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!. INTRODUCTION 

The o b j e c t i v e  o f  t h i s  c o n t r a c t  w i t h  the OFf ice o f  Coal Research is  
to  develop the Kel logg G a s i f i c a t i o n  Process to the p o i n t  where i t  w i l l  
be able~ on a commercial sca le ,  to convert  coal i n t o  p i p e l i n e  gas at  a 
cos t  o f  50¢/HSCF or  hydrogen a t  25¢/HSCF. Five raw ma te r i a l s  are to 
be s tud ied  - -  an an th rac i t es  a h i g h - v o l a t i l e  b i tuminous coal s a sub- 
b i tuminous  coa l ,  a l i g n i t e  3 and a char .  Alchough Kelloggms exper imental  
work w i l l  not extend beyond the  product ion o f  raw syn thes i s  gas, the 
o v e r a i |  p ro jec t  must make eng ineer ing  eva lua t ions  For fou r  u l t ima te  end 
produc ts  - -  p i p e l i n e  gas~ hydrogen s syn thes is .gas ,  and t ranspo r t  gas. 

Basis For the Kel logg G a s i f i c a t i o n  Process i s  the reac t ion  between 
steam and f i ne  coal in a mol ten s a l t  bath to for;n syn thes i s  gasy a 
mixLure  o f  hydrogen and carbon monoxide~ accord ing to the reac t ion :  

C + H20 + heat ~ H 2 CO 
(coal )  (steam) ( syn thes i s  gas) 

The necessary heat o f  r e a c t i o n  i s  suppl ied by c i r c u l a t i n g  a heated 
mol ten s a l t  stream. In add i t i on2  the molten s a l t  m i x t u r e  is  chosen 
to ca ta |yze  the g a s i f i c a t i o n  reac t i on  so that  i t  may be ca r r i ed  out at 
a r e l a t i v e l y  ]o~ temperature.  

The program is  d i v i d e d  i n t o  three phases o f  s tudy  extend ing over 
a f i v e - y e a r  per iod.  Phase I~ which is now in p rogress ,  invo lves  several  
concu r ren t  t ~ f o r t s :  

| .  Bench-scale process research - -  to i n v e s t i g a t e  mel t  p rope r t ; es ,  
reac t i on  k i ne t l c s~  and the e f f e c t  o f  process v a r i a b l e s .  

. ~:'~mical eng ineer ing  s tud ies  and development - -  to  determine 
the optimum process f lowsheet  and opera t ing  cond i t i ons  and 
to coord inate  exper imenta l  work w i th  o v e r a l l  p ro j ec t  objectives. 

. Hechanlcal development - -  to f i n d  acceptable mmter la ls  o f  
cons t r uc t i on  and develop techniques f o r  hand l l ng  the molten 
s a l t  and powdered coa l .  
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Phase I w i l l  be concluded by the design o f  a p i l o t  p lant  to gas i f y  
24 tons o f  coal per day, i f  i t  is found tha t  a p i l o t  p lant  program is 
j u s t i f i e d  by the bench-scale exper imentat ion and economic s tud ies .  

Phase I I - w i l l  be devoted la rge ly  to the const ruc t ion  and operat ion 
o f  a p i l o t  p lan t  to convert  a v a r i e t y  o f  raw mater la ls  in to  raw 
synthes is  gas. The e f fec t  o f  operat ing var iab les  Found to be s i g n i f i c a n t  
in Phase ! w i l l  be invest igated to obta in data fo r  design o f  a commercial 
p lan t .  

Phase I!1 wi11 invo lve the de ta i led  process-design o f  a commercial 
p lant  to  produce 250 m i l l i o n  standard cubic fee t  a day of  product gas~ 
inc lud ing cost  est imates and projected economics for  those areas o f  
the country  tha t  appear to o f f e r  cornnmrcial p o s s i b i l i t i e s .  
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l i .  5UMHARY AND PROJECTIONS 

This monthly summary is the twe l f th  since the awarding of the- 
cont rac t .  I t  ;s concerned wi th  the f i r s t  phase of  the contract  and 
ou t l i nes  the progress that has been made in the three main areas that 
are now being studied:  process research, chemical engineering studies,  
and mechanical development. 

The exper|mental program on the g a s i f i c a t i o n  of  coal was continued. 
To date some /40 runs have been made exp lor ing the various parameters. 
The la tes t  runs were made to determine the e f fec t  o f  ash content on 
gas i f i ca t i on  rate.  in the overa l l  process ash and coal w i l l  be pre3ent 
in the melt .  The presence of ash in the melt had a s i gn i f i can t  e f fec t  
on gas i f i ca t i on  rate.  For - melt with I0% ash there was a t~o- fo |d  
increase in rate over that fo r  ash-free melt .  

Up to t h i s  time experiments had been made e i t he r  wi th anthrac i te  
o r  bituminous coke or ¢oal. This month two runs were made with Renrv3.rs 
Cove l i g n i t e ,  i t  was chosen because of i t s  high sodium cont'-nt. I c 
was approxlmateiy t~:.ce as react ive as bituminous coal .  Low-pressure 
batch g a s i f i c a t i o n  experiments are p r a c t i c a l l y  completed. A review of 
these data was ~ade in the an t i c i pa t i on  of the preparat ion of revised 
f lo~sheet designs. Un t i l  the high-pressure reactor~ present ly  under 
design is commissioned, and ~asi f ic~| ; ion rates obtained under design 
pressure and teml~rature,  they w i l l  be assumed to be equal to those 
obtained at the desired temperature and at atmospheric pressure. I t  
i s  present l- j  f e l t  that  th i s  is a conservat ive approach. 

In the proposed flowsheet coal in the melt is burned to produce the 
heat required in the g a s i f i c a t i o n  step. This month the f i r s t  combustion 
k i n e t i c  experiments were made. Two runs were completed. The f i r s t  
indicated that the spec i f i c  combustion rate constant fo r  !0~ 0 2 in the 
N 2 feed was 0.37; fo r  11.2~ 02j 0.11. The usual f i r s t  order k i ne t i c  
pTot gave a spec i f i c  g a s i f i c a t i o n  rate of 0.6. The second run using 
a i r  as feed gas had a spec i f i c  combustion rate o f  0.32. From these 
i n i t i a l  experiments i t  can be seen that combustion rates may he ha l f  
those fo r  g a s i f i c a t i o n .  The experiments on combustion rates w i l l  be 
continued dur ing the fo l low ing  months. The e f fec t s  o f  the fo l lowing 
var iab les  w i l l  be studied:  percent carbon and ash in the mel t ,  p a r t i c l e  
s ize ,  bed height .  
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I t  was cor~luded ea r l l e r  that the optimum flowshee~ f o r  removing 
ash from the melt and recovering sodium is one that included quenching 
and d isso lv ing the sodium carbonate~ f i l t e r l n g  o f f  the ash and coalj 
adding carbon dioxide to form sodium bicarbonate that prec ip i ta tes 
from the solut ion j  recovering the bicarbonate by f i l t r a t i o n  and returning 
i t  to the gas i f i e r .  Based on" the experimental data that were obtained 
in Ray and dune a prel imlnary process design and approximate cost 
estimate was made to determine the magnitude of  costs contr ibuted by 
th is  section of  the plant.  Sodium carbonate losses are somewhat higher 
than had been ant ic ipated.  Before the experimental data had been. 
obtained i t  had been estimated that these losses would contr ibute from 
I to 3¢/HSCF of  p~peline gas; present estimates indicate from 3 to 
~¢/HSCF. These ~xperiments fur ther  |~dicate that ash removal costs do 
not vary great ly  w~th ash content. Howeverj at  low ash concentration 
the cost of  coal lost  may become s ign i f i can t  i f  coal levels are allowed 
to r ise .  To f inn  up these economics addit ional experiments w i l l  be 
made. Of prime importance are the lowering o~ the wash water/residue 
ra t io  from about 12/I to 3 / I  and studying the e f fec t  of coal on the 
melt on sodium lossas. 

Since v i scos i t y  measurements indicated a marked e f fec t  of  ash 
content on melt v iscosi ty~ experiments were performed in a 3-inch 
diameter tube to v i sua l l y  observe the re la t i ve  e f fec ts  of l i qu id  v i scos i t y  
on gas bubble size and gas- l lqu id contacting. V iscos i t ies  corresponding 
to 10 percent and 20 ~ercent ash in the melt were slmulated wi th ~ 
glycerol-water and g lycero l -Cab-o-s i l .  The bubble behavior and l iqu id  
c i r cu la t i on  was so poor wi th  3700 cp. (20~ash) l l qu id  compared to the 
125 cp. (10% ash) l i qu id  that i t  appears l i ke l y  that sa t is fac to ry  
opera~ions w i l l  require control of ash content of the molten sa l t  to 
levels o f  about 10%. 

Corrosion test  No. 3 of  the high temperature materials has been 
completed a f t e r  subjecting the specimens to the test  environment for  
approximately 200 hours. Specimens consisted of  several cast a l loys as 
well as re f ractory  materials. The specimens are now being cleaned 
for examination. The two previous tests had indicated that s ta in less 
steels were not sui table materials of  construct ion whereas several 
re f ractory- type materials were probably acceptable. Based on the 
resul ts of  tes t  No. 3~ samples w i l l  be chosen for  more extensive 
test ing over longer periods of  time and at temperatures up to 1850"F. 
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I I I .  PROCESS RESEARCH 

A. Accomp|ishments 

1. Gas.l.Ficatlon Klnet | ,cs 

The s i x  runs which employed g a s i f i c a t i o n  cond i t i on~  are shown in 
Table ~. S p e c i f i c  g a s ; f i c a t i o n  ra te is  given o n l y  f o r  carbon to  the 
o x i d e s  and methane s ince i t  appears that  the g a s i f i c a t i o n  ra te  ca l cu l a t ed  
from reducing power s u f f e r s  from hydrogen react ion w i t h  the reac to r  
wa l l s  and is  not r e l i a b l e .  In a d d i t i o n  the g a s i f i c a t i o n  ra te constant  
has been converted i n t o  a ra te  o f  g a s i f i c a t i o n  expressed as pounds o f  
carbon g a s i f i e d  per hour per cub ic  foo t  o f  sodiL~ carbonate when e i t h e r  
]0~ or  ~ carbon is present  in  t h e . ~ e l t .  

Spec i f i c  ra te  cons tan t  as def ined in  a l l  p rev ious run t a b u l a t i o n s  
is a cons tan t  which inc ludes the 2.3 f ac to r  fo r  convers ion o f  na tu ra l  
logar i thm to logar i thm to the base 10. To change the repor ted  k to 
k I which s a t i s f i e s  -dc = ~'-, ,  i~ is  necessary to  m u l t i p l y  k b~ 2.3 
Or tO ob ta in  the r a t e ~ i n  i b s . / h r / c F  at  10e/o carbon in the melt  aml t , iP ly  
k by 31.2 and at  ~ carbon in  the melt m u l t i p l y  k by 14.8 / 

/ 
Run J-9815 was an at tempt to compare an e q u i v a l e n t  amount o f  

Coke I I  ( I s l and  Creek #27 b i tuminous coal coked at  600"C) to runs us ing 
b i tuminous coal  d i r e c t l y .  Al though a plug in the o u t l e t  l i n e  caused 
the run to be t e m l n a t e d  before a l l  the coke had gas i f l ed~  the r e s u l t s  
o f  three c o n d i t i o n s  i nd i ca te  a g a s i f i c a t i o n  ra te  o f  about 1.0 as compared 
to 0 .6  f o r  the coal~ thus i n d i c a t i n g  a h igher  r e a c t i v i t y  fo r  the coke. 
A sample of  gas which had been generated in  the f i r s t  f i v e  minutes o f  
g a s i f i c a t i o n ,  was a.nalyzed by e~ass spectrometry.  The r e s u | t s j  presented 
in  the f o l l o w i n g  tab le  t show a s i g n i f i c a n t  amount o f  emthanej s(~ne 
e thy lene  and o n i y  minor amounts o f  ethane, propane and p r o p y l e n e .  

Ana lys i s  o f  5 min. Gas Sample J - ~ 1 5  

10.7 

C~H 6 .0.2 
C3H 6 O. 1 
C)H 8 tr  

3 9 . 3  
CO 1 1 . 9  
CO 2 17 .5  
N 2 !8.1 

Mole % 
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TABLE 1 

GASIFI.C~T'ION OF BI,TI~INOUS COKE AND COAL , AHD LIGNITE IN, HOLTE~ .Ra2Cn3_ ~ 

Run No. -J- 9815 9816 9817 9819 9821 9822 
DaLe of Run - 1965 6129 6130 719 7/19 7/23 7129 

Feed Coke I I  B i t .  C o a l  Rennets Cove L[gni te 
% Total Carbon 86.6 81.3 81.3 . . . . . .  C06./4 . . . . . . .  
% Volat l  les 7.6 37.3 37.3 . . . . . .  48.2 . . . . . .  
% Ash 5.8 3.9 3.9 . . . . . .  9.3 . . . . . . .  
gms. charged 20,0 20.0 20.0 20.0 20.0 17.9 
mesh size 12120 12120 12/20 12/20 12/20 12120 
gms. Na~CO 3 41L~ 414 414 /~14 414 414 

Ash i~ Heir /2 !  - 10 10 - - - 

Conditions 
Temperature - "F 1740 1750 1830 1840 1750 1740 
% Steam in N 2 90 90 20 90 90 90 
Unit No. 2 I I 2 2 2 
min. to 0°/0 CO ~ 25 60 35 30 40 26 
Total Run - min. 25 90 75 32 40 55 

Results 
% C to CO + CO 2 64.6 ~ . 0  101.7 97.2 93.9 99.8 
% C to CH 4 0.2 4.8 3.7 4.1 2.0 2.0 
% C to ta r ,  etc.  - 6.0 6.0 - 6.0 ~2 
Total % C C~.8 104.8 !11.4 101.3 101.9 103.8 

Spec. GasiF. Rate Cons=ant 
Basis CO, C02, CH 4 - Input 1.06 !.24 2.69 (2.3) (2.0) I . / ~  
Basis CO, C02, CH 4 - output - 1.13 2.00 - - - 

Rate 
lbs. c gaslf . lhr. /CF at 

10% C in bed 33 37 84 72  - 45 
lbs. c g a s i f . / h r .  CF at 

5% C in bed 16 18 40 34 - 21 

Note 131 141 141 

/ i /  ALm. Pres., 0.5 f t . / s e c ,  super f ic ia l  gas veloci ty~ 4-1nch quiescent bed height 
/ 2 /  Bituminous coal ash 
/ 3 /  Terminated due to  plug in ou t le t  tube 
/41 In le t  plug between 5-10 min. Replace~ i n l e t  and continued run. 
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Some o f  these products  probably  represent d e v o l a t i l i z a t i o n  o f  the coke 
w i t h o u t  reforming.  Bottom feeding through the mel t  instead o f  top 
Feeding as wel l  as bed he igh t  w i l l  have an i n f l uence  on t h i s  composi t ion.  

The next two runs employed a carbonate mel t  which conta ined I0~ 
b i tuminous coal ash in  order  to asce r ta in  the e f f e c t  o f  ash content  
in  the m~lt  on the i f l c a t i o n  r~ te  o f  b i tuminous coa l .  The runs 
were mar~ a t  1750"Fg:~d 1830"F. The g a s i f i c a t i o n  rates can be compared 
in  the f o l l o w i n g  t a b u l a t i o n  w i t h  s i m i l a r  runs made w i thou t  ash a d d i t i o n .  

Temperature - "F 1750 1830 

Spec i f i c  Rate Constant 
With 10%Ash 1.2 2.7 
Wi thout  Ash 0.6 ! .3 

The presence o f  10% ash in the melt  had ~ very  s i g n i f i c a n t  e f f e c t  on 
the ra te ,  a two- fo ld  increase in g a s i f i c a t i o n  ra te  was observed at  
the two temperatures. L i t e r a t u r e  u s u a l l y  imp l ies  tha t  the a l k a l i  and 
| ron  content  o f  ash tend to ca ta lyze  rates o f  g a s i f i c a t i o n ,  but o b v i o u s l y  
h~re the a l k a l i  is  abundant ly  present and i t  must be the i ron  and/or  
othe~ c o n s t i t u e n t s  o f  the ash which have improved mat ters.  

Because o f  the h igh sodium content  o f  t h i s  m a t e r i a i ,  Renners Cove 
1 . g n i t e  has been eva luated in  the g a s i f i c a t i o n  u n i t .  The mater ia l  
received From Consol | da t i on  Coal Company was screened to g ive 12/20 
mesh mater ia l  and d r i e d  at  l lO 'C For ! .75 hours s ince i t  c r i g i n a l l y  
conta ined 32.~F/o mo is tu re .  Considerable d i f f i c u l t y  was experienced w i t h  
making un in te r rup ted  runs. Upon charg ing the l i g n l t e 3  a large i n i t i a l  
bu r s t  o f  gas caused pressure to b u i l d  up in the i n l e t  system and a 
momentary loss o f  steam occurred.  This led to s a l t  g e t t i n g  i n to  the 
lj1~ inch i n l e t  l i n e  and producing a p lug.  By rep lac ing  the plugged 
i n l e t  tube in  two runs,  i t  was poss ib le  to con t inue  the runs but less  
r e l i a b i l i t y  can be given to the ra te  constant .  In  the f i n a l  run 
J-~822 a m o d i f i c a t i o n  o f  the water-steam system al lowed a cont inuous 
standard type o f  run to be obta ined.  The r e s u l t s  o f  the runs are 
compared ;n the f o l l o w i n g  tab le  w i t h  r e s u l t s  from runs us ing b i tuminous 
coa l .  

L i q n i t e  Bituminous Coal 

Spec i f i c  Rate Constant at  
17~O'F I . ~  0,6 
1840"F 2.3111 ~.3 

/ 1 /  I n te r rup ted  run. 
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Thusp t h i s  l i g n i t e  was approximately twice as reac t i ve  as bituminous 
coa l .  

2. I n i t i a l  Combustion K ine t i cs  

In the f i r s t  run 2 the usual 20 grams of  Is land Creek#27 bituminous 
coal was charged and 25 minutes o f  standard g a s i f i c a t i o n  a t  1750"F 
was done before c u t t i n g  o f f  steam and s t a r t i n g  combustion. At t h i s  
po in t  0,50 moles o f  carbon were l e f t  in the molten sa l t  ( I .32  moles 
charged i n i t i a l l y ) .  Combustion feed gas was set at  an oxygen concen- 
t r a t i o n  o f  4.2~ in n i t rogen.  .Product gas ana lys is  showed oxygen a t  
about 1.1% coming through the reactor  w i th  no carbon monoxide and about 
1.1% carbon d iox ide  for  |0~ 20 and 30 minute samples. A f t e r  35 minutes 
the oxygen concentrat ion in the feed gas was raised to 10.~'3~ and the 
run cont inued fo r  70 mlnutesmore when the product gas showed 0~C02. 
Product gas analyses a f t e r  11~ 2~  40 and 55 minutes showed 3.1~ 2 . ~  
1.6 and 0.5% C02 respec t i ve ly ,  w i th  no carbon monoxide and 7.9 to 7 . ~  
oxygen. A to ta l  o f  81% o f  the carbon was accounted fo r  a t  t h i s  t ime. 

The usual f i r s t  order k i n e t i c  p lo t  o f  a l l  the data gave a spec i f i c  
g a s i f i c a t i o n  rate constant o f  0.6~ a spec i f i c  combustion rate constant 
(For 4.2~ 02 in N 2 feed gas) o f  0.11 and an approximate spec i f i c  com- 
bust ion  rate constant ( f o r  10.5%02 in N 2 feed gas) o f  0.37. This 
p re l im ina ry  run establ ished the technique fo r  s tudying combustion and 
ind icated that  Ful l  a i r  could be used d i r e c t l y ' s i n c e  the rate o f  com- 
bust ion appeared to be less than the g a s i f i c a t i o n  ra te .  

The second coml;ustion runs consisted o f  a charge o f  20 grams o f  
12/20 mesh bituminous coal i n t o  the molten sa l t  w i t h  n i t rogen Flowing 
through the i n l e t  tube. A 25 minute d e v o l a t i l i z a t i o n  per iod fo l lowed. 
then s t r a i g h t  a i r  was passed in to  the reactor a t  0.5 f t . / s a c ,  super- 
F i c ia l  v e l o c i t y .  Product gas was analyzed every 5-10 minutes. No 
carbon monoxide appearedj on ly  carbon d iox ide  which ran about ~'~ fo r  
the f i r s t  85 minutes then gradual ly  Fell  o f f  to 0.1% a t  180 minutes. 
The data when p lo t ted  did not fo l low a f i r s t  order k i n e t i c  expression~ 
the rate appeared to increase w i th  tlme~ only the F i r s t  40~ carbon 
consumed was l i near  and ind icated a spec i f i c  rate constant o f  0.32. 

A coke prepared a t  950"F from the Island Creek #27 bituminous coal 
w i l l  be used In fu tu re  combustion studies o f  temperature~ p a r t i c l e  
s i ze~ e tc .  
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3. E f f ec t  o f  V i s c o s i t y  o f  Coke Add i t i on  to Sodium Carbonate ~ l t  
w i t h  Ash Present . . . . . .  

An i n i t i a l  v i s c o s i t y  de te rm ina t ion  at 1700"F w i t h  10.5~ Is land 
Creek #27 b i tuminous coal ash in sodium carbonate melt  a f t e r  two hours 
o f  e q u i l i b r a t i o n  us ing C02 a g i t a t i o n  was on ly  125 c e n t i p o i s e s .  This 
va lue  was too low fo r  p rec ise  v i s c o s i t y  measurement. In order  t o .  
increase the v i s c o s i t y  an a d d i t i o n a l  amount o f  ash was added to b r i ng  
the leve l  to  15.8m/o. AFter ! .5  hours o f  mix ing w i t h  C02 a g i t a t i o n  the 
v i s c o s i t y  was 550 cen t i po i ses .  The a d d i t i o n  o f  /+0/60 mesh Coke I 
( I s l a n d  Creek # 27 coal coked at  850"C) to  g ive 5~coke  and 15% 
ash in  the mel t  caused the melt  to b o i l  up and some o f  the melt s o l i d i f i e d  
on the  cool w a l l s  at  the top o f  the vesse l ,  in  the 1.5 inch I .  D. 
Inconel  tube the v i s c o s i t y  became d i f f i c u l t  to detemine because the 
sp ind le  would h i t  the wa l l  and g ive an erroneous reading.  The best 
readings i nd i ca ted  1300 to 2000 cen t i po i ses .  

A 2 inch I .  D. Inconel tube was const ruc ted to e l i m i n a t e  the wa l l  
e f f e c t  on the sp ind le .  A new mel t  o f  15.8% ash~ same as aboveg was 
e q u i l i b r a t e d  For about 3 hours at  1700-F w i t h  0.25 f t . / s e c ,  carbon 
d i o x i d e  s u p e r f i c i a l  v e l o c i t y .  The v i s c o s i t y  measured 630 cp. Add i t i on  
o f  coke, same as above, to g ive  a mel t  o f  5"~ coke and 15~ ash again 
f ro thed  to the top o f  the metal tube and some s o l i d i f i e d  on the cool 
~ a l l s .  A f t e r  i t  s e t t l e d  back to normal, about '5-10 minutes a f t e r  
a d d i t i o n  o f  cokes the v i s c o s i t y  appeared ~o be 400-500 cp. A second 
a d d i t i o n  o f  coke to the me1% now probably 9w~ coke and 11~.57o ash~ d id  
not produce any f r o t h i n g  b,.'t the v i s c o s i t y  in 5 minutes a f t e r  a d d i t i o n  
was over 10,000 cp. I t  then decreased to 3000 cp in  I0 minutes,  about 
1000 cp in  15 minutes,  and 1600 cp from /+5 minutes to 90 minutes.  

/+. E F.fect of. E l e c t r l  .ca] Po ten t i a l  on In.conel in  Ho l ten  S@lt 

Heasurement o f  the res is tance  o f  a 1/2 inch wide Inconel  s t r i p  
(16 gauge) immersed 2 inches i n to  molten sod;urn carbonate conta ined in  
an Inconel tube at  1800"F over an 89 hour per iod appeared to change 
from 0.2 ohm to i . 2  ohm but the readings o f  res is tance were not vzry 
c o n s i s t e n t .  The s t r i p  was removed and the sec t ion  tha t  had been in  
the mel t  appeared to be dark and g r i t t y  in appearance from co r ros i on  
and p a r t l y  as i f  e lec t rochemica l  depos i t i on  had occurred (poss ib l e  
du r i ng  res i s t ance  measurements). Th is  experiment was not d e f i n i t i v e  
and led to the f o l l o w i n g .  
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The same lnconel s t r i p  was immersed I inch in to  the molten s a l t  
~c 1800°F and an AC current appl ;ed to g ive  22 amps al Ic~ing the change 
in vo l tage ~.:th time to be determined. The un i t  was blanketed w i t h  
C02 gas. The ;n i t ; 3~  vol tage was 0.98 v o l t s .  A f t e r  2~  /+8 and 120 
hours the vo| tages ~ r e  1.05~ I .  I0,  and 1.22 vo l t s  respec t i ve l y .  The 
run was terminated a t  120 hours. The overa l l  vol tage change was 2/~. 
The immersed sect ion  of  Intone| had a black ox id ized appearance but 
was not p i t t e d .  

In order  to ascer ta in  the e f f e c t  o f  10~ ash in the melt on the 
inconel s t r i p  under the same cur ren t  cond i t ions j  the add i t i on  o f  
b i tuminous coal ash was made to the melt and ag i ta ted  w i t h  CO_. The 
lnconel s t r i p  was immersed to a depth o f  ! inch. Upon atte=np~ing to  
reset curren% a r c i . g  occurred which required remora] of  the i n l e t  tube 
fo r  C0~. Previous ~xperience ind ica ted that  the ash ~ould remain 
mixed in the me]t w i thout  (;02 a g i t a t i o n .  The l n i t l a ]  vo l tage at  22 
amps was 2.1 v o l t s .  A f te r  |5.8~ 17.13 and 1,3.~ hours the vo l tages were 
2.962 3.15 and 3.55 respec t i ve ly .  At 21 hours She ~ncone| s t r i p  tha t  
had been immersed in the ash-sa l t  melt  had dissolved.  
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IV. CHEMICAL ENGINEERING STUDIES AND DEVELOPMENT 

A. Accomplishments 

1. Process..and Economic Stud~ of  Ash Removal and T~li.ur3_ RecGyery 

i t  was concluded e a r l i e r  (Progress Report No. 5, P- 5) that the 
optimum Fiowsheet For ash rmm0val and sodium recovery is one that includes 
the Foilowlng steps: 

a. quench a stream of melt from the g a s i f i e r  wi th  water (or an 
aqueous carbonate solut ion) to d isso lve  Na2CO 3. 

b. F i l t e r  o f f  undissolved ash and coal p a r t i c l e s .  

c. Contact F i l t r a t e  wi th carbon d iox ide to p rec ip i t a te  sodium 
bicarbonate according to react ion (1) :  

Na2CO 3 ÷ C0 2 ~- HZ0---~2NaHCO 3 ~ ( i )  

Separate the so l i d  bicarbonate by f i l t e r i n g  or  cen t r i fug ing ,  
and return i t  to the 9as i f le r .  

An experimental program was then car r ied  out to obtain data for  
design of  such an ash removal and sodium recov-?ry scheme. Experimental 
procedures and resu l t s  were reported in Progress Reports No. 9f P. 8 
and ,qo. 10j p. 9. These data have been used to prepare a pre l iminary  
process design and approximate cost estimate to determine the magnitude 
of costs cont r ibuted b~, th i s  section oF the plant (ash removal and sodium 
recovery) to to ta l  product gas cost. The resu l ts  are shown in Figure 1 
for  the case of  250 MM SCFD oF p ipe l ine gas produced from bituminous 
coal containing 5.2e~ ash. Further~ these resu l ts  are based on the 
re la t ionsh ip  between sodium recovery and ash content o f  melt shown as 
Figure 2. This r e l a t i onsh ip  is very pre l im inary  at  the present t i r r ~  
being based on only  the t~o experimental points shown (ac tua l l y  averages 
o f  several experiments) and showing no efFect~ i f  there is one t o f  
percent coal in the mel t .  I t  is not su rp r i s ing ,  thoughj that sodium 
loss should increase as the concentrat ion of ash in the melt enter ing 
the recovery system r i ses .  
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The e f fec t  o f  two parameters is shown in Figure 1 - -  the concent ra t ion 
o f  ash in the melt and the concentrat ion o f  ungas i f ied  coal. Several 
observations are in order :  

a .  SodiL~, carbonate losses are somewhat higher than a n t i c i i ~ t e d  
before :base data were obtained (Progress Report No. 5~ P. 6) ,  
now cop~r ibu t ing  about 3-~¢/HSCF o f  p ipe l i ne  gas instead o f  
! -3¢/MSCF. 

b. Ash re=oval costs do not vary g rea t l y  w i t h  ash content o f  melt 
between the 5 and 15~ ievels~ espec ia l l y  i f  coal content is  
5°k or less.  Tnls occurs because~ as ash content is reduced, 
sodium loss is  reduced more than p ropor t i ona te l y  (Figure 2) ,  
thus tendin~ to  o f f s e t  the e f fec t  o f  the lar~er investment 
needed. 

c. At low ash concentrat ions the cost o f  coal lost  becomes s i g n i -  
f i can t  fo r  the higher coal leve ls .  Even soj at  5"~ash and 
coal~ carbon u t i l i z a t i o n  is s t i l l  greater  than 90~. 

Further experimental work w i l l  be recommended to f i rm up f i gu res  | 
and 2~ to i nves t i ga te  the e f fec t  of  ungasi f led coal in the meit~ and 
to extend the range o f  ash concentrat ions and wash water/ residue ra t i os  
used. 

2. Review and Ana lys is  o f . G a s i f i c a t i o n  Rate Data 

A review o f  the experimental g a s i f i c a t i o n  data obtained to date 
has been made in a n t i c i p a t i o n  of  the preparat ion o f  revised f lowsheet 
designs. The purpose o f  t h i s  revlewwas~ hopeful ly~ to gain a b e t t e r  
understanding o f  the k i n e t i c s  of  the catalyzed steam-carbon react ion 
w i th  a view towards s e t t i n g  reasonable g a s i f i c a t i o n  rates fo r  the 
condi t ions to be encountered in the subsequent designs. 

Data obtained thus far  have indicated that  the gas i f i ca t i on  ra te  
i s  f i r s t  order w i t h  respect to carbon concent ra t ion.  This is qot 
p a r t i c u l a r l y  su rp r i s l ng  since for  a l l  p rac t i ca l  purposes carbon concen- 
t r a t i o n  is the on ly  t h i n g w h i c h  var ies w i t h l n  a given run. Such a 
re la t i onsh ip  is t yp i ca l  o f  batch g a s i f i c a t l o n . r . n s 3  as can be seen by 
p l o t t i n g  up any o f  the runs o f  Goring~ et e l . ( I )  according to  a f i r s t -  
order model. However~ i t  is  also known that  o ther  factors  inf luence 

( | )  6oring~ G. E., 6. P. Curran, R. P. Tarbox, and E. Gorin~ ' ~ ; n e t | c s  
o f  Carbon G a s i f i c a t i o n  by Steam," Ind. & .Enq. C.hem..~ /~ ,  p. i 05 l .  
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the r a t e  o f  carbon g a s i f i c a t i o n .  Pa r t i a l  pressures o f  steam and hydrogen 
have been found to a f f e c t  g a s i f i c a t i o n  rate in both f i x e d -  and f l u ld -bed  
o p e r a t i o n s ( 2 ,  3 ) j  as have the Q~.~ssures o f  CO and 602 in a cata lyzed,  
f i x e d - b e d ,  steam-carbon s y s t e m ~ l n d e e d ,  that  the presen~ system does 
not t r u l y  obey f i r s t - o r d e r  k i n e t i c s  has been ind i ca ted  by the Fact that  
a decrease in steam pressure from 13.2 psia to 4 .~ ps;a r e s u l t s  in  a 
lower ing  o f  ~ a s i f l c a t i o n  ra te  by 60%. However, any at tempt  to determine 
the exac t  e f f e c t s  o f  such parameters on rate must have a v a i l a b l e  data 
taken over  a wide range o f  c o n d i t i o n s .  These Cata cannot as yet be 
ob ta i ned  because o f  the pressure l i m i t a t i o n s  on the present  bench-scale 
u n i t  and the fac t  that  i t  i s  capable of  runn;ng o n l y  batch experiments.  
When the h igh pressure u n i t  is  in opera t ion ,  ~ w e v e r ,  a program can and 
w i l l  be undertaken to s tudy the e f f e c t s  of  these v a r i a b l e s  and determine 
what the k i n e t i c s  o f  the reac t i on  a c t u a l l y  are. 

Therefore 3 u n t i l  more ex tens i ve  experiments can be c a r r i e d  ou% 
the g a s i f i c a t i o n  rates fo r  the f iowsheet s tud ies  (a t  about ~00 psig 
o p e r a t i n g  pressure) w i l l  be assumed to be equal to those obta ined a t  
the des i red  temperature and a t  atmospheric pressure.  I t  i s  p resen t l y  
Fe l t  t ha t  t h i s  is  a conse rva t i ve  approach since a ra the r  s u b s t a n t i a l  
steam pressure dependence has a l ready been noted. On the o ther  hand, 
the bench-sca le  experiments have operated at tow steam convers ions 
( 1 0 - 2 ~ ) ,  thereby p rov id ing  the coal w i th  c o n s i s t e n t l y  h igh  ste~n p a r t i a l  
p ressures .  In the commercial des igns,  where steam convers ions  must be 
o f  the  order  o f  60-75~, the steam pressure w i l l  drop o f f  as the gas 
passes upward through the bed~ w h i l e  the concen t ra t ions  o f  poss ib le  
" p o i s o n s "  (CO, H2~ e tc . )  w i l l  increase,  thus tending ~o decrease ove ra l l  
r e a c t i o n  ra te .  However, i t  i s  s t i l l  f e l t  that  the net e f f e c t  o f  these 
two f a c t o r s  - -  h igher  ope ra t i ng  pressure and h igher  steam convers ion - -  
w i l l  be an increased ra te  a t  commercial cond i t i ons  above those observed 
thus f a r .  

3. Process F1owsheets 

Revised process designs o f  the coal g a s i f i c a t i o n  p l a n t  have been 
s t a r t e d  f o r  the purpose o f  i nco rpo ra t i ng  recent exper imenta l  data,  a 
new method o f  supply ing heat f o r  the react ion (by d i r e c t  combustion of  
coa| i n  the me l t ) j  and perhaps s l i g h t l y  a l te red  ope ra t i ng  cond i t i ons .  
These designs w i l l  then be combined w i t h  necessary g a s - t r e a t i n g  and 
methane-synthes ls  f a c i l i t i e s  to y i e l d ,  For the f i r s t  time~ process 
f lowshee ts  fo r  the c o m p l e t e l y - l n t e g r a t e d ,  p i p e l l n e  gas- f rom-coal  p lan t .  
Ma te r i a l  balance% energy balances,  and cost est imates w i l l  a l so  be 
prepared.  

(2) 

(3) 

Gadsby, J . ,  C. N. Hinshelwood, and K. W. Sykes, Proc. Roy. Sot . ,  
London, A I ~  p. 129. 

Hay, W. G. 3 R. H. M u e l l e r ,  and S. B. Sweetser, "Carbon-Steam Reaction 
K | n e t i c s  from P i l o t  P lan t  Da ta , "  Ind. .Enq..Chem.,  SO s p. 1289. 
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B. Pro iec t ions  

Results oF the process and economic study oF ash r~raoval and 
sodium recovery ~ i l l  be used to Formulate recommendations fo r  Further 
experimental work in t h i s  area, 

Process ca icu |a t i~ns  leading to complete ly- in tegrated f l ~ s h e e t s  
For p i p e l i n e  gas From bitumlnous coal and from sub-bituminous coal w ; | ]  
be cont inued. 

(4) Lewis, W. K. j  E. R. G i l i i l a n d ,  and H. Hipkin~ "Carbon-Steam Reaction 
a t  Low Temperaturesy" ind. Enq. Chem.~ /~5~ p. 1697. 
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V. HECHANICAL DEVELOPHENT 

A. Acc om.plishments 

1. Environmental Tes t inq  o f  H!Rh Temperature H a t e r l a l s  

Test No. 3 of  the hi9.~ temperature mater ;d is  has been completed. 
The t e s t  specimens were subjected to the tes t  environment fo r  approx imate ly  
200 hours and are c u r r e n t l y  being c lea-ed For examinat ion.  

Representat ives o f  In terna~iona!  Nickel  Company examined the 
corroded sect ions  o f  the Inco loy  reactor  and inconei i n t e r n a l s  used 
in  Test No. 2 and found these sect ions  to be magnetic (both o f  these 
a l l o y s  are non-magnet ic) .  The i r  p re l im ina ry  op in ion  is  that  t h i s  
p o i n t s  to s u l f i d a t | o n  an~,oerhaps~ ca rbon iza t i on .  Samp|e coupons o f  
these ma te r ia l s  have been sent to INCO for ana l ys i s .  

2. Coal Feedinq Studies 

The r e s u l t s  o f  us ing sand as the s o l i d  mater ia l  in  the s o l i d s  
feed u n i t a p p e a r  as F igures 3~ 4 and 5, These tes t s  were run a t  the 
fo l lova ing c o n d i t i o n s :  

Pressure in  Transpor t  Tube: |~ 10 ~ 20 ps ig  
V e l o c i t y  in  Transpor t  Tube: 30~ 35~ 40 ~ 50 fps 
So l ids  ioadlng~ approx imate ly :  0.2 to ! .0 lb .  sand / f t . 3  o f  a i r  

Work is  con t i nu i ng  on f a b r i c a t i o n  of  a s ta r  Feeder device fo r  use 
w i t h  the bench scale reac to r .  A l l  mater ia l  requi red is on hand and 
the machine ~ r k  is  we~l underway. 

3. Ef fec ts  of  Phys)ca] Proper t ies  on Bubble Size 

In the design o f  a bench scale reactor  to operate at  pressures 
up to 400 psig~ i t  was proposed tha~ the coal and gaseous feed streams 
be introduced .to the melt  a t  a leve l  on,-. inch above the bottom. The 
Incone| I n | e t  tube~ ~eving an ou ts i de  diameter o f  7 /8 - i nch  and an ins ide  
d iameter  of  l / l~- inch~ was located at  the ax i s  o f  the 3* inch reac tor  
t o  Form an annulus fo r  the melt  and the e f f l u e n t  gases. 
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Since v i s c o s i t y  measurements ind ica ted  a marked e f f e c t  o f  ash 
content  on melt  v i s c o s l t y ~  experiments were performed to permit  v i sua l  
observa t ion  of  the r e l a t i v e  e f f e c t s  of  i n l e t  tube l oca t i on  and o f  
l i q u i d  v i s c o s i t y  on gas bubble s ize and g a s - l i q u i d  con tac t i ng .  

A 3 - inch  diameter by 8 fee t  h igh glass tube was set up in  the 
l abo ra to ry .  P rov is ions  were made for  i n t roduc ing  known q u a n t i t i e s  o f  
a i r  e i t h e r  through a sparger in the b o t t o ~  or  by means of  I / 2 - i n c h  
schedule ~0 pipe, located w i t h i n  the g lass tube. A pipe cap con ta i n i ng  
1 /4 - inch  hole w~s screwed to the lower end o f  the p ipe and admit ted 
the a i r  in a downward d i r e c t i o n .  The performance was tes ted w i t h  the 
pipe located a x i a l l y  and also when held along the ins ide  wa l l  o f  the 
g lass  tube. Two d i f f e r e n t  l i q u i d s  were used to s imu!ate the molten 
s a l t .  A l i q u i d  h~ving a v i s c o s i t y  o f  i25 cen t i po i ses  (equivalen~ in 
v i s c o s i t y  to molten s a l t  con ta i n i ng  10 wt. % o f  b i tuminous ash) was 
prepared by mix ing about 88 wt. ~ g lycero l  and 12 wt, ~ water .  Another 
] i q u l d  having a v i s c o s i t y  o f  about 3700 cent ipo ise~  (equ iva len t  to 
20 wt .  % ash in mel t )  was prepared by adding " C a b - o - s i l  '' to g l y c e r o l .  
Small pieces of  cork  were added to s imulate coal p a r t i c l e s  and permit  
observa t ion  o f  l i q u i d  f low pa t te rns .  

Visual  observa t ions  and conc lus ions  can be summarized as f o l l ows :  

I .  Method o f  i n t r oduc ing  a i r  - -  The two-hole sparger con ta i n i ng  
] / 8 - [ n c h  holes was the best i n l e t  arrangement. Bubbles were 
gene ra | l y  sma l le r ,  and maintained i n d i v i d u a l i t y  through a 
g rea te r  length  o f  t r ave l  upward. Sausage-shaped bubbles 
about ~-8 inches long formed about 8-12 inches above the 
sparger~ and grew in length to  a bo~t one foo t  as they passed 
up the tube. Bubble behavior was s i m i l a r  w i t h  a ; r  in t roduced 
through the 1 /2 - i nch  pipe e i t h e r  a x i a l l y  located or  along the 
glass tube w a l l .  Agglomerat ion of  a i r  bubbles occurred 
c l ose r  to  the a i r  i n l e t  w i t h  e i t h e r  arrangement than ~!~h the 
sparger.  Large bubbles were shaped l i k e  e longated doughnuts 
w i t h  the c e n t r a l l y  located a i r  ~nle~. 

Al though the sparger appeared to produce b e t t e r  bubble 
pa t t e rns ,  i t  was decided ~o use the c e n t r a l l y  located tube 
because o f  b e t t e r  prospects fo r  feeding coal con t i nuous l y  
w i t h  the process steam. 
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. V iscos i ty  of  l lqu ld  - -  With any mechanical arrangement o f  a i r  
inlet~ ve loc i t y  of a i r  through the 3-inuh tube~ and at l i qu id  
heights of 6 inches to 3 Feet~ bubble behavior and l iqu id  
c i r cu la t ion  was extremely poor wi th  the 3700 cp l iqu id  as 
compared with the 125 cp . l iquid. .Based on the re la t i ve  behav|or 
i t  was decided to ma~ experiments wi th  the high pressure 
unl t  w i th  molten sa l t  containing a maximumoF iO wt. % ash. 

B. Proiect iqns 

I .  Envi,ronmental Testlnq of  Hiqh Temperature H~ter ials 

The t e s t  samples From the completed Test No. 3 w i l l  be examined. 
Based on the resul ts of  Test No. 3~ samp]es w i l l  be chosen for addi t ional  
tes ts .  

2. Coal. Feed|nq Studies 

Work w i l l  continue on the fabr ica t ion  of  the stor feeding device 
For the bench scale reactor. This feedeh when completed, w i l l  be 
tested For operation p r io r  to i ns ta l l a t i on  in the bench scale coal 
Feeding system. 


