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i .  INTRODUCTION 

The ob jec t ive  of  th is  contract wi th the Of f ice  of Coal Research is 
to develop the Kellogg Gasi f icat ion Process to the point where i t  w i l l  
be able,  on a commercial scale: to convert coal in to p ipel ine gas at a 
cost of 50¢/MSCF or hydrogen at 25¢/MSCF. Five raw materials are to 
be studied - -  an an th rac i te  s a h l g h - v o l a t i l e  bituminous coal, a sub- 
bituminous coai~ a l l g n i t e ,  and a c h a r .  Although Ke] logg's experimental 
work w i | !  not extend beyond the production of  raw synthesis gasj the 
overa l l  project  must make engineering evaluat ions for  four u l t imate end 
products - -  p ipe l ine  gas~ hydrogenj synthesis gas~ and transport gas. 

Basis for  the Kellogg Gasi f icat ion Process is the reaction between 
steam and Fine coal in a molten sa l t  bath to form synthesis gasj a 
mixture of  hydrogen and carbon monoxidej according to the react ion: 

C + H2O + heat - - - - '~  H Z + CO 
(coal) (steam) (synthesis gas) 

The necessary heat of react ion is supplied by c i r c u l a t i n g  a heated 
molten sa l t  stream. In addit ion~ the molten sa l t  mixture is chosen 
to cata]yze the g a s i f i c a t i o n  reaction so thac i t  may be carr ied out at 
a r e l a t i v e l y  low temperature. 

The program is d iv ided into three phases o f  study extending over 
a f i ve -year  period. Phase I~ which is no~ in pro~ressj involves several 
concurrent e f f o r t s :  

i .  Bench-scale process research - -  to inves t iga te  melt p roper t ies j  
reaction k inet ics~ and the e f fec t  of  process var iables.  

. Chemical engineering studies and development - -  to determine 
the optimum process flowsheet and operat ing condit ions end 
to coordinate experimental work w i th  overa l l  project  ob jec t i ves .  

. Mechanical development - -  to f ind acceptable mater ia ls o f  
construct ion and develop techniques For handling the molten 
sa l t  and po~lered coal. 
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Phase I w i l l  be concluded by the design o f  a p i l o t  p l an t  to  gas i f y  
24 tons o f  coal per day~ i f  i t  is  Found that  a p i l o t  p l a n t  program is  
j u ; t i f i e d  by the bench-scale exper imenta t ion  and economic s tud ies .  

Phase I I  w|11 be devoted l a r g e l y  to the c o n s t r u c t i o n  and opera t ion  
o f  a p i l o t  p lan t  to conver t  a v a r i e t y  o f  raw mate r ia ]s  i n t o  raw 
syn thes i s  gas, The e f f e c t  o f  ope ra t i ng  var iab ]es  found to bc s i g n i f i c a n t  
in  Phase I w i l l  be i nves t i ga ted  to ob ta in  data For design o f  a :ommerciai 
p l a n t ,  

Phase I i l  w i l l  i nvo l ve  the de~ai led process design o f  a commercial 
p l an t  to produce 250 m i l l i o n  standard cubic  fee t  a day o f  product gas~ 
i n c l u d l n g  cost  est imates and p ro jec ted  economics f o r  those areas o f  
the coun t r y  tha t  appear to o f f e r  commercial p o s s i b i l i t i e s ,  
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I I .  SUMMARY AND PROJECTIONS 

This  month ly  summary is the t h i r t e e n t h  s ince the awarding o f  the 
c o n t r a c t .  I t  is  concerned w i t h  the f i r s t  phase o f  the c o n t r a c t  and 
o u t l i n e s  the progress  that  has been made in  the three main areas t ha t  
are now being s t u d i e d :  process research ,  chemical eng inee r i ng  s t u d i e s  
and mechanical  development.  

The expe r imen ta l  program on the combust ion of  coal in the .melt 
was con t i nued .  In the proposed f i owshee t  coal  is burned in the me l t  
to produce the hea t  requ i red  in the g a s i f i c a t i o n  step. A t o t a l  o f  ten 
runs have been made and these have shown t h a t  combustion ra tes  comparable 
to those p r o j e c t e d  in es t ima t i ng  gas cos ts  have been ach ieved.  On the 
o t h e r  hand, the  data are not yet  s u f f i c i e n t  to e l u c i d a t e  the e f f e c t  
o f  a l l  the process v a r i a b l e s  on combust ion ra te ,  and the combust ion 
tes t  program w i l l  be con t inued.  

I t  i s  o f  i n t e r e s t j  however, t ha t  a d d i t i o n  o f  ash to  the  mol ten  
s a l t  y i e l d e d  a s i g n i f i c a n t  increase in combustion ra te  and an impor tan t  
decrease in sodium v o l a t i l i t y .  These r e s u l t s  w i l ] ~  o f  course j  e x e r t  
major i n f l u e n c e  on the choice o f  ash c o n c e n t r a t i o n  at  which to ope ra te  
the g a s i f i c a t i o n  s y s t ~ .  

in l a s t  rnonth=s d iscuss ion  o f  ash removal,  i t  was repor ted  t h a t  
sodium carbona te  losses dur ing b i ca rbona te  p r e c i p i t a t i o n  were somewhat 
h igher  than a n t i c i p a t e d  but incrementa l  gas costs  due to t h i s  f a c t o r  
were Found to  be q u i t e  smal l .  F u r t h e r  a n a l y t i c a l  work on samples From 
these exper iments  has shown tha t  the sodium b icarbonate  p r e c i p i t a t e  
which is  to  be re tu rned  to the g a s i f i e r  f o r  sodium recovery  i nc l udes  
some 2 5 - 2 ~  o f  t he  s i l i c a  in the quenched me l t .  This e s s e n t i a l l y  
conf i rms the assumpt ion o f  20~ r e t u r n  o f  Si0 2 tha t  was used in the 
est imated economics presented l~s t  month. 

Up to  t h i s  t ime v i s c o s i t y  measurements had been made w i t h  m i x t u r e s  
o f  ash and me l t .  This month exper iments  were made w i t h  m i x t u r e s  o f  
coke 3 ash and m e l t .  The r e s u l t s  i n d i c a t e d  tha t  coke a d d i t i o n  to  the 
mel t  increases the v i s c o s i t y  as much as ash a d d i t i o n .  Furthermore, i t  
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was Found tha t  the v i s c o s i t y  o f  sa l t -ash -coa |  m ix tu res  decreased 
markedly when the s y s c ~  i s  subjected to shear.  Th is  w i l l  help to 
ease the problems of  des ign ing  molten sa l t  t r a n s f e r  l i n e s  and o f  
m ix ing  the mel t  in the g a s l f l e r .  

Process designs For p i p e l i n e  gas From b i tuminous  and sub-bi tuminous 
coal were cont inued.  The ob jec t i ves  are to produce process f lowsheets 
For complete p lan ts  i nco rpo ra t i ng  recent exper lmenta|  data= to prov ide 
o v e r a l l  mater ia l  and energy baiances~ and to es t imate  investment and 
opera t i ng  costs more p r e c i s e l y .  Operat ing c o n d i t i o n s  based on the 
most recent l abo ra to r y  work are being employed so tha~. a Firm base 
case can be es tab l i shed .  When th i s  has been completed, the e f f e c t s  o f  
opera t ing  parameters wi i I be explored. 

Of prime importance to  the overa l l  program is  the search fo r  
ma te r i a l s  o f  c o n s t r u c t i o n  that  w i l l  con ta in  the ve ry  cor ros ive  m ix tu re  
o f  molten sodium carbonate,  coal and ash. Test specimens from co r ros ion  
t e s t  No. 3 o f  the h igh- tempera ture  mate r la l s  have been examined. Th is  
t e s t  was concluded a f t e r  200 hours at  about 1800"F in  an envlronment 
tha t  c l o s e l y  resembles the co~m.erciai p lan t  c o n d i t i o n s .  Z i rcon ia  
Y-1027 and Monofrax A (99.3°/o alumina) were una f fec ted  and are considered 
as acceptable For conmnerc|a] a p p l i c a t i o n .  A I |  t h ree  a l l o y s  - -  RA /+/+6 
(25 Cr - 73 Fe)~ Therma] loy 28 (29 Cr - 0.5 Ni)~ Thermal loy 38 (28 Cr - 
11 Ni) - - w e r e  Found u n s a t i s f a c t o r y  For commercia] a p p l i c a t i o n .  The 
fo l  lowing r e f r a c t o r i e s  were Found unacceptable - -  Monofrax K-3~ 
Chromex B and R i tex  CB. The l as t  two were s a t i s f a c t o r y  in tes t  No. 2 
but  f a i l e d  in t es t  No. 3 a t  more-severe c o n d i t i o n s .  The Z i rcon ia  
spray coat on the RD 600 a | l o y  was gone. Test No. /4 is now in 
progress.  Severa| a l | o y s  - -  Inconel 600 and Inco loy  800 w i th  three 
concen t ra t ions  o f  alumlnum~ three meta|s - -  molybdenc~ tungsten~ and 
p|atinu~..~.; and three r e f r a c t o r i e s  are to be sub jec ted to tes t  cond i t i ons  
For 500 hours. 
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: l l .  PROCESS RESEARCH 

A. Accomplishments 

l .  Combustion Stud ies 

E i g h t  combustion runs were made w i t h  Coke I I I  2 a b i tuminous  coal 
( ! s l a n d  Creek #27) coked at  950"C. 2 in which temperature 3 mol ten s a l t  
bed he igh t3  ash con~ent~ p a r t i c l e  s i ze  3 and c o n c e n t r a t i o n  o f  coke in 
the me l t  were s tud ied .  The c o n d i t i o n s  and r e s u l t s  o f  these  runs are 
p resen ted  in Table i .  Coke was employed because i t  s imu la tes  what may 
be p r e s e n t  in the molten s a l t  g a s i f i e r  be fo re  passing i n t o  the combustion 
zone. A f t e r  addin 9 the coke~ a S-minute d e v o | a t i l i z a t i o n  pe r iod  
f o l l o w e d  w i t h  a 2 | /m ln  o f  n i t r o g e n  f l ow .  Analyses o f  the composi te 
gases f o r  the 5-minute per iod  showed 2 - 1 ~  H2, 10-29% C0j 5-13% C023 a 
t r a c e  o f  CH43 and the remainder N 2. For conveniencej  the assumption 
was made tha t  on l y  the f i x e d  carbon o f  the coke remained in the mel t  
when a i r  was in t roduced.  

A l though the r e s u l t s  were c a l c u l a t e d  in the manner used f o r  
g a s i f i c a t i o n  runs 2 i . e .  the  pe rcen t  o f  carbon combusted was determined 
and a f i r s t  o rder  p lo t  made 2 the data po in t s  did not  f o l l o w  the  s imple 
f i r s t - o r d e r  k i n e t i c s .  P r a c t i c a i ] y  a l l  o f  the runs gave a curve  o f  
i n c r e a s i n g  rate~ i n d i c a t i n g  a depends nce on oxygen c o n c e n t r a t i o n .  As 
t ime pe rm i t s  and more data becomes ava i |ab ]e~  f u r t h e r  e f f o r t  w i l l  be 
made to  a r r i v e  a t  the proper  k i n e t i c s  f o r  t h i s  system. As an expediency 
f o r  purposes o f  comparison2 the t ime at  50% carbon d isappearance was 
used to c a l c u l a t e  the s p e c i f i c  combust ion ra te  cons tan t  shown in the 
t a b l e .  Thus t h i s  va lue has the  same numerical s i g n i f i c a n c e  as the 
g a s i f i c a t i o n  ra te  constant  used in p~evious repo r t s .  The CO 2 and 02 
c o n t e n t  o f  the product  gas is  g i ven  f o r  th ree  t ime i n t e r v a l s  and a t  
the end o f  the run, Unless noted 3 the carbon monoxide con ten t  was a 
t r a c e  o r  zero,  

The e f f e c t  o f  temperature 3 1840"F versus l ~ 0 " F j  can be ob ta ined  
from the  f i r s t  two runs~ J-9823 and 9824~ where the r a t e  cons tan t  was 
b~% h i g h e r  f o r  the h igher  tempera tu re .  Product gas compos i t i on  v e r i f i e s  
the improvement. 
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TABLE i 

COHBUSTION OF BITUNINOUS COKE I i i  IN HOLTEN Na C7~03~  

Run No. -J-  9823 9824 9825 9826 9827 9828 9829 9830 
Date - 1965 8/3 8/5 8 / i0  8/12 8/16 8/18 8/23 8/25 

Feed ......................... Coke III .......... 

% Fixed Carbon 92.2 
% Vol. Hatter 2.0 
% Ash 5.8 
gms. Charge 24 24 49.5 24 24 49.5 23 24 
mesh size . . . . . .  12/20 . . . . . .  40/60 . . . . .  12/20 . . . . . . .  200 

Na2CO 3 - sms. ~14 414 ~14 414 828 828 41~ 4i4 
- bed ht . - inches 4 4 ~ 4 8 8 4 4 

Ash - % in melt / 2 /  . . . . . .  10 

Conditions 
Temperature - °F 18/45 1935 18/+0 1840 1835 18/+0 ~840 1840 
% C in melt at s t a r t  5 5 I0 5 2.6 5.2 ~.4 5 
% 02 in Dry A i r  . . . . . . . . . .  2l . . . . . . . . . . . . . . . . . . .  
A i r  Rate - cc/min 4230 . . . . . . . . . . . . .  
Run Time - min. 135 115 145 105 125 175 95 85 

Results 
Product Gas 

CO Z - 5 min. }3.5 18.0 19.5 14.0 13.5 14.0 18.0 17.0 
-35 min. 10.5 15.5 20,0 11.0 8.5 14.O 10.0 11.5 
-65 min, I0.0 2.5 18.5 8.0 8.5 12.5 i .5  2.0 
-end 0.3 0.5 0.5 0.5 1.5 1.0 0.0 0.3 

% 02 - 5 rain. 6.5 3.5 2.0 5.5 9.5 8.0 t r  3.5 
-35 min. 10.0 5.5 2.5 9.5 13.0 8.0 13.0 10.0 
-65 min. I0.5 17.5 4.0 11.0 13.0 7.5 18.0 17.0 
-end 18.5 20.0 21.0 19.0 17.5 19.0 20.0 18.0 

Minutes to 50°~ C l e f t  42 29 47 40 /+6 74 2I (27) 
Comb. Rate Const. / 3 /  0.43 0.62 0.38 0.45 0.39 0.24 0.86 (0.67) 
Total % consumed IO1 89 103 92 103 85 101 69 
Notes / 4 /  / 5 /  /6 /  

/ I /  Atmospheric pressures 0.5 f t / sec  super f ic ia l  a i r  veiocity~ a 5-minute devo la t i l l za t i on  
in 2 ]/min of N 2 preceeds a i r  in jec t ion.  

/ 2 /  Bituminous coal ash from Island Creek #27 before coke addi t ion.  
/3 /  Same k inet ic  basis as used for  gas i f i ca t ion  runs. 
/ 4 /  About 0 . ~  CO present in product gas for  the Is t  45 minutes~ decreased to ~ in 

the next 40 minutes. 
/ 5 /  Temperature increased 30"F when a i r  added; ~ . ~  CO in the product sample gas at 

5 minute; only t race of  02 in the 25-minute sample. 
/ 6 /  Some carbon blown over; values For '~ in .  to 50°~ C l e f t "  and " ra te  constant"  based 

on output. 
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An increase in the c o n c e n t r a t i o n  o f  carbon in the mel t  at  18b, O'F 
from 5 to lO~ at  the  s t a r t  o f  combustion had ro  e f f e c t  upon ~he ra te  
cons tan t .  Th is  is e v i d e n t  From the F i r s t  and t h i r d  runs~ J-gB23 and 
~825. Product gas compos i t ions show that  about tw ice  as much carbon 
was o x i d i z e d  f o r  the i0~ c a r b o n - i n - m e l t  run~ but  the  ra te  cons tan t  was 
about  the same. 

• P a r t i c l e  s i ze  o f  the coke~ 12/20 mesh versus ~0/60 mesh (U. S. 
Std.  Sieve S e r i e s ) ,  had no e f f e c t  on the combustion ra te  constant~ 
0.43 and 0.45 r e s p e c t i v e l y ~  in runs J-9823 and 9826. H~vever in run 
J-98303 -200 mesh coke was fed and a l though ; o n s i d e r a b l e  loss o f  coke 
was noted (31%) the  ra te  cons tan t  o f  0.7 on an ou tpu t  bas is  is b e l i e v e d  
to  be real  and rep resen ts  an improvement due to the f i n e  p a r t i c l e  s i z e .  

Two l e v e l s  o f  mol ten s a l t  bed he igh t  were studied~ the standard 
4 - i n c h  and an 8 - i n c h  q u i e s c e n t  bed he igh t  in runs J-9827 and 9828 a t  
2 .6  and 5.Z~o i n i t i a l  carbon leve l~ r e s p e c t i v e l y .  The h igh-bed run at  
2.6% carbon gave the  same ra te  as the low-bed runj  J-9823~ at  ~ i n ; t l a l  
carbon l eve l .  Based upon the p rev ious  conc lus ion  tha t  carbon con- 
c e n t r a ~ i o n  had no e f f e c t  on the ra te  constant~ i t  is concluded t ha t  
bed he igh t  had no e f f e c t  on ra te .  Ho~everj run J-9828 a t  the h igh bed 
h e i g h t  and 5.2~ carbon c o n c e n t r a t i o n  gave poorer  r esu l t s~  about 5 ~  o f  
the  standard run J-9823. Exp lana t i on  o f  t h i s  run must awa i t  f u r t h e r  
e x p e r i m e n t a t i o n .  

Run J-9829 w i t h  I(~/o ash from bi tuminous coal in the molten sa l t~  
was the  most r ~ t s t a n d i n g .  Just  as in the g a s i f i c a t i o n  run w i t h  ash in 
the m e l t ,  a s t rong  c a t a l y t i c  e f f e c t  can be a t t r i b u t e d  to  the presence 
o f  ash.  The ra te  cons tan t  was doubledj  go in  9 f ro~  0.~3 to  0.86 when 
I0~ ash was added to the s a l t .  From the product  gas, the complete 
consumption o f  oxygen in the f i r s t  25 minutes as we l l  as breakthrough 
o f  carbo~ monoxide i nd i ca tes  tha t  poss ib l y  the ra te  c~u ld  be even 
h i g h e r  under excess oxygen c o n d i t i o n s ,  In t h i s  run~ a s i g n i f i c a n t  
i nc rease  in temperature f o r  the f i r s t  time was noted ~s the a i r  was 
cu t  in .  

in a d d i t i o n  to  the above favo rab le  e f f e c t s  one o t h e r  ve ry  no tab le  
o b s e r v a t i o n  must be ment ioned in connect ion  w i t h  the presence o f  ash. 
D i r e c t  recovery  o f  s a l t  From the t r a n s f e r  l i n e  and r e c e i v e r  s e c t i o n  o f  
the u n i t  average 17.5 grams ± 3.5 grams f o r  a l l  the combust ion runs 
excep t  the one w i t h  ash p resen t .  The l a t t e r  gave on l y  2.3 grams o f  
s o l i d  ca r r yove r  3 a very  s i g n i f i c a n t  and d e s i r a b | e  drop in s o l i d  evapo ra t i on  
from the me l t .  I t  thus appears tha t  ash t i e s  up most o f  the v o l a t i l e  
sodium ox ide  o r  hyd rox ide  which is  normal ly  v o l a t i l i z e d  under combustion 
c o n d i t i o n s .  
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2. Add i t iona l  V i scos i t y  Determinations of Coke-Ash-Sodium Carbonate 
M~ts . . . . . .  

Two add i t iona l  experiments measured the effect o f  add i t i on  o f  -60 
mesh Coke I I I  to  a sodium carbonate melt conta in ing ash from bituminous 
coal ( Is land Creek #27) at  |700°F. In the i n i t l a i  experiment at  10-20 
rpm on the Brookf le ld viscometer the fo l low ing  resu l t s  were obtained, 
Ash was mixed in to  the melt using carbon d iox ide  and coke was added 
in small increments w i th  n i t rogen as the mixing gas. No f ro th ing  

% Coke I ; I  in 
N aB~CO~ Me|t with i0~toAsh V i scos i t y  . -  cps 

200 

5 450 

I0  800 

occurred. V i scos i t i es  were measured under non-agi tated cond i t ions ,  
An ind i ca t i on  o f  changing v i s c o s i t y  w i th  shear speed o f  the Brookf ie id  
was noted.  

The second experiment is shown in the fo l low ing  tabu la t ion .  

Na2CO 3 Hel t  w i th  
% Ash % Coke i1,1. 

V i scos i t y  - cps at  
I0 RPH 20 RPM 

IO 0 - 150 70 

15 0 600 500 400 

20 0 1050 1050 700 

s0 5 - 400 400 

10 10 - 800 650 

The above e f fec t  o f  decreasing v i s c o s i t y  w i t h  increasins shear is 
c h a r a c t e r i s t i c  of  a pseudo-plast ic  mater ia l ,  Many emulsions show t h i s  
e f f ec t ,  The above resu l ts  show that  coke add i t i on  increases the 
v i s c o s i t y  o f  l~kash-mel t  almost as much as ash add i t i on  (values range 
from 76 to  lO0~and average 8T~). 
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Measurements of v i s c o s i t y  at th is  temperature and with the long 
spTnd.~ leave much to be deslred~ consequently these resu l t s  must only 
be considered as approximate and re la t i ve .  When gas is bubbled through 
~he ash-coke-melt at 0.25-0.5 Ft/sec super f i c ia l  gas v e l o c i t y j  the 
v i s c o s i t y  reading approaches zero. 

3. Sodium,Recovery Studies 

Experiments have been performed to determine the loss of sodium 
in residues obtained from ex t rac t i on  of so l id  mixes resu l t i ng  from 
quenching 5 and 117~ coke in I ~  ash-sodium carbonate melts and wi th a 
wash water to residue r a t i o  of 31i.  Chemical analyses are cu r ren t l y  
underway. 

S i l i ca  analyses on some of  the previously prepared samples~ ~n 
which mixtures of ash and molten sa l t  (no coke added) were use~ have 
been received. Results indicate that about 25-28°~ of the s i | i c a  in 
the quenched melt shows up in residue number 2~ the sodium bicarbonate 
so l id  which is c i rcu la ted  back to the gas i f i e r .  Some 67 to 70~o f  
the si~;ca occurred in residue number ] j  which is discarded. The 
R203 oxides (aluminaj iron oxide= e ;c . )  appear to remain in residue 1. 
About 84 to 9 ~  of the to ta l  was determined as being present there. 
Ana ly t i ca l  accuracy~ lack ~f homogenelty~ and sample s ize do not al low 
a r e l i a b l e  decision on the d i s t r i b u t i o n  of the missing oxide mater ia l .  

E. Project ions 

I .  Combustion Studies 

Further combustion runs w i l l  continue to invest igate  the e f fec t  of 
ash~ aging of  the cokes and the e f fec t  of var iab les using other feed- 
stocks. 
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IV. CHEMICAL ENGINEERING STUDIES AND DEVELOPMENT 

A. Accomplishments 

i .  ,A,,sh,,Removal and Sodium Recovery 

Fu r the r  exper imenta l  work in ash removal and sodium recovery by 
b icarbonate  p r e c i p i t a t i o n  was recommended to extend the range o f  
several  v a r i a b l e s  i n t o  areas tha t  recent process s tud ies  i n d i c a t e  to  
be more a t t r a c t i v e  f o r  a commercial design.  Data are needed in  the 
f o l l o w i n g  areas: 

a. The e f f e c t  o f  lower ash concent ra t lon~ e .g .  ~ in  the  
melt. 

b. The e f f e c t  o f  ungas i f i ed  coal in  the me l t .  

c.  The e f f e c t  o f  us ing less water to wash the ash-coal  res idue 
remaining a f t e r  d i s s o l u t i o n  o f  Na2CO ~. Three weights  o f  
wash water  per weight  o f  res idue w i l l  be s a t i s f a c t o r y .  

2. Process Flowsheets 

Process designs f o r  making p i p e l i n e  gas from bi tuminous coal and 
from sub-b i tuminous coal were cont inued.  The o b j e c t i v e s  o f  t h i s  work 
are: 

a. To produce process f lowsheets fo r  the complete p lant~ 
from raw,~a te r ia l  to f i n a l  product .  

b. To incorpora te  recent exper imental  data and guide f u t u r e  
exper imenta l  work inte c r i t i c a l  areas. 

c, To p rov ide  overa l l  mater ia l  and energy b a l a n c e s .  

d. To es t imate  investment and opera t ing  costs more p r e c i s e l y .  

The f o l l o w i n g  bases have been chosen fo r  these designs:  

a. Product:  25OHM SCFD o f  p i p e l i n e  gas 
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b. GasiF ier  opera t ing  c o n d i t i o n s :  

c.  

Temperature 1830"F 
Pressure 400 ps ig  
Ash in melt  8)(; 
Coal in melt 4% 
G a s i f i c a t i o n  rate ) l b / h r / I b  coal 
Steam/carbon 2 l b / I b  

in melt  

Method o f  supply ing heat:  d i r e c t  combustion o f  coal in 
mel t  at  g a s i f i e r  pressure,  

d, Combustor opera t ing  cond i t i ons :  

e. 

F, 

g. 

Temperature 
Pressuce 
Combustion ra te 
Excess a i r  
Combustion product 

loO0"F 
400 ps ig  
3 I b / h r / I b  coal in melt  

CO 2 

Method o f  ash removal and sodium recovery:  quench w i th  
water~ F i l t e r  and p rec ip i . ta te  NaHCO 3. 

Gas p u r i f i c a t i o n  sequence: F luor  Solvent  CO 2 Removal 
Process~ i ron  ox ide 3 and ac t i va ted  c a r b o n  

Hethanat ion process: Bureau o f  Mines dua l - reac to r  3 
ho t -gas - recyc le .  

B. Pr.oi.ect ions 

Process design s tud ies  For making p i p e l i n e  gas w i l l  be cont inued.  
When a Firm base case has been es tab l i shed  on the bas is  enumerated 
above~ the e f f ec t  o f  the Fol lowlng parameters w i l l  be explored:  

1. Operat ing temperature, i nc lud ing  i t s  e f f e c t s  on melt  v i s c o s i t y  
and rates o f  g a s i f i c a t i o n  and combustion. 

2. Higher g a s i f i c a t i o n  ra tes ,  which are expected to he a t ta ined  
at  400 ps ig  but have not yet  been demonstrated. 
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3. Ash content o f  melts inc luding i t s  e f f ec t  on v i s c o s i t y  and 
sodium losses. 

4. Coal concentrat ion in melt.  

5. Steam/carbon r a t i o  in g a s i f i e r  (steam u t i l i z a t l o n ) .  

6. Excess a i r  in combustor. 
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V. HECHANICAL DEVELOPHENT 

A. Accomplishments 

1. Environmental Test inq of Hiqh Temperature Hater la l~  

The tes t  specimens of  completed Test #3 have been examined and 
evaluated fo r  corrosion res is tance.  The resu l ts  are as fo l lows :  

RA /#,6 (25 Cr - 73 Fe) 

Al1 three specimens were recovered but severely corroded. 
This a l l oy  is unsa t i s fac to ry  fo r  commercial app l i ca t i on  in 
t h i s  process, 

Therma|1oy 28 (29 Cr - 0,5 Ni) 
Themal loy ~8 128 Cr - I! N;! 

None oF the samples (6) oF these two mater ia ls  were 
recovered and, consequently, assumed d i s in teg ra ted .  These 
specimens were cut from c e n t r i f u g a l l y  cast tubin~ and, 
there fore ,  the microst ructure o f  the test  specimens may be 
a con t r i bu t i ng  fac to r  in t he i r  poor performance. 

RA 600 wi th  .O40"/.0~0" Thick Zi rconia Spray Coat 

A l l  three o f  these specimens were recovered wit.h the 
z i r con ia  coat ing gone. The KA 600 base metal, however, 
appeared to be in very  good condit ion~ showin~ on ly  minor 
corros ion e f f ec t s .  

Z ;.r.co, ia Y-1027 

A l l  three samples o f  t h i s  material  were recovered and 
appeared to be unaffected by the test  environment. This M s  
predicted on the basis of  the perfomance of  z i r con ia  
(Z i r co f rax  O) in Test #2. 
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Zircof rax 0 

Although th is  re f ractory  showed up well in Test #2~none 
of  the samples were recovered a f t e r  Test #3. This poor showing 
is a t t r i bu ted  to the poor s t ructura!  make up of the test  
specimens rather than the mater ial  (z~rconla). (This 
re f rac to ry  is produced by Carborundum on a developmental 
basis . )  

Monofrax A (99.~%A!um|na) 

The three samples of  th is  mater ial  also came out of  
Test #3 re la t l ve l y  unaffected. Since th is  materlal is 
considerably cheaper than zirconia~ fur ther  test ing of  i t  
is contemplated to establ ish i t  as an acceptable a l te rna te  
¢o z i rcon ia .  

H.gr, o f rax  K-~ (60.~%AI?07; 27.~% Cr?~0~. 

None of the samples of th i s  re f rac tory  was recovered. 

Chromex B 

None of the samples of th i s  refractory was recovered." 
The performance of. th is  material  appeared acceptable in 
Test #2 but the greater sever i ty  of Test #3 (1800"F vs. ]650"F) 
proved the material to be unsat is fac tory .  

Rltex CB 

Of the three specimens of t h i s  material only one ( in  
the to ta l  submerge(posit ion) was recovered. However~ from 
handling~ the recovered specimen crumbled easi ly.  As in the 
case of  the Chromex B~ th is  mater ial  appeared acceptable in 
Test #2 but the greater sever i ty  eF Test #3 proved i t  
unsat is factory .  

Test ~ was i n i t i a t ed  at the l a t t e r  part  of th~s report  perlc<l and 
iS cur ren t ly  in progress. The equipment and process used in Test #3 
are used in t h i s  test~ but i t  is planned to extend the durat ion to 
500 hours. The mater ials included in t h i s  tes t  are as fo l lows:  

Hetal  A l loys  

60 Cr - 40 Ni 
I nconel 600 
Incoioy 800 wi th  i .50 A1 
Incoloy 800 wi th 2./~0 A1 
lncoloy 800 wi th  3.60 A1 
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ReFractor; e s 

Z i r con ia  Y- i027 
Z i r con ia  RHF-SF 
Z i r con ia  60D ( t as tab l e )  
Honofrax A 
S i l i c o n  N i t r i d e  (Carborundum) 

Hetals 

Molybdenum 
Tungsten 
Plat inum (wire)  

2. Coal. Feedlnq ,Studies 

The coal Feeding device (descr ibed p rev i ous l y )  For the bench-scale,  
h igh-pressure  reac to r  has been completed and assembled. As of the end 
o f  t h i s  report  per iods the f a c i l i t i e s  fo~ cas t i ng  the feeder are being 
set  up. 

B. Pro iec t ions  

] .  Environmental Tes t inq  o f  Hiqh. Tw~x~rature Ma te r i a l s  

At the complet ion o f  Test #4, the metal a l l o y  samples w i l l  be sent 
to the INCO labo ra to ry  where cor ros ion  rates w i l l  be determined. The 
r e f r a c t o r y  samples w i l l  be examined For co r ros ion  e f f e c t s  and eva luated 
f o r  t h i s  serv ice .  

The f e a s i b i l i t y  o f  t e s t i n g  a small r e c i p r o c a t i n g  pump (I  '~ d ia .  
bore) made o f  z | r c o n i a  is  being s tud ied.  I f  the pump can be manufactured 
at  a reasonable cos t ,  p l a n s  f o r  the p ro jec t  w~ l l  be i n i t i a t e d .  

2. Coal...Feedinq Studies 

As soon as the t es t  f a c i l i t i e s  are complete, t e s t i n g  w i l l  begin 
on the coal feeding dev ice.  These tes ts  are designed to check the 
pressure i n t e g r i t y  o f  the Feeder and a lso to check the d e l i v e r y  ra tes 
a t t a i n a b l e  at  var ious  r o t a t i o n a l  speeds. Once these tes ts  have been 
s a t i s f a c t o r i l y  completed, the Feeder w i l l  be incorpora ted i n to  the 
bench-scale h igh -p ressure  u n i t  syste~n. 


