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I. Projsct Objective 

The overall objective of this project is a process for producing pipeline 

gas from coal that is economically attractive for supplementing natural gas 

supplies. The present objective is the design, construction, and operation 

of a large integrated pilot plant to obtain scale-up data and operating experi- 

ence. Developmental research, engineering studies, and economic evalua- 

tions are in progress to help attain this objective. 

II. Achievements 

HIGH-PRESSURE METHANATION 

The rate expression developed from data at 575°F correlates well with that 
from data at 740°F. 

Shakedown tests were conducted on the laboratory unit built to study the 

effect of gaseous sulfur compounds on methanation catalyst performance. 

ENGINF.ERING ECONOMICS STUDIES 

An examination of the financial factors used in the two Bureau of Mines 

gasification processes showed some apparent inconsistency in the assumed 

effective cost of coal 

T h e  500 b i l l ion  B t u / d a y  p ipe l ine-gas  p l an t  f r o m  lignite was  r e v i s e d  to in- 

clude con ve n t i ona l  s t e a m - t u r b i n e  power  g e n e r a t i o n  ins tead of MHD g e n e r a t i o n .  

The gas p r i c e  i n c r e a s e s  f r o m  33~ to 40~ / rn i l l i on  Btu when the stea.m c y c l e  is  
used .  



D E V E L O P M E N T  U N I T  S T U D I E S  

T w o  t e a t s  w e r e  m a d e  t h i s  m o n t h  to s tudy  t h e  h y d r o g a s i f i c a t l o n  b e h a v i o r  of  

a New M e x i c o  s u b b i t u m i n o u s  c o a l  f r o m  F a r m i n g t o n .  T h e  c o a l  f eed  w a s  d r i e d ,  

bu t  o t h e r w i s e  not  p r e t r e a u ~ d .  A g g l o m e r a t i o n  in the  r e a c t o r  tube  s t o p p e d  bo th  

tests. T~vo hours of normal feeding preceded blockers in the first test. 

One of the five electrothermal gasification tests made this month showed 

indications of the effect of the magnetic flip cell on the bedts electrical be- 

havior. The frequen=y of the current flicker was noticeab]y reduced; the 

amplitude of the flicker was unchanged. In the fifth test this month the steam 

s u p e r h e a t e r  co i l  r u p t u r e d  and  i s  be ing  r e p a i r e d .  

NEW PROCESS STUDIES 

The fuel cell engineering study conducted earlier this year was extended 

to allow the study of alternative process" schemes to use the heat from the fuel 

cell power plant directly in the HYGAS Process. We hope that these modifi- 

cations will improve the process' economics. 

PILOT PLANT CONSTRUCTION 

Engineering is 99% complete. Purchasing is 98~0 complete, with the award 

of the Ittst major subcontract for painting. Material receipt is 96~o complete. 

Items delayed by the recent truck strike are beginning to arrive. Construction 

is 77~ comp!et~. Of this, piping is 88~ complete and instrumentation is 4t)~ 

complete. 

The design of the Z-MW electrothermal gasificr system continues atPro- 

con. Emphasis is placed on revising piping and instrument diagra_rrls and 

vessel details, 

I l l .  Problems 

No major problems were encountered this month. 

IV. Recommendations 

We recommend that the project proceed in the areas defined in the contract 

amendment. 
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V. Status of Funding 

1. A.G.A. Funding 

A. 1970 Funds Allocated $ 300:000 

B. Funds Expended This Month (estimated) $ Z5,000 

C. Funds Expended to Date (es t imated)  $ Z33,000 

Z. OCR Funding 

A. Funds  Expended This Month (est imated)  

B. Funds Expended Since Contract Amendment 
No. 1 (estimated) 

As a result of personally reviewing the pertinent data and information 

reasonably available, it is our opinion that the project's objective will be 

attained within the contract term and the funds allocated. 

pprov 
F~nk C. S6hdra:. 
Dfrector 

J/c~k HU~bI~. r ' 
~ye-President 

$ 650 ,000  

$ 7 , 3 9 0 , 0 0 0  

Berna rd  S, Le(~ 
Manager  
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Appendix. Achievements i~ Jul 7 

HIGH- PRESSU RE METHANATION 

Study  of  t he  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  r a t e  of  m e t h a n e . t l o n  c o n t i n u e s .  

E x p e r i m e n t a l  r e s u l t s  a r e  p r e s e n t e d  in T a b l e  1. T h e  r a t e  e x p r e s s i o n -  

• 1 / 2  
k*PCOPHz ( 1 )  

I + kZPHz + k3PcI_i 4 

was developed based on extensive experimental work at 575 ° F, and was tested 

with data obtained at 740°F. Theoretically, kz, kz, and k 3 are all functions of 

temperature. The rate constant, k I, is traditionally expressed as- 

k~ : k0exp (-~T) (z) 

P r e v i o u s  e x p e r i e n c e  i n d i c a t e d  t h a t  t he  e f f e c t  o f  e x c e s s  H z a n d  CH4 i s  s m a l l ,  

and if the rate expression, Equation i, is representatb-e of the methanation 

kinetics, i f  should apply at o t h e r  temperatures and low pressures w i t h o u t  morli- 

fication of k z and k s. As shown in Figure I, the rate expression works well 

at 740 ~ F. 
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S e v e r a l  p i e c e s  of  e q u i p m e n t  w e r e  r e p a i r e d  o r  r e p l a c e d  d u r i n g  shakedown  

tt. 'sts on the l a b o r a t o r y  uni t  bui l t  to s tudy the  b e h a v i o r  of m e t h a n a t i o n  c a t a l y s t s  

in  the p r e s e n c e  of v a r i o u s  su l f u r  c o m p o u n d s .  As soon as  c a l i b r a t i o n  i s  c o m -  

p le t ed ,  t e s t i n g  wil l  begin .  

E N G I N E E R I N G  ECONOMICS 

At the  r e q u e s t  of  the  OCR we s tudied  two p l an t  co s t  e s t i m a t e s  by  the B u r e a u  

of  Mines .  T h e y  a r e  f o r  Z~9 m i l l i o n  S C F / d a y  p ipe l ine  gas  f r o m  coa l  by two 

p r o c e s s e s :  1) £1uidized g a s i f i c a t i o n  f o l l o w e d  by m e t h a n a t i o n ,  and Z) t w o - s t a g e  

h y d r o g a s i f i c a t i o n  fo l lowed  by c l eanup  m e t h a n a t i o n .  Both p l a n t s  inc lude  c o s t s  

f o r  the c oa l  m i n i n g  o p e r a t i o n  i n t e g r a t e d  with the gas  p lan t .  We w e r e  intt~,.csted 

in the f i n a n c i a l  a s p e c t s ,  r a t h e r  than in a s tudy of  the i n v e s t m e n t  and o p e r a t i n g  

c o s t s .  F o r  the  s a m e  i n v e s t m e n t  and o p e r a t i n g  cos t s ,  d i f f e r e n c e s  b e t w e e n  the  

B u r e a u ' s  and I G T ' s  c a l c u l a t i o n s  a r e  f r o m  15 to Z~/1000 C F  f o r  5 - 7 . 5 %  i n t e r e s t  

r a t e s  and a r e t u r n  in r a t e  b a s e  of  7 - 9 % .  L a r g e r  d i f f e r e n c e s  o c c u r  in the  

f a c t o r s  u sed  by the B u r e a u  and IGT to c a l c u l a t e  f ixed,  i n v e s t m e n t  f r o m  p r e -  

v i o u s l y  d e t e r m i n e d  c o n s t r u c t i o n  c o s t s .  F r o m  our  a n a l y s i s  it  a p p e a r s ' t h a t  

the  e f f e c t i v e  c o s t  of  coa l  in p r o c e s s  1 i s  abou t  $ 3 . 1 0 / t o n  and f o r  p r o c e s s  g 

i s  $ S . 8 0 ] t o n .  H o w e v e r ,  t h i s  d i f f e r e n c e  i s  u n e x p l a i n e d  s i nce  c o a l  r e q u i r e m e n t s  

and m i n i n g  m e t h o d s  a r e  the s a m e .  Such a d i f f e r e n c e  e n h a n c e s  p r o c e s s  1 

r e l a t i v e  to p r o c e s s  g by abou t  ~ / m i l l i o n  Btu .  

In the Seco:~d Q u a r t e r  R e p o r t ,  J u n e  1970, w a t e r  and a i r  coo l ing  w e r e  c o m -  

p a r e d  for the design of a 500 billion Btu/day pipeline-gas plant from lignite. 

To continue this comparison, we revised the power plant section to produce 

power by conventional ste~n-turbine generation. In the original design, most 

of the total plant requirements of 741 MW were supplied by the MI-ID unit. 

Spent char from the electrogasifier plus 95, I00 Ib/hr lignite supplied all the 

fuel for the power plus an excess of 17-6.6 MW as by-product power, High- 

pressure process steam was also generated in the power plant by waste heat. 

In the conventional system, gas plant power and process steam are also ! 

generated, but extra lignite is requirt~d and there is no by-product power. 

To s u m m a r i z e  b r i o f l y -  
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Power Plant Bare Cost, $ 

By-product Power, MW 

Fuel, ib/hr 

Spent C h a r  

Lignite 

O v e r a l l  E f f i c i e n c y ,  

Gas Price~ ~/I0 s Btu (with lignite 
at  8~/10 ° Btu) 

MHD + S t e a m  
P o w e r  C y c l e  

76,820,000 

126.6 

Conventional 
S t e a m - P o w e r  Cyc le  

116,646,000 

none 

777,840 777,840 

95,1Z0 317,115 

74 54 

33 40 

F u r t h e r  d e t a i l s  w i l l  be g iven when  the c o m p a r i s o n  of a i r  and w a t e r  cool ing  

is c o m p l e t e d .  

We p r e p a r e d  a pape r ,  " H y d r o g e n :  A Key to the E c o n o m i c s  of P i p e l i n e  Gas  

F r o m  G o a l , "  fo r  p r e s e n t a t i o n  a t  the A m e r i c a n  C h e m i c a l  Soc i e ty  ~ u e l s  Sympo-  

s tun,  in Ch icago  in S e p t e m b e r  1970. 

DIEVELOPME N T U NIT STUDIES 

H y d r o g a s i f i c a t i o n  T e s t s  

The e x p e r i m e n t a l  i n v e s t i g a t i o n  of  the h y d r o g a s i f i c a t i o n  behav io r  of W e s t e r n  

subb i tu rn inous  c o a l s  in the h i g h - t e m p e r a t u r e ,  b a l a n c e d - p r . e s s u r e  d e v e l o p m e n t  

uni t  was  ex t ended  to t e s t s  wi th  New Mex ico  s u b b i t u m i n o u s  coa l  f r o m  s c v e r a l  

s e a m s  in the  F a r r n i n g t o n  a r e a .  Two t e s t s ,  Runs  HT-Z49 and HT-250,  w e r e  

p e r f o r m e d  wi th  th i s  s u b b i t u m i n o u s  coa l  a t  the s t a n d a r d  p r o c e s s i n g  cond i t i ons  

of 1000 p s i g  p r e s s u r e  and 1700°F  coa l  bed  t e m p e r a t u r e .  

The P i t  " A "  coa l  was  p r e p a r e d  f o r  h y d r o g a s t f i c a t i o n  by c r u s h i n g  and 

s c r e e n i n g  to a - 1 0 + 8 0  m e s h  s ize  r ange ,  a n d  d r y i n g  to a l - Z %  m o i s t u r e  l eve l .  

An  a s - r e c e i v e d  a n a l y s i s  of th i s  coa l  is  g iven  in Tab le  Z. 

The  f i r s t  t e s t ,  Run HT-Z49,  w a s  p a r t i a l l y  s u c c e s s f u l .  I t  had  to be t e r m i -  

na t ed  a f t e r  a b r i e f  s t e a d y - s t a t e  p e r i o d  w h e n  the coa l  b e g a n  to a g g l o m e r a t e  in 

the reactor. The second test, Run HT-250, had to be shut down before steady 

s t a t e  was  r e a c h e d  b e c a u s e  the c o a l  a g g l o m e r a t e d  a t  the  o u t l e t  of the coal  feed  

tube.  S i g n i f i c a n t  f e a t u r e s  of  the two t e s t s  a r e  g iven in Table  3. 

In both tests, the coal was gasified in a 3.5-£t ~luidized bed with a mixture 

of hydrogen and steam. Nominal flow conditions for Run HT-Z49 were 66.6 

Ib/hr coal, 530 SCF/hr hydrogen, and 25.3 lb/hr steam. At these flow conditions 
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'[ 'able Z. C H E M I C A L  ANALYSL~ Ol r As -R i ' ] cE IVED NEW ME~ICO 
SUI~BI'I'UMINOUS COAL. P I T  "A," FARMINGTON, NEW MEXICO 

P r o x i m a t e  Ana l y s i s ,  wt % 

M o i s t u r e  13.8 

Vola t i l e  M a t t e r  34.9 

F i x e d  Ca r bon  13.2 

A sh 38. i 

Tota l  100.0 

U l t i m a t e  A n a l y s i s  (dry), wt % 

Ash 15.2-8 

C a r b o n  65.1 

Hydrogen 4.90 

Sulfur 0.55 

Oxygen 12.9 3 

Nitrugen l.Z4 

Tota l  100.00 

Tabl~ 3. FEATURES OF HYDROGASIFICATION TEST RESULTS FOR 
RUNS HT-Z49 AND HT-Z50 

Run No. Tumperature, °F Purpose of Run Results 

Feed Solids: Dried New Mexico Subbituminous Coal, Pit "A" 

HT-Z49 1300-1700 To investigate the hydrogasi- 
fication behavior of this cov.l , 

P a r t i a l l y  suc-  
c e s s f u l ;  m o d e r a t e  
a g g l o m e r a t i o n  in 
r eac to ' r  

HT-250 1300-1700 S . m e  as HT-249  Coal  agg lom-  
e r a t e d  a t  coa l  
f e e d  t u b e  o u t l e t  

I N S T I 7 U T E o F 
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t he  hy¢l r t )gv l~- tc ) -coa l  r a t i o  w a s  25% of thu s t o i c h i o m e t r i c  r a t i o  a n d  th(: s t e a m  

¢:oncen~tratic)n ill t he  f e e d  g a s  w a s  50 m o l ~  i )e rcer~t .  C o a l  [ e e d i n g  p r o c e e d e d  

u n i n t ~ ; r r u p t e d  frc~n] the  s t a r t  t h r o u g h  f o u r  b ( : d - l e v e l  c o n t r o l  d i s c h a r g e  c y c l e s  

b e f o r e  a g g l o m e r a t i o n  in t he  r e a c t o r  b e g a n  to  a f f e c t  i t s  f l ow  t h r o u g h  a n d  f e e d i n g  

to  t h e  r e a c t o r .  C o a l  b l o c k a g e  r e s u l t i n g  f r o m  the  a g g l o m e r a t i o n  c l e a r e d  o n l y  

t e m p o r a r i l y  a f t e r  the i n i t i a l  h o l d u p .  C o a l  f e ~ d i n g  w a s  r e s u m e d  f o r  a r~er iod  

o f  4 m i n u t e s  b e f o r e  the  c o a l  f e e d  s c r e w  j a m m e d .  T h e  t e s t  l a s t e d  o v e r  2 h o u r s ,  

d u r i n g  w h i c h  c o a l  w a s  f ed ,  w i t h  17 m i n u t e s  a t  n e a r l y  s t e a d y - s t a t e  c o n d i t i o n s .  

R e s i d u e  r e m o v e d  f r o m  t h e  r e a c t o r  c o n t a i n e d  a g g l o m e r a t e d  c o a l  1 -3  i n c h e s  in  

d i a m e t e r .  M o r e  d e t a i l e d  h y d r o g a s i f i c a t i o n  r e s u l t s  o f  Run  H T - Z 4 9  w i ! l  b e  p r e -  

s e n t e d  w h e n  the  a n a l y s e s  of  t h i s  t e s t  a r e  c o m p l e t e d .  

For the  s e c o n d  t e s t ,  R u n  H T - E 5 0 ,  w i t h  t h e  s a m e  c o a l ,  the  f e e d - g a s  f l o w  r a t e s  

w e r e  s e t  so  t h a t  t he  s t e a m  c o n c e n t r a t i o n  w a s  30 m o l e  p e r c e n t .  T h i s  a l l o w e d  

f o r  o p e r a t i o n  wit21 a g r e a t e r  h y d r o g e n  c o n c e n t r a t i o n  in the  f e e d  g a s  t h a n  in 

R u n  H T - Z 4 %  a n d  r e d u c e d  the  c o a l ' s  t e n d e n c y  to a g g l o m e r a t e .  C o a l  f e e d i n g  

w a s  s tar tc~d a t  a p p r o x i m a t e l y  o n e - h a l f  t h e  s t e a d y - s t a t e  r a t e  of  66 .6  l b / h r ,  

w i t h  a f e e d  g a s - s t e a m  c o n c e n t r a t i o n  of  l e s s  t h a n  30 m o l e  p e r c e n t .  A f t e r  30 

m i n u t e s  o f  f e e d i n g  c o a l ,  t he  f e e d  s c r e w  s t o p p e d  a s  c o a l  a g g l o m e r a t e d  a t  t he  

o u t l e t  o f  the  c o a l  f e e d  t u b e .  C o a l  f e e d i n g  w a s  r e s u m e d  a f t e r  the  p l u g  w a s  

c l e a r e d ,  bu t  f o r  o n l y  Z7 m i m | t e s  b u f o r e  a n o t h e r  p l u g  f o r m e d .  T h e  r u n  w a s  

~hut  down  w h e n  t h e  p l u g  c o u l d  no t  b e  c l e a r e d .  A g g l o m e r a t i o n  in  t h i s  t e s t  w a s  

le;~s s e v e r e  t h a n  in  R u n  H T - Z 4 9 .  I t  a p p e a r e d  to b e  . m a i n l y  c o n f i n e d  to t h e  

z o n e  a t  the  o u t l e t  o f  t h e  c o a l  f e e d  t u b e ,  C l o s e r  c o n t r o l  o f  the  c o a l  h e a t - u p  

r a t e  in t h e  u p p e r  p a r t  o f  the  r e a c t o r  rr, a v  be  n e c e s s a r y  t~ m i n i m i z e  t h e  a g g l o m -  

e r a t i n g  t e n d e n c y  o f  t he  c o a l ,  

C o a i  P r e p . a r a t i o n  

Crushing, screening, and drying operations were conducted with the New 

M e x i c o  s u b b i t u m i n o u s  c o a l  to  m a k e  i t  s u i t a b l e  f o r  a f e e d  to  the  h y d r o . 5 : a s i f i -  

c a t i o n  d e v e ] r ~ p m e n t  u n i t .  A b o u t  ,IZ5 Ib o f  Pi~ " A "  b i t u m i n o u s  c o a l  w a s  c r u s h e d  

i n n  s w i n g  h a m m e r  m i l l ,  s c r e e n e d  t e a ' - f 0 ÷ 8 0  m e s h  s i z e  r a n g e ,  a n d  d r i e d  in 

t he  c o a l  p r e t r e a t m e n t  u n i t .  T h e  c o a l  w a s  d r i e d  w i t h  a m i x t u r e  o f  a i r  a n d  

n i t r o g e n  a t  2 -75°F in a f h x i d i z e d  bed  f r o m  an  a s - r e c e i v e d  m o i s t u r e  l e v e l  o ,  ¢ 

13.8% to l-Y-%. In similar operations, about S00 Ib of Pit "B" bituminous 

c o a l  w a s  p r e p a r e d .  
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]:ivt; t t :s ts  w e r e  c o n d u c t e d  d u r i n g  the mon th  to c l e t~ rminu  the t~ffect of  the 
I 

m a g n e t i c  f i ip co i l  on the e l e c t r i c a l  c h ~ t r a c t e r i s t i c s  of  the  p i lo t  uni t .  OperaLting 

p r o b l e m s  c a u s e d  the t e r m i n a t i o n  of  fottr  of the  r u n s  b e f o r e  s t e a d y  s t a t e  was  

a t t a i n e d .  In the  f i f th  t e s t  a 30 m i n u t e  s t e a d y - s t a t e  p e r i o d  was  a c h i e v e d .  

P r e s s u r e  c y c l i n g  in the  uni t  d u r i n g  the h e a t - u p  p e r i o d  of Run IEG-57 c a u s e d  

e r r a t i c  f l u i d i z a t i o n  and s u b s e q u e n t  p lugg ing  of  the  gas  o f f t ake  l ine  wi th  c h a r .  

A f t e r  c l e a r i n g  the  plug,  p r e s s u r e  c y c l i n g  c o n t i n u e d .  T h e n  the d i s c h a r g e  s c r e w  

j a m m e d  and the  t e s t  was  t e r m i n a t e d .  I n s p e c t i o n  of the. un i t  fo l lowing  the  run  

showed that the electrode tip was melted along several inches and metal pellets had 

lodged in the discharge screw; no damage was done to the 6-inch reactor wall, 

The melted tip was apparently caused by erratic fluidization during heat-up. 

Pressure upsets and erratic fluidization were evident during the heat-up of 

Run EG-58. The test was terminated when the discharge screw jammed and 

arcing occurred through the bed. However, the electrode was only slightly 

pitted after ~.he run and the discharge screw was clear of metal f:elle'ts. The 

discharge screw packing bound when the screw housing became warm and 

was replaced. The pressure letdown regulators were fitted with new diaphragms 

to prevent the pressure cy.:ling which occurred during the two tests. 

The gas offtake line became plugged during the heat-up period of Run EG- 

59~ after clearing it we were unable to n'.ove solids through the reactor. The 

char bed became packed due to the plug in the gas offtake lin¢~ and could not 

be fluidized. The low resistance of the packed bed.prevented the control of 

power to the unit and the test was terminated. 

A steady-stats p~riod of 30 minut,-'s was maintained in l,~un EG-60, during 

which data were collected on the oscill,)graph at conditions outlined by our 

electrical consultants for magnetic coil operation. These data will be analyzed 

to  d e t e r m i n e  what  e f f e c t  the m a g n e t i c  co i l  ha s  on  the  e l e c t r o t h e r m a l  o p e r a t i o n .  

O b s e r v a t i o n  of  the d i r e c t - c u r r e n t  a m m e t e r  d u r i n g  the  f l ip  co ! I t s  o p e r a t i n g  
i 

p e r i o d  showed  that  the f r e q u e n c y  of  the c , t r r e n t  " f l i c k e r "  was  n o t i c c a b ! y  r~ch.ced.  

• Howevt~r, the a m p l i t u d e  o f  the f l lc 'kur  s t i l l  v a r i e d  o v e r  a r a n g e  o f abou t  ~ 1.5 
t 

t i m e s  the a v e r a g e  c u r r e n t -  s i m i l a r  to the v a r i a t i o n  w i thou t  the flip co i l .  

F u r t h e r  r e s u l t s  f r o m  the o s c i U o g r a p h ~ s  da ta  wi l l  be r e p o r t e d  when  d~ey b0-- 

c*~me a v a i l a b l e .  Nomina l  c o n d i t i o n s  du r ing  s t e a d y  r . tate w e r e - -  
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Run C h a r  l;', 'cd S t e a m  F e e d  R e a c t o r  R e a c t o r  
N,~____.:. l~;~te, l b / h r  Rule,  l b i h r  " icm P, *F P r e s s . ,  p s ig  

I~(~-60 125 iZ5 1800 10t0 

O v e r a l l  
P o w e r  R e s i s t -  

Input ,  kW ance ,  o h m  

50 0.57 

S i n c e  t h e r e  w a s  a n o t i c e a b l e  e f f e c t  on the c u r r e n t ' s  b e h a v i o r  d u r i n g  the f l ip  

co i l  o p e r a t i o n ,  Run EG-61 w a s  c o n d u c t e d  to ob ta in  a d d i t i o n a l o s c i l l o g r a p h  d a t a  

a t  v a r i o u s  p o w e r  s e t t i n g s  of  the  m a g n e t i c  flip coi l  and thus  p r o v i d e  a r a n g e  of 

variables for study. As the switch from fluidizing nitrogen to steam was being 

made a sudden loss of pressure in the steam superheater plus the loss of 

s t e a m  f low to the  r e a c t o r  c a u s e d  the shu tdown of the t e s t .  I n s p e c t i o n  of the  

s u p e r h e a t e r  co i l  fo lk ,  wing  the t e s t  showed  tha t  the  coi l  w a s  r u p t u r e d .  It was  

se t  to the  m a n u f a c t u r e r  Io r  r e p a i r ,  if  p o s s i b l e ,  o r  r e p l a c e m e n t .  S ince  s e v e r a l  

m o n t h s  cou ld  p a s s  b e f o r e  g e t t i n g  the  s u p e r h e a  b a c k  o n - l i n e ,  IGT is  f a b r i -  

c a t i ng  a coi l  of  9 / 1 6 - i n c h  s t a i n l e s s  s t e e l  f o r  p l a c e m e n t  in the p r e s e n t  n i t r o g e n  

p r e h e a t  f u r n a c e  fo r  use  a s  a s t e a m  s u p e r h e a t e r .  A l though  th i s  h e a t e r  wi l l  

h a v e  a m u c h  l o w e r  h e a t i n g  c a p a b i l i t y ,  i t  should  pu t  the p i l o t  u n i t  b a c k  in opera - .  

t lon in 7- 10 day  s. 

NEW PROCESS STUDIES 

F u e l  CeJ l  E n g i n e e r i n g  S t u d i e s  

Estimated electrical energy costs for a fuel cell po,~ver plant were reported 

in  the F i r s t  Q u a r t e r  R e p o r t ,  M a r c h  1970. The c o s t  f i g u r e s  w e r e  b a s e d  o n  a 

793-MW p o w e r  p l a n t  wi th  a 40Z-MW ou tpu t  f r o m  the  fue l  c e l l  p l a n t  and a 391- 

MW ou tpu t  f r o m  a h e a t  r e c o v e r y  t u r b o g e n e r a t o r  p l an t .  , T h e  e n e r g y  c o s t  w a s  

e s t i m a t e d  b e t w e e n  4.5 and  5.4 m i l l s / k W h r .  Howeve r ,  if  the  h e a t  f r o m  the  fue l  

ce l l  p l a n t  can  be d i r e c t l y  u t i l i z e d ,  the e c o n o m i c s  of  the  p lan t  znay be i m p r o v e d ,  

r e s u l t i n g  in a l o w e r  e n e r g y  c o s t .  

T h e  followi,~g s c h e m e s  wi l l  be  e x a m i n e d  fo r  u t i l i z a t i o n  of  h e a t  output  f r o m  

the  fue l  ce l l  p l an t :  

1. G e n e r a t i o n  of h i g h - p r e s s u r e  s t e a m  which  can  be dlrectl~" u s e d  i', the h y d r o -  
g a s i f i e r ,  e l e c t r o g a s i f i e r ,  e t c .  S i n c e  the hot g a s e s  c o m i n g  out  f r . )m fue l  
c e l l s  a r e  abou t  1370~F, s t e a m  at  1200 p s i g  and 1025"F  c a n  be g e n e r a t e d .  
S t e a m  c r e d i t  m a y  be t a k e n  in the c o s t  e s t i m a t e  fo r  the  fue l  ce l l  p lan t .  

Z. l lo t  gases f r o m  the fuel c e l l  p l a n t  c o n t a i u  !5% COz, 9% Or, 7% HzO, and 
69% Nz. "l 'hese g a s e s  can be fed to the  p r o d u c e r  g a s  un i t  supp ly ing  fue l  
g.as to  the  p l an t .  C e r t a i n  p o r t i o n s  of  the g a s e s  wi l l  h a v e  to be p u r g e d  to 
a v o i d  Nz bui ldup  in the  s y s t e m .  
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3. In S c h e m e  2 the p o s s i b i l i t y  o f  supp ly ing  e n r i c h e d  a i r  o r  o x y g e n  wi l l  a l so  be 
examined to see ii any benefits are realizable. 

Preliminary schemes and cost estimates will be presented in the next re- 

port. 

PILOT PLANT CONSTRUCTION 

En~ineerin~ 

Engineering work is continuing on recent additions to the project. Several 

of th~ .:,ost recent additions concern tie-ins with the electrogasifier unit. 

Field changes and corrections are being recorded and "as built" drawings 

will be made after completion of construction. 

Procurement 

The painting subcontract was the hast major subcontract to be let. During 

the recent ~=uck strike, several critical items that were caught in the boycott 

of Chicago were reordered and air freighted or caI=celled and bought locally. 

Several specifications were sent out for bid for items that are part of re- 

cent extra work orders. 

C o n s t r u c t i o n  

Major field activities during this report period have be~n area piping, pipe 

• pressure ~esting, electrical work, and instrumentatic.n. Piping is 88~o com.. 

plete and instrumentation is 40% complete. The electrical subcontract work, 

particularly the instrument electrical work, is behind schedule¢ On the pre- 

sent str~ight-time basis, this work will extend beyond the scheduled m~.chanical 

completiov, date. IGT and Procon are reviewmg the possibility, ~f overtime or 

an additional shift for this subcontract work. 

We have experienced ,~ total of 27 inclement weather days, three of which 

occurred in this report period. On these days progress was negligible. 

"" ICZ 
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Project Title 

I N S T I T U T E  O F  G A S  T E C P I N O L O G ' * "  - l i T  C E N T E I W  - C H I C A G O  E C 6 : 6  

Project Status Report 

For 
OFFICE OF COAL RESEARCH 

and 
AMERICAN GAS ASSOCIATION 

Report For August 1970 

OCR Report No. 71 
P i p e l i n e  G a s  F r o m  C o a l -  H y d r o g e n a t i o n  ( IGT H y d r o g a s i f i c a t i o n  
Process) 

OCR ContractNo. 14-01-0001-381(i) A.G.A. Project.No. I U - 4 - 1  

I. Project Objective 

The overall objective of this project is a process for producing pipeline 

gas from co.al that is economically attractive for supplementing natural gas 

supplies. The present objective is the design, construction, and operation 

of a large integrated pilot plant to obtain scale-up data and operating experi- 

ence. Developmental research, engineering studies, and economic evalua- 

tions are in progress to help attain this objective. 

II. A c h i e v e m e n t s  

H I G H -  P R  ESSUR E M.,.ETHANAT ION' 

The  s t u d y  of the  m e t h a n a t i o n  r e a c t i o n  w a s  e x t e n d e d  to 8 5 0 ° F .  The  r a t e  

exprA-ss ion  d e v e l o p e d  a t  575 ° F  s t i l l  a p p l i e s  a t  850 °F..  

After shakedown, the "ulfur reactance study equipment was modified to 

improve operation. 

ENOIN.EERING ECONOMICS STUDI.ES 

Details of four cases for producing pipeline gas from lignite using electro- 

t h e r m a l  g a s i f i c a t i o n  a r e  p r e s e n t e d :  p o w e r  g e n e r a t i o n  wi th  the  MHD s y s t e m  o r  

a c o n v e n t i o n a l  s t e a m - t u r b i n e  s y s t e m ,  e a c h  wi th  a i r  c o o l i n g  o r  w a t e r  c o o l i n g .  

A i r  coo l i ng  s h o w s  a b o u t  a 1~ / rn i l l i on  Btu c o s t  a d v a n t a g e  on the gas  p r i c e  o v e e  

w a t e r  coo l i ng  a t  a 3 .5% m a k e u p  w a t e r  r a t e ,  and g r e a t e r  a d v a n t a g e  a t  h i g h e r  

m a k e u p .  



DEVELOPMENT UNIT STUDIES 

Two m o r e  t e s t s  w e r e  m a d e  th is '  m o n t h  to s tudy  the  h y d r o g a s i f i c a t i o n  

behavior of dried but otherwise untreated New Mexico subbitumlnous coal. 

One test was successful; the coal was first reacted with hydrogen alone and 

then with a hydrogen-steam mixture. Difficulties encountered to date with 

this coal can be attributed to equipnxent problenqs, and not the nature of 

the coal. 

,'~ AnOther test with the magnetic flip coil on the electrothermal gasifier was 
c- / 

~,~iTIade,__whic~, confirmed the findings of the earlier test. Aft]tough some ad- 

:.:::~,ition~ tes~ with the coil n%ay be made later, no flip coil will be used in, 
-J ~ #-- 

" ~ e  Z - M W  u n z t .  T h e  r e a s o n s  a r e  t h a t  t h e  f a b r x c a ~ o n  a n d  ~.ns%allatxon oL 
' 

,. ~he c ~ l  can-be  d i f f i cu l t ,  and  t h e  c o i l  r e q u i r e s  s i g n i f i c a n t  p o w e r  tha t  on ly  

r e d u ~ 4 s  t h e  f r e q u e n c y  of  c u r r e n t  f l i c k e r  but no t  the  a m p l i t u d e .  

:' PIL(~ PlaNT CONSTRUCTION 

Engineering is 99 ~ complete, except for field changes. Purchasing is 

99 % complete. Material receipt is 98% complete. Construction is 92-W 

complete. Of this, oiping is 96 ~% complete and instrumentation is 85 

complete. Section< of the plant are expected to be turned over to IGT by 

Se ptemb e r. 

The design of the 2-MW electrothermal gasifier system continues at 

Procono The g.asifier vessel has been placed on order with Struthers-Wells 

Col"potation. 

III. P r o b l e m s  

No m a j o r  p r o b l e m s  w e r e  e n c o u n t e r e d  this  m o n t h .  

IV. R e c o m m e n d a t i o n s  

We r e c o r n m e n d  t h a t  the  p r o j e c t  p r o c e e d  in the a r e a s  : ' e f i n e d  "n the  c o n t r a c t  

amendment. 

Z 
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V. Status of Funding 

I. A.G.A, Funding 

A. 1970 Funds Allocated 

B. Funds Expended This Month (estimated) 

C. Funds Expended to Date (estimated) 

I. OCR Funding 

A. Funds Expended This Month (estimated) 

B. Funds Expended Since Contract Amendment 
No. 1 (estimated) 

$ 300,000 

$ Z5 ,000  

$ Z58,000  

$ 3 4 0 , 0 0 0  

$7,750,000 

As a r e s u l t  of  p e r s o n a l l y  rev iewing the  p e r t i n e n t  data and i n f o r m a t i o n  

r ea sonab ly  a v a i l a b l e ,  it is our  opinion t ha t  the  p ro j ec t l s  ob j ec t i ve  w i l l  be 

a t ta ined  within the  c o n t r a c t  t e2m and the  funds  a l loca ted .  

Fr/knk C. Sc}~ora,//ffr. 
D i r e c t o r  / 

' // 
Ja~-Hueblfir* " 
V~¢e- Pr e ~,ident 

Signed  [ l 
~Bernard""So L e e  .... 
Manager  
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A p p e n d i x .  A c h i e v e m e n t s  in A u B u s t  

HIGH- PRESSURE METHAHA TION 

The rate of the methanat[on reaction was studied at 8500F. The results 

are presented in Figure ] together with data obtained at 740 ° and 57 5 °F. 

m 2.0 

r_ 

n-. ~ L5 

0 

Figure I. 

OF 
e - ~ 7  5 
A 740  

845 

/ 

O O  q 

0 0,5 1.0 1.5 2.0 2.5 3.0 5,5 
1/2 

PCO PH;~ A-eoZo0 

I + 0,1 PH;  0 ,O5 PCH4 

RATE OF METHAINE FORNiATION AT 575°, 740!0, AND 845 OF 

.~[ost  of t h e s e  d a t a  w e r e  o b t a i n e d  a t  p r e s s u r e s  of  300 p s i g  o r  l e s s  a n d  a w a y  

from equilibrium conditions. An Arrhenius plot (Figure 2) was constructed 

based on these experirne'~tal data to show the temperature dependence of the 

methanation rate. Since more data are available for better estimation and 

analysis, Figure Z supersedes that presented in the Second Quarter Report. 

Sulfur Resistance Studies 

Several instruments were added to the apparatus, and the sampling system 

was modified. A schematic diagram of thzs apparatus is shown [n Figure 3. 

The instruments are being calibrated and tested. 
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F i g u r e  Z. ARRHENIUS P L O T  FOR M E T H A N A T I O N  

ENG1NEER ]NG ECONOMICS 

Air aud Water Cooling in PiReline Gas From Li..-nite Plants With MHD and 

C o n v e n t i o n a l  Steam Power Plants 

The  J u n e  xvork r e p o r t  p r e s e n t e d  r e s u l t s  of us ing  a i r  coo l ing  f o r  the p ipe -  

l ine gas  f r o m  l ign i te  p lant .  In t h a t  d e s i g n  the p r o v e n  and  e c o n o m i c  e f f e c t s  

h ) r  t h r e e a l t c r n a t i v e s  to the b a s e  c a s e  w e r e ' p r e s e n t e d .  C o m p a r e d  to the 

ba s e  c a s e  a . large sav ings  in m a k e u p  w a t e r  r e s u l t e d ,  and f o r  th~,s des ign  ~hc 
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price of gas was reduced by l~Imillion Btu. In these cases the origina! 

MIID s t e a m  p o w e r  s y s t e m  w a s  r e t a i n e d .  In t h a t  d e s ' g n ,  s h o w n  in Figur¢~ ~, 

all of the spent electrogasifter char plus 12~ additio,:allignite w e r e  used to 

fuel the IV~HD-steam power system, which produced all plant power plus 

126,600 kW of by-product power. 

Since then, a conventional steam-power system has been designed to pro- 

duce required power and process steam, again on an integrated basis. In 

this design, no by-product power and an additional 39 ~, more lignite are 

requiL-ed in addition to the spent char. This is because of lower efficiency 

for the conventional system. Table i compares overall energy balances for 

the two systems. Note /hat the numbers are slightly different for the MHD 

stearn-powel- system from those in the orig'.hal report. I These numbers 

were given by Avco based on char feed to the MHD unit. For producer gas 

feed to MHD, we found that additional lignite was needed to achieve the de- 

sired gas production rate and temperature. In calculating the proces~ eco- 

nomics, this additional ligni=e was included in the raw material requirements. 

Total output of power and process steam generation is 67.8 T~ of fuel input. 

The original report showed an efficiency of 74~ for the ~iI-ID-steam cycle. 

These are Avco's figures and do no~ include the added lignite fed to the pro- 

ducer. The economics did include ~his, however. For %he conventional 

system the output is 53.6 $~ of input. Conventional power is less eff-lcient 

than the combined Ik{HD-steam turbine system. Integrating process steam 

generation w i t h  the power plant increases th6 efficiency of both systems. 

The need for an estimate of a steam power system was discussed wi+_h 

representatives of General Electric Co. Figure 5 sho%vs the system based 

on their recomn%endations. Two turbines are used. A small turbine ex- 

tracts 65:000 AW in depressurizing Z, 429,970 Ib/hr of steam from 3500 to 

1250 psig. This steam is then sent to the gas plant as process steam. As 

in the original design, I, 597,130 ]b/hr are reheated to 1025°~ " before being 

sent to the gasifiers. Boiler feed water, preheated to 425°F in the gas plant 

as before, is used for the steam. 

1 Tsaros, C.L., Arora, J.L., Lee, B.S., Pimental, L.S., Olson, D.P. 
and Schora, F.C., "Cost Estimate of a 500 Billion Btu/Day Pipeline Gas 
Plant Via Hydrogasifica~ion and Electrothermal Gasification of Lignite, " 
R&D Rep. No. 22.., Interim Rep. iWo, 4_. Washington, D.C. : OHice of 
Coal Research~ 1968. 
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'Fable I. ENERGY BALANCE FOR CONV.ENTIONAL 
STEAM-POWER SYSTEM 

10 6 B t u / h r  M W  p j" 
i9 

Spent Char, HHV 

Lignite, HHV 

Total Fuel Value Input 

7448.6 Z182 -- 

2099.5 61____~5 -- 

9547.9 2797 I00 

Power Output 

[-{eat to Process Steam 

Overall Output 

2576.8 755 27.0 

2540.8 744 26.6 

5117.6 1499 53.6 

Condenser Heat Rejected 

Stack and Other Losses 

2978.7 87._.~3 

8096.3 2372 

1451.6 4Z5 

31.2 

15.2 

100.0 

ENERGY BA/-~qCE FOR MHD-STEAM POWER SYSTEM 

Spent Char, HHV 

Lignite ~ 

Total Fuel ~a]ue Input 

P',%~ e J: OuL~u# 

Heat te Pl'oces.-. Ste:~m 

Overall Output 

C:~nden~er Heat Rejected 

Stauk ;~:i,, Other Losses 

7448.6 218Z -- 

6gS.7 Z0..______55 -- 

5147.3 2387 I00 

2979.5 873 36,6 

2540.8 74__.____~4 31.2 

5 5 2 0 . 3  1617 67,8 

1324.2 388 !6.2 

6844.5 Z005 

1302.8 382 16.0 

I00.0 

~[- 
Input to producer (95, 124 X 7345 = 698.7 X 106 Btu/hr) 
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BOILER 

1.597,130 Ib/hr, 1025 =F, 1200 ps, 
PROCESS STEAM 

3500 

EXTRACTION TURBINE 

Ps"~OOO=F" ~ 65,000 kW 

~1200 P s i " 4 " T  720 =F" . 

832,844 Ib/hr PROCESS STEAM 

CONDENSING TURBINE 

3jo__o psi_, 690.000 kw 

I ! 2 i n .  

FEEDWATER 
PREHEAT 

ELECTROGASIFIER CHAR 
777,840 Ib/hr, 9576 Btu/Ib 

425 °F, 1200 ping 
BFW FROM 
GAS PLANT 

2,429,970 Ib/hr 

LIGNITE (35 % MOISTURE ) 
501,410 Ib/hr,6965 Btu/Ib 

A - 9 0 7 9 2  

Figure 5. FLOW DIAGRAM FOR POWER AND STEAM GENERATION FOR 
500 MILLION SCF/DAY PIPELINE GAS FROM LIGNITE PLANT 
WITH CONVENTIONAL POWER PLANT AND WATER COOLING 

1,3 
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Tim bu lk  of the power,  690 ,000 kW, is generated in a separate,  c losed 

s t e a m - t u r b i n e  s y s t e m  t y p i c a l  of u t i l i t y  ope ra t i on ,  wi th  e x p a n s i o n  f r o m  3500 

psig to 2 in. I-I B. Condense ' re  is f t . , turned to the b o i l e r .  

I n s t a l l ed  c a p a c i t y  o£ the: c o n v e n t i o n a l  power  s y s t e m  is 755 ,000  kW. Cost  

of the g e n e r a t i n g  s y s t e m  is $113 m i l l i o n  c o m p a r e d  to $69 m i l l i o n  fo r  the 

MHD s t e a m - p o w e r  sys¢¢.,m. 

C o s t s  of f o u r  s e p a r a t e  s y s t e m s  have  been  d e v e l o p e d  b a s e d  on the o r i g ina l  

des" u:~ : 

I. 'DL-iBinat s tudy  -- M H D - s t e a m  p o w e r  s y s t e m  with w a t e r  coo l ing  

2. M H D - s t e a m  p o w e r  witl" a i r  coo l ing  

3, C o n v e n t i o n a l  p o w e r  with w a t e r  cool ing  

4. C o n v e n t i o n a l  power  wi th  a i r  coo l ing  

The use  of a i r  and w a t e r  c o o l e r s  is  app l ied  to the gas  p l an t  as a whole  as 

we l l  a s  to the  p o w e r  s e c t i o n .  In th i s  f i na l  s u m m a r y  one of  the a l t e r n a t i v e s  

p r e s e n t e d  in the Second Q u a r t e r  w o r k  r e p o r t  was u s e d  f o r  the a i r - c o o l i n g  

c a s e s  -- coo l ing  by a i r  to  140 °F f o l l o w e d  by w a t e r  coo l ing  to  100 °F, with 

quench  t o w e r  w a t e r  p a r t  o f  a c l o s e d  s y s t e m  cooled  in a s h e l l  and tube 

e x c h a n g e r .  

Tab le  2 s u m m a r i z e s  ~he o v e r a l l  r e s u l t s .  A i r  coo l ing  s a v e s  30 ~ o v e r  

r a t e s  with conven t iona l  p o w e r  than  wi th  the  o r i g ina l  M/ - ID-s t eam p o w e r  s y s t e m .  

In c a l c u l a t i n g  cool ing  w a t e r  makeui~ f o r  t hese  c a s e s  we  Used 3 . 5  % of the 

c i r c u l a t i o n  r a t e .  This  is b a s e d  on 3 % e v a p o r a t i o n  in the  cool ing  t ower ,  a 

m a x i m u m  of 0 . 2  % windage  ( r e c o m m e n d e d  by a cool ing  t o w e r  m a m t f a c t u r e r ) ,  

and the r e s t  b lowdown.  F o r  a h i g h e r  p e r c e n t a g e  m a k e u p ,  the s av ings  w i th  

a i r  coo l ing  w i l l  be even  l a r g e r ,  

Our  s t u d i e s  show no e c o n o m i c  pena l ty  f o r  the u s e  of  a i r  coo l ing .  Al though 

the  a i r  coo l ing  un i t s  t h e m s e l v e s  c o s t  m o r e  than s h e l l  and tube  e x c h a n g e r s ,  

o t h e r  s a v i n g s  in the p lan t  c o u n t e r b a l a n c e  t h e s e  c o s t s .  T h i s  is p a r t i c u l a r l y  

so wi th  r e d u c t i o n  in  the c o s t  of the  quench  s y s t e m - -  $ 7 . 9  m i l l i o n .  O the r  

sav ings  a r e  in the r e d u c t i o n  of  the  p l an t  cool ing w a t e r  s y s t e m  and  in sav ings  

in annual  p o w e r  c o n s u m p t i o n ,  F o r  bo th  MHD and c o n v e n t i o n a l  s t e a m - t u r b i n e  

power systems, overall investment is reduced slight/y by using air cooling. 

11 
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Table 2. SUMMARY OF WATER VERSUS AIR COOLING FOR DIFFERENT 
POWER SYSTEMS: 500 BILLION Btu/DAY PIPELINE 

GAS FROM LIGNITE PLANT 

MHD-Steam Power  Conventional Power 

Coolant Water  A l l "  Water 

Makeup Water ,  gpm 

Air 

Pr oct s s 4252 4252 4252 4252 

Process Coolers 4929 785 4929 785 

Power Plant Coolers 3094 -- 6950 -- 

Quench Tower 3640 3640 

Total 15,915 5037 19,771 5037 

Recovered From -- 2075 -- Z07___~ 
• Lignite Dryer 

Net Makeup, gpm -- 2962 19,771 2-962 

Makeup, gal/day 22,917,600 4, 265,280 28, 470,240 4,265,280 

Savings With Air Cooling, -- 18,652,320 -- 24,204, 960 
ga l /day  

Savings With Air Cooling, -- Ig, 808 -- 24, 408 
acre-ft/yr, 90 ~ sf ~:: 

Tot~l Investment, $106 2-28.1 220.6 273.7 269.2 

20-Year Average Gas 32.9 31.8 40.4 39.5 
Price, ~/106 Bt.~ 

Value of Water Saved at -- 0.19 -- 0.24 
10~/1000 gal, ~/I06 Btu 

%. 

Stream Factor 

Reduction in gas price is about 14. The large savings in water does not 

have a large cost effect per se. The main thing is availabilitu] of water and 

its effect on plant location with respect to fossil-fuel supply, if water costs 

I0~/1000 gal, the effect on gas price is only 0.2.4/million Btu. 

Tables 3-6 give details of the economic comparison of the four cases. 

These generally follow the for,nat of the tables for the base case given in 

the original report. 

Table 3 summarizes the power generation sections, Operating and 

maintenance costs for the MHD and conventional power systems were re- 

ceived from Avco and General Electric, respectively. A 50 ~ general over- 

head charge was added in accordance with our usual procedure. Both in- 

vestment and operati.~g costs plus the lack of significant bT-product credit 
IZ 
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r t .su]t  in an i n c r e a s e  o£ 7, 5 9 - 7 . 7 @ / m i l l i o n  Btu p r o d u c t  gas p r i c e ,  f r o m  

3 2 . 9 ~ - 4 0 . 4 ¢ / r n i l l i o n  Btu .  Th i s  is , . -ssential ly a doubl ing  of the p o w e r  p l an t  

c o n t r i b u t i o n  to the gas  p r i c e .  For the a i r - c o o l e d  c o n v e n t i o n a l  s y s t e m  t h e r e  

is excess power hecause on an annual basis the fans average about one-third 

of the design base power, as described in the Second Quarter Work Report. 

For the generators, inc lud ing  condensers and cooling water facilities, 

costs for the MHD-steam tur!dne system are $88/kW, compared to $155/kW 

for ctn~vent[onal steazrl-turbine systelrls. These figures do not include zhe 

cost of coal storage and preparation and ash disposal, which are charged to 

tb., ~as plant. Table 4 summarizes the investment for the complete offsite 

s ystelTl. 

Table 5 is an investment summary for the entire plant. Differences in 

the gas plant costs are due mainly to reductior:s in the quench tower system. 

Table 6 smnmarizes annual charges and revenue requirements.. Changes 

in the power s)'stem have a greater effect than changes in the cooling system. 

DEVELOPMENT UNIX" STUDIES 

Errata 

Table 2 on page 8 of the July IU-4-1 Progress Report contains an error. 

Tile column under ':Proximate Analysis, wt %, " should read: 

Nfo i s tu r  e 1 3 . 8  

Vo l a t i l e  M a t t e r  3 4 . 9  

F i x e d  C a r b o n  3 8 . 1  

Asla 13. Z 

Total i00.0 

Last munth '~.he numbers for the last two items were reversed. 

t~.ydr oga, s i f i c a t i o n  T e s t s  

We con t inued  ou r  e x p e r i m e n t a l  i n v e s t i g a t i o n  of the h y d r o g a s i f i c a t ! o n  be-  

h a v i o r  of an ' cmtrea ted  New M e x i c o  s u b b i t u m i n o u s  c o a l  in the h i g h - t e m p e r a -  

t u r e ,  b a l a n c e d - p r e s s u r e  d e v e l o p m e n t  un i t .  Runs  H T - 2 5 1  and H T - 2 5 2  x~,ere 

perfc , rnaed with th i s  c o a l  f r o m  the F a ~ m i n g t o n  a r e a  a t  the s t a n d a r d  p r o c e s s i n g  

13 
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Table 3. SUMMARY OF POWER GENERATION SECTIONS 

P o w e r  System 

Condenser C o o l a n t  

Fuel 

" M H D - S t e a m  T u r b i n e  
C o n v e n t i o n a l  S t eam 

T u r b i n e  
Ware r A i r  Ware  r A i r  

P r o d u c e r  P r o d u c e r  . C h a r - a n d - L i g n i t e -  
Gas Gas F i r e d  B o i l e r  

873 755 750 

69.000 73.645 113.000 122.903" 

6.300 6.300 . . . . .  

- -  4 . 1 4 6  
79 .945  1 1 7 . 1 4 6  12Z. 903 

9Z 155 164 

95,120 301,410 294,900 

Z,673,000 2,673,000 4 ,985 ,000  5,083,000 

1 5 6 . 6  139 .9  - -  19 .55  

2 ,994,500 3 , 3 0 8 , 9 0 0  - -  462.500 

• 7. 14 14. 60 14.88 

D e s i g n  Ne t  P o w e r  
Output ,  M W  873 

B a r e  C o s t ,  $10 ~ 

G e n e r a t i n g  P l a n t  

C h a r  Cornbustor 

T u r b i n e  Coo l ing  - 
W a t e r  F a c i l i t i e s  1 .5Z0 

S u b t o t a l  76 .8Z 

B a r e  Cost, $ / k W  8B 

L i g n i t e ,  l b / h r  95,120 

A.--mual O p e r a t i o n  and  
M a i n t e n a n c e ,  $ 

B y - P r o d u c t  P o w e r ,  
MW 

Value of ]By-Product 
Power, $/yr 

Component of Pipe- 
line Gas p r i c e ,  
4 /106  B t u  7 . 0 5  

* I n c l u d e s  $13 .800  X 106 f o r  a i r - c o o l e d  t u r b i n e  c o n d e n s e r s  l e s s  $3 .403 X l0  s 
for  w a t e r - c o o l e d  c o n d e n s e r s .  

14 
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Table 4. SUMMARY OF INSTALLED EQUIPMENT 
COSTS FOR OFFSITES 

. .Power S y s t e m  

C o n d e n s e r  C o o l a n t  

Spcnt Char Combustor 
and Auxiliary Equipment 

Power Generator 

Cooling Towers 

Cooling %Vater 
Circulating Pump 

Bl~'%V and Process 
Water Treatment 
and DeaeratEon 

General F a c i l i t i e s  

Total Bare Cost* 

MHD-Steam Turbine 

W a t e r  Air 

Cost, 

6,300,000 6,300,000 

Convent[onal Steam Turbine 

W a t e r  A i r  

6%000,000 73,645,300 I13, 000,000 122,896,000 

2,400,000 3 1 3 , 1 0 0  3,5?0,000 313,100 

I, 144,000 106,000 I, 560,000 106,000 

2,300,000 426,800 2, 840, 000 433,700 

5,000,000 S, 000,000 5, 500,000 5,000,000 

86,144, 000 85, 79i, 200 126,.470,000 12_.8,748,800 

* I n v e s t m e n t  f o r  p o w e r  s e c t f o n  in  T a b l e  3.  

15 
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Table  5. INVESTMENT SUMMARY FOR 500 BILLION Btu/DAY 
P I P E L I N E  GAS FROM LIGNITE PLANT WITH DIFFERENT 

POWER AND COOLING SYSTEMS 

Power System 

Coolan t  

Gas Plant, ISBL" 

Offs ite .Equipment 
( including Power 
Generation+ Sections; 
See Table 4) 

MHD-Steam 

Water 

Conventional St(:am T.z:'b[,~c 

Air 

Cost, S 

115,514,000 I09, 196, !00 

86, 144,000 85,791, Z00 

Water  Air 

115, 514,000 

126, 47U, 000 

109, 196,200 

128 ,748 ,800  

Subtotal, 
Bare Cost 

201 ,658 ,000  194 ,987 ,400  241 ,984 ,000  237,945,000 

Contractor ts 
Overhead Profit 

15 ,588 ,000  15,072, 500 18,705,400 18,393, I00 

Subtota l  

Interest D~ring 
Construction, 5 W 
of Subtotal 

217,246,000 

I0,862,000 

210,059,900 

I0,503,000 

260,689,400 

13,034,500 

256,338,  I00 

12,816.  900 

Total FLxed 
Investment 

228, 108,000 220,562,900 273, 7.Z3,900 269, 15"5, 000 

ISBL: Inside l~attery limit. 

T Cost o£ power section alone is given in Table 3. 

I N S T I T U T E O F 
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Tabl,-  6, ANNUAL OPERATING EXPENSES AND REVENUE REQUIREMENTS 
F O R  500 H1LL1ON B t u / D A Y  P I P E L I N E  GAS FROM.  L I G N I T E  P L A N T  

W TTL! D I F F E R E N T  P O W E R  A N D  COOLi24G S Y S T E M S  
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;% .t | ,k. | I l l |  ", .Z  4'+ . 2 ~  I'j +, . . i  1 "~. | (.:tl ~, .+, | '1.2011 

I i . . l q : ' . 4 ( ) l ~  I ] , t12ri .HOrl  ] ~.v.~.~6. ! O0  ] 3 . 4 5 7 . 6 L ~ 0  

(~,,~'l .~.. l I~ll b . h l  ~.,~O'l .~,J l l .~',|m " .',.O74.6t~11 

-'. ";. a l - | o  .~00 : ' - ' . .~0  ~. TUt J ¢~O.'. ~ ! . ( I I IH  h O . O Z  t~.-~('. (I 

| .11";'.'-. ~(1, [ .H :~O. l I IH ] , J  l t~ . t , t I ( I  I . J t l t ~ . ~ 0 ( :  

~ . ; . . ~ '~ J .  6 o , ;  .~ 5 .  h -~%.~ 0 p 6 J . O 4 7 . 6 0 0  6 1 . 2 2 7 . 0 0 0  

1 2 . T . - . ~ o 4 O O  ) ~ . q ' z ~ . ' z O u  " ~ . 7 t ~ . r J t ' ~  ' I O . Z S I . 4 D 0  -" 

-;,:..~'(; '%.'00 .tl~.Tf~0 o'J(l¿) :.2.-" :-~. TO9 -~0,,z T-~.t~O0 

~. ~'-| ] . (~lIO , ~0t~Jl ) . t ' , t } l l  " | , ' | .~  ~ ' . b l ) 0  4.,40.h 04911 

~+'t.II ~" 1 , +~t|l'~ ' C-s, I ' | : i .  ~OP ~,0.-12 6, l (m 64.,~0=,,,~00 

a n d  ( ;un , .  r.-xl !.~le¢-t r l c  .-)l~s :,0 ~" add.ef t  f~  r . , | .no r a )  o r e  rhoac i .  

I : , ' , - ~  "" ~v,.' --Lh, .~:l~,' l l ' l l ,~ Ir~ , 'TnI1U~I ~ , ~ , ' L ~ r  L'on.'~l, i l l t p t l o r t ,  

J Reproduced from J best available copy 

I N $ T I T U T E 0 F 

17 
G A S T E C H N O L O G Y  



c o n d i t i o n s  of 1000 ps lg  and 170O°F c o a l b e d  t e m p e r a t u r e .  Run I-IT-ZSI wa~ 

p a r t i a l l y  s u c c e s s f u l ,  w i t h  an a b b r e v i a t e d  s t e a d y - s t a t e  o p e r a t i n g  p e r i o d  

c u r t a i l e d  by a g g l o m e r a t i o n  of the coal  a t  the feed  tube ou t l e t .  Run H T - 2 5 2  

w a s  s u c c e s s f u l ,  y i e l d i n ~  da ta  at  two d i f f e r e n t  o p e r a t i n g  c o n d i t i o n s .  In the  

e a r l y  p o r t i o n  of  the r u n ,  P a r t  A, the coa l  w a s  g a s i f i e d  wi th  h y d r o g e n  on ly .  

The  l a s t  p o r t i o n  of t he  run,  P a r t  B, was  c o n d u c t e d  with  h y d r o g e n  and s t e a m  

f e e d  gas  m L x t u r e .  

Both t e s t s  w e r e  c o n d u c t e d  wi th  c o a l  f r o m  P i t  B. F o r  h y d r o g a s ~ . f i c a t i o n  

Use the coa l  w a s  c r u s h e d  and s c r e e n e d  to a --10+80 m e s h  s i z e  and  d r i e d  to 

a i-2':; ,  m o i s t u r e  l e v e l .  

S i g n i f i c a n t  f e a t u r e s  of the two h y d r o g a s i f i a a t i o n  t e s t s  a r e  g iven  m T a b l e  

7. H y d r o g e n  ,xnd s t e a m  to coa l  r a t i o s  a r e  s o m e w h a t  m o d i f i e d  f r o m  t h o s e  

T a b l e  7. F E A T U R E S  OF HYDROGASLFICATION TEST R E S U L T S  FOR 
RUNS HT-Z51 AND HT-Z5Z 

F e e d  S o l i d s :  D r i e d  New Mex ico  S u b b i t u m i n o u s  Coal ,  P i t  B 

Run No, T e m p . ,  ,,,iF 

HT-251  1300-1700 

Purpose of Run 

To s tudy  the h y d r o g a s i f i c a t i o n  
b e h a v i o r  o f  New M e x i c o  subb i -  
t u m t n o u s  coa l  a t  a n o m i n a l  50°,;. • 
stoichiometric h y d r o g e n - t o -  
coa l  r a t i o  and a s t e a m  c o n c e n -  
t ra t i .on of Z8 ~0. 

Resu l ts  

P a r t i a l l y  s u c -  
c e s s f u l ,  L i g h t  
coa l  a g g l o m e : - a -  
t ion  a t  f e e d  tube  
o u t l e t .  

H T - 2 5 2 A  1300-1850 S a m e  a s  H T - 2 5 1 ,  bu t  wi th  no S u c c e s s f u l ,  
s t e a m  in feed  g a s .  

H T - 2 5 2 B  1300-1700  S a m e  a s  HT-ZSZA,  but  with a S u c c e s s f u l .  
s t e a m  c o n c e n t r a t i o n  o f  30 ~.~ 
in the f e e d  g a s .  

s c h e d u l e d  to f a c i l i t a t e  o p e r a t i n g  the  r e a c t o r  w i th  u n t r e a t e d  coa l .  

In the  t h r e e  t e s t s ,  the  coa l  w a s  gasif ; .ed in a 3 . 5 - f t  f l u i d i z e d  bed  m a i n -  

t a i n e d  a t  the u p p e r  t e m p e r a t u r e s  c i t e d  in T a b l e  7. F l o w  c o n d i t i o n s  f o r  Run 

HT-251  w e r u  30 l b / h r  coa l ,  460 S C F / h r  h y d r o g e n ,  and  8 .3  l b / h r  s t e a m .  

F o r  th i s  t e s t ,  c o a l  f e e d i n g  to the r e a c t o r  w a s  s t a r t e d  wi th  on ly  h y d r o g e n  

f e e d  gas  to the b o t t o m  o£ the  r e a c t o r .  Th i s  is a d e p a r t u r e  f r o m  the  n o r m a l  
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s t a r t - u p  p roc~du : ' e  of fuedtng  both h y d r o g e n  and s t e a m  to the r e a c t o r  b e f o r e  

c oa l  f eed ing  is s tar t t :d .  By i n i t i a l l y  not  f eed ing  s t e a m ,  a h i g h e r  h y d r o g e n  

pztr t [a l  p r e s su r ,=  can he m a i n t a i n e d  in the r e a c t o r ,  which  r e d u c e s  the ag-  

g l o m e r a t i n g  t endency  of the  coal  in the  upper  p o r t i o n  of  the r e a c t o r .  How- 

e v e r ,  even b e f o r e  s t e a m  was  i n t r o d u c e d  to the r e a c t o r  bo t t om,  coal  feed ing  

was  i n t e r r u p t e d  t h r e e  t i m e s  by l ight  a g g l o m e r a t i o n  a t  the  coa l  feed tube 

out le t .  The f i r s t  of the 's t  i n t e r r u p t i o n s  was 39 m i n u t e s  a f t e r  coa l  f eed ing  

s t a r t e d .  EacL t ime  the p lugs  c l e a r e d  t h e m s e l v e s  in 5 -10  m i n u t e s  with no 

c ha n t , :  in flow r a t e s  o r  o t h e r  o p e r a t i n g  cond i t i ons .  A f t e r  s t e a m  was ad-  

m i t t e d  to the bo t t om of the r e a c t o r ,  coa l  f eed ing  cont- 'nued fo r  38 m i n u t e s  

b e f o r e  a n o t h e r  plug f o r m e d .  The t e s t  was t e r m i n a t e d  b e f o r e  this p lug was 

g iven  a c hance  to c l e a r  i t s e l f  as  the h y d r o g e n  f eed  s u p p l y  was n e a r l y  used  

up. Only a few s m a l l  a g g l o m e r a t e d  coa l  pa r t i c l ( : s  w e r e  found in the r e s i d u e ,  

a t t e s t i n g  to only  l ight  a g g l o m e r a t i o n  du r ing  tl-:e t e s t .  To t a l  coa l  feed t i m e  in 

th i s  t e s t  was  2 - 1 / 4  hr ,  with abou t  15 m i n u t e s  of th is  t i m e  at  s t e a d y - s t a t e  

c ond i t i ons ,  

The  h y d r o g a s i f i c a t i o n  t e s t s  with New Mexico  s u b b i t u m i n o u s  coal  w e r e  

c o n d u c t e d  wi thout  any e l e c t r i c a l  h e a t  input to the u p p e r m o s t  r e a c t o r  h e a t i n g  

s e c t i o n ,  Zone No. i .  This  zone  ha s  been  i n o p e r a t i v e  f o r  s e v e r a l  mon ths  

b e c a u s e  of a s h o r t e d  p o w e r  input  e l e c t r o d e .  It  c a n n o t  be  r e p a i r e d  wi thou t  

d i s m a n t l i n g  the r e a c t o r ,  which  would r e q u i r e  a long shu tdown.  With no hea t  

input  a t  this  zon,: i t  is d i f f i c u l t  to keep  the u p p e r  30 i n c h e s  of the r e a c t o r  a t  

the d e s i r e d  150O°F t e m p e r a t u r e  l e v e l .  Al though h y d r o g a s i f i c a t i o n  o p e r a -  

t ions  with pre t rea t . . -d  b i t u m i n o u s  coa l  w e r e  not  a f f e c t e d  s i g n i f i c a n t l y  by  the 

rt. .duced t e m p e r a t u r e  a t  the po in t  of coa l  inlet ,  o p e r a t i o n  with the u n t r e a t e d  

New M e x i c o  subb i tuminous  coa l  was  in f luenced ,  b a s e d  on the  r e s u l t s  of  

t h r e e  r u n s .  In t he se  runs ,  the  coa l  a g g l o m e r a t i o n  was  r e s t r i c t e d  f o r  the 

m o s t  p a r t  to the z o n e  a t  the c o a l  f e e d  tube in le t ,  wi th  l i t t l e  o r  no a g g l o m e r -  

a t i on  in the coa l  bed.  To p rovbSe  f o r  m o r e  rap,id coa l  h e a t - u p  in the r e a c t o r ,  

the  1 - i n c h - d i a m e t e r  coa l  f e e d  tube was  l eng thened  by 30 inches  for  the nex t  

h y d r o g a s i f i c a t i o n  tes t ,  Run H T - 2 5 2 .  With the l o n g e r  f e ed  tube.  the coa l  

e n t e r e d  the r e a c t o r  a t  the top of h e a t i n g  Zone No. 2, w h e r e  t e m p e r a t u r e s  o f  

a t  l e a s t  1300*F could  be m a i n t a i n e d .  

P l a n n e d  run  cond i t i ons  f o r  Run HT-Z52  ca l l ed  fox- f l u i d i z e d - b e d  o p e r a t i o n  

with a hydrogen-to-coal ratio of 25% of stoichiometric and a steam ,:on- 

c e n t r a t i o n  of  50 m o l e  p e r c e n t  in the f e ed  gas .  H o w e v e r ,  coa l  f eed ing  was 
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started xvirh only a hydrogen feed and no stuanl to minimize chances o. 

coal agglomeration. After the 3.5-ft coal bed level was r,~achcd, sic,tin 

feed was introduced at a reduced rate. The addition of steana was 

sufficiently disruptiw~, to result in a light phtg at t/~c: end of the coal fu,~d 

tube within i0 rain'.Ires. The plug was clearud l-I/lhr [ater, only after 

steam feed to the reactor was turned off. When coal feeding was ro- 

sumed, the test was continu~:d with hydrogen feed only to establish the 

effect of steam on ag_~lomeration. In this portion of the test, Run HT-Zb"A 

coal was fed at a rate o[ 34 Ib/hr and the hydrogen at a nominal rate of 

460 $CF/hr so that t/-~e hydrogen-to-coal ratio was about 43 #" of stolchio- 

metric. Linear gas velocities through the reactor were low~r thorn nor- 

rnal, but still above minimum fluidization requirements. Without steam 

to moderate the heat of reaction, bed temp,:rat, tres rose to i~7(]'E" at the 

top of the coal bed. Hydrogasificatton proceeded without interrupt[on at 

steady-state conditions for 3 hr b~fore steam was again admitted to the 

reactor, The stea.'-~ was fed a~ a rate of 9.9 Ib/hr so that the concentra- 

tion in the feed gas was 31 mole percent. After flow rates were again 

lined out, Run HT-252B was started. The coal feed rate was kept sub- 

stantially the same as in the A portion of the test. 

The B portion of the test with steam and hydrogen feed lasted over Z hr 

with no sign of agglomeration at the. top of the reactor or in the coal bed. 

Differential pressures across the coal bed indicated unusually smooth 

coal flows through the reactor and discharges from the reactor in both 

phases of the test. 

Compte te  hyd rogas i f i ca t i on  r e s u l t s  of Runs HT-ZSZA and HT-Z5 iB  will  

be presented when analyses are completed. 

Complete hydrogasification results and operating conditions of R,~n 

HT-251 and Run HT.-249, conducted last month, are presented in Table. 8. 

Run HT-~.49 was the lirst hydrogasification t~st conducted in the develop- 

ment unit with the New Me:rico subbituminous coal. This initial test was 

with coal from l~it A. Compositions and screen analyses of the coal feeds 

and residues of these tests are given in Table 9. Liquid products and 

the i r  compositions are shown in Table I0. 

Z0 
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T:'-ble 8, P a r t  1, O P E R A T h N G  C O N D I T I O N S  AND R E S U L T S  OF T H E  
I I Y D R O G A S I F I C A T I O N  OF NEW M E X I C O  S U B B I T U M h N O U S  COAL IN 

I t l G i I " I ' E M P E R A T U R I C  A D I A B A T I C  R E A C T O R  

New Mexic<J 
¢ '.~,al S u b h i t u m i n o u s  

F a r m i n g t o n  
5¢Jii I" t'.¢. P i t  A 

5 : , : v t '  S l ; : ¢ ,  i : S S  - - 1 0 T S 0  

R,,n Nu. H T - 2 4 9  

Dura t . . ,n  uf Tes t ,  hr  2 

Sl , .~ t , : : -Sta te  O p e r a t i n g  ]~eri t ,d,  rain a 165 -182  

O ia I-: R.~CI" LNG C:ON DI'I'IO:CS 

t%t'd Ht ' ight ,  ft 

R , : ac t~ r  P r ( . s s u r e ,  p s ig  
b 

R e a c t o r  T u m p e r a t u r t : ,  °F 
I n c h e s  F r o m  B o t t o m  

6 2 - 1 / 2  

67 -3/4 

73 

78-I/4 

8 3 - 1 / 2  

89 

9 4 - 1 ! 4  

100 • 

.104 

A v e r a g e  

Coal Rate, l b / h r  c 

F e e d  Gas  Ra te ,  S C F / h r  

S t e a m  R a t e ,  l b / h r  

S t e a m ,  m o l e  % of  h y d r o g e n - s t e a m  m i x t u r e  

H y d r o g e n / C o a l  R a t i o ,  % of s t o i c h i o m e t r i c  d 

H y d r o g e n / S t e a m  Ra t io ,  m o l e / m o l e  

Bed P r e s s a z - o  Differential, in. wc 

Coal Space Velocity, ib/cu ft-hr 
e 

Feed Gas Residence Time, rain 

Superficial Feed Gas Velocity, ft/s f 

New M e x i c o  
S u b b i t u m i n o u s  

F a r m i n g t o n  
P i t  B 

-lu -80 

HT-151 

2-i/4 

126-137 

3.5 3.5 

I010 1004 

1105 1300 

1220 1220 

1365 1470 

1280 1545 

1420 1795 

1300 1635 

1430 1640 

1555 1770 

1440 1665 

1345 1560 

63.00 30.38 

447.6 459.0 

30.00 8.33 

58.5 Z7.6 

23.1 47.9 

0.710 2.62Z 

Z03 .6  9 8 . 2  

0. 328 O, 674 

0. 178 0. 0865 
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Table 8, Part 2. OPERATING CONDITIONS AND RESULTS C)F THE 
HYDROGASIFICATION OF NEW MEXICO SUBBITUMINOUS COAL IN 

HIGH- TEMPERATURE ADIABATIC REACTOR 

Run No. HT-Z49 HT-251 

OPERATING R ZSU LTS 

Product Gas Rate, SCF/hr 

Net 13tu Recovery, i000 Btu/Ib 

Product Gas Yield, SCF]Ib 

Hydrocarbon Yield, SCF/Ib 

Carbon Oxides Yield, SCF/Ib 

Net: Reacted Hydrogen, SCF/Ib 

Re~idue, Ib/Ib coal g 
h 

Liquid Products, ib/Ib coal 
i 

Net MAF Coal Hydrogasified, wt ~0 

Carbon. Gasified, xvt 

Steam Decomposed, ib/hr j 

Steam Decomposed, ~ of steam fed 
k 

Steam Decomposed, ~ of total equivalent fed 

Overall Iv[aterial Balance, 

Carbon Balance, 

Hydrogen Balance, 

Oxygen Balance, W 

832.3 

3. 346 

15.21 

3.59 

Z.03 

3.19 

0. 578 

0. 445 

31,8 

31.8 

5.75 

).2 

41.2 

93.4 

101.0 

83,7 

83.3 

892.0 

5. 467 

Z9.36 

7.40 

1.35 

8.77 

0. 543 

0. 276 

45.5 

46. Z 

0. 846 

10.2 

46.3 

98.3 

104.3 

97.4 

78.4 

PRODUCT GAS PROI-'ERTIES 

Gas Composition, mole % 

Ni t rogen  
Carbon Monoxide  
Carbon  Dioxide 
Hydrogen  
Methane  
Ethane  
P r o p a n e  
Butane 
Benzene  
Hydrogen  Sulf ide 

Total 
m 

Heating Value, Btu/SCF 

Specific Gravity {Air = 1.00) 

Ni:'ro~/t,n Purge Rate, SCF/hr 

Fee....._~d 

Z7.4 
7,6 
7.8 

Z9.6 
Z4.9 
1.9 
0.4 
g -  

0.4 

100.0 

425 

0.655 

228 

P r o d u c t  

48 .5  
3 .3  
1.3 

21.6 
23.7 
13 
0.2. 

0. I 
u .  

100.0 

347 

0.689 

433 

I N S T I T U T E 0 F 

Z2 

G A S T E C H N O L O G Y  



Table 8, Part 3. OPERATING CONDITIONS AND RESULTS OF THE 
HYDROGASIFICATION OF NEW MEX[CO SUBBITUh4INOUS COAL IN 

HIGH-TEMPERATURE ADIABATIC REACTOR 

a. 

b. 

C, 

d. 

~e 

f. 

~m 

h. 

i. 

j. 

k. 

rrl, 

Frorn start of coal feed. 

Tube wall temperatures. Bottom of coal bed at 65 in. 

Operating conditions and results based on weight of dry feed. 

Percenh of the stoichiometric hydrogen/char ratio -- the net feed 
hydrogen/char ratio required to convert all the carbon to methane. 

Coal bed volume/(CF/min feed gas at reactor pressure and temperai%~re). 

(CF/s feed gas at reactor pressure and temperature)/cross-sectional 
area of reactor. 

By ash balance .  

Includes condensed, undecomposed steam. 

100 (wt of product gas-wt hydrogen in-wt decomposed steam-wt 
nitrogen in/wt of moisture-, ash-free coal). 

Computed as difference between steam feed rate and the measured 
liquid water rate leaving the reactor. 

Computed as difference between the total equivalent steam feed rate 
(includes 2~1oisture content of feed char and bound water corresponding 
to oxygen content of feed char) and the measured liquid water rate 
leaving the reactor. 

Gross, gas saturated at 60°F, 30-in. Hg pressure. SCF: dry gas 
volume in SCF at 60°F, 30-in. Hg pressure. 
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Table 9. CHEMICAL AND SCREEN ANALYSES OF SUBBITUMINOUS 
COAL FEED AND RESIDUE 

Run No. 

Sample 

Proximate Analysis, wt ~o 

IVloEstur e 

Volatile M a t t e  r 

Fixed Carbon 

Ash 

Total 

Ultimate Analysis (dry), wt 

Caz'bon 

Hydrogen 

Nitrogen 

Oxygen 

S u l f u r  

A s h  

T o t a l  

Screen Analysis, USS, %vt 

+20 

+30 

+40 

+60 

+80 

+I00 

+Z00 

+325 

--325 

, Total 

HT-Z49 HT-Z51 

Feed Res idue Feed Residue 

2.1 4,9 2~5 3,0 

35.7 5.4 "38. (~ Ii.0 

45.8 62.2 44.8 59.0 

16.4 27.5 14o7 27.0 

100.0 I00.0 I00.0 I00.0 

62.8 66.6 64, 3 64.7 

4.68 I. 38 4, 78 2, 23 

1.25 " 0.65 1.15 0.83 

13.95 Z. 23 14.11 4.00 

0.58 0.17 0.57 0.44 

16.74 28.97 i5.09 Z?. 80 

I 0 0 . 0 0  i 0 0 . 0 0  I 0 0 . 0 0  100 .00  

28,6 26.4 24.8 31.8 

20.2 Z l. 2 19.8 24. Z 

15.9 17.7 17.9 17.6 

19. i 18 .9  22 .3  16 .7  

9 . 0  7 . 5  i i . 3  6 .1  

3.5 2.8 2.0 1.3 

3 , 4  4 . 5  ] . 8  1 .8  

0.2 0.5 0. i 0.3 

0. I 0 . 5  0 . 0  0 . 2  

I00.0 I00.0 I00.0 I00, 0 

24 

I N  S T  I T  U T E 0 F G A S  T E C H N O L O G Y 



Table I0. COMPOSITION OF HYDROOASIFICATION LIQUID PRODUCTS 

Run No. H T - 2 4 9  H T - 2 5 1  

S a m p l e  C o n d e n s e r  C o n d e n s e r  

Liquid Products, 

l,a/Ib coal 0. 445 0. 276 

Composition of Liquid Products, w t  

Water 86.50 89.40 

O[i 13.50 I0.60 

T o t a l  100.  O0 100. O0 

C o m p o s i t i o n  of Oi l  F r a c t i o n ,  w t  % 

Carbon 82.80 86.80 

Hydrogen 8.06 7.55 

Total 90.86 94.35 

Carbon in Oil Fraction 

Ib/ib coal 0. 0497 0. 0254 

wt ~ of carbon in coal 7.92 3.91 

"~ I n c l u d e s  c o n d e n s e d ,  u n d e c o m p o s e d  s t e a m .  

.'5 
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Carbon gasification of the New Mexico subbituminous coal ranged from 

31,8% in Run HT-249 to 45.5% in Run HT-Z51 (Table 8). The greater carbop 

conversion of Run HT-Z51 is due principally to the larger hydrogen-to-coal 

ratio. Other contributing reasons are a lo%ver coal throughput rate and a 

higher average bed temperature (1560°F compared to 1345°F). The larger 

carbon conversion of Run HT-Zbl also produced a hydrocarbon yield nearly 

twice that of Run HT-Z49: 7.40 SCF/Ib coal compared 3.59 SGF/Ib coal. 

The lower carbon oxides yield and concentration in the product gas of Run 

HT-Zbl reflect the results of operation with a low steam concentration in 

the feed gas. 

Although carbon gasification in Run HT-Z51 was larger than in Run HT-Z49, 

the fraction of carbon connected to it was smaller (Table I0). At the con~- 

paratively high hydrogen- to-coal ratio and the low steam concentration of 

Run HT-Zbl, 3.9~0 of the carbon appears in the oil fraction of the liquids; in 

Run Hi-Z49, 7.9% of the carbon was converted to oil. 

The differences in the hydrogasification results obtained with the Pit A 

and Pit B coals are due mainly to different operating conditions in the two 

tests and not to differences in the compositions cr behavior of the coals. 

Coal Preparation 

New Mexico subbituminous coal from Pit C, the seam not yet tested in the 

development unit, was prepared for hydrogasification u.~e by crushing, screen- 

ing., and drying. Over 1 ton of the coal ~yas crushed in a swing hammer-mil], 

screened to a --10+80 m=sh siz¢, and dried in the coal pretreatment unit. The 

coal was dried from an as-received moisture level of 17.6~0 tO 1.5 -Z.5% with 

a mixture of air and nitrogen at Z75°F in a fluidized bed. Over 1500 Ib o£ dried 

coal was obtained. 

Coal Pretreatment 

The pretreatment of a %Vestern Kentucky bituminous coal was starte¢~ 

(FP-145) to make it suitable for use as a feed in the hydrogasification develop- 
m ent unit. This coal, from the No. 9 seam, K6n mine, was crushed and screened 

to a --10+80 mesh size before pretreatment. Light pretreatment of the coal is 

conducted at standard conditions in t_he fluld-bed pretreater with air and 

nitrogen at 750 ° -800 ° F. 

Z6 

I N $ T I T U T E O F G A $ T E C H N 0 L 0 G Y 



E LECTR OTHERMAL GASIFICATION 

The replacement steam superheater was fabricated and installed in a gas- 

fired furnace, and three tests were conducted during the month in the pilot 

unit. The purpose of the first test was to obtain additional data using the 

magnetic flip coil. The other two tests were run with a silicon carbide tube 

as the innel, reactor liner to observe its electrical characteristics as the 

outer electrode. A l-i/Z-inch, 316 stainless steel rod was used as the 

inner electrode in all the runs. 

During the 45-minute steady-staLe period of Run EG-62, our electrical 

consultants performed various tests with the magnetic flip coil system and 

traced the results on the oscillograph. Data obtained confirmed the observa- 

tions reported last month from Run ~G-60: The operation of the flip coil 

noticeably reduced the current fluctuation frequencies of the gas|fief; their 

magnitude was the same as in previous runs. The consultants feel that the 

effect of the flip coil on smoothing out the current of the operation may have 

been limited by the coil's power supply and that possibly a larger power 

supply would produce more favorable results. Following the test we de- 

cided against using a flip coil in the 2-MW electrothermal gas|tier. The 

main reasons for doing so are- 

I. The flip coil did not compress the magnitude of the syste:~a's current 
fluctuation and thus will not tend to reduce the size of the power supply 
required to compensate for this in the 2 - M W  reactor. 

2, The~°e are apparently major difficul~ies in the fabrication and installa- 
tion of the size coil that would be required, which would prolong the 
complet[on of the 2-1VIW unit. 

3. The ratio of power required for the flip coil to that required for the 
electrothermal gasifier was on the order of 0. I during the tests con- 
ducted thus far and would be p1'ohibitive in the 2-MW uni~ due to the 
limit of available power. 

To more conclusively defin= the effects of the flip coil in the pilot unit, 

either a larger power supply will be installed or the run conditions will be 

varied to magnify its effect. Also, mon-[toring the operation of the 2-I~{%V 

system will reveal data necessary in detern~ining whether a flip coil would 

i )c-  ,~se[ul i n  a colnmercial-size,l reactor. 

, ~ , m ~ i n ' , l  condiZion.~ dt, r i ,  W t h e  1"Vn : t ~ -  .~S f o l l n ~ v < .  

i I . :  q :.-0." | , . , |  .~ :u .B : : .  | ' w ' r , :  . J ; r : , ; . .  r ; l l ,  4 L | .  : | '  "A . ' ~  " : e a  . . -  " % r . ~ . . .  . ' ' . 1 1 ,  " .  

"-- . ; ; , ' . . . . . ' , . . ' . r  ;~ , : . .  :L, ?.r ~ I ' r , . . . . .  :. ~.. ~ . :  . . . .  
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The c o m p l e t e  data and r e s u l t s  wi l l  be  r epo r t ed  when they  b e c o m e  

available. 

Following Run EG-62 the 6-in. 316 stainless steel was replaced with a 

7-in-OD by 6-in. ID 5-foot length of silicon carbide. The material is the 

same as the two 3-foot sections used in Run F'.G-56, (Second Quarter, 1970 

Report) supplied by Norton Co. (Crystallon-63). 

A cutaxva~r view of the reactor configuration appears in Figure 6. The 

silicon carbide tube was encased in a 316 stainless steel tube of 8-5/8-in. 

OD by 1/8-in. wall which w a s  welded to the metal sleeve at the reactor 

bottom. The annulus between the two was packed with FMC char, which has 

negligible electrical resistance in the packed state. The purpose of this setup 

was to obtain a good electrical contact from the silicon carbide tube back 

to the d-c generater, eliminating the voltage gradient along the silicon carbide 

tube that was apparent during Run v.G-56. 

Before applying the power during Run EG-63 the overall resistance of the 

system was between 100 and Z00 ohms. During the heat-up period the overall 

resistance gradually decreased to 7-I0 ohms at 300 volts, accompanied by a 

power input of 8-10 kW. The test was terminated when erratic bed temperatures 

indicated arcing in the bed. The average bed temperature at the time was 

1000°F, but several thermocouples indicating 1600°F were rapidly increasing. 

Inspection following the run showed th6 electrode to be undamaged but there 

was caked char on the silicon carbide tube in the area of the .high tempera- 

tures. 

Before the next test the panel-mounted temperature recorder was re- 

wired so it would b~ electrically isolated from the reactor. This was done 

to eliminate any current path from the reactor electrode to ground through 

the thermocouples. 

The overall resistance of the system before applying the power during 

Run EG-64 was 45 ohms, or about one-half that in the previous test. 

During t/%e heat-up the overall resistance decreased to 6 ohms and the tempera- 

ture recorder appeared to be functioning better. However, after several 

hours operation the same condition as in Run EG-63 occurred; there was a 

hot spot several hundred degrees higher than the rest of the bed in the same 

1 ocation. The run was terminated when the ammeter ind icated severe arcing 
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CORNING 79 B 
VYCOR TUBE 
43 in. LONG 

J MANSVILLE 
H T FIRECRETE 
PRECAST REFRACTORY 
TUBE ( 8 . 0 - i n .  OD 

6 . 5 - i n .  I D 
36 ,n. LONG) 

I-1?2 - in, -  DIAMETER 316 SS 
ELECTRODE ROD 

CARBURUNDUM 
FIBERFAX BULK 
CERAMIC INSULATION 

316 S S TUBE 
B-51B-in. OD • I / B - i n  WALt 
57 in LO~,tG 

UPFER RADIATION 
SEAM 

FMC CHAR 
PACKED IN ANNULUS 

23.5  m. 

I 

CRYSTALLON-63 
SILICON CARBIDE TUBE 
7-m.OD x 6- in .  IO 
x GO in. LONG 

A-90791 

Figure 6, CUTAWAY VIEW OF REACTOR FOR RUNS E~-63 AND EG-64 
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Tit le P i p e l i n e  Gas  Frm:n  C o a l - - I - l y d r o g e n a t i o n  ( I G T  I-]ydrogasif icaL~on 
Process) 

OCFt Contra . . : t  No. 1 4 - 0 1 - 0 0 0 1 - 3 8 1  (1) A.G.A.  P r o j e c t  No. i U - . t - I  

L P r o j q c t  O b i e c t i v e  

T h e  o v e r a l l  o b j e c t i v e  o f  f h i s  p r o j e c t  ts a p r o c e s s  f o r  p r o d u c i n ~  p i p e l i n e  

g a s  f r o m  coa l  tha t  is o c o n o n ~ i c a l l y  a t t r a c t i v e  fo r  s u p p l ' ~ m c n t i n g  n a t u r a l  g a s  

s u p p l i e s .  T h e p r e s e n t  o b j c c t z v e  is  ~he des ign ,  c o n s t ? u c t i o n ,  and o p e r a t i o n  

of  a l a r g e  intey, r~ ted  p i l o t  p l a n t  to ob ta in  s c a l e - u p  ¢|ata and  operat in l~  e x p e r i -  

e u c e .  D e v e l o p m e n t a l  r e s e a r c h ,  e n g i n e e r i n g  s t u d i e s ,  and  e c o n o m i c  e v a l u a -  

t i o n s  a r e  in p r o g r e s s  ta h e l p  a t t a i n  this  o b j e c t i v e .  

II .  A c h i e v e m e n t s  

• ~ [ -  • 0 r ,  , C O A L  CIIARAC 1 ~RIZA : ION 

I n i t i a l  r e s u l t s  f r o m  s t u d y i n ~  tl~e d i s t r i b u t i o n  o f  m i n o r  coa l  co n s t i t u e , l t q  in 

t im I IYGAS P r o c e s s  show t h a t  etlI the n i t r o g e n  remov. . ,d  f~orn tbe ('(~al appe .~ r s  

a s  a m m o n i a .  The y ie ld  of  a m m o n i a  in Rim ~I'['-.~4,~ wi th  ~[untilna suhb i tunn i -  

he)us c o a l  a s  feud was  14.5 Ib N l l ~ / t o n  . [  d r y  coa l ,  c o r r e s p t m ( l i n ~  tn 6-1.9 ';, uf  

tl~t: n i t r . u e n  in th,; c . a l .  S i n c e . v e t  7"5'; . f t i ~ e  a m m u . i a  ,~pl)cars in the r~.'- 

(:~.(:h: ¢lUullCh wah: r ,  if ;t corJlin.u t o w e r  is ~.sed, m o s t  uf the amn~tmia is 

r t d u a s t ; d  tu t h -  a tmosphL: r t : .  We . i re  s tud~in R m e a . s  of  r e c . v e r i n g  lht: .~m- 

rz]onia ethel ;~t'oidi.g a tnzospher ic  po lh [ l ion.  Phez}oI ;tl,t! cyanide v 'cru alst~ 

found ir~ th~ eff luent. 

'I',: ¢latu zn.icrotnznbl,-r tes ls  indi t 'a tc that the a i t r i t i t ) n  r t :s is tnnce (}f .~asified 

r ~ s i d u e  ¢Ious "n~Jt Clm.:gu and ,  in fac t ,  n~ay i n c r ~ i t s e  s l i g h t l y  wi th  c t m v e r s i f ) . .  

I t  is lmssibh= that th,: , ;xpc,: tcd ¢h:cre,lSt: ill strt:n.tlth ,:';fused by tim remova l  of 

n 'hLter ia l  by gasi f icat inr l  l h rou t lhou t  the l } , t r t ic le  is compensated fur by the in-  

cre.Lscd strt :ngth rausr¢i by ('(Jkinl.; o r  gr i lph i t izat icm . f  the par t i vh : .  
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HIGH-PRESSURE METHANATION 

Results from a series of runs at low flow rates and low pressures agreed 

well with results at high pressures. An improved correlation was obtained 

for the methanation rate expression, which was extended to cover regions with 

large excesses of hydrogen and methane. 

klPGoPH? °'s 

r = i + k zpH' z + k, P c H  4 

Data  a t  low c o n v e r s i o n s  and n e a r  e q u i l i b r i u m  a r e  be ing  c o l l e c t e d  to t e s t  

this correlation: Initial data indicate that it requires modification fo r  condi- 

tions near equilibrium. The temperature-dependence studies of the reaction 

rate at 740 ° and 850°F show that the rate expression is still valid up to 850°F. 

The laboratory unit to measure the sulfur tolerance of methanation cata- 

lysts for use in the pilot plant was completed, and shakedown of the unit is 

in progress. The two pilot plant process gas chromatographs were tled-in 

with this unit to check out the analyzers and try them with gases similar 

to those that will be encountered in the pilot plant. 

Ethylene hydrogenation was briefly studied to see if this type of process 

can be adapted for starting up the pilot plant hydrogasifier' We tested both 

Ni-Mo and ammonia synthesis catalysts. Ethylene can be hydrogenated to 

ethane at room temperature over the more active Ni-Mo catalyst: Without 

a catalyst the reaction does not occur below 800 °F. Hydrogenation occur- 

ring at I I00°F was accompanied by the formation of carbon and tar. 

ENGINEERING ECONOMICS STUDIES 

A computer program was developed to estimate the cost of vessels as a 

function of their dimensions and configurations. The effects of financial 

factors on the return on equity for gas utility financing were calculated, and 

the results presented in graphical form. 

The economics of lock hopper and slurry systems for feeding pretreated 

char to the hydrogasifier were compared using recent data. The results 

indicate that the lock hopper system could show a gas price advantage of 

3#/million Btu if a reasonable life of the control valves can be expected. 

These valves must seal against 500-psi differential pr,-ssure and must 

handle solids flowing through them. Further probing is planned. 
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The  u s e  of p a r t i a l  o r  to ta l  a i r  cool ing  f o r  a p ipe l i ne  gas p l an t  was e x a m i n -  

ed in de ta i l .  F o r  a 500 b i l l ion  B t u / d a y  l i g n i t e - b a s e d  p l an t  to ta l  a i r  coo l ing  

o r  a i r  c_,oling to 140°F,  fo l lowed  by w a t e r  cool ing  to 100°F,  shows that the 

p l a n t  m a k e u p  w a t e r  r e q u i r e m e n t  can be r e d u c e d  by 8 2 - 8 8 ~  o v e r  a to ta l ly  

' w a ~ e r - c o o l e d  p lan t .  The ~.';.~.pital investmc:nt  fo r  an a i r - c o o l e d  p lant  is  l e s s  

than f o r  a w a t e r - c o o l e d  p lan t ;  s u b s t a n t i a l  sav ings  in p o w e r  c o n s u m p t i o n  

shou ld  a l so  r e s u l t .  The  w o r k  was  done in c o o p e r a t i o n  wi th  Hudson P r o d u c t s  

C o r p o r a t i o n ,  a m a j o r  s u p p l i e r  of a i r  c o o l e r s .  

The  above  schen~e was r e v i s e d  to inc lude  c o n v e n t i o n a l  s t e a m - t u r b i n e  

p o w e r  t~eneration in s t ead  of  MHD g e n e r a t i o n .  The gas  p r i c e  i n c r e a s e s  f r o m  

33~ to 40¢ mi l l i on  Btu when the s t e a m  c y c l e  is used .  We e:.:amined a i r  and 

w a t e r  coo l ing  with each  m o d e  of p o w e r  g e n e r a t i o n .  A i r  coo l ing  shows abou t  

a l ~ / m i l l i o n  Btu cos t  advantag¢~, in the gas p r i c e  o v e r  w a t e r  coo l ing  at  a 3.5% 

m a k e u p  w a t e r  ra te ,  and an even  g r e a t e r  advan tage  at  h i g h e r  makeup  r a t e s .  

An e x a m i n a t i o n  of the f i nanc i a l  f a c t o r s  used in the ~vo B u r e a u  of Mines  

g a s i f i c a t i o n  p r o c e s s e s  showed  s o m e  a p p a r e n t  i n c o n s i s t e n c y  in the a s s u m e d  

e f f e c t i v e  ¢:ost of  coal .  

DEV E L O P M E N T  UNIT STUDIES 

R, : su l t s  0£ a f r e e - f a l l  t h e r m a l  t r e a t m e n t  of l ign i te  a t  1300*F,  us lng n i t r 6 g e n  

ks  a sweep  g a s , s h o w e d  14% c a r b o n  g a s i f i c a t i o n .  The  d e g r e e  of gas i f i ca t ion  

a t  ZS0 psL c o m p a r a b l e  to a n o t h e r  run  at  1000 psi ,  i nd i ca tg s  tha t  d e v o l a t i l i z a -  

t ion Ls the only  r e a c t i o n  o c c u r r i n g .  

Hyc.lrogasifi t :ati tm of  | i gn i t e  at 500 psi with h y d r o g e n  and s t e a m  showed 

41 ";, ,'arboz~ gasificati ,n~, ind ica t ing  rm s ign i f i c an t  l o s s  of  r e a c t i v i t y  f r o m  the 

1000-ps i  opt.. ra t ion .  RL..sults of  l ign i t e  gasif icat ; .on a t  500 psi  with s y n t h e s i s  

g a s - s t e a m  and hydrogel~-stc~am m i x t u r e s  show tha t  about  5% m o r e  c a r b o n  

(36 vs .  41%) was ~as i f ied  with the h y d r o g e n - s t e a m  m i x t u r e .  E i t he r  gas 

mi .n ture  is adequa te  f o r  the HYGAS P r o c e s s  in t e r m s  of  ob ta in ing  the r e q u i r -  

ed ga sffica.*iun. 

The- s tudy  of Montana  s u b b i t u m i n o u s  coal  showed tha t  a 1000-psi  p re s .~ure  is  

d~ f in i t e l y  prc . ' fe r red  o v e r  500 p s i  wi th  e i t h e r  the h y d r o g e n - s t e a m  or  s y n t h e s i s  

g a s - s t e a m  m i x t u r e s .  O p e r a t i o n  was s m o o t h  a t  I000 ps i ,  but  e r r a t i c  a t  500 ps i .  

L o w e r  m e t h a n e  and h ighe r  c.%:'bon ox ides  y ie lds  w e r e  a l s o  obta ined  a t  500 ps i .  
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The  s t u d y  o f  N e w  Iv lcx ico  st,  b b i t u m i , ~ o u s  c o a l  s h o w e d  l h a t  t h e  c o a l  w a s  

similar in behavior and reactivity to th,: Montana and Colorado subbi tun~inc~us  

coals tested earlier. With 13 coals tested to date in the 4-inch hydrogasifier, 

further study of other coals will be postponed. 

Designs are being completed to uxan~ine the flow patterns and pressure 

balance in a model of the upper suction of the HYGAS hydrogasifier. The 

model will permit preliminary study of any future n,odif[cations. 

After a number of successftLl l-uns at 1900~F and 1000 psi using IGT's 

hydrogasified char, silicon carbide was tried as the central electrode and 

as the reactor tube. The material withstands hot spots well, but shows a high 

initial electr%cal resistance . Upon heating, the resistance gradually drops 

to an acceptable range. A ncxv low-resistance silicon carbide wiU be tried 

as soon as it is received. 

A run aimed at defining the electric.al characteristics of the bed yielded 

much data. High- and low-frequency current and voltage fluctuations, along 

with transient response of the bed to step-changes in power input, should 

provide the necessary data for designing the power package of lhe Z-MW 

electrothermal gasifier unit. Work to date indicates that the Z-MW electro- 

thermal gasifier will have a direct-current power supply and a concentric 

electrode config~Lratio,l. 

The gasifier was disassembled to install a nlagnetic flip coil to suppress 

arcing and redue~ current fluctuations. Two tests showed that the freq- 

uency of the current flicker was notice abl~r reduced, while'its amplitude 

remained unchanged. Although some additional tests with the coil may be 

l-nade later, no ffip coil will be used in the Z-M~" unit. The fabrication and 

installation of the coil can be difficult; tlhe coiJ reqtlires significant 

power that only reduces the frequency of cv~rrent flicker but not its amplitude. 

The nozzles frolT.l Spraying Systems Corp. appear to show no wear when 

dispersing coal-water slurries. Photographs wore taken that should permit 

measurement of the spray distribution. 

NEW PROCESS STUDIES 

A fuel cell engineering study to supply power to the electrothermal gasifier 

was completed, including details of power plant configuration and cost calcu- 

lations. A bus bar cost of 4.5 and 5.4 mills/kWhr is estimated for fuel cell 

power densities of 300 and 150 watts/sq ft. Capital investment is estimated 

at $99 and $123/kW for cell power densities of 300 and 150 watts/sq ft. 
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h~stead of g e n e r a t i n g  a d d i t i o n a l  p o w e r  f r o m  the  hot  fue l  c e l l  w a s t e  g a s e s ,  

a s  in the a b o v e  s tudy ,  we c o n s i d e r e d  u s i n g  the w a s t e  g a s e s  f o r  1) r a i s i n g  

h i g h - p r e s s u r e  s t e a m  o r  " )  s u p p l y i n g  h e a t  to the  p r o d u c e r  gas  g e n e r a t o r .  

S c h e m e  1 i s  m o r e  a t t r a c t i w :  than  s c h e m e  Z, but  is not  e c o n o m i c a l l y  as  a t -  

t r a c t i v e  as  the  o r i g i n a l  s tudy  in w h i c h  the w a s t e  g a s e s  g e u e r a t e d  a d d i t i o n a l  

power. 

P I L O T  P L A N T  CONS'I 'RUC r l ON 

l':n~ineering is 99"o complete, except for field changes. Purchasing and 

material receipt are 99'~ complete. Cox.struction is 97':% complete. Of th',s, 

piping and instrumentation are 97"~ coznplete, and electrical work is 9 l"/o 

complete. The utility building is the first section of the plant turned over to 

IGT. 

Together with Procon x~,e began the design and construction of ~ 2-~vIW 

electrothermal gasifier system for the HYGAS pilot plant. The reactor 

will be built aboveground instead of in a pit, where solids transfer might be 

easier, because the cost of underground construction was prohibitive. For 

safety purposes, the reactor will have a water jacket similar to the hydro- 

gasifiur's. The gasificr v..~ssel has been placed on order with $truthers- 

Wells Gorporation, and delivery date is ,~xpected in May 1971. Piping 

and instrument diagrams are being finalize(~. A number of critical design 

areas are under intensive reviexv. 

PILOT P L A N T  OPER_kT1ON 

I'he s t a r t  of  10 e . 'ngmuers  and  16 t e c h n i c i a n s  have  been  in f u l l - i ' h n e  

t r a i n i n g  f o r  a m o n t h .  T h e  v a r i o u s  u t i l i t i e s  in the u t i l i t y  bu i l d ing  wi l l  he 

the first shakedown; next in sequence will be the hydrogen plant. 

iii. Problems 

No major problems were encountered this month. 

IV. Recommendations 

Wu r e c o l n m u n d  t h a t  the  p r o j e c t  p r o c e e d  i,1 the  a r e a s  d e f i n e d  

V. Sta tu  s o f  F u n d i n ~  

I. A.G.A. F u n d i n g  

A. 1970 Funds Allocated $300,000 

B. Funds Expended This Month (estimated) $ 25,000 

C. Funds Expended to DaLe (estimated) $283,000 
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2. OCR Fund ing  

A, Funds  Expended  This  Month ( e s t i m a t e d )  $ 62,000 

B. Funds  Expended  Since  C o n t r a c t  A m e n d m e n t  $7,810,000 
No. 1 ( e s t i m a t e d )  

As a r e s u l t  o£ p e r s o n a l l y  r e v i e w i n g  the p e r t i n e n t  data  and i n { o r m a t i o n  

r e a s o n a b l y  ava i l ab le ,  it  is our  op in ion  that  the p r o j e c t ' s  o b j e c t i v e  w i l l  be 

a t t a ined  wi th in  the  c o n t r a c t  t e r m  and the  funds  all.o.cated. 

, : /  / ,  / /A  ,") 

F~. ank"C. Sdh6ra ,  J /  
D i r e c t o r  

L 
/ 

t 

Signed  /~l./~--~- ~ . . . .  
lBernard S. L e e  
M a n a g e r  

I N S T I T U T E 0 F 
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A p p , . n d i x .  A c h i e v e n , e n t s  in S e p t . e m b e r  

I)IC V E L O P M  I'.;NT U N I T  S T U  DII,;S 

Hyd r e  g a s  i f i c a  Lion "l'e s i s  

C o m p l e t e  h y d r o g a s i f i c a L i o n  r e s u l t s  o f  R u n s  H T - Z 5 2 A  and  H T - Z 5 2 B ,  

c o n d u c t e d  l a s t  m o n t h ,  a r e  p r e ~ e n t e d  in t h i s  r e p o r t .  T h e  p u r p o s e  of  t h e s e  

~es t s  w a s  to e v a l u a t e  thu h y d r o g a s i f i c a t i o n  p r e f o r m a n c e  a t  1000 p s i g  o f  a 

d r i e d ,  hut  o t h e r w i s e  u n t r e a t e d ,  N e w  Muxi t :o  s u b b i t u m i n o u s  c o a l  f r o m  the  

F a r m i n g t o n  a r e a .  B o t h  t e s t s  w e r e  p e r f o r m e d  a s  p a r t  o f  the  s a m e  h y d r o -  

g a s i f i c a L i o n  r u n  o p e r a t i o n ,  b u t  a t  d i f f e r e n t  c o n d i t i o n s .  In Run H T - Z f i 2 A  the  

c o a l  w a s  g a s i f i e d  in a f l u i d i z e d  b e d  w i t h  h y d r o g e n  o n l y ;  in Run H T - 2 5 2 B  the  

co;~l w a s  g a s i f i e d  in a f l u i d i z e d  b e d  w i t h  h y d r o g e n  a n d  s t e a m .  The  t r i a l  

f e e d  r a t e  in bo th  t e s t s  w a s  n e a r l y  the  s a m e  a t  33 .8  I b / h r .  O p e r a t i n g  c o n -  

d i t i o n s  and  r e s u l t s  of  t h e s e  two  r u n s  a r e  p r e s e n t e d  in T a b l e  1. C o m p o s -  

t i o n s  and  s r r e e n  a n a l y s e s  of  the. c o a l  f e e d s  and  the  r e s i d u e s  a r e  g i v e n  in 

T a b l e  d. "['h~- l i qu i d  p r o d u c t s  and  t h e i r  c o m p o s i t i o n s  p r o d u c e d  in t h e s e  

t e s t s  a r e  .~howr: in T a b l e  3. A l t h o u g h  t h e  s u p e r f i c i a l  f e e d  g a s  v e l o c i t i e s  

in b o t h  t e s t s  w e r e  s m a l l e r  t h a n  the  u s u a l  0 .18  f t / s  f o r  f l u i d i z e 0 - b e d  oper~ t -  

t i e s ,  they  wt..re a b o v e  the  m i n i m u m  v e l o c i t y  of  0 .06  f t / s  n e c e s s a r y  f o r  

f l u i d i z a t i o n .  

C a r b o n  g a s i f i c a t i o n  in Run H T - Z 5 d A  w a s  4 3 . 2 % ,  a s  the  c o a l  w a s  a l -  

l o w e d  to r e a c t  w i t h  h y d r o g e n  o n l y  a t  a h y d r o g e n - t o - c o a l  r a t i o  of  4 2 . 9 %  of  

the s t o i c h i o m e t r i c  r a t i o  ( T a b l e  1). With  the  a d d i t i o n  of  51,4  molt} p e r c e n t  

s t e a m  to the  r e a c t o r  in Run H ' r , 2 5 2 B  and  n e a r l y  the  s a m e  h y d r o g e n - t o -  

c o a l  r a t i o  a s  in Run H'I ' - ,! '5?.A, the  c a r b o n  g a s i f i c a t i o n  i n c r e a s e d  to 53.5.%. 

T h e  a d d i t i o n  of  s t e a m  a l s o  r e s u h e d  in a m o d e r a t i o n  of  the  c o a l - b e d  t e m p e r -  

a t u r e .  With  no s t e a m  the  a v e r a g e  ~ .oa l -bed  t e m p e r a t u - , e  w a s  1 6 7 5 ° F ,  a n d  

the  m a x i m u m  t e m p e r a t u r e  w a s  187C'*F. W h e n  the  f e e d  g a s  w a s  a h y d r o g e n -  

s t e a m  m i x t u r e ,  the  a v e r a g e  c o a i - b e d  t e m p e r a t u r e  w a s  1 4 8 5 ° F ;  the  m a x i m u m  

t e m p e r a t u r e  w a s  1770 ° F .  E x c e p t  f o r  l a r g e r  c a r b o n  o x i d e s  c o n c e n t r a t i o n s  in 

Run H 1 - 2 5 2 B ,  the  p r o d u c t  g a s  c o m p o s i t i o n s  in b o t h  t e s t s  w e r e  s i m i l a r .  

"Flat: gas i f i ,~d  c o a l  r e s i d u e  a n a l y s e s  ( T a b l e  Z) r e f l e c t  t he  l a r g e r  a m o u n t  

of  c o a l  c o n v e r t e d  in Run H T - Z 5 2 B .  C a r b o n  c o n t e n t  o f  the  r e s i d u e  i s  5 9 . 1 %  

c o m p a r e d  to 66.1% in Run I t T - Z S Z A ;  the  a s h  c o n t e u t  i s  59o1% c o m p a r e d  to 

31.9 %. 
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Table I, Part I. OPERATING CONDITIONS AND RESULTS OF THE 
HYDROGASJ~'ICATION OF NEW MEXICO SUBBITUMINOUS COAL IN 

HIGH-TEMPERATURE ADIABATIC REACTOR 

Coa l  N e w  M e x i c o  Subb i tun~hmus  

S o u r c e  F a r m i n g t o n  A r e a  

S i e v e  S i z e ,  USS --10 +80 

Run No. H T - 2 5 2 A  H T - 2 5 2 B  

Duration o£ Test, hr 6-3/4 6-3/4 
a 

Steady-State Operating Period, rain 129-285 310-405 

OPERATING CONDIT IONS 

Bed H e i g h t ,  ft  3 . 5  3 . 5  

R e a c t o r  P r e s s u r e ,  p s i g  1016 . 1009 
b 

R e a c t o r  T e m p e r a t u r e ,  °F 
I n c h e s  From Bottom 

62-I/2 13!5 1085 

6 7 - 3 / 4  1415 1235 

73 1740 1455 

78-1 /4"  1680 1400 

83-1/z 1850 ]6zo 

89 1695 1500 

9 4 - i / 2  1690 1570 

100 1870 1730 

104 184-5 1770 

A v e r a g e  1675 1485 

C o a l  R a t e ,  l b / h r C  3 3 . 7 6  3 3 . 8 5  

Feed Gas Rate, SCF/hr 460.4 • 454.4 

S t e a m  R a t e ,  l b / h r  - -  9 . 8 9  

Steam, mole % o£ hydrogenisteam mixture -- 31.4 

Hydrogen/Coal Ratio, ~/o of stoichiometric d 42.9 42.7 

Hydrogen/Steam Ratio, mole/mole -- 2.19 

Bed Pressure Differential, in. wc Z4.0 -- 

Coal Space Velocity, ib/cu ft-hr 109. i 109.4 
e 

Feed Gas Residence Time, rain 0.686 0.521 
f 

Superficial Feed Gas Velocity, ft/s 0.085 0. IlZ 
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'r;,I,]e l ,  l aa r t  Z. OI~I"liA'I'INC; ( :ONI)I ' J ' IONS AND R .ES U LTS  O1;' "1'1112 
IIY DRO(;ASiI"I~;A'FION O F  NIqW MI ' :XICO S U B B I T U M I N O U S  C O A L  IN 

I II(.;H -Tb:MPt ' . 'RA'J 'UR I': A D I A B A T I C  R E A C T O R  

Run No. 

O P E R A T  ING RESU L T S  

P r o d u c t  G a s  R a t e ,  S C F / h r  8 4 6 . 5  

Ne t  l~tu R e c u v e r y ,  1000 B t u / l b  5. 028 

P r o d u c t  Gas  Y ie ld ,  S C F / l b  d 5 . 0 7  

H y d r o c a r b o n  Yie ld ,  S C F / I b  6 . 6 7  

C a r h o n  O x i d e s  Yielcl, S C F / I b  1 . 2 5  

NeL R e a c t e d  l l y d r - g e n ,  S C F / l b  7 . 7 7  

H,,sidue, lb/lb c,)al g 0.509 
h 

Liquid  t~rt ,r i i icts ,  l b / l l ,  ct ,ai  0. 15.3 
! 

fl" Nut M A F  C/,a] liydrtJgasifit,d, wt .,, 4 4 , 9  

C a r b u n  G a s i f i e d ,  w t  "'.,, 4 3 , 2  

S t e a m  D e c o m p o s e d ,  ] b / h r  f: - -  

S t e a m  D e c o l n p o s e d ,  o;, of  s t e a m  fed  - -  
k 

Steam Dei:ozni)osed, ":, t)£ t,,ta! equivalent fed 34.3 

Overall ~Iatt.  r i a l  V,a]ance, '::, 100.8 

Carb,m !:alancu, ',C, 101.5 

Hvtlro~en .l%alan~e, n,, 101.3 

Oxygen Biilanc(., % 108.7 

H T - 2 5 2 A  H T - Z 5 Z B  

9 3 7 . 3  

6 . 1 4 z  

z 7 . 6 9  

7 . 0 6  

2 . 8 5  

6 . 8 6  

0 . . t l  5 

0. 347 

6 4 . 5  

5 3 . 5  

34.2. 

9q.4 

97.6 

99.7 

106.2 

P R O D U C T  GAS P R O P E R T I E S  

Ga s  Ct, m p o s i t i o n ,  m o l e  "', 

N i t r o g e n  4 4 . 8  
C a r b o n  Monc~xide 3 . 8  
( , a rhcm D i o x i d e  I .  Z 
i l y d r u g e n  2 3 . 4  
M e t h a n e  ZS. 2 
Ethane l .  3 
Propanu 0.1 
Butane . .  
B e n z e n t ,  0 . 2  
H y d r o g e n  S u l f i d e  . -  

T o t a l  1 0 0 . 0  
1ll 

Hea t ing  Value, Btu/SCF 371 

S p e c i f i c  G r a v i t y  ( A i r  = 1 . 0 0 )  0 . 6 6 7  

N i t r o g e n  P u r g e  R a t e ,  S C F / h r  379 

4 0 . 2  
7 . 6  
2 . 7  

2 3 . 7  
2q.  1 

1 .3  
0 . 1  

0 . 2  
0 . 1  

I00.0 

373 

0. 677 

377 
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a e  

b. 

C. 

d. 

e u  

f. 

h. 

i .  

j .  

k. 

m °  

T a b l e  1, . ' a r t  3. O P E R A T I N G  CONDITIONS AND RESUL'/ 'S  OI." Till.: 
I I Y D R O G A S I F I C A T I O N  OF NEW MEXICO SU I~BITUIvllNOUS C O A L  IN 

[-1 IGH-  T E M P E R A T U  R I.: A D iA BA TIC '  R EAC TOR 

F r o m  s t a r t  of coa l  feed .  

Tube  wal l  t e m p e r a t u r e s .  B o t t o m  of coa l  bed a t  62 in. 

O p e r a t i n g  c o n d i t i o n s  and r e s u l t s  b a s e d  on we igh t  of d r y  f e e d .  

P e r c e n t  of  s t o i c h i o m e t r i c  h y d r o g e n / c h a r  r a t i o - - t h e  net  feed  
h y d r o g e n / c h a r  r a t i o  requ i rec i  to c o n v e r t  a l l  the c a r b , m  to m e t h a n e .  

Coa l  bed v o l u r t ~ e / t C F / m i n  feed  gas  a t  r e a c t o r  p r e s s u r e  and tt, napcra t t t r t , ) .  

( C F / s  f eed  gas  a t  r e a c t o r  p r e s s u r e  and t e m p e r a t u r e ) l o r e s , z - s e c t i o n a l  
a r e a  of  r e a c t o r .  

By a s h  b a l a n c e .  
-p 

I n c l u d e s  c o n d e n s e d ,  u n d e c o m p o s e d  s t e a m .  

100 (wt of  p r o d u c t  g a s - w t  layclrogetl i n - w t  d e c o m p o s e d ,  s t e a x n - w t  
n i t r o g e n  i n / w t  of m o i s t u r e - ,  a s i a - f r e e  coa l ) .  

C o m p u t e d  a s  d i f f e r e n c e  b e t w e e n  s t e a m  feed  r a t e  and the  m e a s u r e d  
l iqu id  w a t e r  r a t e  l e av i ng  the r e a c t o r ,  

C o m p u t e d  a s  d i f f e r e n c e  b e t w e e n  the  t o t a l  e q u i v a l e n t  s t e a m  f e e d  r a t e  
( i n c l udes  m o i s t u r e  c o n t e n t  of f eed  c h a r  and bound w a t e r  c o r r e s p o n c l i n g  
to oxygen  c o n t e n t  of f e ed  c h a r )  and the  m e a s u r e d  l iquid  w a t e r  r a t e  
l eav ing  the  r e a c t o r .  

Gross, gas saturated at 600F, 30-in. Hg pressure. SCF: dry gas 
volume in SCF at 600F, 30-in. Hg pressure. 
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l ' abl , -  2.  ( : t t I . : M I C A I .  A N D  5 ( '  t~1-.1.:3 ANAI.TSI.: . ' - ;  O F  NI-:W MI':XIL':tJ 
$1" t;1: l ' l ' t  "M INCH'S  ( : O A  I. I.'t,:I.: l) A N D  1~ I,:SIDI" I.:S" 

|{vn  N--~, 

S.IZnlSlV 

P r u x , t n a t v  An,t ly~.-i~ wl. 

V~Jlittilv Nlittt~.r 

F i x e d  t :,i r i , on  

g : . h  

"I , , l . t  1 

t . ' ] t : tn . i t t .  A:;a!y.-,:. ', (¢1r.,,'1, wt  

I ".- r l . , n  

l "y,i r,,t:,-n 

.'qzt t ' , , t I"n 

( ) x y R , ' n  

~;t l  l-*'tl I "  

A." h 

"1 ,'t.~ ] 

• qt  r , '~ 'n  An; t l .v .~ ls .  l'H.%, w l  "" 

:gO 

: -10 

, 6 0  

~80 

,lOO 

i . ' o o  

t 3 2 5  

--325 

T o t a l  

111 - . :  : ,2 A 
• ° .  

I"~',',1 I~ t'.~i dl:~" I "v , ' r l  

1t l ' - g ; ~ g l :  

J . . :  :).:~ . ' . 2  O.l~ 

~T. i 2 . 2  37. ~ - ' . 4  

• ;-;, ¢, ~:,~. -; - ; 4 . 6  5h ,  o 

l ~ . ' J  $1 .¢ ,  I 5 . ' J  ~ 8 .  V. 

l Htj. O 1O(}. 0 10/J. t] 1 0 o .  o 

;, ; .  - i,¢,. ! 6 ~..2' ;; '*. | 

• ; .  a2 o .  h-; .1..~2 O. '~.| 

1. 17 o .  :.'J 1. 17 U. "; 1 

1 3 .  '., 1 U. r~.| 1 3 .  '~1 O.  40 

o .  68 o . ' 8  0 . 6 8  0 .  ! . |  

i f i .  ) 2  3 l .  ~'~ 1 6 . 2 2  3 '? .  I I 

100, 0O 1OO. OU 1OO. OO lOO. OO 

¢3 .6  J - l . 2  3 3 . 6  2 " ; . 2  

2J .  2 - ' .1.7 JZ.  2 Z-% 2 

15. 5 2 0 .  u 1 5 . 3  l ' y . Z  

1 8 . 8  2 0 . 8  1H.8  1 9 . 0  

8 . 3  Y . !  8 . ]  6 . 5  

1 . 6  1 . 8  1 . 6  1 . 8  

0 . 2  1 . 0  0 . 2  0 . 7  

o . 0  0 . 2  C. 0 0 . 2  

0 . 0  0 .  Z 0 . 0  0 . 2  

1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  
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Tht~ l iquid  p r o d u c t  a n a l y s e s  (Tab le  3) show tha t  the c a r b o n  c o n v e r s i o n  

to oi l  d id  not s ign i f i can t l  7 cliffcr in e i t t ' e r  t e s t .  The f r a c t i o n  of ca rbon  

c - - v u r t e d  to oil  was 5.01% in Run IIT-. '52A and 5.27% in Run HT-252B.  

'Fable 3. COMPOSITION OF HYDROGASIFIGATION LIQUID ]PRODUCTS 

I'{ t l  II . ' ~ O .  

Sample 

Liclu',d P r o d u c t s  ~, 

Ib / lb  coa l  0. 153 

Ci )mlms i t ion  ¢~f Liquid Produ~' ts ,  wt  % 

W a t e r  76 .80  

Oi l  2 3 . 2 0  

T o t a l  1 0 0 . 0 0  

C o m p o s i t i o n  0£ O:.1 F r a c t i o n ,  w t  ~,~ 

C a r b o n  89 .15  

I-[ydroge ~ 6.84 

Tota l  95 .99  

C a r b o n  in Oil F r a c t i o n ,  

l b l l b  coa l  0 .0317 

wt a~ of  c a r b o n  in coal  5 .01 

Inc ludes  c o n d e n s e d ,  u n d e c o m p o s e d  s t e a m .  

HT-252A HT-Z52B 

C o n d e n s e r  

0. 347 

89.29 

zo.. 7____! 

100 .  O0 

89.53 

6.63 

96.16 

0. 0333 

5 .27 

I N S T I T U T E 0 F 
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"l')|o , ' t-s, ,ll~ ,)f tht:s,.- t t . s t s  ,-st,.l,l,~h th,: f t : . , s i l , i l i t y  (,f .~asifyia.u New 

M,.>:ic,, .~td ,bi tund, ,nl .~  t',li, I i l l  ,l Ih~idlz4:d IJ,:d w i t h  h y d r ,  Jg,.'z~ aut! sh: . t l l l  w i l h  

nt) p r i o r  i)l',:tl'l:,xtlllt..llt (if t he  t tl.ll. R , . , c t i v i t y  t)t" t]|l.q ('t);ll is g ( : l l e r . t l ly  Iil~: 

sam~: as t im Mut~tana and C:oloradtJ s,*bbitunlir,ous (c,-,l.,,, wh.;cb had  been pro- 

c e s s ~ ( l  in the devulopl-nt . .n t  t lni t .  

G o a l  P r e t r u . t t m t . . n t  

Wt" c u r n p l e t u d  t h e  p r e t r e a t m t : n t  o f  a b a t c h  of  W t : s t e r n  K e n t u c k y  b i t u m i n o u s  

,.o,tl tu nlakt." it s u i t a b l e  f o r  u s e  a s  ;, f e ed  in t h e  h y , l r o g a s i f i c a t i o n  d e v e l o p m e n t  

u n i t  ( P r e t r e ; t t m e n t  Run  F P - 1 4 5 ) .  A p p r o x i m a t e l y  840  lb o f  l i g h t l y  p r e t r e a t e d  

c o a l  w a s  p r - d u c e d  b y  t r e a t i n g  i t  w i t h  an  a i r - n i t r o g e n  m i x t u r e  in a f l u i d l z e d  

b e d  a t  7 5 0 ° - 8 0 0  ° F .  L a b o r a t o r y  t e s t s  s h o w e d  t h a t  t h e p r e t r e a t e d  c o a l  s t i l l  

had  t r a c e s  o f  a g g l o m e r a t i n g  t e n d e n c i e s ,  d u e  to  s h o r t - c i r c u i t i n g  o f  s o m e  o f  

t he  c o a l  t h r o u g h  t h e  p r o t r e a t m e n t  bed .  Analyses o f  t h e  r aw  andpretreated 

c o a l s  a r e  g i v e n  in T a b l e  4 .  

T a b l e  4. P R | ~ T R E A ' F G D  W E S T E R N  K E N T U C K Y  B I T U M I N O U S  C O A L  

Run No.  F P -  145 

As  R c c e L v e d  P r e t r e a t e d  

P r o x i m a t e  A n a l y s i s ,  w t %  

M o i s t u r e  6.6 1.0 
V o l a t i l e  M a t t e r  3 8 .6  27.2  
Fixed Carbon q8.5 63.6 
Ash 6.3 8.Z 

Total I00,0 100.0 

U l t i m a t e  A n a l y s i s  ( d r y ) ,  w t %  

C a r b o n  7 4 . 4  76.3 
H y d r o g e n  5.Z9 4 .32  
N Ltro ge n  1 .54 - -*  
Oxygen 8.ZZ --* 
Sulfur 3.76 --* 
Ash 6.79 8.29 

Total I00.00 -- 

::: No * a n a l y s i s .  
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1~ Lk~C T l~O'I'l ! l:~ R .MA l+ "CLA St F IC  A "l'ION 

Two  tes t+  w e r e  t ' o n d u c t u d  in the pi lot  unit  d t t r ing  th+ m o n t h .  'l'h~ f i r s t ,  

Run t:X1-65, was  ;t h t : ; t t -up t e s t  wi th  th,: C r v s t a l l o n - o 3  s i l i c o n  ca rb id t :  tube; 

the  secot~d, Run k:Ci-66, w a s  t 'ondttc/tzd with ,t " l 'ypu-31G s t a i n l e s s  stt..ul tubt: 

,tnd ,t n~ult iph:  e i e c t r u d t :  t-t,t:fit~t:r,ttiun .ts tile i n n e r  t~let'~.rt:dt:o 

D u r i n g  Rtlll I::(;-65 the o'- t~rlt~-~ r e ~ i s t a n t e  o f  the sys t , :n~  w a s  2 0 - i 0  t)l:l'l:s 

a t  the s t a r t  of  the h e a t - u p  i ' t : r iod,  and retT"aint~d [n t h a t  rang 'e  , ts ' t i lv v o l t a g e  

w a s  i n c r e a s e d  to i00  v o l t s .  The  bed t e m p e r a t u r e  r e a c h e d  600"F ,  .ti:d w i th -  

in 15 :rtinutt. 's the r e s i s t a n c e  d e u c e , t e e d  to abou t  6.0 ohnas, lmnaed i a t e ly  

f o l l o w i n g  the d rop  in r e s i s t ~ t n c e  seve r l t l  t h e r m o c o u p l e s  indi t  s tud hot s p o t s  

in o n e  s e c t i u n  of the bed.  "rht: o v e r a l l  r e s i s t a n c e  w a s  .I.5 o h m s  as the bud 

t e m p e r a t u r e  r e a c h e d  8"50 : F, w i th  one  thernaocouI ; lC  i n d i c a t i n g  1350 '  I-'. We 

c o n t i n u e d  the h e a t - u p ,  and  bed. t e m p e r a t u r e s  c o n t i n u e d  to incr t :as t -  as the 

o v e r a l l  r e s i s t a n c e  d e c r e a s e d  to 1 .0 -2 .0  o h m s ,  An a v e r a g e  bed t e m p e r a t u r e  

o f  1 8 0 0 '  F was  m a i n t a i n e d  f o r  1 h o u r  at  a d0-~5 k W p o w e r  leve l  b e f o r e  the  

t e s t  w a s  t e r m i n a t e d .  E x a m i n a t i o n  of the r e a c t o r  f o l i o ( r i n g  the t e s t  s h o w e d  

tha t  the  L:le,.:trode and the w a l l  of  the s i l i con  c a r b i d e  tube  w e r e  unaff~'ctL'd 

by the  t e s t .  

T h e  f a c t  that  we w e r e  a b l e  to r e a c h  1800" F d u r i n g  t he  t e s t  and the o v e r -  

a l l  r e s i s t a n c e  of  the s y s t e m  l e v e l e d  out  at  1 . 0 - ) , 0  o h m s  gave  us con~.idewlcc 

t h a t  the  C r y s t a r - t y p e  s i l i c o n  c a r b i d e  tube (oil o r d e r } ,  w h i c h  has  a m u c h  l o w e r  

e l e c t r i c a l  r e s i s t a n c e  than the  G r y s t a l l o n - 6 3  tube,  s h o u l d  a l low us to r e a c h  

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

m a i n t a i n  s t e a d y - s t a t e  o p e r a t i n g  c o n d i t i o n s  shou ld  a l s o  be w e l l  "7ithin the s e t  

l i m i t s  o f  the  m o t o r  g e n e r a t o r .  

The  s i l i con  c a r b i d e  tube  w a s  r e p l a c e d  wi th  a T y p e - 3 1 6  s t a i n l e s s  s t e e l  

t ube  f o r  f u r t h e r  t e s t i n g .  Run E G - 6 6  w a s  c o n d u c t e d  u s i n g  a m u l t i p l e  c o n -  

f i g u r a t i o n  as  the i n n e r  e l e c t r o d e ,  F i g u r e  1. The  b o t t o m  36 i n c h e s  o f  the 

i n n e r  e l e c t r o d e  c o n s i s t e d  of  t h r e e  5 / S - i n c h ,  T y p e - 3 1 6  s t a i n l e s s  s t e e l  r o d s  

w e l d e d  at  120 d e g r e e  i n t e r v a l s  to the 1 - 1 / Z - i n c h ,  T y p e - 3 1 6  s t a i n l e s s  s t e e l  e l e c -  

t r o d e .  The  p u r p o s e  o£ the  t e s t  was  to o b s e r v e  the  e l e c t r i c a l  c h a r a c t e r i s t i c s  o f  

the  s y s t e m .  D u r i n g  the t e s t  a l e a k  d e v e l o p e d  a t  the b a s e  o f  the r e a c t o r  and 

c a u s e d  the t e r m i n a t i o n  o f  the run  due to e r r a t i c  f l u i d t z a t i o n .  F o l l o w i n g  

the  t e s t  the e l e c t r o d e  tip w a s  m e l t e d  abou t  3 i n c h e s  a l o n g  one 5 / 8 - i n c h  

rod ,  a n o t h e r  w a s  s l i g h t l y  m e l t e d  a t  the tip, and the  t h i r d  w a s  u n d a m a g e d .  The  

t e m p e r a t u r e  o£ the bed r e a c h e d  800*F  b e f o r e  the  l e a k  o c c u r r e d ;  o b s e r v a t i o n  

of its electrical behavior proved inconclusive. 
14 
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tfPE-3m6 SS TuBE 
(6-,n ID x65-m OD) 

1 5 - m - D I A M E T E R  T Y P E - 3 1 6 S S  
ELECTRODE ROD 

CARBORUNDUM FIBERFAX 
BULK CERAMIC INSULATION 

THREE ,518.,n T Y P E - 3 1 6 S  
RODS SPACED AT 120 ° 
INTERVALS 

UPPER RADIATION 
BEAM 

TO SCALE 

A-IOOe~3 

Figure I. CUTAWAY VIEW OF REACTOR FOR RUN EG-66 
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"l'he main area of inlerest ill the  pilot unit progran~ now t:l'.nD:rs ,trous:d 

the  d e v e l o p n ~ c t l t  of  a ~i l i t :on c a r b i d e  l i n e r  f o r  u s e  in the  2-MW t 'e .sct t l r  

that  wi l l  be i n c o r p o r a t , : d  iq the  I IYGA5 pl . tn t .  S i . c e  it  wi l l  b t : . l n o t h c r  u - 8  

w e e k s  b e f o r e  the  l o w - r e s i s t a n t : e  C r y s t . t r  s i l i c o n  c a r b k l e  tube  wsll be  d e l i v e r -  

ed, the  tes t .  nn i t  h a s  b e e n  m a d e  av,~il . ,Ide to a n o t h e r  A .G ,A .  p r o j e c t  ( l u r i . g  

the i n t e r i m  for a s e r i e s  of  f o u r  to s ix  t e s t s .  T h e  n t a c e s s a r y  t h a ; l g e S  and  

a d d i t i o n s  to the p r e s e n t  s y s t e m  ; t i e  nt~w iJl p r o g r e s s °  

T h e  c t ) m p i e t c  o p e r , z t . ; . -  con t l i t i tm s  and  r e s u l t s  o f  Run 15G-62 a r e  r e p o r t -  

ed in T a b l e  5. T h e  t : h , :m ica l  and s i e v e  a n ' a l y s e s  o f  the.. c h a r  I c e d  an d  r c s [ t i u e  

a p p e a r  in T a b l e  6. 

NEW P R O C E S S  STUDII-:S 

l" 'ml Ce l l  l ' :ngint . 'er ing S t u d i e s  

"I 'hreu poss ib l ,~  s c h e m e s  f o r  v t i l i z i n g  the  w a s t e  g a s e s  f r o m  the fuc l  c e l l  

w e r e  o u t l i n e d  ira the  . luly P r o j e c t  S t a t u s  Report ."  

1. G e n e r a t i o n  of  h i g h - p r e s s u r e  s t e a m  

2. Use  o f  the  w a s t e  g a s e s  wi th  f r e s h  b i r  in t h e  p r o d u c e r  g a s  g o n e . r a t e r  
unit 

3. U s e  o f  the w a s t e  g a s e s  wi th  o x y g e n  in t h e  p r o d u c e r  g~s  g e n e r a t o r  
un i t  

I n v e s t i g a t i o n  r e v e a l e d  t ha t  the  f i r s t  s c h e m e  a p p e a r s  t e c h n i c a l l y  m o r e  a t -  

t r a c t i v e  than the o t h e r  two;  h o w e v e r ,  none  of  t h e s e  a r t :  as  e c o n o m i c a l l y  a t -  

t r a c t i v e  as  the  e l e c t r i c i t y  g e n e r a t i o n  o r i g i n a l l y  p r o p o s e d  in th~ S e c o n d  

Q u a r t e r  P r o j e c t  S t a t u s  R e p o r t .  

S t e a m  G e n e r a t i o n  

O u r  f u e l  c e l l  p o w e r  p l a n t  d e s i g n  w as  b a s e d  on  400 MW of  p o w e r .  T h i s  

p l a n t  is  c a p a b l e  of  s u p p l y i n g  p o w e r  to an  e l e c t r o g a s i f i e r  tha t  f u r n i s h e s  

s y n t h e s i s  gas  f o r  h a n d l i n g  a 300 b i l l i o n  B t u / d a y  p i p e l i n e  gas  p l a n t .  T h e  

following are the high-pressure process steam requirements for this plant: 

Hi,h-Pressure S.tcam Required, 1200 psig . 

Steam to Electrogasifier, 10Z5°F 

Steam to High-Temperature 
Zone of Hydrogasifi=r, I OZS°F 

Steam to CO Shift Reactor, 57t}°F 

Total 

Ib/hr  I0 ~ Btulhr 

520,000 75Z 

438,000 633 

500, 00O 578 

1,458,00D 1963 
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"l'abh: 5, P a r t  1. O P E R A ' I I N G  CONDITIONS AND R E S U L T S  OF T H E  
ELECTRO' ! ' I I I . iRMAL GASIFICATION OF COAL CHAR 

Fe e d  ( : l iar  FMC 

Sievt.  S ize ,  USS -10+80  

Run No. Ii;G-62 

D ura t i on  of  T e s t ,  h r  4 . 7  

S t e a d y - S t a t e  O p e r a t i n g  Pe . r iod ,  ra in  60 

Etec t rcJde  M a t e r i a l  316 SS 

Ot~I:RA'I'ING CONDITIONS 

Bed t l e igh t ,  ft 2 . 7 5  

ReacU~r P r e s s u r e ,  psig 985 

R e a c t o r  T e m p e r a t u r e ,  °F 

Inches F r o m  Bo t t om  

6 1060 

12 1420 

18 1370 

2-t 1620 

30 1620 

33 1540 

36 1540 

39 1780 

42 17'40 

45 1760 

51 1850 

5q 1810 

57 1820 

60 1820 

63 1820 

72 1820 

84 1810 

A v e r a g e  Top  2 . 7 5  £t 1800 

17 
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Table 5, 
ELECTROTHERNIAL GASIFICATION OF COAL CHAR 

Steam Feed Rate, Ib/hr 117.0 

Steam Residence Time, rain ~ 0. Z4 

Steam S u p e r f i c i a l  Veloc i ty ,  f t / s  + 0 . 1 9  

S t e a m / C h a r  F e e d  Rat io ,  l b / l b  2 .1  

Char  F e e d  Rate  (dry),  l b / h r  55 .3  

C h a r  R e s i d e n c e  T ime ,  mh,  17 .4  

Voltage, '  V 165' 

Current, A , 368 

Power Input, kW 61 

Overall Resistance, ohm 0.46 

OP ERA TING R ESU LTS 

Product Gas Rate (dry), SCF/hr ~ 

Product Gas Yield (dry), SCF/Ib char 

Hydrogen Yield, SCF/Ib char 

Hyd/'ogen + Carbon Monoxide Yield, SCF/Ib char 

Carbon Oxides Yield, SCF/Ib chat" 

Part g. OPERATING CONDITIONS AND RESULTS OF THE 

Char Gasified, $% 

Carbon Gasified, ~ 

Liquid Products, Ib/hr 

Steam Decomposed, Ib/hr 

Steam Conversion, ~o 

Overall Material Balance, 

Carbon Balance, 

Hydrogen Balance, % 

Oxygen Balance, ~ 

PRODUCT GAS PROPERTIES 

Composition, mole $'~ ~ 

CO 

COz 

Hz 

CH4 

HaS 

Total 

Specific Gravity (Air = I. 00) 

18 
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1525 

27.6 

13.5  

20 .9  

11 .9  

54.8  

57 .0  

76 .1  

40 .0  

34, 5 

9 7 . 4  

94 .8  

IO0.0 

98 .7  

I N S T I T U T E O F 

27.1 

i 6 . 1  

4 8 . 9  

7 .7  

0 .2  

I00.0 
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Tahle 5, Part 3. OPERATING CONDITIONS AND RESULTS OF THE 
ELECTROTHERMAL GASIFICATION OF COAL CHAR 

(:~,a] b e d  v o ] t n ' n e ,  (I.~, I) Z. 75  f t ) / S C F  s t e a m  f e e d  a t  a v e r a g e  
r e a c t o r  t e m p e r a t u r e  and pressure. 

CF/s steals at reactor temperature and pressure/cross- 
sectional area of reactor. 

D r y ,  n i t r o g e n - f r e e  b a s i s .  

• • 

T a b l e  6. C H E M I C A L  A N D  S C R E E N  A N A L Y S E S  O F  E L E C T R O T H E R M A L  
G A S I F I C A T I O N  F E E D S  A N D  R E S I D U E S  

RuN N o .  

P r o x i m a t e  Ana lys i s ,  wt  

Moi s tu r e  

Vola t i le  M a t t e r  

Fixed Carbon 

Ash 

Tota l  

Ul t imate  Ana lys i s ,  wt 

Carbon 

Hydrogen 

Nitrogen 

Oxyqen 

Sulfur  

Ash  

Tota l  

Screen Analyv i s .  USS. wt  % 

+20 

+30 

+40 

+60 

+80 

+lO0 

+200 

+325 

--325 

Tota l  

EG-62 

Feed Res idue  

5.4 0,9 

4.9. t , 3  

75.6 65.2 

14.1 3 :~ .___.~6 

100, 0 100.0  

78.20 65.40 

0.99 0.48 

1.19 0.33 

2.54 0.59 

2.19 0.28 

14.8~ 32.92 

100.00 100.00 

"15.6 11.5 

23.0 24.2 

22.2 23.0 

26.7 25.6 

10.0 9.5 

.I.9 3 .0 

0.6 2.6 

0.0 0.3 

o.o. o.__! 
100.0 1 0 0 . 0  
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l'i~t, h , w - p r , . , s s ,  ru s t u a n l  r e q u i r e d  h'~ L:ach u,~[t is g e n e r a t e d  by wastt- '-huat 

r tzt ' t )vury f r o m  hot  p r o c t - s s  s t r~:~ms.  

W.tste g a s e s  f r o m  thL: fuel  ce l l  p l a n t  , t re  a t  1370~F. The to ta l  h e a t  con-  

tent  of these; g a s e s  above  300°F  is 2..13 b i l l i on  IStta/b~-; t h e r e f o r e ,  they  can 

be u t i l i z e d  to p r o d u c e  l a i g h - p r e s s u r e  s t e a m  a t  10ZSoF. S t e a m  r e q u i r e d  fo r  

a CO sh i f t  can be p r o d u c e d  by d e s u p e r h e a t i n g  h i g h - t e m p e r a t u r e  s t e a m  by 

w a t e r  i n j ec t i on .  At a 95% hea t  e x c h a n g e  e f f i c i e n c y  th is  would  r e q u i r e  d.07 

b i l l ion  B t u / h r .  The r e m a i n i n g  h e a t  can bc~ u s e d  f o r  supp ly ing  s t e a m  (about  

270,000 l b / h r )  to the gas  p r o d u c e r .  The  g a s e s  ex i t  the  h e a t  r e c o v e r y  s y s t e m  

at  about  300* F.  H e a t  r e c o v e r y  be low th i s  t e m p e r a t u r e  ~a g e n e r a l l y  not  eco- 
tloZnic~tl. 

• , 

in .'.he e a r l i t : r  p o w e r  pLxnt d e s i g n  the w a s t e  g a s e s  w e r e  u s e d  f o r  g e n e r a l -  

hag h i g h - p r e s s u r e  s t e a m  and e l e c t r i c  p o w e r .  The  e c o n o m i c s  of t h e s e  two 

p r o c e s s e s  a r e  c o m p a r e d  in Tab le  7. Note t h a t  the e c o n o m i c s  o f  op t ion  A 

( s t e ; :m g e n e r a t i o n )  a r e  not  a s  f a v o r a b l e  a s  t h o s e  of  opt ion B ( e x t r a  e l e c t r i c  

p o w e r  g e n e r a t i o n ) .  A h i ~ h e r  i n i t i a l  c a p i t a l  i n v e s t m e n t  for  op t ion  A p e r  

k i l o w a t t - h o u r  o[ p o w e r  g e n e r a t e d  i s  m a i n l y  r e s p o n s i b l e  f o r  the  h i g h e r  bus 

ba r  e n e r g y  cos t .  S ince  the  a v e r a g e  s e r v i c e  l i f e  of  a conven ' t iona l  p l a n t  i s  

gr t . ' a ter  than the f u e l  c e l l  p o w e r  p l a n t ' s ,  the l a t t e r ' s  d e p r e c i a t i o n  i s  a l s o  

h i g h e r  than a c o n v e n t i o n a l  p l a n t ' s .  

It shou ld  be e m p h a s i z e d  tha t  bvs b a r  energy" c o s t s  a r e  b a s e d  on c o n s e r v a -  

t ive e s t i m a t e s ,  and t h e r e  e x i s t s  a p o t e n t i a l  f o r  t h e  r e d u c e d  c o s t  of  c o m p o n e n t s  

and an i m p r o v e d  a v e r a g e  s e r v i c e  l i fe .  As  i n d i c a t e d  in the Second  Q u a r t e r ,  

1 9 7 0 , P : o j u c t  Statu.s Repo r t ,  bus ba r  e n e r g y  c o s t s  as  low as  3.7 m i l l s / k W h r  

a r e  a t t a i n a b l e .  A life" span  o£ n e a r l y  20 y e a r s  i s  a t t a i n e d  wi th  a p o w e r  d e n s -  

il.V of  "t00 W l s q  ft .  

Util izal . io. ,  of W a s t e  Gast :s  in the Gas  P r o d u c e r  

The p r o d u c e r  r e q u i r e s  oxygen,  u s u a l l y  s u p p l i e d  as  a i r ,  f o r  an e x o t h e r m i c  

r~.'act,on. The  w a s t e g a s e s  con ta in  9% oxygen ,  15% CO z, and 68% N z.  

S t t , i c h i o m u t r i c  c a l c u l a t i o n s  i nd i ca t e  tha t  15% o£ the w a s t e  g a s e s  f r o m  the 

fuel ce l l  p o w e r  p l an t  can be u t i l i z ed  in the p r o d u c e r  gas  unit ,  wi th  a b o u t  a 

50'; ,  savi,bg in oxygt-.n r e q u i r e m e n t s .  Th i s ,  h o w e v e r ,  n e c e s s i t a t e s  the us,.- 

of  p u r e  oxygen .  If a i r  is u sed  as  a s o u r c e  of  o x y g e n  in the p r o d u c e r  gas  

uni t ,  the o v 6 r a l l  n i t r o g e n  b a l a n c e  would  not  be s a t i s f i e d .  Al so ,  s i n c e  the  

w a s t e  g a s e s  a r e  n e a r l y  a t  a t m o s p h e r i c  pressures, the l a r g e  r e a c t o r  v o l u m e s  

r e q u i r e d  wot ' td  c . o u n t e r b a l a n c e  the  s a v i n g  in o x y g e n  b r o u g h t  a b o u t  by d i r e c t -  

ly u.sin~.the w a s t e  g a s e s .  This  p r o p o s i t i o n  is ,  t h e r e f o r e ,  not  a c c e p t e d .  

Z0 
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Table  7. ECONOMIC COMPARISON OF HEAT RECOVERY 
OPTIONS FOR FUEL C E I , L  POWER P L A N T  ~ 

Option Aj Option B, 
S t e a m  G e n e r a t i o n  E l e c t r i c  G e n e r a t i o n  

• w/. q f t  
15o 3oo I so  3oo 

P e w e e  G e n e r a t i o n ,  MW 402 402 793 793 

Capi ta l  I n v e s t m e n t ,  $ / k W  to ta l  p o w e r  191 143 123 99 

To ta l  Cap i t a l ,  $ I0 ~ 77 57 98 79 

E f f e c t i v e  S e r v i c e  Li fe ,  y r  8 . 8  9 . 6  9 . 7  10.7 

D e p r e c i a t i o n ,  m i l l s / k W h r  2_.471 1 .689  1.387 0 .993 

Opera t ing  C:ost. r n i J b / k W h r  3. 693 3. 537 Z. 008 I .  929 

5team C r e d i t  ( 55~ / I000  ]b), 2. 363 2. 363 . . . .  
.mil l /kWh r 

Net O pe ra t i ng  Cos t ,  m i l l~ JcWhr  1 .330 1 .174  2 . 0 0 8  1 .929 

FL'ced Ci~arge,,~, m i l l s / kW l i r  5. 572 4. OZ7 3. 578 Z. 5H7 

E n e r g y  Cost, m i l l s / k W h r  6. 902 5. 201 5. 386 4. 516 

Refer to Figure. 9, First Quarter, 1970, [L'-4-1 Project Status lieport, p. 28. 

At th i s  point  it b e c o m e s  ev i den t  tllat the use  of p u r e  oxygen  fo r  the whole 

fu(-1 ce l l  p o w e r  p lan t  migh t  be ~vorth,vhile.  This  would l ead  to high power  

densitius~ and the pu rg ing  of g a s e s  would be cut  down considerably. I n c r e a s e d  

power densities might offset ~.he cost of producing oxygen. Rou~th calculations 

w e r e  made, to i n v e s t i g a t e  this a l t e r n a t i v e .  Oxygen r e q v i r c x n ~ n t s  xvcru cst ima'~-d 

at  6000 toms/day  of90 ' , ' ,  ¢~xy~4-.. "l h4: c . s t  , , | ' .×yM.: .  pr ,  J d u c l i . .  f,~r p lan ls  

hav ing 1000 t,~ns/¢lay ¢'ap;icity is ¢inlJt,:cl ill the" l i t , . r , , l u re  I ,L! S H / I . . .  

A~mlmin~ ;~ w : r y  optin'dsti¢- f i /~uru for  l J r .d , , c , t i . ,  c¢,st, $. l l tcm, lie: ~',,sl 

of  oxygen  a ivne  w o r k s  out  to Z.5 m i l l s / k W h r .  Whun this  is c o m p a r e d  to a 

bus bar energy cost of about 5-6 mil!slkWhr, the impracticality of using oxy- 

gen is  obv ious .  

I Fai th ,  W. L. and Ka.yes, D. B., I n d u s t r i a l  C h e m i c a l s ,  Znd Ed.  
New York :  Wiley,  1963. 
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P I L O T  P bAN'[' GONSTRU(~TION 

E n g i n e e r i n g  w o r k  is con t inu ing  on r e c e n t  add i t i ons  Lo t h e  HYGAS pi lot  

p lan t  p r o j e c t .  P r o t o n  is a l s o  do.lag e n g i n e e r i n g  work  in c o n n e c t i o n  with 

i G T ' s  r e c e n t  p l an t  a c c e p t a n c e  c h e c k  l i s t s .  E x t r a s  l -Z9  to the g u a r a n t e e d  

m a x i m u m  p r i c e  w e r e  d i sck l ssed  and f i n a l i z e d  by IGT and P r o c o n .  T h e s e  

e x t r a s  wil l  be fo rma l i s t  r e s u b m i t t e d  t o l G T  s h o r t l y .  IGT  has  a u t h o r i z e d  

a d d i t i o n a l  work ,  and r e q u e s t s  f o r  an add i t i ona l  g u a r a n t e e d  m a x i m u m  p r i c e  

art" bt,ing prt.p;Lr¢:d. 

P u r c h a s e  o r d e r s  have  bL:un issut ;d  for  i tenas tha t  a r e  p a r t  of r c t ' en t  ad-  

d i t ions  to the p r o j e c t ,  

M a j o r  f ie ld  a c t i v i t i e s  d u r i n g  this  r e p o r t  p e r i o d  h a v e  been  e l e c t r i c a l  and 

i n s t r u m e n t a t i o n  work,  t e s t ing ,  i n su la t ion ,  ~nd l)aint ing.  P i p i n g  and i n s t r u -  

m e n t a t i o n  a r c  97'~ c o m p l e t e ,  e l e c t r i c a l  91%, i n s u l a t i o n  8Z'~, and pa in t ing  

75% c o m p l e t e .  

"Io (l~tte wt: , : x p e r i c n c e d  a to ta l  of 31 i nc l em, :n t  w e a t h e r  day.q; 3 o c c ' u r r e d  

in this  r t : l )ort  pt..riod. On t h e s e  ¢la~'s p r o g r e s s  was  n e g l i g i b l e .  

Orzgin;,I  .~cop~. wtJrk wil! t~,. mech+,n2c;tll}: tromplt.tt:d wi thin  2_ we(..k:~ . 

P r o c o n  is  p r e se , a t l y  wo. 'king on IGT c h e c k  l i s t s  f o r  vaziious a r e a s .  It 

a n t i c i p a t e s  that  work  on th¢.se wil l  con t inue  t h r o u g h  O c t o b e r .  F i n a l  a r e a  

p~tving ber l in  on Sel ) t t .mbvr  28 ,tncl wil i  l)e c o m p l e t e d  l:,y O c t o b e r  9. 

E l c c t r o t h t : r a n a l  ( ; a s i f i c r  Unit  

Bar, i t  eagim~.eriag de~igt:  da ta  shocks w e r e  i s s u e d  on S e p t e m b e r  10, 1970, 

f o r  revj*--w and c o m m e n t s .  The  d e f i n i t i v e  i s sue ,  e x p e c t e d  by the end of 

S, : l}tember,  wi l l  s e r v e  as  a c o m m o n  b a s i s  fo r  a l l  d e s i g n s ' t o  be c a r r i e d  out .  

The  e l e c t r o t h e r m a l  g a s t f i e r  r e a c t o r  (8.'06-01 j was  p u r c h a s e d  f r o m  

S t r u t h e r s  Wel l s ;  a T,~lex of  in ten t  was  s en t  to t h e m  on August .ZT,  1970. 

V e s s e l  d r a w i n g s  and r e q u i s i t i o n s  are. c u r r e n t l y  be ing  r e v i s e d  to r e f l e c t ' a s -  

p u r c h a s e d  modi . ( ica t ions ,  and c o n t a c t  is be ing  m a i n t a i n e d  with the v e n d o r  on 

the pend ing  d e t a i l  d e s i g n s  and m a t e r i a l s  s e l e c t i o n  problem.=:  e s p e c i a l l y  con-  

cerntl~g tim n o z z l e s .  A f o r m a l . p u r c h a s e  o r d e r  wi l !  be i s s u e d  s h o r t l y ,  but  

s c h e d u l e d  f a b r i c a t i o n  is a l r e a d y  u n d e r  wa~r and v e n d o r ' s  d e l i v e r y  c o m m i t -  

m e n t  is f o r  m i d - M a y  1971. A p u r c h a s e  o r d e r  fo r  the s t e a m  e j e c t o r  

( 8 . 11 -01 )  was  p l aced  on S e p t e m b e r  3, 1970,with  Scl,_utte & K o e r t i n g ;  IGT 

has  a u t h o r i z e d  the p l a c e m e n t  of  an o r d e r  with Buel l  E n g i n e e r i n g  fo r  the 

c~tclones ( 8 . 0 6 - 4 3 / 4 4 )  f o r  which  a r e v i s e d  r e q u i s i t i o n  is  b e i n g  c o m p l e t e d .  

2Z 
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'I'ht" s p c c i f l c a t i o n  i'or the e l e c t r o t h e r m a l  gLtsificr r e a c t o r  pow~'r feed and 

c o n t r o l  unit has  been c o m p l e t e d  as  a g r e e d ;  the r e q u i s i t i o n  wil l  be i s s u e d  

w h e n l G T ' s  a p p r o v a l  is r e c e i v e d .  The  v e s s e l  r e f r a c t o r y  and the  m a t e r i a l s  

handl ing cquipm~.nt r e q u i s i t i o n s  a r e  b~'inf~ v, r i t t~n f o r  i s s u e  s h ~ r t ! y .  

The  e l e c t r o t h e r m a l  g a s i f i e r  rea r t¢~r ' s  fou, :dat ion and the s u p p o r t  s t e e l  

s t r u c t u r e  d e s i g n s  have  been  c o m p l e t e d ,  and r e q u i s i t i o n s  wil l  be i s s u e d  

s h o r t l y .  The des i gn  f o r  the s t e e l  s t r u c t u r e  s u r r o u n d i n g  the r e a c t o r  is c u r -  

r u n t l y  u n d e r  way .  

S o m e  i n s t r u m e n t  r equ i s i ' t i ons  a r e  r e a d y  f o r  r e l e a s e ;  o t h e r s  a r e  awai t ing  

r e l e a s e ,  pend ing  t e c h n i c a l  q u e s t i o n s .  

Vendor  c o n t a c t s  p r o c e e d e d  f o r  the a d e q u a t e  des ign  of su i t ab l e  c o n e - t y p e  

¢-ontrul v a l v e s  on the h i g h - p r e s s u r e ,  h i g h - L e m p e r a t u r e  c h a r  d r o p  legs ,  aad 

a l so  fo r  tim. r r i t i c ' a l  exit-w-'nt  g a s - l i n e  p ipe .  S t r e s s  c a l r u l a t i o n s  w e r e  c a r -  

ri~,d out -n the  p r o p o s e d  cc ,n f igura t ions  and f a b r i c a t i o n  p r o c e d u r e s .  A mee t -  

ing be tween  IGT and P r o c o n  was  se t  up to d i s c u s s  the p o s M b l e  d i f f e r e h t  

solut icms to t h e s e  p r o b l e m s ,  as  s o m e  of th is  h i g h - a l l o y  p ip ing  can becom'e  

c r i t i c ,d  if not  o r d e r e d  in t i m e  b e c a u s e  of long d e l i v e r y  t i m e s .  

P r e j e c t  Sc hedu l e  

The c o n s t r u c t i o n  w o r k  scheduIed  f o r  the p r e s e n t  y e a r  and the l ay ing  of  

u n d e r g : o u n d  d r a i n a g e  l ine  a~d e l e c t r i c a l  condu i t  r uns  has  been  c o m p l e t e d °  
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Project Status Report 

For 
OFFICE OF COAL RESEARCH 

and 
AMERICAN GAS ASSOCIATION 

Report For October 1970 
OCR Report No. 73 

Pipeline Gas From Coal- Hydrogenation (IGT Hydrogasification 
Process 

OCR Contract No. I~_-01-0001-381 (l) A.G.A. Project No. IU-4-1 

L .pro~ect Objective 

1970 N~'.' 23 ;'31 II 4 1 

CEPT CF TkE INTCRICR 

The ove ra l l  obj..~ctive of  this p r o j e c t  is a p r o c e s s  for  p r o d u c i n g  p ipe l in~  

gas f rom coa l  tha t  is  e c o n o m i c a l l y  a t t r a c t i v e  f o r  supp lement ing  n a t u r a -  gas  

supp l ies .  The p r e s e n t  o b j e c t i v e  is the de s i gn ,  cons t ruc t ion ,  and op ' e ra t ion  

of a large integrated pilot plant to obtain saale-up data and operating experi- 

ence. Developmental research, engineering studies, and econom:c evalua- 

ti¢)ns are in progress to help attain this objective. 

ii. Achievements 

COA L CHARAC TEI~IZA TION 

Initial experiments show that residue char can reduce thd phenol concentra- 

tion in the raw-gas quench water to I ~ of the original value. The possibility 

of using char to clean up plant hqu£d effluents looks promising. %Ve are also 
i 

measuring HzS/CO z ratios in this quench water. 

ENGINEERING ECONOMICS STUDIES 

P r o c e s s  e c o n o m i c s  have  been  upda ted  to r e f l e c t  c u r r e n t  f i n a n c i a l  f a c t o r s  

and the escalation o£ investment and labor costs. For raw material costs 

between 8~ and Z4~/million Btu, representing lignite to bituminous coal. 

the gas prices range from 42 d to 78~/million Btu. 



l)k.V " E L O P M E N T  UNIT STUDIES 

F i v e  t e s t s  w e r e  m a d e  in the  e l e c t r o t h e r m a l  g a s i f i c r  u n i t  wifl, an o x y g e n  

input to observu the effect of oxygen addition on the power rcquirumcnts uf the 

system. Indications are that the power input can bc directly replaced with 

the carbon-oxygen r=action, fornuing carbon dioxide. Operation was smooth 

uxccpt /'or some c o n d u n s a t i o n  problums at the bottom of dl~ ruacror. 

P I L O T  PLANT CONSTRUCTION 

Asphalt paving in the pla_~t was completed. Construction involving hums 

un the IGT check list for the various sections of the plant is conti,ming. 

.uipm.u' and h~strumentation are nearing completion. 

Work on the electrothermal gasifier section is a i m e d  at freezing the piping 

and instrument diagram by  the end of this month. Designs of special areas, 

the hot vent gas linu, the power package, and the quench drum are con~plete. 

P I L O T  P L A N T  O P E R A T I O N  

Training of our operating staff continues. Technicians assigned to speci- 

fic areas are being trained to operate their respective sections. We com- 

missioned the air compressors, low-pressure boiler, az~d water treatment 

apparatus. The boilers have been boiled out and the necessary lines pickled. 

We accepted the analyzer building, the .:oal unloading area, and the hydrogen 

plant. 

• IlL Problems 

No major problems were encountered this monna. 

IV,  R e c o m m e n d a t i o n s  

We recommend that the project proceed in the areas defined. 
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V. Status O f Fundin~ 

1. A .G.A.  Funding 

A. 1970 Funds Allocated 
B, Funds Expended This Month (estimated) 

C. Funds Expended to Date (est imated) 

2. OCR Funding 

A. Funds Expended This Month (estimated) 
B. Funds Expended Since Contract  Amendment 

No, 1 (estimated) 

$ 358,000 

S 2.5, 0 0 0  

S 308,000 

S 85,000 

37. 905, OOO 

As a result of personal17 reviewing the pertinent data and information 

reasonably available, it is our opinion that the project's objective will be 

attained within the contract t e rm and the funds allocated. 

A p p r o v e ~ _ _  

Director yj/ 

J~ ,~  Huebler 
g . i t e - P r e  sident 

C Signed .~ jPt .~ ~ ,~" i~-. 
'Bern'ard S. Lee 
As s istant Di rec tor  
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A p p e n d L x .  A c h i e v e m e n t s  in O c t o b e r  

C O A L  C H A R A C T E R I Z A T I O N  

A n a l y s e s  f o r  p h e n o l  a n d  h y d r o g e n  c y a n i d e  in the  c o n d e n s a t e  h a v e  now b c c n  

: t c c t t znu l a t ed  frona t h r e e  hydrogasiftcation runs -- 

P h e n o l ,  • HCN,  
Run No,  F e e d  C o a l  m e  / ~ m,.,/_...._..~ 

H T - E G - 7  I r e l a n d  mhae  5000 359 
• • 

H T - 2 - t 8  M o n t a n a  s u b b i t u m i n o u s  4500 4, 6 

l l : q - O H 7  I r e l a n d  m i n e  2040 536 

W~: do not  k n o w  the  r e a s o n  f o r  '.he low v a l u e  f o r  h y d r o g e n  c y a n i d e  ~,n t h e  

s e c o n d  s a m p l e .  R e s u l t s  o f  t im a n a l y s i s ,  r e r u n  a t  the  o u t s i d e  l a b o r a t o r y ,  

s u b s t a n t i a l l y  a g r e e d .  

S o m e  e x p e r i m e n t s  w e r e  r u n  to d e t e r m i n e  t h e  l e v e l  to  w h i c h  .phenol in t h e  

c o n d e n s a t e  w i l l  be  r e d u c e d  if the  c o n d e n s a t e  is  u s e d  to  s l u r r y  the  e l e c t r o g a s -  

i f i c a t i o n  r e s i d u e  w h e n  the  l a t t e r  is r e m o v e d  f r o m  the  r e a c t o r .  R e s i d u e  c h a r  

f r o m  Run EG-4,~ ".nd a p h e n o l - w a t e r  m i x t u r e  w e r e  u s e d .  Wi th  a n  i n i t i a l  

p h e n o l  l e v e l  o f  2600 m g / £  a n d  a w a t e r - t o - c h a r  r a t i o  o.f Z. 5 by  w e i g h t ,  p h e n o l  

c o n c e n t r a t i o n  in t he  f i l t r a t e  w a s  r e d u c e d  to a b o u t  1 ~.~ o f  i~s i n i t i a l  l e v e l .  

A d d i t i o n a l  e x p e r i m e n t s  a r e  p l a n n e d  to d e t e r m i n e  t h e  e f f e c t  o f  t r e a t i n g  t h e  

c o n d e n s a t e  m o r e  t h a n  o n c e  w i t h  c h a r .  

An a t t en~p t  w a s  m a d e  to  d e t e r m i n e  the  a m o u n t s  of  c a r b o n  d i o x i d e  a n d  hy- 

drogen s u l f i d e  a b s o r b e d ,  a l o n g  w~th a m m o n i a ,  in t he  c o n d e n s a t e  w a t e r  in the  

d e v e l o p m e n t  h y d r o ~ a s i f i c a t i o n  uni t .  E q u i l i b r i u m  v a l u e s  do no t  t e l l  t he  w h o l e  

s t o r y  b e c a u s e  the  c a r b o n  d i o x i d e  a b s o r p t i o n ,  o r  m o r e  s p e c i f i c a l l y  t he  r e a c -  

t i on  to f o r m  c a r b o n a t e  f r o m  d i s s o l v e d  c a r b o n  d i o x i d e ,  is  r e l a t i v e l y  s l o w .  T w o  

r u n s  m a d e  to p r o d u c e  h y d r o g a s i f i c a t m n  r e s i d u e  f r o m  I r e l a n d  m i n e  c o a l  w e r e  

s a m p l e d .  S a m p l e s  f o r  c a r b o n  d i o x i d e  a n d  h y d r o g e n  s u l f i d e  w e r e  r u n  in to  

c a u s t i c  s o l u t i o n  to p r e v e n t  f inishing,  a n d  s e p a r a t e  s a m p l e s  f o r  the  d e t e r m i n a -  

t i on  o f  a m m o n i a  w e r e  s u b s e q u e n t l y  t a k e n .  R e s u l t s  i n d i c a t e  t h a t  c o n c e n t r a t i o n s  

in. the  s t r e a m ' a r e  n o t  a l w a y s  c o n s t a n t  e n o u g h  t o  u s e  t h i s  t e c h n i q u e .  I n s t e a d ,  

c o n t a i n e r s  s u i t a b l e  f o r  t a k i n g  l i qu id  s a m p l e s  u n d e r  h i g h  p r e s s u r e  a r e  b e i n g  

p r e p a r e d ,  

I N $ T I T U T E 0 F 
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The mole ratios of hydrogen sulfide to carbon dioxide obtained are 

signific-~nt. 

Run No. HzS/CO~ 

OH-4 0.55 

OH-7 0.43 

These ratios are about three times those calculated for equilibrium at the 

relevant conditions. This confirms the effect of'the slow rate of absorp- 

tion of carbon dioxide. 

EIM G I/q EERING ECONOMICS 

At OCR's request, we prepared a report on the effect of accounting or 

financial factors on the economics of synthetic pipeline gas. This study 

utilizes the A.G.A. accounting procedure to show effects of interest rates, 

debt fractions, and return on the rate base on gas prices and return on equity. 

General equations and a homograph for any combination of operating costs 

and financial factor s are also developed. 

Original process economic studies of the HYGAS Process based on bitum- 

inous coal and lignite as raw material have been used as a basis for preparing 

a HYGAS brochure, in the original design for coal feed, purchased electric 

power was assumed to be available at 3 mills/kWhr. Power was supplied 

by an onsite MHD system in the original design for lignite feed. Estimates 

with onsite conventional power plants and purchased power have been used 

in modifying the original estimates. 

L]vestment and labor costs have been escalated to a 1970 basis and more 

current financial£actors used to compute gas prices. With the above ~as 

plant modifications, gas prices for lignite and bituminous co~i plants cover 

a range of 42~-78~/miilion Btu as the raw materials cos+. varies from 

8~ to 14d/million Btu. The details of this work will he given in a subs=quent 

report. 
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DEVELOPMENT UNIT STUDIES 

Electrothermal Gas ificatzon 

The electrothermal gasifier was equipped with an oxygen feed system for 

a series of tests to,observe the effect of oxygen addition on the power require- 

nuents of the system. The oxygen feed system joined the stean] and nitrogen 

inlet lines at the base of the reactor and tile mixed gases entered the ,'eactor 

% h r o u g h  a common nozzle. 

Five tests were conduc'ted during tile month: Two were terminated bcfor~ 

the addition of oxygens one was partially successful, and two were contin- 

ued until the cheer feed was depleted. The unsuccessful runs were tern%inated 

due to various n%echanical problems. 

The feed for the first four tests was a residue from FMC Corporation's 

Project COED. In the fifth test a mixture of electrothermal gasifier residues 

which had been previously hydrogasified from a high-volatile bitumi&ous coal 

was used. Nominal conditions for the tests were-- 

I 

Char 
F e e d  S t e a m  
R a t e  F e e d  

R a t e  
Run No. ~ lb /hr  

EGO.3A 46,,5 88 

EGO-3B 58 88 

EGO-4A 4.3 76 

EGO-4B 64 "~7 

EGo-de 53 77 

Oxygen 
Feed Bed Reactor Power O v e r a l l  Carbon S t e a m  
Rate Oxygen/Carbon Temp, Press . ,  Input° Reezet~nce, Converazon Conversion 

R a t i o .  l b l l b  "F ~ kW bhrn ~ 4 - -  

. . . .  1680 99S 59.5 0.33 38.8 41.0 

J r .5  0.~66 1700 1000 37.0 0.84 45.0 4Z.3 

. . . .  1920 985 68.6 0.33 78,0 63.0 

lZ. 0 0.234 1840 970  35.2 1.60 47.2 47.8 

lZ.O 0.273 Id40 995 48,7 0 . 9 9  66.1 54.6 

The  f i r s t  t e s t ,  Run E G O - l ,  was  t e r m i n a t e d  b e f o r e  s t e a d y - s t a t e  o p e r a t i o n  

was  a t t a ined  when  a r c i n g  o c c u r r e d  in the bed dur ing  the h e a t - u p  p e r i o d .  

Fo l lowing  the  t e s t ,  the  i n n e r  e l e c t r o d e  was  found to have  been  m e l t e d  abou t  

6 inches  a long  the  t ip .  This  was p r o b a b l y  c a u s e d  by the m a l f u n c t i o n i n g  of 

the  b e d - l e v e l  d e t e c t o r s .  The  top  of the bed was  a p p a r e n t l y  n e a r  the e l u c -  

t rode '  tip and the high c u r r e n t  d e n s i t y  a t  tha t  point  c a u s e d  it to me l t .  The  

b e d - l e v e l  d e t e c t o r s  w e r e  c l e aned  and c a l i b r a t e d  fo l lowing ~he run.  
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In Run EGO-Z, oxygen v;a; let into the reactor at a nominal oxygen/carbon 

ratio of 0.22 ib/Ib for approximat,:ly 30 minutes. During this time there was 

a noticeable increase in the bed temperature in the lower portion of the react- 

or beginning 1 ft above the gas inlet nozzle. There was no increase in temp- 

erature in the top 3 ft cf the bed; it remained at 1785°F. The run was 

terminated befoz'e steady operation could be reached when the tel~xperature at 

the base of the reactor decreased to below the boiling point of water at 1000 

psig. In preparing the unit for the oxygen tests, resistance heaters and 

insulation which normally cover the reactor bottom and discharge screw 

housing were removed to avoid potential overheating o£ the pressure closures 

in that section. The heat losses in the area, hov~ever, were large and caused 

condensation of steam and packing of the char which prevented its discharge 

from the reactor. The heaters and insulation were put on following this run. 

Two steady-state operating periods were attained during Run EGO-3, one 

with steam only (EGO-3A) and one with steam plus oxygen (EGO-3B). The 

steam feed rate during both periods was 88 ib/hr. The char feed rate in Run 

EGO-3A was 46.5 ib/hr, and 38.8 ~ of the carbon was gasified while 41.0 

of the steam was decomposed. The power input was 59.5 kW and the bed 

temperature was 1680°F. The oxygen feed rate in Run EGO-3B was IZ. 5 

i5/hr; the char feed rate was 58.0 Ib/hr, corresponding to a 0. 266 Ib/Ib 

oxygen/carbon feed ratio. The carbon gasified was 45.0~ and the steam 

deco,~posed,4g.3~. The average bed temperature was 17000F ' at a power input of 

37. 0 k%~/. The decrease in power input after the addition of oxygen'generally 

corresponds to the heat released by the carbon to carbon dioxide reaction and 

is also reflected in the higher average bed temperature and increased carbon 

gas ification. 

Again the problem of the rapid cooling of the reactor bottom occurred when 

the fluidizing nit~'ogen which is used during the h~at-up period was shut off 

after the switchover to steam. A continuous nitr[ gen purge was necessary 

during the run to avoid condensation. 

I N S T I T U T E O F T E C H N O L O G Y 
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T h e r e  w e r e  t h r e e  s t e a d y - s t a t e  o p e r a t i n g  p e r ; o d s  in Run  E G O - 4 ,  T h e  

f i r s t  w a s  w i t h  s t e a m  o n l y ,  the o t h e r  two,  w i t h  a s ~ e a m  and o x y g e n  m k x t u r e .  

Tile bed temperature of 1920°F was maintained ~n Run EGO-4A with a power 

input of 68.6 kW. The carbon gasified w a s  78.0% and the stean] decom- 

posed was 63.0 °,0 with feed rates of 43 and 76 ib/hr. The oxygen flow rate 

was 12.0 ia/hr during tile next two periods and the steam feed rate was 77.0 

Ib/hr. In Run EGO-4B the char feed rate was 64 Ib/hr with 47.2 ~,;, of the 

carbon gasified and 47.8 ",.~ of the steam decomposed. The power input was 

~5.2 hW and the bed temperature was "840°F. An ~tttempt to establish the 

ct,nditions of Run EGO-4C more closely tb those of Run EGO-4A was made 

tn tile third period for better co,npazison of results between steam only and 

steazxI plus oxygen. The char f2ed rate of Run EGO-4C was 53 Ib/hr compared 

to 45 lb/hr in Run EGO-4A, and the bed temperature was 1840°Fo The char 

conversion was 66.1 ~ and the steanl decomposition was 54.6 ,%. The average 

poxver input was 48.7 kW. 

Run EGO-5 was an attempt ro ope:zate at a higher oxygen-to-carbon feed 

ratio with a feed char of previoLxsly lightly gasified high-volatil4 bi~2minous 

char. The run was terminated before steady-state conditions were attained 

due to excessive solids carry-over into the offgas quench tower and subse- 

quent plugging of the product gas exit line from the reactor. 

Following this test the reactor was dismantled for installation of the 

silicon carb;.de in,,er reactor tube. Tes.ts will be conducted to study the elec- 

trical characteristics o~ the Crystar-type silicon carbide for possible use 

as the liner in the 2-MW electrothermal gasifier. 

PILOT PLANT CONSTRUCTIOn[ 

(h.neral 

Extras I through 29 to the guaranteed maximum price were discussed 

"October 9, 1970, and final determination was reached and agreed upon by 

both parties subject to approval by OCR. 

"Yhu ;eactor model was completed and received. Insulation of the coal 

n,[ll unit is now in progress. Asphalt paving of the project has been compl~ted. 
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I:hl~ i n e e r  in~ 

W o r k  c o n t i n u e d  b': e l e c t r i c a l  i n s t r u r n e n t a t i o : ,  a n d  p i p i n g  on r e c e n t  e x t r a  

r e q u e s t s  a n d  un i t  a c c e p t a n c e  c h e c k  l i s t s .  T h i s  s h o u l d  t e r m i n a t e  s h o r t l y  

w i t h  P r o t o n  r e c e i v e s  ~ f i na l  r e q u e s t  f r o m  I G T .  

P r o c u r e m e n t  

P u r c h a s i n g  i s  s t i l l  h : v o l v e d  w i t h  i t e m s  p e r t a i n i n g  to e x t r a s  a n d  c h e c k  l i s t  

" t e r n s .  I t s  c o m p l e t i o n  w i l l  b e  b a s e d  u p o n  f u t u r e  e n g i n e e r i n g  r e q u i r e m e n t s .  

C o n s  t r u c t i o n  

Activities o£ the  field are still piping, instrumentation, electrical insula- 

tion, painting, and cleanup. Inclement vJeather has been a problem, and 

production is slowed considerably on days when it occurs. Work is being 

concentrated in the utillty, compressor, and coal handling areas at the 

moment. Upon receipt of the remainder of the acceptance check list items 

and requested extras a final completion date will be determined. 

Schedule 

As of this moment and time of the year, the manpower, and work expected, 

Procon projects final completion will extend into the latter part of November. 

P I L O T  P L A N T  O P E R A T I O N  

E l e c t r o t h e r m a l  G a s i f i e r  Un i t  

Revision 3 of the piping and instrumentation diagram was issued October 

2, ]970,for the start-up operation and Revision 0 for the final operation on 

October 5, 1970. It is planned to freeze the piping and instrumentation 

diagrams by the end of October. Updated revisions of the plot plan, utility 

piping and instrumentation, process flow diagrams, and line index will also 

5e issued at this 'date. Basic engineering design data sheets are being up- 

dated. 

A formal purchase order was placed with Struthers Wells for the electro- 

thermal gasificr reactor (8.06-01) on October IZ, 1970, and for the cyclones 

(8.06-43/44) with Buell Engineering on Ootober 2, ]970. Authorization for 

placement of a purchase order for the electrothermal gasifier vent gas 

scrubber (8.06-0Z) with General Welding has been received fronl IGT and is 

in process. All this equipment has been modified, and updated quotes will 
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s~,, for thcoz 'a ing fo r  the i s sue  of r e v i s e d  p u r c h a s e  o r d e r s .  Quotes  a r e  being 

I,LouhLted fo r  s u b m i t t a l  or, the s t e a m  s e p a r a t o r  (8 .406-q 1). B , :causc  of a 

m a j o r  m o d i f i c a t i o n  c a u s e d  by the  d e s i g n  and f a b r i c a t i o n  c r i t e r i a  f ina l ly  

adop ted  f o r  the e l e c t r o t h e r m a l  g a s i f i e r  p o w e r  feed  s y s t e m  to which the 

¢lUt*~lch d r u m  (8 .06-42)  is c o n n e c t e d ,  the r e q u i s i t i o n  of the d r u m  is being 

r e v i s e d  and wil l  be r e i s s u e d  f o r  q u o t e s  this  week .  P r o c o n  r e c e i v e d ,  with 

p e r t i n e n t  c o m m e n t s ,  l O T ' s  s p e c i f i c a t i o n  fo r  the t r a n s f o r m e r - r e c t i f i e r  

unit  f o r  the e l e c t r o t h e r m a l  g a s i f i e r  p o w e r  f eed  s y s t e m  .~nd is comp le t i ng  

,, r~,¢luisition for issue this week. 

The layout of the electrothermal gasifier structure has been completed, 

with all levels of required platforrning. The structural and foundation design 

is being reviewed for modification as required. Foundation design for the 

vent gas scrubber (8.06-02) has been started. Work on the high-alloy 

m a t e r i a l  bulk t a k e - o f f  has  s t a r t e d ,  as  Some of th is  m a t e r i a l  can  b e c o m e  

c r i t i c a l  due to its long d e l i v e r y  t i m e .  The  r e c e n t  d e c i s i o n  to r e i n c o r p o r a t e  

the w a t e r  j a c k e t  enve lop ing  the  o u t e r  p ipe ,  as  we l l  a s  r e q u i r i n g  that  p a r t  of  

the h i g h - p r e s s u r e  s u p e r h e a t e d  s t e a m  be put  into the p r o c e s s  gas  l ine to 

b y p a s s  the e l e c t r o t h e r m a l  g a s i f i e r  r e a c t o r ,  has  i n t r o d u c e d  new des ign  p r o b -  

l e m s  wh i ch  a r e  being studied for feasible solutions. 

The requisition for special control valves has been issued for quotes. 

Vendor contacts have proceeded for a design for the control valves on the 

high-temperature, high-pressure service in the char'drop legs and for the 

bo t tom of the e l e c t r o t h e r m a l  gas  i f i e r  r e a c t o r .  
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i. Project Objective 

The overall objective of this project is a process for producing pipeline 

gas from coal that is ~.,conomically attractive for supplementing natural gas 

su.'~plies. The presunL objective is the design, construction, and operation 

of a large integrated pilot plant to obtain scale-up data and opcr,ttiug experi- 

t:nc~:. Dt.'velopn~ental rt.st.art:h, eugineering studies, and eco,mlnic evalua- 

Lions a r e  in p r o g r e s s  to help allah1 thi,s ob j ec t i ve .  

II. A c h i e v e m e n t s  

C O A L  C H A R A C T E R I Z A T I O X  

A d d i t i o n a l  t e s t s  with e l e c l . r o t h e r m a l  g a s i f i e r  r e s i d u e  c h a r  show that  the 

c h a r  m a y  be u se fu l  fo r  r e m o v i n g  phenol  f r o m  plant  l iquid c£f luen ts .  Pheno l  

c o n c e n t r a t i o n s  in the simulat~,d p lan t  w a s t e  l iquid w e r e  r , :duced  by a f a c to r  

of I000 or  m o r e .  Through  a t w o - s t a g e  c o u n t e r c u r r e n t  con tac t ,  we should 

be able  to r e d u c e  the phenol,  c o n c e n t r a t i o n  to l e s s  tha t  5 ppb. 

D E V E L O P M E N T  UNIT STUDIES 

A new l o w - r e s i s t a n c e  s i l i con  c a r b i d e  ( C r y s t a r )  tube was  t e s 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 .  It showed v e r y  r ap id  h e a t - u p  and a c c e p t a b l y  low 

: ' ~ s i s t a n c e ;  howeve r ,  t h e r m a l  e x p a n s i o n  s t r e s s e s  c aused  the tube to c rack ,  

h :ad ing  to a r c i n g ,  which dam, lged  it.  A n o t h e r  tube wet.= i u s t a l l e d  and wi l l  be 

t u s t ed  s h o r t l y .  



IU -4- 1 

P I L O T  PLANT CONSTRUCT.ION 

Cons t ruc t ion  c e n t e r s  ma in ly  on r e w o r k  a r o u n d  the h y d r o g a s i f i e r  s t r u c t u r e .  

We expect final completion of the plant before the end of this year. 

The piping and i n s t r u m e n t a t i o n  di~tgra.,ns fo r  the' e l e c t r o t h e r m a l  g a s i f i e r  

unit  w e r e  f r o z e n  for the e s t a b l i s h m e n t  of a g u a r a n t e e d  m a x i m u m  p r i c e .  All 

l o n g - d e l i v e r y  i t e m s  a r e  on o rde r ,  excep t  fo r  the t r a n s f o r m e r - r e c t i f i e r  

package quotations, which will b~ reviewed. 

PILOT PLANT OPERATION 

Training of our operating stall continues. We are now fully staffed, ex- 

cept for two or three technicians needed to handle coal. The low-pressure 

boiler, put on-stream on November 16, 1970, is in operation round-the-clock. 

The s t e a m  g e n e r a t e d  p rov ides  t r ac ing  s t e a m  to keep the p lan t  f r o m  f r e e z i n g .  

The coal  un loading  f ac i l i t y  was thorough ly  t e s t e d  upon r e c e i p t  of  700 tons of 

Montana l igni te .  IGT accep t ed  the coa l  p r e p a r a t i o n  sec t ion .  

III. P r o b l e m s  

No major problems were encountered this month. 

IV. Recommendations 

We recommend that the project proceed in the areas defined. 

V. Status of Funding 

I. A.G.A. Funding 

A. 1970 Funds  AlLocated 

B. Funds Expended This Month 

C. Funds  Expended  to Date 

$ 358,000 

$ ZS,000 

$ 333,000 

Z. OCR Funding 

A,  Funds Expended This Month ( e s t i m a t e d )  

B. Funds "I~xpended Sinc¢~ Contract Amendment 
No. l (estimated) 

$ 214,000 

$ 8~ 110,000 

I N S T I T U T E O F 

Z 

G A S T E C H N O L O G Y  



r u - 4 -  1 

As  a r e s u l t  o f  p e r s o n a l l y  r e v i e w i n g  the p e r t i n e n t  d a t a  and i n f o r m a t i o n  

reasonably available, it is our opinion that the project's objective will be 

.~ttained within the contract term and the funds allocated. 

I l," / : 

D i r e c t o r  / ~ /  
B e r n a r d  S. L e e  
A s s l s ta .n t  D i r e c t o r  

T . . . . ' L -  : r a . = h l o .  - - - 

V~cg= P re s ident 
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Appendix. Achievcmeats in November 

C OA L CHA RA C TERIZA TIO N 

We f u r t h e r  i nves t i ga t ed  the f i l t e r i n g  and a d s o r p t i o n  p r o p e r t i e s  of the 

residue from electrogasification. The objective here was to remove the 

phenol from the condensate, obtained from the hydrogasifier effluent gas, 

by using the condensate to slurry the cha r  from the electrogasification 

process. Residues from Runs E,G-34, IEG-35, EG-37, and IEG-46 were 

composited to provide a large sample ~rom the processing of bituminous 

coal. Carbon conversions in the electrogasification runs ranged from 33 to 

4z%. 

Water retention in the filter cake after filtration through a Buchner funnel 

was about 0.91b/ib of char. This is substantially higher than the 0.65 Ib/Ib 

retention shown by the sample from Run EG-48 previously investigated. 

The results also show greater phenol adsorption, 

Init Phenol 
Sample Concn,ppm 

EG-48 Residue z590 

Composite 4900 

Composite 5Z 

Phenol A d s o r b e d ,  Residual Phenol 
m g / g  of char Concn, ppnl 

7.6 17 

IZ.3 4.9, 6.8 

0.13 0.014 

The phenol concentration of 5000 ppm is about the maxlnlurn found in conden- 

sates from the experimental hydrogasification unit. The ratio o£ water to 

cha r  in the  t e s t s ,  Z.5 by weight ,  e x c e e d s  the amoun t  n e c e s s a r y  to s l u r r y  the 

c h a r .  

In conc lus ion ,  i t  appea.rs  that  the a d s o r p t i v e  c a p a c i t y  of  the r e s i d u e  c h a r  

varies, presumably with conversion. It will be possible to remove phenol 

from the condensate; however, it may be necessary to recycle the filtered 

condensate to slurrying with another lot of char in order to reduce the 

phenol concentrations bulow 5 ppb. 
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DEVPLOPMENT UNIT STUDIES 

JElectrothermal Gasification 

Installation of the 5.0-inch-ID silicon carbide (Crystar) tube, supplied by 

Norton Co., as the outer electrode of a concentric configuration was completed 

this month. The inner electrode consisted of a solid type-316 stainless 

steel rod, divided into two sections of different diameters. The immersed 

electrode section was a rod 30 inches long and i inch in diameter. The 

l-lnch-diameter rod was chosen to provide the present concentric electrode 

confignration with a current path similar to those of the concentric arrange- 

ments previously tested. The upper section consisted of a ].5-inch-diameter 

rod, 50.5 inches long and electrically insulated from the outer electrode by 

a 43-inch-long, Vycor glass tube. Other design changes have been previously 

reported in the August 1970, IU-4-1 Project Status Report. A cutaway view 

of the reactor configuration and design modifications is shown in Figure I. 

One test, Run EG-67, was conducted in the pilot plant unit at 1000 psig 

using FMC COED char as the feed material. The purpose of Run EG-67, 

the first made with the Crystar-type silicon carbide tube, was to obtain 

electrical characterics data under operating conditions for this new type 

of electrode. The overall resistance of the system was |00-Z00 ohms at 

the start of the heat-up period. Heat~up to the steam injection temperature 

of 1500°F was smooth and rapid, with an average power input of Z0 kW for 

t h i s  p e r i o d .  

• T a b l e  I s h o w s  a c o m p a r i s o n  o f  the  o v e r a l l  r e s i s t a n c e  o f  the  s y s t e m  f o r  

Run EG-67 and the previous successful test, Run EG-66, at d i f f e r e n t  b e d  

temperature levels during heat-up. No problems were encountered dtT.r[ng 

the trznsition from nitrogen to steam as the lluidizing gas. An avf~-rage bed 

t e m p e r a t u r e  ol 1 7 0 0 ° F  w a s  m a i n t a i n e d  f o r  50 m i n u t e s  a t  a p o w e r  l e v e l  of  

Z 0 - 3 0  kW; the  a v e r a g e  o v e r a l l  r e s i s t a n c e  w a s  0 . 6 6  ohm.  We w e r e  u n a b l e  to 

attain steady state because the ~eed system continuously jammed. Shortly 

a£ te r  th~ f e e d  s c r e w  j a m m e d  a t  a b e d  l e v e l  t e m p e r a t u r e  of  1700 = F,  a r c i n g  

occurred across the bed, with one thermocouple indicating ZI00°F. 
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CORNING 79B 
VYCOR TUBE 
43 in LONG 

MULLITE REFRACTORY 
TUBE 

I 
5~'4-,n O D x / e - i n  WALL 

.. I~ 'z - in -DIAMETER 

TYPE- 316 S S 
ELECTRODE ROD 
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6 B i n  LONG :35 in  
I 
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Figuru 1. 

S T 

A--120990 

CUTAWAY VIEW OF REACTOR F O R  RUN EG-67 
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T a b l e  i .  O V E R A L L  R E S I S T A N C E  O F  C R Y S T A R  A N D  
C R Y S T A L L O N - T Y P E  S I L I C O N  C A R B I D E  A T  
DIFFERENT BED TEMPERATURE LEVELS 

T t ~ m p e r a t u r e ,  
o F 

5 0 0 '  

600 

850 

I 0 0 0  

1300 

1600 

Run  EG-67 
(Crystar)_ 

R u n  E G - 6 6  
( C r y s t a l l o n )  

R , o h r n  

7-0 20 

2.5 20 

0.77 6 

0.80 2.0 

0.51  1.8 

0 .73  1.6 

T h e  o v e r a l l  r e s i s t a n c e  of  the  s y s t e m  i n c r e a s e d  to a p p r o x i m a t e l y  3 o h m s ;  

h o w e v e r ,  t h e  p r e s s u r e  d r o p  a c r o s s  t he  r e a c t o r  i n d i c a t e d  t h e  e x i s t e n c e  of  a 

fu l l  b e d .  A c h a r  p lug ,  f o r m e d  a b o v e  the  e x p o s e d  a r e a  o£ ~he i n n e r  e l e c t r o d e ,  

m a y  h a v e  b e e n  the  c~.usu. A r c i n g  a c r o s s  t h e  b e d  c o n t i n u e d ,  a n d  the  r u n  w a s  

t e r m i n a t e d  a s  a t e m p e r a t u r e  of  2 2 0 0 ° F  w a s  i n d i c a t e d  a t  t h e  t op  of  the  s i l i c o n  

c a r b i d e  t u b e .  I n s p e c t i o n  of the  r e a c t o r  s h o w e d  s e v e r e  c r a c k i n g  of the  m u l l i t u  

refractory tube, as well as of the silicon carbide tube. The top of the Type- 

316 s t a i n l e s s  s t e e l  s h e l l  w a s  m e l t e d .  O t h e r  m e l t e d  s p o t s  a l o n g  the  s t e e l  

s h e l l  w e r e  o b s e r v e d .  The  i n n e r  ~ l e c t r o d e  a p p e a r e d  to be  ih g o o d  condi tzon ,  

e x c e p t  f o r  s o m e  m ~ I t e d  s p o t s  a t  t h e  j u n c t i o n  of  the  l - i n c h  to 1 . 5 - i n c h - d i a m e t e r  

sections. 

T h e  p o s s i b i l i t y  of  c r a c k i n g  b y  t h e r m a l  e x p a n s i o n  e x i s t s .  T h e  j u n c t i o n  

b e t ~ , e e n  t h e  m u l l i t e  c e r a m i c  t u b e  a n d  the  C r y s t a r  s i l i c o n  c a r b i d e  t ube  w a s  

h e l d  in p l a c e  b y  a f o r m  m a d e  o f  K a o c a s t  r e f r a c t o r y  c e m e n t .  T h e  c e m e n t  

f o r m  r e s t e d  on  top of the  s t a i n l e s s  s t e e l  s h e l l  a n d  w a s  a t t a c h e d  to b o t h  the  

m u l l i t e  a n d  t h e  s i l i c o n  c a r b i d e  t u b e s .  E x p a n s i o n  of  t h e  s t a i n l e s s  s t e e l  s h e l l  

p r o d u c e d  a s h e a r i n g  f o r c e  on the  s i l i c o n  c a r b i d e  t u b e  d u e  to t h e  l ow c o e f -  

f i c i e n t  o f  e x p a n s i o n  of  the  l ~ i o c a s t  r e f r a c t o r y  c u m u n t .  T h e  s i l i c o n  ca rb ide :  

w a s  c r a ¢ : k c d  . , t  t he  s a m e  h e i g h t  . is  the  s t a i n l e s s  s t e e l  s h e l l ,  i n d i c a t i n g  the  

e x i s t e n t : t :  o f  s t r e s s e s  a t  t h a t  point .  As p r e v i o u s l y  m . e n t i o n e d ,  a c h a r  p l u g  

f o r m e d  a t  the  tup of  the  r c a c f o r .  A s  a n  a t t e m p t  w a s  m a d e  to d i s c h a r g e  the  
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s o ! i d s ,  the  p l u g  w a s  l o w e r e d  to the  j u n c t i o n  of the  1 to ] . 5 - i n c h - d i a m e t e r  

s e c t i o n s  of  the  i n n e r  e l e c t r o d e ,  and  a p a t h  of  l ow  r e s i s t a n c e  w a s  e s t a b l i s h e d ,  

g i v i n g  r i s e  to  the  a r c i n g  o b s e r v e d .  T h e  i n t e r a c t i o n  of  the  e k e c t r i c a l  a r c i n g  

and the  s t r e s s  forces i n c r e a s e d  the  s e v e r i t y  of the  c r a c k i n g ;  c h a r  filtered 

through the cracks until an electrical contact was made between the Type-316 

stainless steel sheil and the inner electrode leading to the damage. 

A new Grystar-tvpe silicon ca:bide tube is being installed, and care has 

been taken to avoid direct contact between surfaces in a way that thern~al 

stresses became significant. Also, th~ junction of the I to 1.5-£nch-diameter 

sections of the inner electrode has been shifted to a position well-above th~ 

bed level to avoid any arcing that may occur across the electrodes. Completion 

of the new setup is expected shortly. 

PI,'.~DT PLANT CONSTRUCTION-- HYGAS PLANT 

G e n e r a l  

H o m e  o f f i c e  e x t r a s  30 t h r o u g h  50 w e r e  s u b m i t t e d  to l O T  f o r  r e v i e w .  An  

evaluation meeting was scheduled for December Z, 1970; ~ field ~xtra review 

is scheduled for December 3, 1970. The coal handling area has bee** turned 

over to IGT. Vendor servicemen are checking out the coal mill area prior 

to turning it over to lOT. 

E n g i n e e r i n g  

Minor changes are still to b e  made in instrumentation, electrical work, 

and piping. 

Purchasing 

H o m e  o f f i c e  p u r c h a s i n g  i s  c o m p l e t e .  

C o n s t r u c t i o n  

T h e  m a i n  i t e m  o f  c o n s t r u c t i o n  i s  the  r e a c t o r  s t r u c t u r e :  C h a n g e  of  t he  

P D T  l o c a t i o n s  f r o m  b e l o w  to a b o v e  the  t a p s  i s  a p p r o x i m a t e l  7 40% c o m p l e t e ,  
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P a i n t i n g ,  insu la t ion ,  and c h e c k  l i s t  changes  in o t h e r  a r e a s  a r e  being c o m p l e t e d  

p r i o r  to I G T ' s  accepLance .  F i n a l  c o n t r o l  p a n e l  c h e c k o u t  i s  v e r y  c lose  to 

5eing cornplcted. 

Able Construction Co. is installing weather stripping on all doors in the 

control and switchgear room to bhtain the required positive pressure. 

S c h e d u l e  

For this time of year and with the manpower and work expected, final 

completion is scheduled for January I, 1971. 

PILOT P L A N T  O P E R A T I O N  

Ele c t r o t h e  r m a l  G a s i f i e r  U nit  

A f t e r  p ip ing  and i n s t r u m e n t a t i o n  r e v i e w  m e e t i n g s  in the e a r l y  p a r t  of  

N o v e m b e r ,  the  fo l lowing d o c u m e n t s  a r e  file f r o z e n  r e v i s i o n s  fo r  the p u r p o s e  

of establishing the guaranteed maximum price: 

P & I D i a g r a m  (S t a r t -up  O p e r a t i o n )  

P & I D i a g r a m  (F ina l  O p e r a t i o n )  

Plot P l a n  

Process Flow Diagram 

Utility P & I Diagram 

Line  Index & P i p e  Specifications 

O n e -  L i n e  E l e c t r i c  D i a g r a m  

1863-8.00-2J Rev 4 

1863-8.00-4F Rev I 

i863-I0.01-1J Rev I 

1 8 6 3 - 8 . 0 0 - 1 J  Rev  2 

1 8 6 3 - 8 . 0 0 - 3 G  Rev Z 

1863-8.11- 1 Rev 2 

1 8 6 3 - 1 0 . 1 2 - 1 G  Rev  0 

The  b a s i c  e n g i n e e r i n g  d e s i g n  da t a  s h e e t s  w e r e  upda t ed  and r e v i s i o n s  

i s s u e d  r e f l e c t i n g  c o m m e n t s  r e c e i v e d  and d i s c u s s i o n s  wi th  1CT0 P ip ing  

s p e c i f i c a t i o n s  to be u s e d  on th is  job ,  as  we l l  a s  l i n e - s i z i n g  c r i t e r i a  f o r  the  

n i t r o g e n  p u r g e  l ines  and the i m p u l s e  l i ne s  f o r  the d i f f e r e n t i a l  p r e s s u r e  and 

the f low t r a n s m i t t e r s ,  w e r e  d i s c u s s e d  wi th  IGT.  

P u r c h a s e  o r d e r s  have  b e e n  p l a c e d  on al l  i t e m s  a u t h o r i z e d  b y  IGT and 

bid t a b u l a t i o n s  with v e n d o r  r e c o m m e n d a t i o n s  w e r e  s u b m i t t e d  on o t h e r s  w h e n  

c o m p l e t e  i n f o r m a t i o n  was a v a i l a b l e ,  T e c h n i c a l  e v a l u a t i o n s  and bid t a b u l a t i o n s  
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a r e  u n d e r  w a y  a t  p r e s e n t  on the m a j o r  i n s t r u m e n t  r e q u i s i t i o n s ,  a s  w e l l  a s  on 

the  s t e a m  s e p a r a t o r  and the q u e n c h  d r u m .  The t r a n s ~ o r m e r - r ~ c t i f i u r  uni t  

specifications have b=.en issued for quotes; ~hese are expected at the end of 

the present weel~. /~xtensive vendor contact was made for this item, and 

technical evaluation and vendor selection will be expedited to enab.]e the 

timely purchase of this long-d" l i v e r y  unit. 

I n c o l o y  p i p i n g  bu lk  m a t e r i a l  r e q u i s i t i o n s  w e r e  c o m p l e t e d  f o r  i s s u e  th i s  

w e e k ,  r e f l e c t i n g  the u p d a t e d  d e s i g n  c h a n g e s  and  m o d i f i c a t i o n s .  T h e s e  a r e  

c r i t i c a l ,  l o n g - d e l i v e r y  i t e m s  tha t  r e q u i r ~  s p e c i a l  p r e f e r e n t i a l  hand l ing .  It 

w a s  not  p o s s i b l e  to f i r m  t h e m  up and i s s u e  t h e m  e a r l i e r  b e c a u s e  of  the  

d e s i g n  c h a n g e s  i n t r o d u c e d  wi th  the a d d i t i o n  of  the  s t e a m  r i n g  in the  e l e c t r o -  

thermal gasifier vent gas line, the modification of the char dust cooler, and 

other late modifications such as raising the elevation of the char lift cyclone, 

thus lengthening feed and exit lines to it. The piping plan drawing is in 

progr~:ss, and critical stainless steel lines are being checked for stress, 

R e q u i s i t i o n s  fo r  the  e l e c t r o t h e r m a l  g a s i f i e r  r e a c t o r  s t r u c t u r a l  s t e e l  

support, the reactor foundation, and the foundation /or the steel str,tcture 

around the reactor have been issued. The steel structure around the reactor 

has been designed and the drawings and requisitions are being finalized. 

This includes the platformlng for the I23-foot,9-inch level on the electro- 

thermal gasifier reactor structure, requested by IGT, and the other minor 

modifications required and agre~.d upon. The foundation for th~ electrothermal 

gasifier vent g a s  scrubber has been designed, and the drawings and requisi- 

tions are being finalized for iss~/e. The reactor refractory requisition is out 

for quotes, exch:ding its electrical conduction portionj which is still pending 

final definition by IGT. 

A t t e m p t s  a t  ge t t i ng  a s u p p l i e r  i n t e r e s t e d  in d e v e l o p i n g  a c o n e - t y p e  c o n t r o l  

valve for operation at the bottom of the electrothermal gas~/ier reactor proved 

unsuccessful so far, due to the extreme design conditions. Several vendors 

contacted declined, and we are now waiting to hear from Crane-Flomatics 

Division on this application. 
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The electrothermal gasifier reactor (8.06-01) will be stamped ASME 

Section I, instead of SecI.ion VIII, as originally specified; the hydrog~.sifier 

(3.06-01) was stamped in the same fashion. Struthers Wells will update 

its quote to m e e t  this requirement, plus incorporate other changes which 

have been made. Dela}: in ~etting design and pricing information from Grayloc 

retarded the updating ol the required quotes, both in this case and for the 

cyclones ordered from Buell, although no setback on delivery date has 

resulted. Grayloc was contacted to expedite the required irdormation. 

Redrawing of the semigraphic layout on Panel C to incorporate the 

electrothermal gasifier unit has been started. Work will be completed 

around the first %reek in December, and: after review, SCAM will be contacted 

for a quote on the resetting and reconnectionxvork required for this panel. 
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I. Project Objective 

The overall objective of this project is a process for producing pipeline 

gas from coal that is economically attractive for supplementing natural gas 

supplies. The present objective is the design, construction, and operation 

of a l a r g e  i n t e g r a t e d  p i l o t  p l a n t  to ob ta in  s ca l e . -up  d a t a  and  o p e r a t i n g  e x p e r i -  

e n c e .  D e v e l o p m e n t a l  r e s e a r c h ,  e n g i n e e r i n g  s t u d i e s ,  and e c o n o m i c  e v a l u a -  

t i ons  are in progress to help attain this objective. 

II. A c h i e v e m e n t s  

C O A L  C H A R A C T E R I Z A T I O N  

I n i t i a l  r e s u l t s  f r o m  s t u d y i n g  the  d i s t r i b u t i o n  of  m i n o r  c o a l  c o n s t i t u e n t s  in 

the  H Y G A S  P r o c e s s  s h o w  tha t  a l l  the  n i t r o g e n  r e m o v e d  f r o m  the c o a l  a p p e a r s  

a s  a m m o n i a .  The  y i e l d  of  a m m o n i a  in Run  H T - 2 4 8  wi th  M o n t a n a  s u b b i t u m i -  

nous  c o a l  a s  f e e d  w a s  1 4 . 5  Ib N H 3 / t o n  of d r y  coa l ,  c o r r e s p o n d i n g  to  6 4 . 9  % 

of t he  n i t r o g e n  in the  coa l .  S i n c e  o v e r  7 5 ~  of the  an~=monia a p p e a r s  in the  

r e c y c l e  q u e n c h  w a t e r ,  i f  a c o o l i n g  t o w e r  is  u s e d ,  m o s t  o f  t he  a m m o n i a  is  

r e l e a s e d  to t he  a t m o s p h e r e .  We a r e  s t u d y i n g  m e a n s  fo r  r e c o v e r i n g  the  a m -  

m o n i a  and  avo id ing  a t m o s p h e r i c  po l lu t ion .  

P h e n o l  and  c y a n i d e  w e r e  a l s o  found  in the  a b o v e  e f f l u e n t s .  "Fests wi th  

e l e c t r o t h e r m a l  g a s i f i e r  r e s i d u e  c h a r  s h o w  tha t  the  c h a r  m a y  be  u s e f u l  f o r  

r e m o v i n g  p h e n o l  f r o m  p l a n t  l i qu id  e f f l u e n t s .  P h e n o l  c o n c e n t r a t i o n s  tn the  

s i m u l a t e d  p l an t  w a s t e  l i qu id  w e r e  r e d u c e d  by  a f a c t o r  of  100O o r  m o r e .  

Through two-stage countercurrent contact, we should be able to reduce 

the phenol concentration to less than 5 ppb. 



V a p o r - l i q u i d  e q u i l i b r i u m  c o n s t a n t s  for  a m i x t u r e  simulatin.~ raw h y d r u -  

g a s i f i e r  e f f l uen t  w e r e  d e t e r m i n e d  U* .~id iu till. des ign  of  i ts qtLL.m'h ~y.~tcm. 

To date microt~lmblcr tests in¢licRtv that the attrithH, re~istant:L. ,~f gasi- 

fied residue does not change av.d, in fact, may increase slightly with con- 

version. It is possible tAat the expected decrease in strength, caused by the 

removal of material by gasification, throughout the particle is compensated 

for by the increased strength caused by coking or graphitization of the 

particle. 

HIGH-PR ESSURE METHANATION 

Results from a series of runs at low flow rates and low pressures agreed 

well with results at high pressures. An improved correlation was obtained 

for the methanation rate expression, which was extended to cover regions 

wC.th l a r g e  e x c e s s e s  of h y d r o g e n  and m e t h a n e .  

O, 5 
k, PCO PHi. 

r -  
I + k zpH 2 + k~PcH4 

Data a t  low c o n v e r s i o n s  and n e a r  e q u i l i b r i u m  a r e  be ing  c o l l e c t e d  to t e s t  

th i s  c o r r e l a t i o n :  In i t ia l  da ta  i nd i ca t e  that  it r e q u i r e s  m o d i f i c a t i o n  f o r  c o n -  

d i t ions  n e a r  e q u i l i b r i u m .  The  t e m p e r a t u r e - d e p e n d e n c e  s tud ie~  of the  r e a c t i o n  

r a t e  a t  740 ° and 8 5 0 ° F  show tha t  the  r a t e  e x p r e s s i o n  is  s t i l l  va l id  up to 8 5 0 ° F .  

T he  l a b o r a t o r y  uni t  to m e a s u r e  the  su l fu r  t o ' . e r ance  of  m e t h a n a t i o n  c a t a -  

l y s t s  fo r  use  in the p i lo t  p lant  was  c o m p l e t e d ,  and shakedown  of the uni t  is 

in p r o g r e s s .  The two p i lo t  p lan t  p r o c e s s  gas  c h r o m a t o g r a p h s  w e r e  t i ed- in  

with th i s  uni'. to c h e c k  ou t  tt~e a n a l y z e r s  and t r y  t h e m  wi th  g a s e s  s i m i l a r  to  

t hose  t h a t  wi l l  be e n c o u n t e r e d  in  the p i lo t  p lant .  

E t h y l e n e  h y d r o g e n a t i o n  was  b r i e f l y  s tud ied  to s ee  if  th i s  type  of p r o c e s s  

can  be adap ted  for  s t a r t i n g  up the p i lo t  p lant  h y d r o g a s i f i e r .  We t e s t e d  both  

.Ni-Mo and ammonia synthesis catalysts, Ethylene can be hydrogenated to 

ethane at room temperature over the more active Ni-Mo c:~talyst; without 

a catalyst the reaction does not occur below 8O0°F. Hydrogenation occurring 

at II00 °F was accompanied by the formation of carbon and tar. 
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A c o m p u t e r  p r o g r a m  was  rlevelop,,d t(~ e s t i m a t e  the cos t  o f  w, sst,  ls as  a 

funct ion  of t h e i r  d i m e n s i o n s  and c o n f i g u r a t i o n s °  The  e f f e c t s  of  f i n a n c i a l  

f a c t o r s  on the r e t u r n  on equ i ty  fo r  gas u t i l i ty  f inanc ing  w e r e  c a l c u l a t e d ,  and 

the r,, u l t s  p r e s e n t e d  in ~ r aph i ca I  f o r m .  

The  e c o n o m i c s  o f  locl: h o p p e r  and s l u r r y  s y s t e m s  f o r  f e ed ing  p r e t r e a t e d  

cha r  to the h y d r o g a s i f i e r  w e r e  c o m p a r e d  us ing  r e c e n t  da ta .  T h e  r e s u l t s  

i nd ica t e  tha t  the lock  h o p p e r  s y s t e m  cou ld  show a gas p r i c e  a d v a n t a g e  of 

3 ¢ / m i l l i o n  Btu i£ a r e a s o n a b l e  l i fe  of the c o n t r o l  v a l v e s  can  be  e x p e c t e d .  

T h e s e  v a l v e s  m u s t  s ea l  a g a i n s t  500 -pa l  d i f f e r e n t i a l  p r e s s u r e  and  m u s t  

handle  so l ids  f lowing th rough  t h e m .  F u r t h e r  p rob ing  is p l anned .  

The use  of  p a r t i a l  o r  total  a i r  coo l ing  fo r  a p ipe l ine  gas  p l an t  was  e x a m i n -  

ed in de ta i l .  F o r  a 500 b i l l i on  B t u / d a y  l i g n i t e - b a s e d  p lan t  t o t a l  a i r  coo l ing  

or air cooling to 140°F, followed b~, water cooling to 100*F, shows that the 

plant makeup water requirement can be reduced by 8Z-88 % over a totally 

water-cooled plant. The capital investment for an air-cooled plant is less 

than for a water-cooled plant; substantial savings in power consumption 

should also result. The work was done in cooperation with Hudson Products 

C o r p o r a t i o n ,  a m a j o r  s u p p l i e r  of  a i r  c o o l e r s .  

The above  s c h e m e  was  r e v i s e d  to inc lude  c o n v e n t i o n a l  s t e a m - t u r b i n e  

pow e r  g e n e r a t i o n  i n s t e a d  of  MHD g e n e r a t i o n .  The  gas  p r i c e  i n c r e a s e s  f r o m  

33~ to 4 0 ~ / m i l l i o n  Btu when  the s t e a m  c y c l e  i s  used .  We e x a m i n e d  a i r  and 

w a t e r  coo l ing  wi th  e a c h  m ode  of  p o w e r  g e n e r a t i o n .  A i r  coo l ing  shows  about  

a 1 ~ / m i l l i o n  Btu c o s t  advan tage  in the  gas  p r i c e  o v e r  w a t e r  coo l ing  a t  a 

3 . 5 ~  m a k e u p  w a t e r  r a t e  ankl an even  g r e a t e r  advan t age  at  l'~igher m a k e u p  

r a t e s .  

Process economics have been updated to reflect current financial factors 

and the escalation of investment and labor costs. For raw material costs 

between 8~ and 24~/million Btu, representing lignite to bituminous coal, the 

gas prices range from d,~. ~ to 78~/million Btu. A report updating the HYGAS 

Process with e!cctrothurmal ~as~dic.~tion is nearly complete. Current 

f h m m - i , , l  fa~'tc~,'.-; a r e  i r~ 'J. r l . ) t~r ,dt .d.  
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DEVELOPMENT UNIT STUDIES 

Results of free-fall thermal treatmt.l,t ,,f lig,,ite at 1300°I.'. ut~iltg ,iti',,goJt 

as  a sweep gas ,  showed  14% ca rbon  gas i f i va t ion .  The d e g r e e  t,f ga~if ivat i t ,n  

a t  280 psi ,  c o m p a r a b l e  to another  run at  1000 psi ,  ind ica tes  tha t  d e v o l a t i l i -  

za t ion  is the only r e a c t i o n  o c c u r r i n g .  

H y d r o g a s t f i c a t i o n  of  l igni te  at 500 psi  with  h y d r o g e n  and s t e a m  showed  41% 

carbon gasification, indicating no significant loss of reactivity from the 

1000-psi operation, Results of lignite gasification at 500 psi with synthesis 

gas-steam and hydrogen-steam mixtures show that about 5 ~ more carbon 

(36 vs. 41 ~) was gasified with the hydrogen-steam mLxture. Either gas 

mixture is adequate for the HYGAS Process in terms of obtaining the required 

gasification. 

The study of Montana subbituminous coal showed that a 1000-psi pressure 

is definitely preferred over 500 psi with either the l~ydrogen-steam or syn- 

thesis gas-steam mixtures. Operation was smooth at I000 psi, but erratic 

at 500 psi. Lower methane and higher carbon oxides yields were also ob- 

tained at 500 psi. The study of New Mexico subbituminous coal showed that 

the coal was similar in behavior and reactivity to the Montana and Colorado 

subbituminous coals tested earlier. With 13 coals tested to date in the 4-inch 

hydrogasifier, further study of other coals wi l l  be postponed. 

Designs are being completed to examine the flow patterns and p r e s s u r e  

ba lance  in a m o d e l  of  the u p p e r  s ec t i on  of  the HYGAS h y d r o g a s i f i e r .  The 

m o d e l  wi l l  p e r m i t  p r e l i m i n a r y  s tudy of  any f u t u r e  m o d i f i c a t i o n s .  

The nozz l e s  f r o m  Spray ing  S y s t e m s  Corp .  a p p e a r  to show no w e a r  when 

dispersing coal-water slurries, Photographs were taken that should permit 

measurement of the spray distribution. 

After a number of successful runs at 1900 °F &nd 1000 psi using IGT's 

hydrogasHied char, silicon carbide was tried as the central electrode and 

as the reactor tube. The material withstands hot spots well, but shows a 

high initial electrical resistance. Upon heating, the resistance graduaily 

drops to an acceptable range. A new low-resistance silicon carbide (Crystar) 

tube was tested'in the electrothermal gasifier. It showed very rapid heat-up 
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and  a c c e p t a b l y  low r e s i s t a n c e ;  h o w e v e r ,  t h e r m a l  e x p a n s i o n  stx 'e6st :s  c a u s e d  

the  t u b e  to  c r a c k ,  l e a d i n g  to  a r c i n g ,  wh ich  d a m a g e d  it .  A n o t h e r  tube  w a s  

i n s t a l l e d  and t e s t e d ,  b u t  i t  a l s o  c r a c k e d  d e s p i t e  p r d c a u t i o n s  t aken  to e l i m -  

i n a t e  the  t h e r m a l  s t r e s s e s .  A t h i r d  tube,  C r y s t a r  i m p r e g n a t e d  with s i l i c o n  

m e t a l ,  i s  on o r d e r  and  w i l l  b e  t e s t e d .  We a r e  a l s o  s e t t i n g  up a b e n c h  t e s t  

to  c h e c k  the  e f f e c t  of h i g h - p r e s s u r e ,  s u p e r h e a t e d  s t e a m  on s i l i c o n  c a r b i d e .  

A r u n  a i m e d  a t  de f in ing  t h e  e l e c t r i c a l  c h a r a c t e r i s t i c s  of the bed y i e l d e d  

m u c h  da ta .  H i g h -  a n d  l o w - f r e q u e n c y  c u r r e n t  and  v o l t a g e  f l u c t u a t i o n s ,  a long  

w i t h  t r a n s i e n t  r e s p o n s e  o£ t he  bed  to  s t e p - c h a n g e s  in  p o w e r  input ,  s h o u l d  

p r o v i d e  t he  n e c e s s a r y  d a t a  f o r  d e s i g n i n g  the  p o w e r  p a c k a g e  of  the  Z-IVIW 

e l e c t r o t h e r m a l  g a s l f i e r  un i t .  W o r k  to d a t e  i n d i c a t e s  t h a t  the  Z-MW e l e c t r o -  

t h e r m a l  g a s i f i e r  w i l l  h a v e  a d i r e c t - c u r r e n t  p o w e r  s u p p l y  and  a c o n c e n t r i c  

e l e c t r o d e  c o n f i g u r a t i o n .  

A m a g n e t i c  f l ip  c o i l  w a s  i n s t a l ! 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  u n i t  to  

s u p p r e s s  a r c i n g  and  r e d u c e  c u r r e n t  f l u c t u a t i o n s .  T w o  t e s t s  s h o w e d  tha t  t he  

f r e q u e n c y  of  *.he c u r r e n t  f l i c k e r  w a s  n o t i c e a b l y  r e d u c e d ,  w h i l e  i t s  a - n p l i t u d e  

r e m a i n e d  u n c h a n g e d .  A l t h o u g h  s o m e  a d d i t i o n a l  t e s t s  w i t h  the  co i l  m a y  b e  

m a d e  l a t e r ,  no f l ip  c o i l  w i l l  b e  u s e d  in the  Z - M W  uni t .  T he  f a b r i c a t i o n  and  

i n s t a l l a t i o n  o£ the  c o i l  c an  b e  d i f f i cu l t ;  the  co i l  r e q u i r e s  s i g n i f i c a n t  p o w e r  

t h a t  on ly  r e d u c e s  the  f r e q u e n c y  of  c u r r e n t  f l i c k e r  b u t  not  . ts  aml : l i t ude .  

F i v e  t e s t s  w e r e  m a d e  in t he  e l e c t r o t h e r m a l  g a s i f i e r  u n i t  wizh an o x y g e n  

i n p u t  to o b s e r v e  t h e  e f f e c t  o f  o x y g e n  add i t ion  on the  p o w e r  r e q u i r e m e n t s  of  

the  s y s t e m .  I n d i c a t i o n s  a r e  t h a t  t he  p o w e r  inpu t  c a n  b e  d i r e c t l y  r e p l a c e d  

w i t h  the  c u r b o n - o x y g e n  r e a c t i o n ,  f o r m i n g  c a r b o n  d i o x i d e .  O p e r a t i o n  w a s  

s m o o t h  e x c e p t  f o r  s o m e  c o n d e n s a t i o n  p r o b l e m s  a t  the  b o t t o m  of the  r e a c t o r .  

NEW PROCESS S T U D I E S  

A fue l  c e l l  e n g i n e e r i n g  s t u d y  to  supply  p o w e r  to the  e l e c t r o t h e r m a l  g a s i -  

f i e f  w a s  c o m p l e t e d ,  i n c l u d i n g  d e t a i l s  of p o w e r  p l a n t  c o n f i g u r a t i o n  and  c o s t  

c a l c u l a t i o n s .  A b u s  b a r  c o s t  o f  4 . 5  and 5 . 4  m i l l s / k W h r  i s  e s t i m a t e d  f o r  

f u e l  c e l l  p o w e r  d e n s i t i e s  o f  300 and  150 w a t t s / s q  f t .  C a p i t a l  i n v e s t m e n t  is  

e s t i m a t e d  a t  $99 and  $ 1 7 3 / k W  f o r  c e l l  p o w e r  d e n s i t i e s  of 300 and 150 

w a t t s / . ~ q  f t .  

I n s t e a d  o f  g e n e r a t i n g  a d d i t i o n a l  p o w e r  f r o m  the  ho t  fue l  c e l l  w a s t e  g a s e s ,  

a s  in the  a b o v e  s tudy ,  we  c o n s i d e r e d  u~ing the  w a s t e  g a s e s  f o r  l )  r a i s i n g  
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h i g h - p r e s s u r e  s t e a m  or  2) supply ing  h e a t  to the p r o d u c e r  gas  g e n e r a t o r .  

S c h e m e  1 i s  m o r e  a t t r a c t i v e  than  s c h e m e  Z, but is not e c o n o m i c a l l y  as 

a t t r a c t i v e  a s  the  o r ig ina l  s t udy  in w h i c h  the was te  g a s e s  g e n e r a t e d  add i t iona l  

p o w e r .  

PILOT PLANT CONSTRUCTION 

The HYGAS pilot plant construction is complete except for minor mis- 

cellaneous field changes. Procon is out o£ the field, at its" own request, 

except for one man who supervises the completion of insulation work. 

Morrison Constructiorl Company, a local contractor under subcontract to 

IGT, is finishing the items left undone by Procon. The cost of the work 

wil l  be pa id  out  of the funds r e t a i n e d  by IGT on i ts  s u b c o n t r a c t  wi th  P r o t o n .  

Al l  w o r k  is  e x p e c t e d  to be c o m p l e t e d  by J a n u a r y  1971, except,  f o r  insu la t ion  

work,  w h i c h  m a y  not he c o m p l e t e d  un t i l  F e b r u a r y .  

T o g e t h e r  wi th  P r o c o n  we b e g a n  the  des ign  and c o n s t r u c t i o n  of a 2-MW 

e l e c t r o t h e r m a l  g a s i f i e r  s y s t e m  f o r  the HYGAS pilot  p lant .  The  r e a c t o r  wi l l  

be bui l t  a b o v e g r o u n d  ins tead  of  in a pit,  w h e r e  so l ids  t r a n s f e r  m i g h t  be 

easier, b e c a u s e  the cost of underground construction is prohibitive. For 

safety purposes, the reactor will have a water jacket similar to the hydro- 

gasifier's. The gasifier vessel has been placed on order with Struthers- 

Wells Corporation, and delivery is expected in June 19"/I. The transformer- 

r e c t i f i e r  p a c k a g e  is  a l so  on o r d e r ,  due f o r  d e l i v e r y  in Jv !y  1971 f r o m  

Y; ~stinghouse. The piping and  i n s t r u m e n t a t i o n  d i a g r a m s  f o r  the  e l e c t r o -  

t h e r m a l  g a s i f i e r  un i t  we re  f r o z e n  f o r  the  e s t a b l i s h m e n t  of  a g u a r a n t e e d  

maximum price,due to be submitted in January 1971. Piping spool sheets 

are being prepared, and quotations for piping and e l e c t r i c a l  subcontracts are 

in progress. 

P I L O T  P L A N T  OPERATION 

We a r e  now fu l ly  s ta f fed ,  e x c e p t  f o r  t~z~o or  t h r e e  t e c h n i c i a n s  needed  to 

handle  coa l .  The l o w - p r e s s u r e  b o i l e r ,  put o n - s t r e a m  on N o v e m b e r  16, 

1970, is in o p e r a t i o n  r o u n d - t h e - c l o c k .  The s t e a m  g e n e r a t e d  p r o v i d e s  

tracing s t e a m  to  keep the plant f r o m  f r e e z i n g .  The coal unloading fac i l i ty  

was thoroughly tested upon receipt of 700 tons o£ Montana lignite. Also on 

the site are 700 tons of Illinois No. 6 seam bituminous coal. 
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Due to the i n c o m p l e t e  insulat ion in the plant ,  w , :  expe r i enced  two f r e e z e -  

ups in var ious  s t e a m  t r a c i n g  sec t ions .  We schedu led  the ope ra t ion  and 

p e r f o r m a n c e  t e s t  of the hyd rogen  plant for  the  f i r s t  week of J a n u a r y ,  a f t e r  

which  the coal p r e p a r a t i o n  and p r e t r e a t m e n t  s e c t i o n s  will  be shaken  down 

and opera ted .  

II[. P r o b l e m s  

No m a j o r  p r o b l e m s  w e r e  encoun te red  th i s  pe r iod .  

IV. R e c o m m e n d a t i o n s  

We r e c o m m e n d  tha t  the p ro jec t  p roceed  in the  a r e a s  defined.  

V. Status o.f Fund,ing 

1. A.G.A. Funding 

A. 1970 Funds Allocated 

B. Funds Expended This Month 

C. Funds Expended to Date 

$ 358 ,000  

$ z5,ooo 

$ 358,000 

Z. OCR Funding 

A. Funds Expended  This  Month ( e s t i m a t e d )  

B. Funds Expended Since Contract Amendment 
No. 1 (estimated) 

$ 225,000 

$8,330,000 

As a r e s u l t  of p e r s q n a l l y  reviewing the p e r t i n e n t  data and i n f o r m a t i o n  

r ea sonab ly  ava i l ab le ,  it is our  opinion that  the p r o j e c t ' s  ob jec t ive  has  b e e n  

a t ta ined  within  the c o n t r a c t  t e r m  and the funds  a l loca ted .  

Approve . --,/,_'.- ~V,. .... Signed 
F~ank-C.  S-cl~ora, J;:o B e r n a r d  S. Lee 
D i r e c t o r  j/fi" Ass  is tant  D i r e c t o r  

. i 

k H u e b l e r ,  

Y i a e - P ~ e s i d e n t  
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Append ix .  A c h i e v e m e n t s  in D e c e m b e r  

C O A L  C H A R A C T E R I Z A T I O N  

V a p o r - l i q u i d  e q u i l i b r i u m  c o n s t a n t s  for  a m i x t u r e  of  c a r b o n  dioxide ,  

c a r b o n  monox ide ,  h y d r o g e n ,  m e t h a n e ,  and b e n z e n e  w e r e  det, e r m i n e d  at  

1 0 0 ° F  and  1180 ps i a .  R e s u l t s ,  w i th  e s t i m a t e d  l i m i t s  of  a c c u r a c y ,  w e r e  a s  

C o m p o s i t i o n ,  
t o o l  % 

follow s: 

Component ~ ~ Equilibrium Constant 

COz Z0.9 13.7 I. 53 ~0.0Z 

CO Zb. 8 Z. 5 I0 ±5 

Ha Z6.8 4.8 5.6 ~-0. Z 

CH 4 2-5.3 7.1 3.6 :h0.1 

C6H 6 l.Z 71.9 0.017 +0. 005, -0.002 

The  u n c e r t a i n t y  in the  r e s u l t s  f o r  c a r b o n  m o n o x i d e  is  l a r g e  b e c a u s e  a i r  

l e a k e d  into the v a p o r i z e d  l i qu id  s a m p l e ,  The d e t e r m i n a t i o n  wi l l  be  r e p e a t e d  

w h e n  the  a p p a r a t u s  b e c o m e s  a v a i l a b l e .  

ENGINEERING ECONOMICS 

The report on escalated costs for the HYGAS Process using electrothermal 

gasification is nearly complete. Drawings and tables are in final £erm, and 

the text is 80~ complete. The report compares current economgzs of pipe- 

line gas from coal ancl lignite based on the original designs. It shows the 

economic effects of changes in investnlent, cost of coal, operating labor, 

maintenance, electric power, and financial factors. Differences 

bet,:.een the original reports and the new numbers are analyzed. 

ELECTROTHERMAL GASIFICATION 

A n e w  5. O-inch-ID tube of Crystar-type silicon carbide was installed in 

the pilot unit,and one test was conducted. It ~vas installed to allow free 

rr,_ovement aiong its length for thermal expansion. Run EG-68 was con- 

ducted under the same conditions as Run EG-67 at 1000 psig, using FMC 

char as the feed. The overall resistance of the system was similar to that 

of Run EG-67, decreasing from Z0 ohms at the start of heat-up to about 
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0.5 ohm at 1400 °F. The unit operated very smoothly during the heat-up-- 

no upsets or mechanical problems were encountered. However, after sev- 

eral hours of operation a sudden increase in the temperature of the tube wall 

occurred about 12 inches from the top. Evidence of an arcing condition 

became apparent on the anlmeter, and t h e  test w a s  terminated. 

inspection of the silicon carbide tube following the test showed that i t  was 

cracked in several places. One was a circumferential break corresponding 

to the area of temperature rise observed during t h e  run; there w e r e  numer- 

ous others in the bottom section of the t-~be (Figure I). 

Figure I. CRYSTAR-TYPE SILICON CARBIDE TUBE 
FOLLOWING RUN EG-68 

The cause of the cracking is not yet clear. It cannot be attributed to any 

operational problems,nor to any apparent thermal stresses, since the tem- 

perature gradient in the area of the cracks was very small. Discussions 

are being held with the supplier, Norton Co., in an effort to determine "" -.. 

c a u s e  o f  t h e  c r a c k i n g .  
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A n o t h e r  type  of s i l i c o n  c a r b i d e  has llcen r e c o : n m e n d e d  fo r  t e s t ing  h~ the 

p i l o t  unit, It is a silleon-metal-impregnated, Crystar-type which exhibits 

much lower resistivity characteristics than those tested thus far. A 5-inch 

H) X I/d-inch wall tube has been ordered and will be inst'alled upon receipt. 

Recently we looked into the effects'of steam and reducing gases on silicon 

carbide. Steam appears to react with silicon carbide at the operating con- 

dltions of the electrothermal gasifier to £orm various silicon and carbon 

oxides. However, most data available were obtained from tests conducted 

in e i t h e r  h i g h - p r e s s u r e  s a t u r a t e d  s t e a m  o r  l o w - p r e s s u r e  s u p e r h e a t e d  s team~ 

bu t  not  in h i g h - p r e s s u r e  s u p e r h e a t e d  s t e a m .  S ince  s o m e  r e p o r t s  i nd i ca t e  

a p p r e c i a b l e  ox ida t ion  of  t he  s i l i c o n  c a r b i d e  in a s t e a m  a t m o s p h e r e ,  we a r e  

des~.gning a s m a l l  t e s t  r e a c t o r  wh ich  wi l l  be ab le  to m o r e  c l o s e l y  s i m u l a t e  

t h e  o p e r a t i n g  cond i t i ons  of  the e l e c t r o t h e r m a l  s y s t e m  and wi l l  conduc t  

s e v e r a l  t e s t s  on s a m p l e s  of  the s i l i c o n - m e t a l - i m p r e g n a t e d  C r y s t a r - t y p e  

silicon carbide. Results of the tests should provide data which would be 

useful in determining whether silicon carbide could be used as a liner in 

the 2-MW reactor. .. 
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