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The objective of this contract wi~h the Office of Coal Research is 
to develop the Kellogg GasiFication Process to the point where i t  w i l l  
be abIe j  on a corr, mercial scale~ to convert coal i n t o  p ipe l ine  gas a t  a 
cost of ~0.~/MSCF or~'hydrogen at 25¢/;4SCF. Five raw materlais are to 
be studieo - -  an anthraclte~ a high-volati le bituminous coa1~ a sub- 
bltumlnouscoaI~ a llgni=e~ and a char. Although Kellogg's experimental 
work w i l l  not extend beyond the product ion o f  raw synthes is  gas~ the 
overa l l  pro ject  must make engineering eva luat ions  f o r  four  u l t imate-end 
products - -  p ipe l ine  ~as~ hydrosen 3 synthesis  gas~ and t ranspor t  gas. 

Basis foe'=he Kel logg Gasi f ica= ion Process i s  the react ion between 
steam and Fine coal in  a molten sa l t  bath to form syn~hesis gas~ a 
m ix tu re  of  hydrogen and carbon.monoxide~ according to the- reac t ion :  " 

C ÷ H~0 + h e a t - - - - ~  H 2 + CO 
(coal) ' (steam) ' (synthesi s gas) 

The necessary hear of reaczlon is supplied by c i rculat ing a heated 
,,.ol~en salt s=re~m. In addltion~ the mol~en salt mixtuce is chosen 
to  ca:a]v=e the g a s l f l c a : i o p  react ion so tha t  i t  may be car r ied  out a t  
a relatlv,~iy lowtemperature . . . . .  

TP.e program'is dlvlded into three phases of study extending over 
a flve,year period. Phase I~ which is now in progress ~ involves several 
concur ,ent  e f f o r t s :  

i .  Bench-scale process research - -  to  i n v e s t i g a t e  melt p rope r t i es ,  
re~ct lon k i n e t [ c s j  and the e f f ec t  o f  process var iab les .  

2. Chemicel erlgineerlng studies and development - -  to determine 
the optimum process f lowsheet and opera t i ng  condi t ions and 
to coordinate, experimental  work w l t h  ove ra | l  p ro jec t  o~ject lveso. 

3. ~eehanical development - -  to  f lnd  acceptable mateP~als of 
cons t ruc t ion  and develop techniAues f o r  hand l l ns .~heco | t en  
s a l t  and powdored coa l .  
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Phase I w i l l  be concluded by the design of a p i lo t  plane to gasify 24 
tons of coal per day. 

Phase II w i l l  be devoted largely to the construction and operation of 
a pi~ot p lant  to convert a v a r i e t y  of raw mater ia ls  into raw synthesis gas. 
The e f e c ;  o f  operat ing var iab les  found to be s i gn i f i can t  in Phase I w i l l  
be inve~tigated ~o obtain data for design of a commercial plant.  

Phase I I !  w i l ]  involve the de ta i l ed  process design of a commercial 
p]ant to  produce 250 m i l l i o n  standard cubic feet a day of product gas~ 
including cost  est imates and pro jected economics For those areas of  
the ccuncry 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 l .  SOMMARY 

This progress report is the twenty-second since the awarding cf 
the contract ,  i t  is concerned with the f i r s t  phase of the contract  a~d 
summarizes the progress that has been made in the three pr inc ipal  areas 
now being studied: process research, chemical engineering studies and 
mechanical development. 

Gasification experiments have been continued in the 2-inch-diame- 
ter test reactor at three atmospheres pressure to study the effect of 
steam or i f ice size 3 coke particle size, ash content of the melt 3 i~ i t ia I  
carbon :oncentration in the meltj and melt depth. 

The size of the steam inlet or i f ice was decreased by a factor 
of three in an attempt to produce smaller bubbles and thereby lessen the 
effect of bed depth (and the subsequent tendency For large bubbles to 
form) or gasification rate. No noticeable change in rate ~as observed 
indicati|,g that either bubble size in the 2-1rich unit is not cr i t ica l  
to the operation or that the actual bubble size is not determined by 
or i f ice size but rather by gas impingement on the reactor bottom (due 
to downflow steam feed). 

Increasing coke particle size from the standard 12/20 mesh to 
4/8 mesh (a factor of 2.8) decreased gasification rate by 25 percent, 
and d~creasing part ic le size to 80/I00 mesh (a Factor of 7.7) increas~d 
rate by 24 percent. I t  is fe l t  that this change is due to the effect 
of particle size on the efficiency of carbon-melt contacting rather thaP 
tha~ of increasing surface area. 

Experiments studying the e f fec t  of ash ~evel on gas i f i ca t ion  rate 
were continued. Maxima in the rates were at ta ined at  7 percent and 4 
percent ash at supe r f i c i a l  gas ve loc i t i es  of C.~ and l.O feet per secon~ 
respect ive ly .  A more .s lgn i f i can t  percentage ,.~vrease was noted at the 
low gas ve loc i t y  ind ica t ing  that the e f fec t  of  ash appears to be one of  
improving the 'mix ing wherein ash helps d i s t r i b u t e  the carbon throughout 
the melt.  
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The i n i t i a l  carbon concentration in the me!t was varied between 
i .6  and 7.9 percent and i ts  ef fect on gasi f icat ion rate noted. At con- 
centrations at and above about 4 percent there apDears to be I i t t ; e  
change in the rate constant. Howeverj a rather s ~ s t a n t l a l  increase in 
rate is noted as the i n i t i a l  level is lowered to ~he range of 2 percent. 

One new run was made to study the ef fect  of  bed depth on gas i f i -  
cation rate. A 2-inch bed deoth was used and the result  indicates only 
a s l ight  increase in the previously reported r~te ;n a 3-1nch bed. 

A paper ent i t led  "Bench-Scale Studies of the Kellogg Coal Gasl- 
f ;ca t ion  Process I. Gasif ic&tion" was prepared for presentation at the 

Q r "  
American Chemical Society 1~o Fail Meeting. 

Several studies were made to investigate the economic consequences 
of varying seeeral of the design bases and assumptions used in formulating 
the conceptual process designs. The~e investigations included varying 
carbon and ash concentrations in the me]t~ gasi f icat ion ratej superf lc ial  
velocity~ sodium carbonate ]oss~ s~eam/carbon ratio~ gasi f icat ion tempe- 
ra ture  and gasi f ier-combustor conf igurat ion.  The resu l ts  obtained can 
be summarized as follows: 

I. Decreasing carbon concentration in the melt to 2 percent (from 
4 percent) increases pipel ine gas cost by 3.2¢/MSCF i f  the increased me!t 
volume is compensated for by increasing the number of gas i f iers .  I f  
simply bed depth is increased~ an increase of only O.7¢/MSCF is in:urred. 

2. I f  the ash level in the melt is reduced from 8 percent to 4 
percent~ gas cost is increased by 2.7¢/MSCF. 

3. Variations in gasi f icat ion rate of a factor of  two result in 
only small changes in manufacturing cost. I f ,  however, rate were reduced 
by a factor o f  ten~ the resul t  is a catastrophic increase of 18.h¢/M~CF 
of pipel ine gas. 

4. Increasing or decreasing s, ,per f ic ia l  v e l o c i t y  in the gasi f ie~ 
by a factor  of two decreases 9as cost by 1.4¢/MSCF and increases i t  by 
3.2¢/MSCF 3 respect ive ly .  

5. Doubling sodium carbonate losses increases gas co~t by I.B¢/MSCF. 
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6. If the steam/carbon ratio is increased from 2/] to 3/I~ a 
cost increBse of 2.3¢/MSCF is ~ncurred. 

7. Lowering the gasification temperature from 1830°F to 
1740"F adds 1.4¢/HSC~ to manufacturing cost. 

8. There !s no economic difference between designing the 
gasifier-combustor syster as separate vessels with melt circul~ed 
by external g~s lift or ~s a single vessel with melt circulated intern- 
ally by density differences between the two sections. 

Corrosion Test #3 under oxidizing conditions was resun~ed and 
=on~inued uninterrupted to a total of l~000 hours in a simulated com- 
bustion atmosphere, Monofrax A showed an average overall ~orrosion 
rate of 0.05 inches per year after the full l~000 hours of the test. 
It is thus re-conflrmed that this material will be an excellent choice 
For the in tended use. 

Another l~000 hour test has been begun~ this time in a reducing 
atmosphere. Two blocks of Monofrax P~ have been clamped together under 
a load of 40 psi and placed in th~ unit to ascertain the effect of 
corrosion on a joint in a Honofrax A wall. 

The 4 l/4-inch reactor has been modified to provide a bottom 
or,tle~ For melt withdrawalj and a test program was begun to provide 
i., ~ormation on me|t quenching. 

A materiel to simulate the melt is being sought in an effort to 
determine the flcw properties of the melt to aid in the design of any 
Future pilot plant. Presentlyj DuPont's "Hitec" is being investigated. 

Work has con t inued  on the 5 - 3 / 4 - i n c h  reac to r  t e s t  f a c i l i t y .  The 
r e a c t o r  has been rece ived  and fu rnace  d e l i v e r y  is scheduled For l a t e  
July. 
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I I I .  PROCESS RESEARCH 

A. AccompliShments 

The ef fectsof  the following variables on raCe of gasi f icat ion of 
b i tuminous coke were i n v e s t i g a t e d  in the 2vinch ~D lnconel reac to r :  

I .  O r i f i c e  s ize  of  steam i n l e t .  

2. P a r t i c l e  s i ze  o f  coke, 

3 .  Ash con ten t  in the mel t  

~. t n i t l a l  carbon c o n c e n t r a t i o n  in the mel t .  

The run c o n d i t i o n s  and r e s u l t s  are summarized in Table 1. A l l  these runs 
have been made at 17~0°F~ 3 atmospheres t o t a l  pressure and~ w i t h  one 
except ion~ a 4-1nch qu iescent  mo]ten s a l t  bed he igh t .  

A paper e n t i t l e d  "Bench-Sca le  Stud ies o f  the Ke l logg Coal G a s i f l -  
cac ion Process I .  G a s i f i : a t i o n "  was prepared For p r e s e n t a t i o n  a t  the 
American Chemical Socket .  1966 Fa l l  Meet ing ,  Fuel D i v i s i o n  Symposium 
cn G a s i f i c a t i o n .  

I .  E f f e c t  o f  O r i f i c e  Size o f  Steam I n l e t  

in run 9997, the steam i n l e t  o r i f i c e  s ize  was changed from 
the standard G.152 inch to 0.047 inch, Thi~ was an at tempt t~ vary  the 
s i z e  o f  the i n l e t  s'team bubbles and determine whether steam bubble s l ze  
is a f a c t o r  in the change in ra te  cons tan t  w i th  bed he igh t  desc r ibed  in 
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previous summaries. As illustrated in the following tabuiacion~ this 
change did not have a s ign i f i can t  ef fect  on the reaction rate constant. 

Run J- Orifice Size-in. React ion Ra t~ _Const. - k~ 

9993 0.152 !.57 
9997 0.047 1.48 

Apparently, steam bubble size does not account for the bed 
height effect and, as previously stated, the effect must still reside 
with carbon distribution. However, it must be pointed out tilat the steam 
;niet points downward and is about I/2 inch from the reactor bottom. 
Bubble impingement on the bottom may change.the bubble size created by 
the o r i f i c e  and cancel to some extent the e f f e c t ' o f  var ia t ions in o r i f i c e  
size. 

2. Pa r t i c l e  Size of  Coke 

Var ia t ion  in pa r t i c l e  size of bituminous coke from the stand- 
ard ]2/20 mesh to a larger slze, 4/8 mesh, and a smaller s ize,  80/]00 mesh, 
had an appreciable effect on the rate constant. Results of identical runs 
except for coke size are summarized in the following tabulation. 

Coke Size React, Rate Const. 
Run J- Mesh ram. (]) k O 

9999 4/8 3.57 1.59 
9986 12/20 1.26 2.14 
9998 80/100 0.163 2.65 

(1) Based on ar i thmet ic  average of sieve openihgs. 

An increase in coke size by e fac tor  of about 2.8 over the standard 12/20 
mesh decreases the react ion rate constant by 2 ~ .  A decrease in coke size 
to 13% of  the standard increased the react ion rate constant by 24%. 

Previous attempts to determine the e f fec t  of  coal or coke 
size on rate were inconclusive.  The e f fec t  i l l u s t r a t e d  above suggests 
two concepts which help to explain some of  the previous data. F i r s t  o f  
a~t, a decrease in rate wi th increasing coke p a r t i c l e  size does imply 
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poorer d i s t r i b u t i o n  o f  coke in the molten s a l t .  This coke is porous and 
the d i f f e r e n c e  in sur face area due to s ize  is probably  much sma l l e r  than 
the rate change. Secondly, as the coke is gasified, the particles get 
smaller and, as expected, the rate of gasification should increase. Every 
first order plot for gasification runs verifies this--carbon remaining 
gasifies Faster as the run proceeds. 

3. Ash Level in the Melt 

A series of runs were completed in which 0 to 12% bituminous 
coal ash was added to the melt. Ocher operating con,lltions were 1740 F~ 3 
a~mospheres total pressure, 4 inch quiescent bed height, 4% initial carbon 
concentration, and two superficial gas velocitles, 0. 5 and 1.0 ft./sac. 
The results of these runs are ~Ilustrated in Figure I. 

The r e s u l t s  d i r e c t l y  i n d i c a t e  t h a t  a maximum ra te  constant  
is reached at ~£ ash for O.5 ft./sec, velocity and at 4% ash for ].0 ft./ 
sec. At and above ~ ash, superficial velocity appears to have no ~ffect 
On ra te  constant .  Bed expansion and temperature pr, F i l e  must be fac to rs  
in de termin ing  the shape o f  the curve~. I t  is  d l f ,  i c u ; t  to b e i i e v e  tha t  
rate would be diminished below the non-ashed melt ~s i t  was for the I 
f t . /sac, curve. In the region where temperature profiles and bed expansion 
are approximately constant: aodition of ash signif icantly improves the 
rate of gaslficat;on as is i l lust 'ated in the following tabu]ation. 

Gas Velocity 
ft. /sec. 

Reaction Rate Const. - ko 
No Ash Max. V~lue at % As....~h 

0.5 I. 13 1.80 7 
].0 1.80 2.22 4 

Since the improv~ent is much greater at the lower velocity, 
the effect appears to be more of an action upon mixing of coke and steam 
where ash helps to distribute the coke. At high veiocity the mixing is 
greater and the effect of ash is lessened accordingly. 

4. EFfect of In i t ia l  Carbon Eoncentration 

The previously described effects which implied that the dis- 
tr ibution of coke appears to be a rate controlling phenomenon suggested 
that the effect of in i t ia l  concentration of carbon in the melt be considered. 
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FIGURE I 

EFFECT OF ASH CONTENT IN MELT 

ON GASIFICATION RATE CONSTANT 
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This was performed in runs H-If and 12 and can be compared to an ear l ier  
run 9986 at the standard carbon level of 4%. Also inadvertedly in run 
H-6 only l.~/ocarbon concentration got into the bed although 4% was desired-- 
this was at the 12% ash level and can be compared to run H-7 at 4% carbon 
i n i t i a l l y .  All of these runs were at I Ft./sec. superficial velocity and 
they are shown in the Following ~abulation: 

React. Rate 
Run No. % i n i t i a l  Carboh % Ash Const. - ko 

H-I I 2.1 2 2.L~7 
9986 b, 2 2. I L~ 
H-12 7.9 2 2.09 
H-G 1.6 12 3.46 
H-7 4 12 i . 6  b, 

At the 2% ash level, a s igni f icant ly  higher rate constant was 
obta ined at  the lower carbon concentration of  2% but the ra te  was apparen t l y  
constant  above 4% carbon. The r e s u l t  w i t h  12~ ash at the low carbon level  
o f  l.G% was an e x c e p t l o n ~ Z ' ,  h igh ra te  cons tan t  when compared to the 4% 
carbon run. This hcwever a l so  r e f l e c t s  the Fact tha t  less bed expansion 
occurred and tha t  the t e m p e r a t u r e p r o f i l e  may have been more normal. 

Again these r e s u l t s  g i ve  Fu r the r  support to  the t h e o r y  tha t  
carbon d i s t r i b u t i o n  has been one o f  the  major ra te  c o n t r o l l i n g  f a c t o r s  in 
the exper imenta l  bench sca le  process research .  

5. Completlon.of Melt Height Effect on GasiFicatlon Rate 

One additional run (H-9) was made to complet, the study of the 
effect of height of melt in the 2-inch diameter reactor on the gasification 
ra te  o f  b i tuminous coke. This run was made at  2-1nch bed he igh t  and requ i red  
a c o r r e c t i o n  in ra te  constant  f o r  an I I ' F  lower than normal r e a c t i o n  tempera- 
tu re .  The r e s u l t  is p l o t t e d  in F igu re  2 and i nd i ca tes  very  l i t t l e  change 
over tha t  at  3 - i n c h  bed he igh t .  

B, Proiections 

Evaluation of the gasification rate cf other coals and lignltes 
will now be made. A char has been requested From OCR for similar evaluation. 
Upon completion of this work combustion work under pressure will be started. 
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FIGURE 2 
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Pressure-psla 
Steam P r e s s u r e - p a l e  
GaS tn 5team 
f t . /Sec .~  Stm.~Ges 
Hlnutes to O~CO 
Total ~un - m i n .  
CC H20 I n /h r .  
CC H 2 In/mln.  

Results 
To|e l  % C tO Oeldes 
Oasl( .  Rate Cons| , -  k 

Basis Input 
OaSIs Output 

R+to- lbs C/hr/CF 
at Ii% C In bed 

~a l t  Cartyover-gr~s 

Notes 

1105. ? . . . . . .  p ,  

8 . )  . . . . . .  
~,O . . . . . .  am 
~+,O . . . . . .  ~.- 
l+ t+ 

(z) (2) 
17110 I 7 ) 9  
h5 115 Z 
-- I I I .  I 

TAOL[ I 

GA$1FICATIOH OI r BITUHIHOUS COKE IN HOLT(H 5001UH CARBOHAT£ ( I )  

99g~ cJl~ 97 9998 99~9 I1-1 it-; '  I I . )  I1.11 t l .  5 14-6 I I - }  H-B II- 9 t1-10 H- I I  11-12 
~/Z9 5/J 5/5 5/5 5/9 519 5/11 5/11 5/13 5/1f~ 5/~7 5/17 5t2o 5/2~ $12/~ 5/Z5 

Coke IV . . . . . .  e,. "~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . .  Coke Vl .......................................................... le. 
9 ) .Z  . . . . . .  ~ ,o ..................................................... 93,~ .......................................................... ~. 

0 .6  . . . . . . .  i..- ,,~ ...................................................... 0 .6 .......................................................... '1~ 
5 . 2  . . . . . .  b -  -~ ...................................................... 6.~ .......................................................... ~ .  

1 9 . 0  . . . . . .  ~ .  . q  . . . . . . . . . . . . . . . . .  1 9 . 0  .................................... ~ 5 .0  19 19 9.S 19 9 . $  38 
121Z0 . . . . . .  : - ' -  80 / I00 1118 "< ....................................... IZ/ZO ......................................................... 

O . )  . . . . . . . . .  ~ ) ) . 1  t+ t 
Z.O . . . . . . . . .  ~ 3 h O 8 8.$5 17 12 tZ 2 - 2 Z 
h.O . . . . . . . . .  ~- 4 .0  h,O ++.O t+.O h,O I . (  I+.0 I~O h.O 11.O 2 t 7.rJ 
5, I+ Ii I+ Z+ I+ I+ h h /1 2 ~+ t+ ~I 

1735 17)6 1738 I736 1750 1735 1736 17 ~,;, 1739 1738 17~9 1735 ~732 17h? 
~5.~ 55,9 ~+5.h °*5.} ~*5 ~5.7 h~.~ ~',.{ ~$ 5 '*5.2 ~5.7 1~5 I 115.6 h5.3 
+0.0 ~1 6 hO.I flO.6 I*0 ~O.b ~O.6 h l , h  ~1 I ~+O.~ t+1+7 ~1,+ h l . ~  h i  2 

.............................................................. tl Z .......................................................................... 
1,0 b,51 O,9~ 0,97 0.50 I,O~ O,5 I,O~ I ,~5 I .O) 1,0¶ 0.~9 I.O3 I.O5 I.O3 t.O2 
-- ~0 ~5 35 55 |5 e*5 )5 3o I~ ~5 5o " z5 ]o zo ~5 
--  ~S 3o hS 55 35 55 ~o ho ~ ~o 5o z5 35 25 h5 
- -  580 I I IO  1112 559 11]7 $65 1108 1192 I I ] l  1197 553 I I 06  1197 l ie2 1190 
- -  1197 2200 213Z I$1~ ZGIO 1)2~ ]~35 250) ~¢*~5 Z570 1359 ~360 2515 25~6 251,h 

Ioo 95 102 toi 96 71, 98 g6 q2 101 100 99 102 IoI  97 

~.EE 2.33 I . ~  1.hE 2.07 --  I . ~ j  I.S~* J.00 1.65 1.48 2.25 1.8Z 7,~7 1.96 
1.48 2.55 1.59 I .~B 2.22 --  1.10 1.67 3.~6 I . ~  I .hB Z.31 1.80 2.~7 Z.o9 

iB }1 19 18 26 2o ZO ~,1 19 18 3o ~1 29 25 
4.,, 5 .6 5 .9  7.9 I1.3 B~5 12.1 9,5 1 3.5 o.~ 5,5 9.5 ~.o ?.9 

(i,) (5) (61 

( I )  I s land Creek #27 bituminous coal ¢oked at 950*C (Cokes IV and V l ) ;  coke charged In N 2 almosphero al O,~5-P.I  f t . / s e e .  ~uper f i c l n l  v e l o c i t y  to 2-1.oh ID Intone1 reactor  
w I I h  standard O. 15 Inch o r i f i c e  for  | |e lm.  

(2) Used O.0117 | l ~ h  o r i f i c e  fo r  steam; But |a t  ptugoed From sa l t  bui ldup at sabra of ru .  J-~1~3 L. 

( ] )  Uaed previous runt~ u n | t  p lus mekeup. 

I~) ~ Ash In melt  wes In doubt, 

(S) Gaq |e&k at e x | t  union gave poor balance. 

~6) Cor rec t ion  o f  o~tput rote constent  from 1129"F to 17~0"F gives 3.5) ,  

i +m 
z.  

u l i t  
q z ~  

' , g  

i 

~o P 
X: 
m c, 



THE M.w. KELLOGG COMPANY 
A D I V I S I O N  O r  P U L L M A N  INCOPPO~ATIIr 

t :~ I [$1£AIqCH & O [  WEL OPI~I I~NT'  C) EI:JAIqTlUlI~ tNT 

PAGE NO. 

REPORT NO, 

14 

22 

IV. CHEMICAL ENGINEERING STUDIES AND DEVELOPMENT 

A. Accomolishments 

A number of studies have been made to investigate the economic 
consequences of varying several of the design bases and assumptions from 
the base case. The studies undertaken are l isted below: 

Case ....... Econ,,o~,,,ic Study 

-A 
-B 
I 
i l  
i i -A 
t I-B 
I I-C 

tV 
I V-A 
I V - B  
V 
Vl 
VIi  
V I I I  

Carbon in melt equals 2% instead of 4% 
Compensate by increasing number of gasi f iers 
Ca¢npensa~e by increasing melt height 
Ash in melt equa|s 4% instead of 8°~ 
Var ia t ion in g a s i f i c a t i o n  rate 
Assume rate decreased by factor  o f  2 (k = 1.15 hr. " l  ) 
Assume rate increased by factor of 2 (k 4.6 hr. " l  ) 
Assume rate decreased by ~actor of 10 (k = 0.23 hr. " l  ) 
Variation of superficial velocity 
Assume ve loc i ty  halved (V = 0.62 fps) 
Assume ve!ocity doubled (V 2.5 " ' = rpsJ 
Assume sodium carbonate losses doubled 
Steam/carbon rat io  increased from 2/I to 3/ i  
Gasification temperature is 1740"F instead of 1830"F 
Design gas i f ier  and combustor as separate units 

The resu l ts  of these inves t iga t ions  are summarized in Table I I j  for 
~he case of  p ipe l ine  gas from subbituminous coal. As can be seen~ halving 
the al lowable carbon concentrat ion in the melt to 2 percent resu l ts  in a rather 
modest increase in gas cost. I f  t h i s  reduction in concentrat ion (hence increased 
melt volum~ requirement for the same g a s i f i c a t i o n  rate) is compensated for by 
increasing the number o f  gasiFiers a larger  cost is incurred than i f  the melt 
height is correspondingly increased. The reason for th i s  is the increased 
labor required to operate the larger  number of  operating ~rai~s in Case I-A. 
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Decreasing the ash level in the melt to 4 percent adds 2.7¢/MSCF 
to gas cost. The bulk of this increase !s attributed to increases in the 
investment o f  th? ash removal sect ion and in sodium carbonate losses (due 
to the la rger  amount o f  melt  handled). The increased investment o f  the 
g a s i f i c a t i o n  sec t ion  was due to an,e~pected decrease in rate accord ing to 
a c o r r e | a t l o n  p r e v i o u s l y  reported £1). However resu l t s  reported in t h i s  
Summary (Fi9ure I) i n d i c a t e  that at a v e l o c i t y  o f  1.25fps there may be an 
increase in raLe r e s u l t i n ~  from such a decrease in ash leve l .  Thus~ th? 
increase in g a s i f i e r  investment shown in Table II may not be a real one. 

The effect of halving or doubling the 9asificatlon rate is a 
rather small one (Cases I I I -A and B). On the other hand~ i f  the rate 
were actual!y one-tenth' that used as the design basis~ the result is a 
catastrophic increase of 18.~¢/MSCF. Such a drastic rate reduction does 
not appear probable, however, based upon the experimental results to date 
and ou~2~urrent techniques of extrapolation to commercial design condi- 
t i ons .~  - 

Present experlmental results have indicated an effect of gas 
velocity on gasification rate~ most probably because of i ts influence on 
the degree of melt turbulence (and hence mass transfer). Halving or 
doubling the average superficial velocity in the gasifier would add 3.2¢/ 
MSCF and save 1.4¢/MSCF~ respectively. These cost differentials ref lect 
changes in investment and operating labor due to increased (or decreased) 
gas volume requirements. 

Doubllng sodium carbonate loss would add 1.8¢/MSCF to the p i p e l i n e  
gas manufactur ing cos t .  

I f  the steam/carbon ra t i o  would have to be increased to 3 / I  to 
achieve the design g a s i f i c a t i o n  rate~ a cost  increase of  2.3¢/MSCF would 
be incurred.  The major con t r i bu to r s  to t h i s  increase are a higher i n v e s t - ,  
ment in the g a s i f i c a t i o n  sect ion (because o f  the increased q u a n t i t y  o f  gas 
handled)~ and a decrease in the e ] e c t r l c  power c r e d i t .  Since more steam 
is required for  u s e i n  the process~ less is a v a i l a b l e  for  use in 9 e n e r a t l r g  
e l e c t r i c i t y .  

( i)  
1965, P. 19. 

(2) 
196,~, P. 7. 

Progress Report No. 16~ Contract  14-01-0001-3801 November 30~ 

Progress Report No. 21, Contract 14-01-0001-380j Ap r i l  30~ 
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I f  gasif ication temperature were lowered to 1740°F and a corres- 
ponding decrease in rate assumed~ gas cost would r ise by I.~¢/MSCF. The 
other major factor (besides the lower rate) in this increase is a decrease 
in e l ec t r i c  credit ,  Since less energy is put into the gasi f icat ion systemj 
there is less to recover and be converted into e l e c t r i c i t y .  

Finally~ there is no economic difference whether the gasl f ler  and 
combustor are designed as separate vessels with melt circulated by external 
gas llft or whether they are combined into a single vessel separated by a 
dividing wall wlth melt clrculated by a difference in the degree of aeration 
between the two sections. 

B. ~roi e c t i  on s 

1. Pipeline G@s 

The process package for pipeline gas from subbituminous coa| 
w i l l  be completed. The process flowshee;s materlal balance~ and u t i I i t l e s  
summary have a l l  been completed and capltal cost estimating of the plantj 
now essent ia l ly  done~ w i l l  be f in ished. 

Preparation of the process flowsheet for the production of 
250 MM SCFD of hydrogen From bituminous coal w i l l  be continued. 



TABLE II 

EFFECT OF VARIATIONS IN DESIGN BASES ON COST OF P;PELINE GAS FROM SUBBITUHINOUS COAL 

B a s i s :  250 HH SCFD o f  p i p e l i n e  gas 
Cost o f  Coal :  $2 per  ton 
Value o f  b y - p r o d u c t  power: h .5  m i l l s / k w h  
Main tenance and f i x e d  charges at 11.2~ per yea r  
G a s l f ~ c a t l o n  tempera tu re :  1830'F 
Carbon In me l t :  4~ 
Ash In me l t :  8~ 
G a s l f l c a t l o n  r a t e :  21.2 # C / h r . . -  CF mel t  
S u p e r f i c i a l  gas v e l o c i t y  In g a s l f l e r :  1.25 fps 
Steam/carbon r a t i o :  2#/# 
Na2CO 3 loss :  2.h% per pass 

I I I I  IV 
CASE A O I I  A B C A B V Vl VII  V I I I  

! rives tmen t _~HH_~_ 

Coal I l and l l n  9 . . . . . . . . . . . . . . . . . . . . . .  0 .68  - -  
G a s i f i c a t i o n  8 ,7  5.02 O.711 5,O2 -2 ,34  75.9 8 ,7  -3.1)1 - -  2 .79 3.71~ 6,97 
S h l f t i n 9  . . . . . . . . . . . . . . . . . . .  O.01 0 .28  - -  
Ash Resnovo! 0 ,35 - -  1.3 . . . .  0 ,9  0.35 -0 .24  - -  O.15 - 0 . 1 0  O.19 
O f f s l t e s  . . . . . . . . . . . . . . . . . . . .  0.29 - 2 . h 6  - -  

Net Change +9.05 ÷~- -2  +2.OLD +5.02 -2.311 +76.8 +9.05 -3 .65  - -  +2.Gfi +0 .78 +6.18 

H a n u f a c t u r l n q  Cost (/14SCJ: 

Coal . . . .  O.h . . . . . . . . . . . .  0 .2  - I . 0  - -  
Na2CO ) . . . .  1.9 . . . . . . . . . .  1.8 - -  -0 .1 - -  
Labor  & Ovhd 2 .0  . . . . . . . .  8 .0  2 .0  - 0 . 9  - -  O.ll - -  - 0 . 9  
r i , e d  Chos 1.2 6.7 0.1~ 0.7 -0 .3  IO.h 1.2 -0 .5  - -  O.h 0.1 0 .9  
Elec C r e d i t  . . . . . . . . . . . . . . . . . .  1.3 2.h - -  

Net Change +3.2  + , . 7  +2 .7  +0.7 -O.3 +18.1, +3.2 - I . 4  +1.8 +2.3 + l . h  0 0  

". o 

=, 
o ~_ 

c, 
¢ r 

t • 0 

z ~ o  
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V. MECHANICAL DEVELOPMENT 

A, Accomp I i shment s 

I. Corrosion Testinq ,0f High TemRerature ,Materlals 

The 
#3 were received~ 
1~000 hours. The 

replacement par ts  fo r  the furnace used in Ox ida t ion  Test 
and the t es t  cont inued w i thou t  f u r t h e r  i n t e r r u p t i o n  to 
results'of this l~O00-hour test were as follows: 

a. M_onofrax A (High-purity cast alumina) - 

This sample was in the reac to r  f o r  the f u ! l  I~000 
hours~ and on th is .  basis was Found to have corroded 
at  an average cor ros ion  rate o f  0.05 i n / yea r .  (This 
ra t% w h i l e  less than that  reported at  846 hours~ 
i .e .~  0.08 i n / yea r ,  is  c o n s i s t e n t .  The decrease 
in co r ros ion  rate is due to almos~ no change in 
specimen s ize  dur ing the i n t e r v a l  from a46 to ]3000 
hours3 hence a lower averaqe r a t e ) .  The speclmen~ 
wh i l e  s t i l l  i n t a c t  and in good c o n d l t i o %  shows some 
areas o f  l o ca l i zed  cor ros ion where the g ra in  s ize 
was ]~ rges t .  

b. Monofrax M (H igh -pu r i t y  cast alumina w i t h  1.1% SiO 2) - 

This sample 31so had been in the reac to r  f o r  the f u l l  
l~OCq hours~ w i th  an average : o r r o s i o n  ra te  o f  0.283 
i n / yea r  on t h i s  bas is .  The specim,=n broke at  the 
mounting ho ie dur ing the tes t  and was found at  the 
bottom o f  the reacLor. The co r ros ion  was not local  
but ra the r  general in nature and resu l ted  in pronouncad 
rounding o f  the speclmen's edges and planes. 
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C.  inconel 600 - This sample was included at the 500- 
hour mark and remained during the l a t t e r  500 hours 
of testing. It corroded at an average rate of 0.23 
in/year based on 500 hours. The specimen appears 
to be s t i l l  in oood condi t ion,  wi th  some rounding 
of edges and roughening of plane surfaces. 

d. Morqanite Triangle RR (High-purity alumin~ - 

The ~organi te sample had been included in the test 
at the 200-hour mark and remained for  800 hours. 
Based upon the 800 hours of tes t ing  2 an average 
corrosion rat? of 0.13 Fn/year was determined. 
The recovered specimen had broken in to  four sepa- 
rate segments which could be F i t ted  back together 
with ease. The general appearance of  each segment 
was good ;~ that the edges were s t i l l  sharp and 
the plane surfaces were s t i l l  qu i te  smooth. The 
fact that the specimen was broken in such a manner 
could be explained by thermal shock. 

Monofrax A s t i l l  appears to be the best material for the 
intended use.  Inconel ~00 might also be of some use in spite of its 
higher corrosion rate as the corrosion seems to be only a surface e f fec t .  

A second i~000 hour tes t  has been s ta r ted j  t h i s  timej 
however 3 in a reducing atmosphere. Two blocks of Honofrax A have been 
clamped together under a load of  40 psi and placed in the t~st  environment 
to ascertain the effect of corrosion on a jo in t  in a Monofrax ~ wail. 
This ciamped pair of blocks wi l l  be removed from the test periodically 
and examlned~ but wi l l  not be taken apart unt i l  conclusion of the I~000 
hours. 

2. Mechanical Charac te r i s t i cs  Testinq 

The 4 - l / 4 "  reactor has been modlf!ed to provide a bottom 
ou t l e t  fo r  melt quench tes t ing .  This test program was begun during the 
l a t t e r  por t ion of the report  periodj and shoutd provide information as 
to the e f fec t  of quenching the hot melt in water. In eddit lon~ information 
w i l l  be acquired as to possible gr inder requirements, 
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A material to simulate the molten sodium carbonate-ash system 
is being sought. Currently~ E. I. DuPont's "Hitec" is being investigated 
as to its ability to duplicate the melt's behavior. This work is being 
conducted at low temperature) 300 to 7CO°F) in a reactor similar to the 
4-I/4" reactor previously described. 

Work is continuing on the 5-3/~" reactor test facility. The 
reector has been received~ as h~ve many of the other items required for 
this unit. Furnace delivery is scheduled for late July wlth facility 
erection and testing shortly thereafter. 

B. P ro[ectlons, 

I .  Environmental Testin~ of Hiqh..Temperature Materia.ls 

The I~000 hour block j o i n t  corrosion test current ly in progress 
w i l l  continue at least well into the next report period. 

2. Mechanical Character,i.s.ticsTes,t.i, nq 

Investigation oF quenching of the hot melt w i l l  continue as 
well as work to ascertain what the grinder requirements might be for the 
proposed p i l o t  plant. 

Work w i l l  also continue to f ind a suitable system for measuring 
the flow parameters for the molten sal t .  This information is needed to 
insure proper design of the proposed p i lo t  plant. 

in addition) the erection of the 5-3/4" test f a c i l i t y  w i l l  begin 
in the near future. 
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"-'ic~re 3 shov:s : h e  . ~ r o j e c z e c  5re~kCo.. '.-, f o r  P h a s e  i f o r  
~ , -  &5 v ,e~i  ~,~ ~.-.e, &c~L~&i e~TCFT Zr.C~ v.'&S %,~c.e. I'Z C&.-. ~.& see- .  

-he.- s !3 - a n - e - F o r t  ;-.'as ~sce C - r r , g  Y.ey. 

, - r  . 4 ,  _ ,~ -;c','re ~ s~,o-..s the e.xse~ditures ~ ,~ X, ey. For "~-e :,-o~:n 
c " : "~.' . . . .  . . . .  ~--. v:=s ex~er.c~ed: not  i nc !ud inc j  f e e  a rd  ~ & ,~. Jr.e ;cza axpen -  

z~res .,hrou~h ~':Gy -,,ere S~27.o~!. Includic~ Tee ant..i- c. ~ zne 
zozz" ex~e~.d~z~-res were S~o~;e)o. This is ~,&/: o f  zhe "-nc_F=..:erec 
furies. 
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