e d  by a d m i t t i n g  m a k e - u p  
n i t r o g e n  into the ho t  box to c o m p e n s a t e  fo r  p r e s s u r e  i n c r e a s e s  on the  
p r o c e s s  s ide ,  and  by ven t ing  n i t r o g e n  if p r o c e s s  p r e s s u r e  f a l l s .  A 
s p l i t - r a n g e  ,..tifferential p r e s s u r e  c o n t r o l l e r  is c o n n e c t e d  b e t w e e n  the hot  
box  and the u p p e r  s e c t i o n  of the r e a c t i o n  s y s t e m  v e s s e l ,  B e c a u s e  t h e r e  
a r e  no v a l v e s  in the gas  p ip ing  b e t w e e n  the  l o w e r  and  u p p e r  f lu id  beds  
of the r e a c t i o n  s y s t e m ,  the l o w e r  r e a c t i o n  a l so  is h e l d  in p r e s s u r e  b a l -  
ance  wi th  the  hot  box. 

The p r e s s u r e  b a l a n c e  b e t w e e n  the hot  box and p r o c e s s  s ide  can be 
upset by -- 

1. S e v e r e  ~u rges  in p r o c e s s  o p e r a t i n g  p r e s s u r e .  

2. F a u l t y  ac t i on  of the n i t r o g e n  i n j e c t i o n  o r  ven t  c o n t r o l s .  

3. B l o c k a g e  of p r o c e s s  gas  l ines  in the r e a c t i o n  s y s t e m  v e s s e l .  

The  i n t e r n a l  p ip ing  and r e a c t i o n  zones  of the v e s s e l  s e c t i o n s  a r e  a d e q u a t e  
fo r  p r e s s u r e  d i f f e r e n t i a l  t r a n s i e n t s  up to 60 ps i .  P r o t e c t i o n  a g a i n s t  
h i g h e r  pres~'!ure d i f f e r e n t i a l s  is p r o v i d e d  by p r e s s u r e  r e l i e f  d e v i c e s  s u c h  
as  the Blact,: S iva l l s  and  B r y s o n  " t w o - w a y " - t y p e  tha t  c o m b i n e s  a T e f l o n  
d i a p h r a g m  wi th  p e r f o r a t e d  m e t a l  r u p t u r e  d i s c s .  The  use  of Te f lon  l i m i t s  
m a x i m u m  t e m p e r a t u r e s  tha t  can  be t o l e r a t e d  for  g a s e s  in c o n t a c t  wi th  
the  d e v i c e s .  A s a t i s f a c t o r y  a r r a n g e m e n t  wou ld  be to loca t e  e a c h  r e l i e f  
dev i ce  in a s e p a r a t e  e x t e r n a l  p r e s s u r e  c o n t a i n e r  c o n n e c t e d  to the r e a c t o r  
s y s t e m  by p![pes a r r a n g e d  to d r a i n  any  c o n d e n s a t i o n  b a c k  into  the  r e a c -  
t ion  s y s t e m .  

P r o t e c t i o n  of the  r e a c t i o n  s y s t e m  v e s s e l  a g a i n s t  p r e s s u r e s  in e x c e s s  
of the 1500 ps ig  d e s i g n  v a l u e  is  p r o v i d e d  by d o w n s t r e a m  p r e s s u r e  r e l i e f  
v a l v e s  at  the  top of the  g a s i f i e r .  V a l v e s  fo r  th i s  s e r v i c e  a r e  code  a p p r o v e d  
and p i lo t  o p e r a t e d  t y p e s ,  t ha t  c l o s e  a c c u r a t e l y  a f t e r  ven t ing  when  the s y s -  
t e m  p r e s s u r e  is not  r e d u c e d  m u c h  be low the r e l i e f  p r e s s u r e  se t t ing .  Th i s  
p r e c a u t i o n  is n e e d e d  to avo id  e x c e s s i v e  s u r g e s  in the  b a l a n c e d  p r e s s u r e  
s e c t i o n s  of the  r e a c t o r ,  t hus  k e e p i n g  r u p t u r e  d i s c s  i n t a c t  and l i m i t i n g  the  
e f f ec t s  of p r o c e s s  u p s e t s .  

B a l a n c e d  p r e s s u r e  is i n h e r e n t  in the w a t e r - j a c k e t e d  v e s s e l  and  p ip ing  
d e s i g n s  tha t  a r e  d i s c u s s e d  h e r e ,  b e c a u s e  the j a c k e t s  a r e  c o n n e c t e d  to 
the  p r o c e s s  ~side of the r e a c t i o n  s y s t e m  by an equa l i z i ng  p ipe .  The  p r o -  
c e s s  gas is p u s h e d  out  w h e n  the  j a c k e t  w a t e r  s y s t e m  r e a c h e s  n o r m a l  
o p e r a t i n g  t e m p e r a t u r e .  The  s t e a m  s e p a r a t o r  and a l l  p ip ing  of  the j a c k e t  
w a t e r  c i r c u l a t i o n  s y s t e m  a r e  s i z e d  to a l l o w  for  p r o c e s s  p r e s s u r e  s u r g e s  
tha t  can o c c u r  in p l an t  o p e r a t i o n  u n d e r  e m e r g e n c y  cond i t ions .  



3 . 4 . 2 . 7 .  Sol ids  F low C o n t r o l  V a l v e s  

Sol ids  f low v a l v e s  tha t  a r e  su i t ab le  for  the  s e r v i c e  cond i t ions  of the  
p r o c e s s  have  not ye t  b e c o m e  c o m m e r c i a l l y  ava i l ab le ,  a l though  p r o g r e s s  
has  b e e n  m a d e  in th i s  a r e a .  Ex i s t i ng  va lve  types  m u s t  be m o d i f i e d  to 
mee.t  HYGAS p i lo t  p lan t  duty r e q u i r e m e n t s .  

One coa l  f e e d  va lve  hand le s  so l ids  at about  600°F; an ex i s t i ng  s t a n d a r d  
c o m m e r c i a l  d e s i g n  was  c o n s i d e r e d  adequa te  fo r  th is  va lve  body, but s ea l s  
p r o v e d  to be a p r o b l e m .  T h r e e  o the r  so l ids  v a l v e s  o p e r a t e  at a 1400°F 
so l ids  t e m p e r a t u r e  in the  p i lo t  p lan t ;  s p e c i a l  va lve  bod ie s  a r e  r e q u i r e d  
for  th i s  h i g h - t e m p e r a t u r e ,  h i g h - p r e s s u r e  s e r v i c e .  Al though  one of t h e s e  
v a l v e s  is l o c a t e d  in a n o r m a l l y  1400°F e n v i r o n m e n t ,  it  m u s t  o p e r a t e  at  
1800°F so l ids  t e m p e r a t u r e .  Al l  of the so l ids  v a l v e s  a r e  in t h r o t t l i n g  
s e r v i c e ,  and a l l  hand l e  f l u id i zed  so l ids .  O p e r a t i n g  d i f f e r e n t i a l  p r e s s u r e s  
a r e  s m a l l ,  and  t igh t  shu t -o f f  is not  r e q u i r e d .  

Spec ia l  a t t en t ion  is  r e q u i r e d  to sea l  va lve  s t e m s  a g a i n s t  the  so l ids  
c o n t e n t  of the  r e a c t i o n  s y s t e m  s t r e a m s .  The f ina l  va lve  d e s i g n  for  the 
h o t - b o x  sec t ion  u t i l i z e d  bu t t e r f ly  p a t t e r n  v a l v e s  wi th  h i g h - t e m p e r a t u r e  
a l loy bod ies ,  s t e m s ,  and va lve  d i sks .  

In the ho t  box s y s t e m ,  m a s t e r  and s lave  h y d r a u l i c  o p e r a t o r s  p r o v i d e  
a so lu t ion  for  the  v a l v e  o p e r a t i o n  p r o b l e m .  The  s l ave  va lve  o p e r a t o r  
c y l i n d e r  is l o c a t e d  i n s i d e  the hot  box; h y d r a u l i c  l i nes  l ead  to the e x t e r n a l  
m a s t e r  c y l i n d e r  tha t  is p o s i t i o n e d  by a c o n t r o l  i n s t r u m e n t  s ignal .  Dif-  
f e r e n t i a l  p r e s s u r e s  m o v e  the  s l a v e d  va lve  to the  s a m e  r e l a t i v e  p o s i t i o n  
t a k e n  by the  m a s t e r  va lve .  H y d r a u l i c  o p e r a t i n g  p r e s s u r e s  on both s ides  
of the  c y l i n d e r s  could  be se t  above the  r e a c t i o n  s y s t e m  p r e s s u r e s ,  so 
tha t  any  l e a k a g e  a c r o s s  va lve  s ea l s  a r e  ou tward .  This  d e s i g n  avoids  the  
p r o b l e m  of runn ing  va lve  o p e r a t i n g  shaf t s  t h r o u g h  v e s s e l  s h e l l s ,  and  a l l  
the a t t endan t  p r o b l e m s  r e l a t i v e  to p r o c e s s  p r e s s u r e ,  t e m p e r a t u r e ,  and  
sea l ing .  

The  va lve  tha t  c o n t r o l s  so l ids  f low f r o m  the s e c o n d - s t a g e  h y d r o g a s -  
i f i e r  to the h e a t - e x c h a n g e  s t age  is shown in F i g u r e  3-9.  The va lve  tha t  
c o n t r o l s  the  spen t  c h a r  ou t le t  l ine  be low the r e a c t i o n  s y s t e m  v e s s e l  is  
a l s o  shown in F i g u r e  3-10. B e c a u s e  no c o m m e r c i a l  d e s i g n s  w e r e  found 
to be adequa te ,  both  t h e s e  v a l v e s  w e r e  d e s i g n e d  by HYGAS p r o j e c t  en -  
g i n e e r s ;  f ina l  d e s i g n  was p e r f o r m e d  by T. D. I t i l  and  A s s o c i a t e s ,  Toledo ,  
Ohio,  in c o n s u l t a t i o n  wi th  HYGAS p e r s o n n e l .  

G e n e r a l l y ,  in s t a r t - u p  and s u b s e q u e n t  o p e r a t i o n s ,  HYGAS e n g i n e e r s  
have  found tha t  -- 

• The d e s i g n  u s e d  in the Wil l is  ~ choke  f l o w - c o n t r o l  va lve ,  which  has  
c o n t r a r o t a t i n g  t u n g s t e n - c a r b i d e  coa t ed  e l e m e n t s  fo r  va lve  t r i m ,  has  p r o v e n  
to be s a t i s f a c t o r y  u n d e r  h i g h - p r e s s u r e  s l u r r y  l e tdown  s e r v i c e  for  l iqu ids .  

• 14el-F, Viton,  or  Tef lon  e l a s t o m e r  sea l  m a t e r i a l s  a r e  r e q u i r e d  for  
the HYGAS p i lo t  p lant  a r o m a t i c  l ight  o i l  s t r e a m  va lve s .  

Willis Oil Tool Corporation, Long Beach, California. 
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• C e n t r i f u g a l  c h a r - s l u r r y  p u m p s  m u s t  r u n  a t  s p e e d s  l o w e r  t h a n  1800 
r p m ,  a n d  t h e  c a s i n g  a n d  i m p e l l e r  s h o u l d  be h a r d - f a c e d  w i t h  S t e l l i t e  o r  
s t a i n l e s s  s t e e l  o v e r l a y s  i n  o r d e r  to  w i t h s t a n d  t h e  e i~os ive  c o n d i t i o n s  of  
p u m p i n g  e v e n  l o w  c o n c e n t r a t i o n s  of  c h a r  s l u r r y .  

• T h e  i n i t i a l  d e s i g n  of  t h e  HYGAS r e a c t o r  i n c o r p o r a t e d  T y p e  446 h i g h -  
c h r o m e ,  s t a i n l e s s  s t e e l  f o r  p i p i n g  a n d  c e r t a i n  c o m p o n e n t s .  T h i s  m a t e r i a l  
w a s  c h o s e n  :[or i t s  e x c e l l e n t  r e s i s t a n c e  to  a h y d r o g e n  s u l f i d e  a t t a c k  u n d e r  
r e d u c i n g  c o n d i t i o n s .  H o w e v e r ,  i t s  l a c k  of  h i g h - t e m p e r a t u r e  t e n s i l e  s t r e n g t h  
c a u s e d  t h a t  : m a t e r i a l  to  be r e j e c t e d  a f t e r  i n i t i a l  t r i a l  r u n s  on  t h e  H Y G A S  
r e a c t o r .  S u b s e q u e n t l y ,  H Y G A S  e n g i n e e r s  h a v e  u s e d  I n c o l o y  800 o r  T y p e  330 
s t a i n l e s s  s t e e l  e x c l u s i v e l y  f o r  i n t e r n a l  h o t  t r a n s f e r  p i p i n g  a n d  r e a c t o r  w a l l  
m a t e r i a l s .  

A r e p o r t  o n  m a t e r i a l s  a n d  c o r r o s i o n  c o n s i d e r a t i o n s  i n  t h e  H Y G A S  
P r o c e s s  is  i n c l u d e d  in  A p p e n d i x  3 - A .  

3 . 4 . 3  ] P u r i f i c a t i o n  S e c t i o n  

3 . 4 : . 3 . 1  

T h i s  s e c t i o n  i s  d i v i d e d  i n t o  t h r e e  f u n c t i o n a l  u n i t s ,  n a m e l y ,  3 . 4 . 3 . 2  
H y d r o g a s i f i e r  E f f l u e n t  Q u e n c h  Sys t em, ,  3 . 4 . 3 . 3  cQ~ a n d  H~S R e m o v a  ! S y s t e m ,  
a n d  3. 4 . 3 '  4 C a u s t i c  W a t e r  W a s h  S c r u b b e r  S y s t e m .  M a t e r i a l  b a l a n c e s  a n d  

, , , , ,  

p h y s i c a l  p r o p e r t i e s  of  s t r e a m s  f o r  t he  t h r e e  c o n t r o l l i n g  c a s e s  a r e  p r e -  
s e n t e d  in  T a b l e  3 - 3 .  P l e a s e  n o t e  t h a t  e a c h  of  t h e  t h r e e  f u n c t i o n a l  u n i t s  
w i t h i n  t h e  p u r i f i c a t i o n  s e c t i o n  i s  d e s i g n e d  f o r  t h e  r e q u i r e m e n t s  of  i t s  __in" 
d i v i d u a l  c o n t r o l l i n g  c a s e .  F o r  e x a m p l e ,  t h e  d e s i g n  c a s e  f o r  c a r b o n  d i o x i d e  
r e m o v a l  i s  b a s e d  on  h i g h e r  c a r b o n  d i o x i d e  c o n c e n t r a t i o n s  p r e v a l e n t  i n  t h e  
l i g n i t e  s y n g a s  f r o m  t h e  e l e c t r o t h e r m a l  u n i t .  On  t h e  o t h e r  h a n d ,  t h e  d e s i g n  
c a s e  f o r  t he  s u l f u r  r e m o v a l  c a p a c i t y  of  t h e  s y s t e m  i s  b a s e d  on  a b i t u m i n o u s  
c o a l  t h a t  i s  : h ighe r  i n  s u l f u r  c o n t e n t  t h a n  a r e  t h e  o t h e r  c a s e s .  F i g u r e  3 -11  
p r e s e n t s  t he  p r e l i m i n a r y  d e s i g n  P F D  f o r  t h i s  s e c t i o n .  

T h e  e f f l u e n t  q u e n c h  s y s t e m  i s  d e s i g n e d  f o r  b i t u m i n o u s  c o a l  w i t h  a 
50:50  s t e a m - t o - h y d r o g e n  r a t i o .  To a l l o w  f o r  v a r i a t i o n s  in  t h e  h e a t  l o a d  
a n d  o f f - g a s  r a t e ,  t h e  s y s t e m  i s  d e s i g n e d  f o r  120 to 125 p e r c e n t  of t h e  c a l -  
c u l a t e d  m a x i m u m  r a t e .  A c o n t r o l l i n g  c a s e  m a t e r i a l  b a l a n c e  i s  s h o w n  in  
T a b l e  3 -4 .  

The carbon dioxide and hydrogen sulfide removal system is designed 
to clean up product gas from the gasification of lignite coal with synthesis 
gas generated in the electrothermal gasifier. (See Part IV: Hydrogen 
Generation of this report for details.) A design case material balance 
is provided in Table 3-5, The material balance and stream data for the 
controlling case of the MEA reclaimer is shown in Table 3-6. 

T h e  c a u s t i c  a n d  w a t e r  w a s h  s e c t i o n  i s  d e s i g n e d  f o r  b i t u m i n o u s  c o a l  
w i t h  a 50:50 s t e a m - t o - h y d r o g e n  r a t i o .  T h e  d e s i g n  c a u s t i c  r a t e  i s  b a s e d  
on t he  a s s u m p t i o n  t h a t  0 . 3  m o l e  p e r  h o u r  of  c a r b o n  d i o x i d e  and  0. Z m o l e  
p e r  h o u r  of  h y d r o g e n  s u l f i d e  m u s t  be  r e m o v e d  f r o m  the  g a s .  T h e  m a t e r i a l  
b a l a n c e  a n d  s t r e a m  p h y s i c a l  p r o p e r t i e s  f o r  t h e  c a u s t i c  a n d  w a t e r  w a s h  
s e c t i o n  is  s h o w n  f o r  a c o n t r o l l i n g  c a s e  in  T a b l e  3 - 7 .  

3 -39 



o 

o 

N ~ 
m ~ 

m ~  

I - I  

0 . , 4  

o~ I ~- II ~,I ~.IIl 

t - i  r - i  . . . . . . .  

o u ~  0o vo cn~a ~o  o ~o  ~- 

o, I I II '= 

• 

ID ~ ,  o~ I o  ° , ~  

c~ 

~<  - 

• ~ :  ~ 

I H ~ r . ,  o o  oO~O'<ooxo0ou-",,001~ " otr~ , . . . . . . . . .  o~ 

t ~  o~ o~cu 

~ o 

I " ~  ""  
~1 .-t 

I 

Ig,  I '~.~. I 

, N o  1 
~ N  

+, 

i/I 

• I.'i, 

• ~ ~ 

0 • ~ ~,~ .~" . . . .  '~ ,. 
• o ~ . . . . .  

o~ '~  ~ .  ~ 
I ~ O l ~  ~l; ~ 0 0 0 ~  

I ~ I~ m l ~ l o o  

m . i  

,,0 
o 

t , -  <I 

~ . . 4 1 3  



J 

~,~ 
C) 
0 

0 0 

I ~ ~,.~ ~ 
~[-.~ 

N~,. 

0 .': 
~- I  ~ . )  

<', 

~ N 

"~NI N 

;4 

• , <  ~ o) 

o i 

~0~ 

o .,4 

o 
o o ~ )  

. c  
oh  

o ~  

"~, ~ -~ 

~ 0~..° 
~ ~ ~o ~ooo 

u ~  e-4 r~l h .  

i o  

O0 

0 

¢Jo  i ~ l  
i • t 

OKX 

,-4 r~ 

o o ~ o o o o o ~ o l  

• 6 d  

~ o 
6 

,"4 

,~o  :~ 

~o. ~ ~ 

~ ~ ~O~oo~ 

,a  

~o o 

c~ 

%0 

u ~  
r'4 

' , 0  
0 u ~  

~. _-11 



i - i  

~ 0  

OH 

m ~  

Z Z  

m ~  

m ~  

,o 

o~ 

~ l  

~o~ 

~®1 
O ~  0 

o ~  

~ o  ~ ~ ~ . ~  I~..'~. ~. I ~ ~ ~ ~ o o ~  

~ ~,,:, '~d,-i ' 

81 I I I I I I I I I  ' ~  'R 

O 0  I 0  o ~  l l i l l l l  I 

O 0  I I I I I I 1 ~ 1 1 1  
O 0  I I I I I I 1 ~ 1 1 1  

~ ~.~ ~ o  . o m  . ', I . 

• 0 ~ 0  • ~ r ~  

r 4  

i r -  , ~ I  I I I I  

~ O 0  

w ' t~N 0 

I I ~ ~, " 0 ~ 0 o  
| =~® o=E~=~ 

o 

~ 0  



. /  

i 

i I, i 

0 I ~ 1 1  

o 

~ o  

,-1 m 

~ ~ o  

! 

I ~  

• ~,lii 

~1,~ 

, tn 

i 
I . . .  

| ~  ", 

n 

q, , j  

I: 
i ~ .~  

{W 

j,,.., 

I I ~ ' I  

~w 

i 

..i 

l u  

iw 

' I  
l i d  

o 

I',, 

,:_4 

R 
1.1 

{'E!.-" 
~g 

-,:I "fl ~ ~i 

,-~-~.__.. 
, , i  



O 0  

r ~  

r ~  
o 

Oo 

~4  

0 

0 

I -  

~o~ 

O~ " 

~,~, ~ 

OO 

OLI% lO~  I 
I • I ~,~ I I I I I  I I  

o°~, I I I I I  I ' ° ' ~  ,oo ,,~ 

o o  ~ I I I  o o  I I I I I I I ~  

oo  I ,-I~.0 i-.~- o,,-, I I I I I I , d , ; ,  ~ 

o~ 

~,~ oot~ooooorlo I 

, o  I ,  ~ .  ' , ' , I  

I ~  I I  %*'o I I I  

I o0~  ~ t~  

.~ .8",, o o+j 

lo~b ...... o 

l,,. 

l..n 

,,0 
o u"l 
I,.... < 

l J  

,.o ~ i  
i0 

3 - 4 4  



:~N L) 

0 Z 

>~ 

=0 

< 

~ m  M 
Z ~  
0 
~ M  

mM 

m ~ 

e~ Or-~ 

n~ 

=r ~ )o .d  

tn 

~ ,  

~o~ 

~ ,  ~, 

• I i ~ l  

~ : : : l l l , ~ l  , ~  

c., ~.'~ t ~  t ,- .4 I ( ' ~  i , . ,4  'A  

~0~ . .  

e4 e-I..-.,...nr ~ .  i - I  

• * o  I I  I : :  ~,~ • 

~ ~ ~,~ I I ~  ° 

,-~ ee% 

~o °~ II ~ I: 

.~o. • 

r4u% 

~ ~ ~ , , ,  

a0 

u~ 

1,4 

~0 
o L,3 

3-45 



,.-] 

I - , - I  

~ 0  

r.O -, 

~121 ' 
ro ;z; 0~ 

! 
m 

, ' - 4  

• i-) 10 

o 

.~r~ 
u~ 

, - - I o  

0 0 

0 

~= ~ o ~  

0 =~"~, '~ 

00C~O O~  O0  r~C l  , 

- &  08~o.,8 • .~8~ . . o  ~ 

g e~eg • 

° I  I I I  

' I  o o  1 
u', ,  ,--I 

,.~ ¢x/ , 

¢-~ 'El * 00' m0 o o ' , - I  

• ~ ~ 0 oh . )  .,-4 ,,4 n 

0 . ~ f o rum 

~ ,  ~ O 0  

n 4.1 ~ nm 

, ~  , ~ = 3  '= 3 ~  , , , 

ax 

,43 
0 

3 - 4 6  



0 

N 

bt m~M u 

0 

m N  

-~- : ~  

} ,o 

--4 0 

~:~ & 

N 

~G 

i m m  

~ o  ~ c o ,  o,~o- .  I o ~ o ~ -  

o o3 ~x 
, -~o ~ 

o~.~ 
N ~ 

~o.~ 

~ , O  w ¢) 

(I) N O  

,% 0 

NO~r' 

o o  i ,,i,) o ' , ,c~ ~ 

~o 
~. o"'~ .~ ,~ . -~-  ~ , ~ o ~  
• ~ O 0 0 J O 0 ~ O 0 ~ O  

~ • , 0  . . . . .  • • 

e 

. . . .  

• ~ 

, o o ,~,~ 

i o  

, ~  ,-~ 
d 

! 0 ~-h- 
kO'.O , f l  I I  I l l  
Sd 

o,~o .-, $ f f  ~,~,o 

o~ ~ t  

• r '  ",'4 O ~  . r , . j  1 ~  ~ : ~  ~ ~ o o o ~  

I ~ ~, ~ o o  

~D 
0 L~ 

- 4 7  



3.4 .  3 .2 .  H y d r o g a s i f i e r  E f f luen t  Quench  S y s t e m  

3 . 4 . 3 .  Z. 1. B a s i s  fo r  D e s i g n  

The h y d r o g a s i f i e r  e f f luen t  quench  s y s t e m  c o n s i s t s  of a h y d r o g a s i f i e r  
e f f luen t  q u e n c h  t o w e r ,  a q u e n c h  s e p a r a t o r ,  quench  w a t e r  c o o l e r ,  and 
quench  w a t e r  c i r c u l a t i o n  pump.  

The coo l ing  m e d i u m  is w a t e r .  The  p r i m a r y  func t ions  of th is  s e c t i o n  
a r e  to coo l  the e f f luen t  g a s e s  f r o m  the h y d r o g a s i f i e r  f r o m  about  600 ° 
down to about  100°F, and  to r e m o v e  w a t e r ,  l ight  a r o m a t i c  s l u r r y  oil ,  
t a r s ,  o i l s ,  and  f ines  tha t  m i g h t  be in the gas  s t r e a m .  The o f f -gas  f r o m  
th i s  t o w e r ,  w h i c h  is the  f eed  to the COz and HzS r e m o v a l  s y s t e m ,  is 
s a t u r a t e d  wi th  w a t e r  and  l igh t  a r o m a t i c  oil.  It is  i m p o r t a n t ,  t h e r e f o r e ,  
to keep  the o v e r h e a d  t e m p e r a t u r e  as low as p o s s i b l e ,  in o r d e r  to m i n i -  
m i z e  the  p o s s i b i l i t y  of hav ing  l igh t  a r o m a t i c  oi l  c o n d e n s e  in the c a r b o n  
d ioxide  and  h y d r o g e n  su l f ide  a b s o r b e r  a n d / o r  in the c a u s t i c  and w a t e r  
w a s h  s c r u b b e r .  

An i n t e r f a c e  c o n t r o l l e r  d e t e r m i n e s  the l e v e l  of w a t e r  in the s e t t l e r  
and  d i s c h a r g e s ,  f r o m  the boot  in the b o t t o m  of the s e t t l e r ,  e x c e s s  w a t e r ,  
o i l s ,  and  t a r s  tha t  a r e  h e a v i e r  than  w a t e r .  Light  oi ls  and  b e n z e n e  
o v e r f l o w  the i n t e r n a l  w e i r  and a r e  d r a w n  off u n d e r  l e v e l  c o n t r o l .  

W a t e r  is c o n d e n s e d  in th i s  s y s t e m ;  t h e r e f o r e ,  u n d e r  n o r m a l  o p e r a t -  
ing c o n d i t i o n s ,  no m a k e u p  w a t e r  is  r e q u i r e d .  A m a k e u p  l ine  is i n c l u d e d  
on the p u m p  s u c t i o n  l ine ,  h o w e v e r ,  in the  e v e n t  tha t  it  b e c o m e s  n e c e s s a r y  
to add w a t e r  w h i l e  the s y s t e m  is at o p e r a t i n g  p r e s s u r e .  

T e m p e r a t u r e  of the  q u e n c h  w a t e r  be ing  r e t u r n e d  to the t o w e r  is 
c o n t r o l l e d .  As m e n t i o n e d ,  u n d e r  n o r m a l  o p e r a t i n g  cond i t i ons  the t e m -  
p e r a t u r e  of the  o v e r h e a d  shou ld  be kept  as  low as p o s s i b l e  to r f i in imize  
the  p o s s i b i l i t y  bf b e n z e n e  c o n d e n s a t i o n .  

A c o n t r o l  v a l v e  on the o f f -ga s  l ine  f r o m  the  quench  t o w e r  is i n s t r u -  
m e n t e d  to shut  a t  h igh  t e m p e r a t u r e  if the coo l ing  o r  quench  w a t e r  s y s t e m s  
shou ld  fa i l .  S i m u l t a n e o u s l y ,  the fo l lowing  f lows a l so  a r e  s topped :  

1. H y d r o g e n  into  the h y d r o g a s i f i e r .  

2. S t e a m  into the h y d r o g a s i f i e r .  

3. Pretreated char into the hydrogasifier. 

Steps 1 and  2 m a y  be a c c o m p l i s h e d  by d i v e r t i n g  the n o r m a l  f low of 
h y d r o g e n  and  s t e a m  u p s t r e a m  of the  s u p e r h e a t e r s .  If n o r m a l  h y d r o g e n  
and s t e a m  f lows a r e  d i v e r t e d ,  the  s u p e r h e a t e r  b u r n e r s  m u s t  be shut  
down. F u r t h e r ,  if  i t  is  n e c e s s a r y  to p r e v e n t  l o c a l  o v e r h e a t i n g  in the 
f i r e b o x  of t h e s e  s u p e r h e a t e r s ,  snuff ing s t e a m  m i g h t  have  to be u s e d  to 
p r o t e c t  the tubes  f r o m  l o c a l  o v e r h e a t i n g .  
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3 . 4 . 3 .  ~. 7. H]r,~rogasifier  E f f l u e n t  
Quench  T o w e r  (4-C-i) 

This  eff:luent quench  tower  is 2 f ee t  0 inch  iD by 34 fee t  10 i nches  
long. A C e n t r i f i x - t y p e  s e p a r a t o r  is l oca t ed  in the top to r e d u c e  so l id  
and l i qu id  e n t r a i n m e n t  in the, o v e r h e a d  gas. Af t e r  o v e r h e a d  gas e n t e r s  
the t o w e r ,  the i n l e t  gas noz:,.le is t u r n e d  downward  to p r e v e n t  hot  gas 
i m p i n g e m e n t  on the  t o w e r  wall .  

The ori~:inal d e s i g n  of this  s e c t i o n  inc luded  a packed  s e c t i o n  con ta in -  
ing 1 . 5 - i n c h  pa l l  r i n g s ;  h o w e v e r ,  the s e c t i o n  p r o v e d  to be i n o p e r a t i v e  
fo l lowing  a few runs  b e c a u s e  coa l  f ines  c a r r i e d  o v e r h e a d  wi th  e f f luent  
g a s e s  f r o m  the h y d r o g a s i f i e r  p lugged  the s m a l l  s p a c e s  ava i l ab l e  fo r  gas 
f low in the  p a c k e d  sec t ion .  The  p a c k e d  s e c t i o n  was  t aken  out and a 
s e c t i o n  of s i d e - b y - s i d e  baff le  t r a y s  was  i n s t a l l e d  in p l ace  of the q u e n c h -  
t o w e r  pack ing .  

3 . 4 . 3 .  Z. 3. Quench  Wate r  C i r c u l a t i o n  Pump.s (4 -C-1 ,  1B) 

The  quench  w a t e r  c i r c u l a t i o n  p u m p s  p r o v i d e  one of the  m o r e  c r i t i c a l  
p u m p  s e r v i c e s  in the  HYGAS p i lo t  plant .  Al l  e q u i p m e n t  d o w n s t r e a m  of 
th i s  s y s t e m  had  to be p r o t e c t e d  aga in s t  e x p o s u r e  to the hot  h y d r o g a s i f i e r  
g a s e s .  A s p a r e  pump is  p r o v i d e d  and is i n s t r u m e n t e d  to s t a r t  a u t o m a t i c a l l y  
on low quench  w a t e r  c i r c u l a t i o n  flow. In o r d e r  to avoid  t h e r m a l  shock  
o r  p o s s i b l e  f r e e z e - u p  in the pump tha t  was  on s tandby,  p r o v i s i o n s  w e r e  
m a d e  to keep  the  s tandby  w a r m  at a l l  t i m e s .  Spec i f i ca t ions  of the pumps  
ac tua l ly  i n s t a l l e d  a r e  t abu l a t ed  be low:  

M a n u f a c t u r e r :  I n g e r s o l l - R a n d  
Mode l  N u m b e r  and Type:  1-1/Z X 8 MHH 

_:Operatin. g ConditJ.ons Main  Spare  

Motor  Tu rb ine  
H o r s e p o w e r  Z0 16. 1 
GPM 175 175 
T e m p e r a t u r e ,  oF 200 2.00 
In le t  P r e s s u r e  1465 ps ig  1465 ps ig  
Out le t  P r e s s u r e  15Z5 p s i g  15Z5 ps ig  

3 . 4 . 3 . 2 . 4 .  Quench S e p a r a t o r  ( 4 - C - 2 )  

The  quen.ch s e p a r a t o r  is  a h o r i z o n t a l  v e s s e l  4 f ee t  0 inch  ID by 19 f ee t  
8 i n c h e s  long.  The  e l e v a t i o n  of the  quench  t o w e r  and s e p a r a t o r  a r e  such 
tha t  a Z4- inch l iqu id  holdup is  p r o v i d e d  in  the  b o t t o m  of the  quench  t o w e r .  
Th i s  l iqu id  l eve l  p r o v i d e s  p r o t e c t i o n  to the  b o t t o m  of the  t o w e r  in ca se  the  
e n t i r e  c i r c u l a t i n g  quench  w a t e r  f low fa i l s .  

F o r  ma te . r i a l s  b a l a n c e  ca l cu la t ions ,  a l l  of the  oil  is a s s u m e d  to l e ave  
via the  over f low,  wi th  the  a r o m a t i c  s l u r r y  oils. 
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3 . 4 . 3 . 2 . 5 .  Q u e n c h  W a t e r  C o o l e r  ( 4 - E - l )  

The  q u e n c h  w a t e r  c o o l e r  i s  d e s i g n e d  to r e m o v e  8 m i l l i o n  Btu p e r  hou r ,  
b a s e d  on coo l ing  the  q u e n c h  w a t e r  f r o m  Z00 ° down to 100 °F. F o r  the 
t h r e e  d e s i g n  c a s e s  spec i f i ed ,  the m a x i m u m  r e q u i r e d  coo l ing  duty  is  s l i gh t ly  
a b o v e  6 . 5  m i l l i o n  Btu  p e r  h o u r .  Upse t  c o n d i t i o n s  in the  h y d r o g a s i f i c a t i o n  
mect ion m a y  put  an  i n c r e a s e d  b u r d e n  on the  q u e n c h  s y s t e m .  S p e c i f i c a t i o n s  
of the  c o o l e r  i n s t a l l e d  a r e :  

Shell Tube  

Flnid 
Total Fluid Entering 
Gravity (in/out) 
Temperatur.e (in/out) 
Operating Pr e s sure 
No. Pa s se s 
V elo city 
Pressure Drop 
Fouling Factor 
Heat Exchanged 

Cool ing  W a t e r  
148,890 l b / h r  
0 . 9 9 5 / 0 . 9 8 9  
7 5 ° / 1 2 0 ° F  
90 psig 
I 

10.0 
0.OO6 

Quench  W a t e r  
67, 000 l b / h r  
0 . 9 6 5 / 0 . 9 9 5  
Z00°/100°F 
1200 ps ig  
4 
2.07 ft/s 
4.0 
O.O06 

~>, 700,000 B t u / h r  
( 8 , 0 0 0 , 0 0 0  d e s i g n e d )  

3.4.3.3. COz and HzS Removal System 

3.4.3.3. I. Basis for Design 

T h e  s y s t e m  d e s c r i b e d  is  d e s i g n e d  to r e m o v e  e s s e n t i a l l y  a l l  of the  COz 
and  H2S in the  gas ,  u s ing  e i t h e r  Z0 w e i g h t  p e r c e n t  M E A  o r  DEA.  As t e s t i n g  
p r o g r e s s e d ,  the  HYGAS p l a n t  s w i t c h e d  f r o m  a n  M E A / D E A  so lu t ion  m i x  to 
d i g l y c o l a m i n e  a s  the  a b s o r b i n g  m e d i u m ,  and  i n i t i a l l y  e x p e r i e n c e d  a h e a v y  
f o a m i n g  of the  d i g l y c o l a m i n e .  A f t e r  add ing  an  a n t i f o a m i n g  agen t ,  the  f o a m -  
ing p r o b l e m  w a s  r e s o l v e d .  N o r m a l l y ,  a m i n e  s y s t e m s  a r e  not u s e d  to 
r e m o v e  o r g a n i c  s u l f u r  c o m p o u n d s  such  as  m e r c a p t a n s ,  COS, etc.  ; how-  
e v e r ,  d i g l y c o l a m i n e  can  be  u s e d  to r e m o v e  COS by  d i r e c t  c h e m i c a l  r e a c t i o n  
wi th  a m i n e .  

The  d e s i g n  c a s e  fo r  th i s  s e c t i o n  o c c u r s  w h e n  l i gn i t e  i s  u s e d  wi th  s y n -  
t h e s i s  gas  (CO and  H z m i x t u r e s ) ,  i n s t e a d  of w i th  h y d r o g e n .  The  s y n t h e s i s  
ga s  would  be g e n e r a t e d  in the  e l e c t r o t h e r m a l  g a s i f i e r ,  an i t e m  tha t  w a s  
l a t e r  bu i l t  and  t e  s led .  

3 . 4 . 3 . 3 . 2 .  C O z a n d H z S  A b s o r b e r  ( 4 - C - 3 )  

The  a b s o r b e r  is  a 3 0 - i n c h  I . D .  by 69 f ee t  0 inch long c o l u m n .  The  
~eed gas  e n t e r i n g  the  a b s o r b e r  is s a t u r a t e d  wi th  l igh t  a r o m a t i c  oi l  which ,  
if  p e r m i t t e d  to c o n d e n s e ,  w o u l d  c a u s e  f o a m i n g  and m a l o p e r a t i o n  of the  
c o l u m n .  To p r e v e n t  a r o m a t i c  oi l  c o n d e n s a t i o n ,  the  l ean  so lu t ion  e n t e r s  
the  c o l u m n  u n d e r  d i f f e r e n t i a l  t e m p e r a t u r e  c o n t r o l  w i th  the  i n c o m i n g  gas .  
T h e  l ean  solu t ion ,  t h e r e f o r e ,  m u s t  a l w a y s  be  a m i n i m u m  of 10°F  h i g h e r  
t han  the  i n c o m i n g  gas .  
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The column is such that the .following packings were considered: l-inch 
metal pall rings, l-inch Intalox saddles, or I. 5-inch carbon Raschig rings; 
l-inch poly~:,ropylene rings were installed. Subsequently, the pilot plant 
standardized on I. 5 or Z.0-inch rings. 

The diameter of the coktmn was calculated using the United States 
Stoneware C:ompany "generalized pressure drop correlation". Column 
loading data sheets for this and other packed columns have been compiled. 
Packing manufacturers such as Stoneware and Koch were asked to verify 
the column .diameters, because the pressure drop correlations might not 
be applicable at these high pressures. 

The absorber has been specified for two ZS-foot packed sections, with 
a liquid red!.stributor between the two beds. A 6-inch-thick stainless steel 
demister pad is specified to minimize the liquid entrainment in the over- 
head vapor. 

3.4.3.3.3. Regenerator ( 4 - C - 4 )  

The regenerator is a 60-inch by 48-inch I.D. by 73-foot long column. 
The diameter of this column is selected so that the following packings 
might be used: 1. 5-inch pall rings, l-inch pall rings, 1 • 5-inch Intalox 
saddles, or Z-inch carbon l~schig rings. In practice, I. 5-inch 304 
stainless steel and i. 5-inch polypropylene pall rings were installed. 

The co]nmn diameter and packing listed was verified w~h the packing 
ma nufa ctu r e r s. 

The bottom section of the column is enlarged to allow for Z0 minutes 
holdup, in order to provide surge for the system. The reboiler must be 
so located that liquid from the draw-off pan flows into it by gravity; over- 
flow from the reboiler flows into the column. 

3 . 4 . 3 . 3 . 4 .  Lean  Solut ion Pump ( 4 - G - 2 )  

If a reciprocating pump were to be used in this service, extreme care 
would have to be taken in the design of the circuit to allow for pulsations 
caused by the pump. The pump should be at least triplex, and supplied 
with pulsation dampeners, etc. Specifications were originally made for 
a reciprocating pump (Bechtel Drawing Number A-4GZ-I), and for a 
multistage centrifugal pump (the alternative shown in Bechtel Drawing 
A-4GZ) .*  

A c e n t r i f u g a l  pump was s e l e c t e d  fo r  th i s  s e r v i c e .  A 9 - s t a g e  c e n t r i f u g a l  
pump  wi th  a con t ro l  s y s t e m  was  i n s t a l l e d .  NPSH r e q u i r e m e n t s  fo r  th i s  
pump d e t e r m i n e d  the  r e q u i r e d  h e i g h t  of the r e g e n e r a t o r .  O p e r a t i n g  c h a r -  
a c t e r i s t i c s  of the  pump i n s t a l l e d  a r e  t abu la t ed  below.  

@ 

T h e s e  d r a w i n g s  a r e  not  i nc luded  h e r e .  
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M a n u f a c t u r e r :  
Mode l  N u m b e r  and Type :  
S/N: 
Duty:  
Operating Conditions: 

HP 
GPM 
Temperature 
Inlet Pressure 
Outlet Pressure 

Ingersoll Rand 
3HMTA-9 
056936 
DGA Solut ion  ( 50 % ) 

50 
30O 
194°F  
65 ps ig  
1 600 ps ig  

3 . 4 . 3 . 3 . 5 .  A m i n e  F i l t e r  ( 4 - T - l )  

Th i s  f i l t e r  h a s  a d e s i g n  t h r o u g h p u t  of 300 gpm wi th  a 20 p s i  d rop  a l lowed .  
F o r  the s p e c i f i e d  f low r a t e  wi th  a c l e a n  f i l t e r  the  p r e s s u r e  d rop  is  v e r y  low. 
As the f i l t e r  b e c o m e s  fou led ,  the  p r e s s u r e  d rop  i n c r e a s e s  to a m a x i m u m  of 
Z0 p s i  fo r  the  s p e c i f i e d  f low r a t e .  It wi l l  be n e c e s s a r y  to r e a d j u s t  the  by-  
p a s s  v a l v e  to m a i n t a i n  the s p e c i f i e d  f low as the  f i l t e r  fou l s .  When the f i l t e r  
fou l ing  c a u s e s  a d rop  of 20 ps i ,  the  f i l t e r  i n t e r n a l s  m u s t  be r e p l a c e d .  E x t r a  
f i l t e r  e l e m e n t s  a r e  s t o c k e d  fo r  th i s  p u r p o s e .  

3 .4 ,  3 . 3 . 6 .  L e a n  Solu t ion  C o o l e r  ( 4 - E - Z )  

This exchanger is designed with a hot bypass on the process side for 
temperature control of the lean solution entering the absorber. The cooling 
water side of the exchanger is protected against the high-pressure process 
side with a safety valve. Specifications of the shell and tube heat exchanger 
installed are: 

Shell Side Tube Side 

F l u i d  C i r c u l a t e d  
Total Fluid (Ib/hr) 
Gravity (in/out) 
Viscosity C1 m (in/out) 
Temperature in 
Temperature out 
Operating Pressure -Inlet 

(Max) 
Fouling Factor 
Hea t  E x c h a n g e d  

Cool ing  W a t e r  20g DEA so lu t ion  
214, 000 137 ,000  
0 . 9 9 5 / 0 .  989 0 . 9 8 9 / 1 . 0 0 8  
o. 9 0 / 0 . 5 6  o. 54 /1 .30  
75°F  194°F  
120°F  l l 0 ° F  

90 psig 1600 psig 
0.006 O.006 

9,650,000 Btu/hr 

3 . 4 . 3 . 3 . 7  Lean-Ri_ch So lu t ion  E x c h a n g e  r ( 4 i E - 3 )  

The l o w - p r e s s u r e  she l l  s ide  of th i s  e x c h a n g e r  i s  l o c a t e d  on the  suc t ion  
s ide  of the  l e a n - s o l u t i o n  pump.  The  a l l o w a b l e  s h e l l - s i d e  p r e s s u r e  d rop  was  
s p e c i f i e d  as  2 ps i .  S p e c i f i c a t i o n s  of the  she l l  and tube  h e a t  e x c h a n g e r  
a c t u a l l y  i n s t a l l e d  a r e  t a b u l a t e d  be low.  



Shell Side Tube Side 

F lu id  Circulated 

Total  F lu id  E n t e r i n g  
Gravity'  (in/out) 
V i s c o s i t y  ( i n / o u t )  
T e m p e r a t u r e  in 
T emp e ra tu  r e out  
Op e rating Pr e s su r e -Inlet 

( Max ) 
P r e s s u r e  Drop Al lowab le  
Fouling F a c t o r  
Heat  E x c h a n g e d  

Lean  20% DEA l~ich Z0% DEA 
Solut ion Solut ion 

137,000 l b / h r  141, 01Z l b / h r  
0 . 9 7 7 / 0 .  989 1 . 0 0 1 / 0 . 9 8 9  
0 . 3 5 / 0 . 5 4  0 . 9 4 / 0 . 6 4  
Z38OF 139°F 
194OF 180°F 

lZ ps ig  l 1 2 5 p s i g  
Z ps i  10 psi 
0.00Z 0.00Z 

5, 5 1 0 , 0 0 0  B t u / h r  

3 . 4 . 3 . 3 . 8 .  R e g e n e r a t o r  Reflux C o n d e n s e r  ( 4 - E - 5 )  

Th i s  uni t  was  o r i g i n a l l y  spec i f i ed  as  a v e r t i c a l  r e f lux  type c o n d e n s e r ,  
f l anged  to the  top of the  r e g e n e r a t o r .  The  e x c h a n g e r  data shee t  s p e c i f i e d  
the  cool ing w a t e r  on the  she l l  s ide.  In d e s i g n  r e f i n e m e n t ,  a U - t u b e  
c o n d e n s e r  was  u s e d  wi th  w a t e r  on the  tube s ide .  O p e r a t i n g  c h a r a c t e r i s t i c s  
of the  U - t u b e  hea t  e x c h a n g e r  i n s t a l l e d  a r e  t abu l a t ed  below.  

Shell Side Tube Side 

Fluid Circulated 

Flu id  E:nte r ing  
( V a p o r  4358; Steam,  6065) 

Grav i ty  ( i n / o u t )  
V i s c o s i t y  ( i n / o u t )  
T e m p e r a t u r e  in 
T e m p e r a t u r e  out 
O p e r a t i n g  P r e s s u r e  ( In le t )  
P r e s s u r e  Drop 

Max[ 'mum Al lowab le  
Fouling F a c t o r  
Heat  E x c h a n g e d  

R e g e n e r a t o r  
O v e r h e a d  Cool ing W a t e r  

i0,423 Ib/hr 133, 000 Ib/hr 
0 .99  0 . 9 4 5 / 0 .  995 
0.56 0 . 9 0 / 0 . 5 6  
215 75 
213 to 140 IZ0 
Z psig 50 p s i g  

Min.  I0 p s i  
0 .001 0 . 0 0 6  

6, 000,000 B t u / h r  

3.4.3.3.9. R e g e n e r a t o r  R e b o i l e r  (4-E-6) 

Spec i f i ca t ions  fo r  th is  uni t  r e q u i r e  a k e t t l e - t y p e  r e g e n e r a t i o n  r e b o i l e r  
wi th  the  l iquid  o v e r f l o w  be ing  r e t u r n e d  to the  r e g e n e r a t o r .  F o r t y  ps ig  
s t e a m  at Z87°F is the  spec i f i ed  hea t ing  m e d i u m .  H i g h e r  tube s ide  t e m p e r a -  
l u r e s  wi l l  i n c r e a s e  the  c o r r o s i o n  r a t e  on the  a m i n e  s ide  of the r e b o i l e r .  

3 . 4 . 3 . 3 . 1 0  M E A - D E A  R e c l a i m e r  ( 4 - E - 4 )  

M E A - D E A  d e g r a d a t i o n  p r o d u c t s  and c o n t a m i n a n t s  a re  r e m o v e d  f r o m  
th i s  s y s t e m  in the MEA-DEA. r e c l a i m e r .  The r e c l a i m e r  m a y  be o p e r a t e d  
cont inuously '  or  i n t e r m i t t e n t l y ,  depend ing  on the cond i t i on  of the  so lu t ion  
and the r e s u l t s  ob ta ined .  The p u r p o s e  of the r e c l a i m e r  i s  to boi l  w a t e r  and 
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M E A - D E A  o u t  of t h e  a m i n e  s o l u t i o n ,  t h u s  c o n c e n t r a t i n g  t h e  i m p u r i t i e s  in  
t h e  r e c l a i m e r .  A m i n e  s o l u t i o n s  t e n d  to  b e  m o r e  c o r r o s i v e  w h e n  t h e y  c o n -  
t a i n  d e g r a d a t i o n  p r o d u c t s  a n d  c o n t a m i n a n t s .  T h e  c o n c e n t r a t e d  s l u d g e  i s  
w i t h d r a w n  f r o m  t h e  s y s t e m .  

3 . 4 . 3 . 4 .  C a u s t i c  a n d  W a t e r  W a s h  S c r u b b e r  S y s t e m  

3 . 4 . 3 . 4 . 1 .  B a s i s  f o r  D e s i g n  

The scrubber includes a 10-foot-high packed caustic wash section, 
followed by a 5-foot-high water wash section. A trapout tray keeps water 
from entering the caustic section. A demister pad is specified to minimize 
liquid entrainment in the overhead vapor. 

This column is designed to remove CO z and HzS that have not been 
removed from the gas stream in the absorber. Inlet wash water, which 
enters at II0°F, is taken from the low-pressure condensate return 
through a high-pressure pump. 

The caustic injection pump specified is a small, single acting 
reciprocating pump with a built-in flow regulator. The caustic circula- 
tion pump specified is a low-head centrifugal type. 

3 . 4 . 3 . 4 . 2 .  C a u s t i c  a n d  W a t e r  W a s h  C o l u m n  ( 4 - C - 5 )  

This column is 18 inches I.D. by 31 feet I0 inches long and includes 
a 5-foot packed section for water wash and a 10-foot packed section for 
caustic wash. 

The column diameter accommodates the following packings (although 
any suitable 3/4-inch to l-inch packing may be used): 

0 . 7 5 - i n c h  a n d  1 . 0 - i n c h  C a r b o n  R a s c h i g  R i n g s  

In  p r a c t i c e ,  1 - i n c h  p o l y p r o p y l e n e  r i n g s  w e r e  i n s t a l l e d .  T h e  c o l u m n  d i a m e t e r  
a n d  p a c k i n g  s h o w n  a b o v e  w e r e  v e r i f i e d  w i t h  t h e  p a c k i n g  m a n u f a c t u r e r .  

3 . 4 . 3 . 4 . 3 .  C a u s t i c  C i r c u l a t i o n  P u m p  ( 4 - G - 3 )  

T h e  s p e c i f i e d  d e s i g n  f l o w  o f  t h i s  p u m p  i s  12 g p m ,  b u t  i t  o p e r a t e s  a t  
l o w e r  f l o w  r a t e s .  C h a r a c t e r i s t i c s  of  t h e  p u m p  i n s t a l l e d  a r e  t a b u l a t e d  
b e l o w .  

Manufacturer: 
Model Number and Type: 
S/N: 
Operating Conditions: 

HP 
GPM 
Temperature 
Inlet Pressure 
Outlet Pressure 

I n g e r s o l l  R a n d  
1 - 1 / Z i n c h  x 8 MI-IH 
066965 

10 
12 
l l 0 ° F  
1450 p s i g  
1500 p s i g  
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3 . 4 . 3 . 4 . 4  Caus t i c  I n j ec t i on  P u m p  (4-G-4)  

The  c a u s t i c  i n j e c t i o n  pro-rip o p e r a t e s  c o n t i n u o u s l y  at  the  f low r a t e  shown.  
The pump r a t e  s p e c i f i e d  was  c a l c u l a t e d  b a s e d  on an  a s s u m e d  COz and HzS 
c o n c e n t r a t i o n  in  the f e e d  gas;  v a r i a t i o n s  in  th i s  c o n c e n t r a t i o n  wou ld  change  
the c a u s t i c  m a k e - u p  r e q u i r e m e n t s .  O p e r a t i o n a l  c h a r a c t e r i s t i c s  of the  p u m p  
i n s t a l l e d  a r e  t a b u l a t e d  be low.  

M a n u f a c t u r e r :  
Mode l  N u m b e r  and Type :  
S /N:  
Duty:  
O p e r a t i n g  Cond i t i ons :  

H P  
GPH 
T e m p e r a t u r e  
In l e t  P r e s s u r e  
Ou t l e t  P r  e s su :re 

Hi l l s  =McCanna  
P / D  - I I  - I F  
32314 
10 % NaOH Solu t ion  

2 
35 
l l 0 ° F  
G r a v i t y  F e e d  
1 550 p s ig  

3 . 4 . 4 .  M e t h a n a t i o n  Sec t ion  

3 . 4 . 4 . 1 .  B a s i s  fo r  D e s i g n  

H y d r o g e n  gas  f r o m  the  h y d r o g e n  c o m p r e s s o r  i s  b l e n d e d  as  r e q u i r e d  
wi th  the  p u r i f i e d  gas  to g ive  the p r o p e r  h y d r o g e n - t o - c a r b o n  m o n o x i d e  r a t i o .  

T h i s  s y s t e m  c o n s i s t s  of two f i x e d - b e d  r e a c t o r s ,  in  s e r i e s .  The  gas  
n o r m a l l y  e n t e r s  e ach  r e a c t o r  at  about  5500F and  ex i t s  at  about  9 0 0 ° F .  
The  t e m p e r a t u r e  of gas  f r o m  the  f i r s t  m e t h a n a t i o n  s tage  is  r e d u c e d  by 
a co ld  gas  quench  to a c h i e v e  the  d e s i r e d  i n l e t  t e m p e r a t u r e  fo r  the  s e c o n d  
m e t h a n a t i o n  s t age .  The  r e c y c l e  c o m p r e s s o r  i s  o v e r s i z e d  to g u a r a n t e e  
tha t  t h e r e  wi l l  be su f f i c i en t  gas  fo r  quench .  S u r p l u s  gas  i s  b y - p a s s e d  
a r o u n d  the  r e a c t o r s  u n d e r  d i f f e r e n t i a l  p r e s s u r e  c o n t r o l .  M a t e r i a l s  
b a l a n c e s  and  s t r e a m s  da ta  "~or t h r e e  c a s e s  a r e  p r e s e n t e d  in  T a b l e  3-8 .  

F i g u r e  3-1~ is the m e t h a n a t i o n  s e c t i o n  P F D .  

The  compos i . t ion  of the  f eed  gas  to the  f i r s t  s t age  and the  q u e n c h  is  
m o n i t o r e d  by i n f r a r e d  a n a l y z e r s  and  a d j u s t e d  as  r e q u i r e d  to c o n t r o l  the  
c a r b o n  m o n o x i d e  c o n c e n t r a t i o n .  

The  hot  e f f luen t  f r o m  tire s e c o n d - s t a g e  m e t h a n a t o r  is p a r t i a l l y  coo led  
in the m e t h . a n a t o r  f e e d - e f f l u e n t  e x c h a n g e r .  A b y - p a s s  on the  hot  s ide  of 
the  e x c h a n g e r  f a c i l i t a t e s  t e m p e r a t u r e  r e g u l a t i o n .  The gas  is  t hen  f u r t h e r  
coo led  p r io  r to e n t e r i n g  a k n o c k o u t  d r u m .  

It  m a y  be  d e s i r a b l e  to l o c a t e  the  t r i m  c o o l e r  and  knockou t  d r u m  as  
c l o s e  a s  p o s s i b l e  to the  r e c y c l e  c o m p r e s s o r ;  r e l o c a t i o n  wou ld  t e n d  to 
m i n i m i z e  the  l i qu id  w a t e r  in  t h e  gas  to the  c o m p r e s s o r .  To m i n i m i z e  
c o n d e n s a t e  c a r r y o v e r  in to  the c o m p r e s s o r ,  the  l a s t  10 or  20 f ee t  of 
in le t  p ip ing  shou ld  be  s t e a m  t r a c e d .  

A h i g h - p r e s s u r e  s t e a m  h e a t e r  w a s  s p e c i f i e d  f o r  s t a r t - u p .  
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The t e m p e r a t u r e  of e a c h  quench s t r e a m  to  t h e  r e a c t o r s  i s  c o n t r o l l e d .  
A h i g h  t e m p e r a t u r e  s h u t d o w n  s t a t i o n  s h o w n  on t h e  t o t a l  f e e d  i s  u s e d  o n l y  
to  p r o t e c t  t h e  u n i t  a g a i n s t  h i g h  t e m p e r a t u r e  r u n a w a y .  U n d e r  n o r m a l  
o p e r a t i o n s ,  t h e  s h u t d o w n  s t a t i o n  w i l l  r e m a i n  100 p e r c e n t  o p e n  a n d  w i l l  
n o t  c l o s e  a s  l o n g  a s  t he  c o m p r e s s o r  and  a n a l y z e r s  a r e  w o r k i n g  p r o p e r l y .  
T h e  k n o c k - o u t  d r u m  i n c l u d e s  a h i g h - l e v e l  d e v i c e  t h a t  w i l l  s h u t  d o w n  t h e  
c o m p r e s s o r  i f  t h e r e  i s  a d a n g e r  of w a t e r  c a r r y o v e r ,  a n d  w i l l  a l s o  s t o p  
t h e  f l o w  of  f e e d  g a s  to  t h e  u n i t .  

3 . 4 . 4 .  Z. M e t h a n a t o r s  ( 5 - C - 1  a n d  5 - C - 2 )  

T h e  two  f i x e d - b e d  c a t a l y t i c  m e t h a n a t i o n  r e a c t o r  v e s s e l s  h a v e  t h e  
s a m e  d i a m e t e r ,  bu t  d i f f e r e n t  t a n g e n t - t o - t a n g e n t  l e n g t h s .  D i m e n s i o n s  
a r e  2 4 - i n c h e s  I. D. ; o n e  u n i t  i s  9 f e e t  8 i n c h e s  l o n g  a n d  t h e  o t h e r  i s  
14 f e e t  8 i n c h e s  l o n g .  A d e f l e c t o r  p l a t e  on  t h e  i n l e t  n o z z l e  p r e v e n t s  
d i r e c t  i m p i n g e m e n t  of  i n c o m i n g  g a s  on  t h e  c a t a l y s t  b e d .  A 6 - i n c h  
l a y e r  of  a l u m i n a  b a l l s  i s  i n c l u d e d  on  t h e  t o p  of  e a c h  c a t a l y s t  b e d  to  
h o l d  t h e  ca t ;~ lys t  d o w n  a n d  f u r t h e r  d i s t r i b u t e  t h e  g a s  o v e r  t h e  t o t a l  
c a t a l y s t  b e d .  T h e  c a t a l y s t  i s  s u p p o r t e d  b y  g r a d e d  a l u m i n a  b a l l s  of  
g r a d u a l  i n c r e a s i n g  s i z e .  T h e  g a s  e x i t s  v i a  t h e  b o t t o m  n o z z l e ;  a n  
i n t e r n a l  s l o t t e d  p i p e  s l e e v e  c o v e r e d  b y  a m e s h  s c r e e n  k e e p s  c a t a l y s t  
a n d  f i n e s  o u t  of  t h e  l i n e s .  A h a n d h o l e  h a s  b e e n  p r o v i d e d  n e a r  t h e  t o p  
a n d  b o t t o m  .of e a c h  v e s s e l  to  i n s e r t  a n d  r e m o v e  c a t a l y s t .  

3.4.4.3. M e t h a n a t o r  F e e d - E f f l u e n t  E x c h a n g e r  (5-E-Z) 

During n o r m a l  o p e r a t i o n ,  t h e  m e t h a n a t o r  f e e d - e f f l u e n t  e x c h a n g e r  
c o n c e i v e d  w o u l d  h e a t  t o  f iS0°F .  T h e  e x c h a n g e r  w a s  to  b e  d e s i g n e d  w i t h  
a b y - p a s s  l i n e  o n  t h e  h o t  s i d e .  F l o w  t h r o u g h  t h e  e x c h a n g e r  w o u l d  v a r y  
w i d e l y  f r o m  o p e r a t i o n  to  o p e r a t i o n .  O p e r a t i n g  c h a r a c t e r i s t i c s  of  t h e  
e x c h a n g e r  i n s t a l l e d  a r e  t a b u l a t e d  b e l o w .  

S h e l l  S i d e  Tube Side 

F l u i d  C i r c u l a t e d  
Total Fluid Entering 

(Vapor) 
Viscosity - Gas CP 

(in/out) 
M . W .  ( V a p o r s )  
T e m p e r a t u r e  in  
T e m p e r a t u r e  o u t  
O p e r a t i n g  P r e  s s u r e  s 

( I n l e t  - m a x )  
P r e s s u r e  D r o p  

(Allowable) 
Fouling Factor 
Heat Exchanged 

3 . 4 . 4 . 4 .  

Methanator Feed 

1774 Ib/hr 

M e t h a n a t o r  Effluent 

3276 Ib/hr 

0 . 0 1 4 4 / 0 . 0 1 3 3  O.OZ60/O.OZZ4 
1 4 . 4 8  1 5 . 7 6  
1 0 0 ° F  8 8 0 ° F  
550°F 6 3 0 ° F  

108Z psig 1068 psig 

5 p s i  5 p s i  
0 . 0 0 1  0 . 0 0 1  

6 0 0 , 0 0 0  B t u / h r  

Methanator Effluent Air Cooler (5-E-3) 

T h e  m e t h a n a t o r  e f f l u e n t  a i r  c o o l e r  r e m o v e s  t h e  b u l k  o f  t h e  h e a t  f r o m  
t h e  s y s t e m ,  a n d  i t  i s  f o l l o w e d  b y  a t r i m  c o o l e r .  T h i s  u n i t  i s  d e s i g n e d  f o r  



6 .4  m i l l i o n  Btu p e r  h o u r  hea t  r e m o v a l  wi th  an  in l e t  t e m p e r a t u r e  of 9 0 0 ° F  
and an  ou t le t  t e m p e r a t u r e  of 150°F .  U n d e r  n o r m a l  o p e r a t i n g  cond i t ions ,  
the  in l e t  t e m p e r a t u r e  would  be  a r o u n d  650°F,  w h i c h  i s  Z50°F be low the  
i n t e n d e d  d e s i g n  m a x i m u m .  D u r i n g  u p s e t  cond i t i ons ,  h o w e v e r ,  th i s  a i r  
c o o l e r  wou ld  p r o v i d e  the  only  m e a n s  to r e m o v e  t h e  bu lk  of the  hea t  f r o m  
the  s y s t e m .  S p e c i f i c a t i o n s  a r e  p r e s e n t e d  be low.  

T u b e  S ide  Data  

T o t a l  F l u i d  E n t e r i n g  
V a p o r  - 8981) 
Steam 973) 

Steam Condensed 
Fouling Factor 
Temperature in 
Temperature out 
Operating Pressure 
Gravity (Liquid) 
V i s c o s i t y  in  
V i s c o s i t y  out  
A l l o w e d  P r e s s u r e  Drop  

9954 I b / h r  

937 
0.001 
900°F 
150°F 
1068 psig 
1.0 
0.0 ZZ4 
0.0136 
5 p s i  

A i r  Side Data  

3 .4 .  

T e m p e  r a t u r e  in 
T e m p e r a t u r e  out 
A i r  Q u a n t i t y  
A i r  Q u a n t i t y / F a n  
S ta t i c  P r e s  s u r e  

90°F 
180°F 
Z97,000 lb/hr 
34, 600 ACFM 
0, 6Z5 

4 . 5 .  Methana to  r S t a r t : u p  H e a t e r  ( 5 - F - 1  ) 

T h i s  h e a t e r  i s  d e s i g n e d  f o r  u s e  only  d u r i n g  s t a r t - u p .  In the  n o r m a l  
b o o t s t r a p p i n g  s t a r t - u p ,  the  load  on th i s  un i t  wou ld  g r a d u a l l y  d e c r e a s e  
f r o m  the  s p e c i f i e d  m a x i m u m  to z e r o .  O p e r a t i n g  c h a r a c t e r i s t i c s  of the 
h e a t e r  i n s t a l l e d  a f t e r  f i na l  d e s i g n  a r e  p r e s e n t e d  be low.  

Tube  Side  Shell Side  

F l u i d  
Total Fluid Entering 
Steam Condensed 
Viscosity Gas 
M . W .  - V a p o r s  
T e m p e r a t u r e  in 
T e m p e  r a tu  r e  out  
O p e r a t i n g  P r e  s s u r e  

( In l e t  - m a x )  
P r e s s u r e  Drop  

( A l l o w a b l e  ) 
Fouling Factor 
Heat Exchanged 

Steam 
II00 Ib/hr 
1100 Ib/hr 

M e t h a n a t o r  F e e d  
1774 I b / h r  

0.0144-0.0133 
14.48 

570°F I00-550°F 
570 ° F 550 ° F 

IZ00 p s i g  1077 p s i g  

10 p s i  5 ps i  
0.0005 0.001 

600,000 B t u / h r  

3-64 
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N o v e m b e r  1970, t h e  l o w - p r e s s u r e  b o i l e r  w a s  put  o n - s t r e a m  a r o u n d  the  c l o c k  
to  s u p p l y  t r a c i n g  s t e a m  to the  p l an t .  T h e  c o a l  r e c e i v i n g  and  u n l o a d i n g  f a c i l i -  
t i e s  w e r e  c o m m i s s i o n e d  in D e c e m b e r ,  wi th  the  r e c e i p t  of 700 tons  o£ M o n t a n a  
l i g n i t e  and  700 t o n s  of I l l i n o i s  No. 6 b i t u m i n o u s  c o a l .  In J a n u a r y  1971, the  
p a c k a g e  h y d r o g e n  p l an t ,  b a s e d  on s t e a m  r e f o r m i n g  of n a t u r a l  gas ,  w a s  
c o m m i s s i o n e d .  A f t e r  2 w e e k s  of d e b u g g i n g ,  t h e  p l a n t  u n d e r w e n t  a s u c c e s s -  
fu l  4 8 - h o u r  p e r f o r m a n c e  t e s t  a t  fu l l  c a p a c i t y  and  d e s i g n  c o n d i t i o n s ,  p r o d u c i n g  
2 m i l l i o n  s t a n d a r d  c u b i c  f e e t  p e r  d a y  of 95d  h y d r o g e n  p r o d u c t  gas .  









A f t e r  r u n n i n g  t h e  h y d r o g e n  c o m p r e s s o r  f o r  7Z h o u r s ,  t h e  u n i t  w a s  s h u t  
d o w n  f o r  a c h e c k .  E v e r y t h i n g  a p p e a r e d  to  be  in  e x c e l l e n t  c o n d i t i o n ,  w i t h  
n o  n o t i c e a b l e  w e a r  on  t h e  v a l v e s .  A l l  t h e  t o l e r a n c e s  o n  t h e  n e w  r i n g s  o n  t h e  
p i s t o n  r o d s  h e l d  w i t h i n  d e s i g n a t e d  l i m i t s .  T h e r e  w a s  no s i g n  of  a n y  o v e r -  
h e a t i n g  on  t h e  d i s c h a r g e  o f  t h e  t h r e e  s t a g e s ,  a n d  t h e  p r e s s u r e  r a t i o  on  e a c h  
s t a g e  w a s  w i t h i n  d e s i g n  l i m i t s .  A s u c t i o n  s t r a i n e r  w a s  a d d e d  to t h e  c o m -  
p r e s s o r W s  f i r s t  s t a g e  to  p r o v i d e  f u r t h e r  p r o t e c t i o n .  

A d d i t i o n a l  t e s t i n g  on  t h e  c o a l  m i l l  s h o w e d  t h a t  g r e a t e r  d r y i n g  c o u l d  be  
a c h i e v e d  b y  a d j u s t i n g  t h e  d a m p e r  o n  t h e  p r i m a r y  f a n  d i s c h a r g e .  A d d i t i o n a l  
i n s u l a t i o n  on  t h e  d u c t w o r k  to  c o n s e r v e  h e a t ,  a n d  m o d i f i e d  o p e r a t i n g  p r o c e -  
d u r e s  p e r m i t t e d  t h e  a c h i e v e m e n t  of  s u s t a i n e d  c r u s h i a g  r u n s  w i t h o u t  i n -  
t e r r u p t i o n ,  a n d  w i t h  l i t t l e  p r e s s u r e - d r o p  b u i l d u p  in  t h e  d u s t  c o l l e c t o r .  A f t e r  
i n s t a l l i n g  a 4 - m e s h  s c r e e n  on t h e  d i s c h a r g e  of  t h e  6 0 - t o n  s t o r a g e  h o p p e r ,  
a m u c h  l e s s  o v e r s i z e d  r e c y c l e  w a s  a c h i e v e d ,  a n d  p l u g g i n g  of  t h e  bag  w a s  
s t o p p e d .  A n t i c i p a t i n g  w i n t e r  o p e r a t i o n ,  t h e  6 0 - t o n  s t o r a g e  b i n  w a s  s t e a m  
t r a c e d  a n d  t h e n  i n s u l a t e d  to  p r e v e n t  t h e  c o n d e n s a t i o n  p r o b l e m  t h a t  h a d  g i v e n  
s o m e  d i f f i c u l t y  t h e  f i r s t  w i n t e r  of o p e r a t i o n .  

T h e  h y d r o g a s i f i e r  w a s  h e a t e d  up  a n d  s u c c e s s f u l l y  s w i t c h e d  to  h y d r o g e n  
in  p r e p a r a t i o n  to  f e e d i n g  c o a l .  H o w e v e r ,  a n u m b e r  of  G r a y l o e  c l o s u r e s ,  
w h i c h  s h o u l d  h a v e  b e e n  e x p o s e d  b u t  w e r e  c o m p l e t e l y  i n s u l a t e d  by  P r o c o n ,  
l e a k e d  h y d r o g e n ,  a n d  t h e  h e a t - u p  o p e r a t i o n  h a d  to  be  d i s c o n t i n u e d  in  o r d e r  
to  r e p a i r  t h e m .  D u r i n g  t h e  h e a t - u p ,  t h e  i m p r o v e d  i n s u l a t i o n  o n  t h e  i n t e r n a l s  
of  t h e  u p p e r  h a l f  o f  t h e  m a i n  r e a c t o r  c a u s e d  t h e  t e m p e r a t u r e s  on  t h e  l i f t  
l i n e s  a n d  i n t e r n a l  v e s s e l s  to  r i s e  d r a m a t i c a l l y ,  to  be  v e r y  c l o s e  to  t h e  
d e s i g n  v a l u e s .  B e c a u s e  o f  t h e  i m p r o v e d  i n s u l a t i o n ,  t h e  t e m p e r a t u r e  in t h e  
n i t r o g e n  j a c k e t  d e c r e a s e d  f r o m  m o r e  t h a n  3 0 0 ° F  to  l e s s  t h a n  1 0 0 ° F .  

A f t e r  t h e  G r a y l o c  c l o s u r e s  h a d  b e e n  r e p a i r e d  p r e p a r a t i o n s  w e r e  m a d e  
t o  h e a t  up  t h e  r e a c t o r ;  h o w e v e r ,  t h e  n a t u r a l  g a s  b u r n e r  c o u l d  n o t  be l i g h t e d  
a n d  t h e  r e a c t o r  h a d  to be  o p e n e d .  W h e n  t h e  i n s i d e  of  t h e  r e a c t o r  w a s  
c h e c k e d ,  i n s p e c t o r s  f o u n d  t h a t ,  d u r i n g  t h e  p r e v i o u s  h e a t - u p ,  w h e n  a p a r t i a l l y  
p l u g g e d  c o n t r o l  v a l v e  o p e n e d  up ,  a s u r g e  in t h e  h y d r o g e n  f l o w  c a u s e d  a 
p r e s s u r e  s u r g e  w h i c h  p a r t i a l l y  l i f t e d  t h e  r e f r a c t o r y  g r i d .  A l t h o u g h  t h e  
b r i c k s  on  t h i s  a r c h  g r i d  w e r e  d i s p l a c e d ,  t h e  g r i d  w a s  s t i l l  s e r v i c e a b l e  a n d  
a b l e  t o  s u p p o r t  t h e  s a n d  b e d  a b o v e .  

T h e  c o n t r a c t o r  w h o  o r i g i n a l l y  i n s t a l l e d  t h e  r e f r a c t o r y  w a s  b r o u g h t  in  
to  t r y  t o  r e a l i g n  a n d  r e p o s i t i o n  t h e  b r i c k s .  T h e  b r i c k s  w e r e  t i g h t l y  w e d g e d  
a g a i n s t  e a c h  o t h e r ,  h o w e v e r ,  a n d  c o u l d  n o t  be  l o o s e n e d  s u f f i c i e n t l y  to  p u t  
t h e m  b a c k  i n  t h e i r  c o r r e c t  p o s i t i o n s .  F o r c i n g  a c o r r e c t  a l i g n m e n t  w o u l d  
p r o b a b l y  h a v e  c r a c k e d  s o m e  of  t h e  b r i c k s .  A c e r t a i n  n u m b e r  of  t h e  1 2 - i n c h -  
t h i c k  b r i c k s  a l r e a d y  h a d  2 to  3 i n c h e s  c r a c k e d  off .  In  c o n s u l t a t i o n  w i t h  
t h e  r e f r a c t o r y  i n s t a l l e r ,  i t  w a s  d e c i d e d  to  c l o s e  up  t h e  r e a c t o r  and  u s e  t h e  
g r i d  a s  i t  w a s  f o r  t h e  n e x t  t e s t .  

T h e  h y d r o g a s i f i e r  r e a c t o r  w a s  h e a t e d  u p  a n d  s u c c e s s f u l l y  t r a n s f e r r e d  
o v e r  t o  o p e r a t i o n  w i t h  h y d r o g e n .  T h e  p r o c e d u r e  w a s  f o l l o w e d  w i t h  a s m o o t h  
i n t r o d u c t i o n  of t o l u e n e  in to  t h e  s y s t e m .  

O n  D e c e m b e r  8, 1971,  c o a l  w a s  i n t r o d u c e d  to t h e  g a s i f i e r  f o r  t he  s e c o n d  
t e s t .  T o l u e n e  a n d  a t o l u e n e = l i g n i t e  s l u r r y  w e r e  p u m p e d  in  f o r  m o r e  t h a n  
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