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I .  SUMY~RY 

Thls progress report is the thirty-second since the awarding of the 
contract. I t  is concerned with the f i r s t  phase of the contract and su~arlzes 
the progress that has been made in the three principal areas now being studied: 
process research, chemical engineering studies and mechanlcaI development. 

Three new combustion runs were made to determine the effect of carbon 
dioxide on the burning rate of anthracite and to better define the effect of sodium 
sulfate content of the melt on the combustion rate of bituminous coke. The pre- 
sence of 20 percent carbon dioxide in a i r  was found to increase the combustion 
rate of anthracite by about 50 percent over an otherwise identical run using 20 
percent nitrogen in a l r .  The addition of 0.5 percent sodium sulfate to the melt 
was found to increase the combustion rate of bituminous coke by a factor of more 
than two over a similar run wlth no sulfate addedj thereby substantiating a pre- 
viously proposed dependence. 

Seven new runs were made in an attempt to find means of increasing the 
gasif ication rate of anthracite. Decreasing the part icle size from the usual 
12/20 mesh to 80/100 mesh was found to increase gasif ication rate by a factor of 
about 2.2. Similarlyj increasing the anthracite gasification temperature From 
1740 to 1840°F resulted in an increase in rate by a Factor of 1.6. Thermal pre- 
treatment of anthracite decreased i ts  gasi f icat iontreact iv i ty  by about 30 percent. 
Other ashes~ such as those of char~ sub-bltuminous and Iignite~ used in piece of 
anthracite ash dld not enhance the gasif ication rate. Similarly~ the presence of 
sodium sulfate in the melt had no effect on the anthracite gasification rate. 

One run was made to dete mlne the effects of omitting presteaming of 
the melt before gasification. The gasification rate ofanthrac l te  was found to 
be unaffected~ although there was evidence of a gas-melt reaction resulting in 
carbon dioxide emanating from the melt. 

A gasification run at three atmospheres total pressure with a steam 
partial pressure of one atmosphere resulted in a rate completely consistent with 
the predicted rate obtained using the original curve for the effect of steam pres- 
sure on the gasification rate of coke. The steam conversion in this run was about 
32 percent (compared with less than lO percent in most previous runs) indicating 
a lack of rate dependence on steam conversion in thls range. 
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Work has continued in an effort to f i x  the process design of the one- 
ton-per-hour gasification pi lot  piant. Review of the preliminary flowsheet by 
the Process Research and Mechanical Development groups continued. 

A l i terature search to find information on the solubi l i ty  of flue gas 
in the molten salt indicated thet this solubi) i ty may be high enough to conta- 
minate the pipeline gas beyond the accepteble level of inerts. However~ a pro- 
bable solution to the problem was devised consisting of a steam stripping section 
for the melt being transferred to the gasifler. Provisions to test this wi l l  be 
included ~n the pi lot plant. 

Capital cost estimation of the hydrogen plant neared completion as did 
the process design of the plant capable of producing synthesis gas from bitu~inous 
coa l .  

Tests have been carried out to determine the extent of entrainment ~n 
the aeration gas |eavlng a sodium carbonate melt containing eight percent ash. 
Gas velocities of 0.5 and 1.5 feet per second have been investigated. Vo}at i | i ty  
and/or entrainment rates of from 2 to 3 grams ~er hour have been observed. How- 
ever~ a complete analysis of these data has not as yet been made since analyses 
of the deposits is  not yet available. 

A computer pro9ram was completed for the sizing of melt transfer lines 
and flow predictions, i t  wi l l  be used to size the melt transfer lines for the 
proposed pi lot plant. 
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I I .  PROCESS RESEARCH 

A. Accomplishments 

I .  Combu~ticn Studies 

a. Ef fect  o f  Carbon Dioxide in A i r  on Combustion of  An th rac i te  

The resu l t s  of three new combustion runs are presented in Table 1. 
The f i r s t  run studied Che e f fec t  of  having 20% carbon dToxlde in a i r  on the 
rate of  c~-nbustion o f  an th rac i te .  The second runj where ni t rogen replaced the 
carbon d iox ide s served as the basis fo r  comparison. The resu l t s  tabulated below 
show that  carbon d iox ide enhanced the g a s i f i c a t i o n  rate by about 5 ~ o v e r  the 
nl t rogen run. The react ion of  CO 2 w i th  C to form CO accounts fo r  the increased 
activity. 

Combustion Rate 
Run l b s . / h r . / c u ,  f t .  

17L - 2 ~ C 0 2  in A i r  14.3 
175 - 20~ ~2 in A i r  9.7 

b. Ef fect  o f  Ha2SO 4 in Rel t  on Combustion o f  Coke 

Run 179 was a repeat o f  an e a r l i e r  run ( I b ~  in which i t  was suspected 
that  incomplete removal o f  the su l f a te  from the p r i o r  run led to an abnormally high 
combustion ra te .  This was substant iated in t h i s  new run which al lows a curve to be 
drawn fo r  the combustion rate of ~itum|nous coke as a funct lon of  sodiL~ su l fa te  
content.  Correct ion of the rates to 17~0=F was required and the resu l t s  are shown 
in Figure 1. The resu l t s  show an almost l i near  re la t i onsh ip  on the ar i thmet ic  p l o t .  
Although a previous run at 4%Na2S04 was made~ the combustion rate exceeded f u l l  
use of  a i r j  70 l b s . / h r . / c u ,  f t .~  and th is  point  could not be used. 

2. Gasl f i c a t  ion Studies 

The resu l t s  o f  the gas i f i ca t i on  runs are presented in Table 2. 
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TABLE I 

SURR~RT OT COMBUSTION RUNS IN MOLTEN SODZUM CAREO~TZ(1) 

Run No. H -  

Date - 1967 

174 175 179 
2/24 2/27 3/2 

Feed --- Anthracite .... Coke VI 

%Total Carbon 80.8 93.2 
% Vol, Matter 5.9 0.6 
% u s h  11.7 6 .2  
Gms. Charge 21.35 18.5 
Mesh Size 12/20 12/20 
% C in Mel~ - Initial 4 4 

Melt 
Gms. Na2CO 3 
Gm8. Ash 
% Ash in Melt 
I~lqht - Inches 

397.4 397.4 411.4 
16.6 16.6 2 .1  (S) 
4 .0  4.0 0-5 (5) 
4 ~ 4 

C,,nditions (3) (4) 
7omp. eF - Initial 1840 1840 1736 

- Average (2) 1840 1840 1740 
- Maximum 1858 1860 1770 

PreSsure - psia 17.7 1 7 . 7  44.7 
~Up. GaS Vol. - ft/SOC 1.0~ 0.97 1.02 
Run Time - min 70 75 50 
Air Rate - liters/min 8.1 7.7 27.1 

Product Gas Analyses 
%C02 - 5 min 

- 35 mln 
- e n d  

% 02 - 5 mln 
- 35 mln 
- end 

28.0 6.6 3.5 
22,0 3.6 1.3 
19.9 0.9 0.4 
8.5 10.5 17.0 

14.5 13.0 19.0 
15.7 15.0 19.0 

Results 
Combustion Rate Constant 1.21 
Rate - lhs C/hr/cu £t at 14.3 

4% caEbon 
% Carbon - Devolatilized 19.2 

- Co, buNted 80.7 

0.82 I.i0 
9.7 13.0 

18.4 7.2 
80.3 92.5 

( I )  Used 2-inch I .  D. Inconel reactor. Feed charged in N2 st 
0.I ft/sec SGV, 5 minute devol~tilizatlon hofore air in. 

f2) &veEsge temperature in S0~cart~n consumed period 

(3) 20~ CO 2 in alr used. 

(4} 20% I; 2 in air used. 

(5) Na2SO ~ instead -e cos! .sh. 



T A p ~  XX 

s ~  oF ~ s x r x ~ 5 , x e .  n~ .8  xt~ ~ o ~ z .  soDzu~ ~ s o ~ . z , z ( z )  

Run He. H- 
Date - 1967 

Feed 
% T o t a l  ~ r l m n  
% Vo l .  H a t t e r  

~eh 
~ m .  C h a r g e  
Mesh S i z e  
% C in bleLt - I n L t L o l  

xeo XeL zez 183 184 
3/6 3/8 3/10 3/14 3 /16  
Tr  

An~h. (2) ~ .  . . . . . . . . . . . . . . . . . . . . . . . . .  ~ n t h r ~ c i t e  
85 .4  80 .8  

0 .5  5 .9  
12.5 ~1.7 
20.22 21.35 21.35 21.19 21.35 
12/2o 12/2o s o / z o o  ( - - - -  

185 186 187 188 
3 /20 3/22 3/24 3/28 

. . . . . . . . .  -~ coke vz 
9 3 . 2  

0 . 6  
6.:* 

20.94 21.3o 21.35 18.5 
12/2o . . . . . . . . . . . . . . . . . . . . . . . . . .  - )  

Mel t  
G~e. Ne2CO3 405.7 397,4 405.1 405.7 405.7 405.7 405.7 405.7 414 
~ s .  ~sh B.3 8.3 8.3 8 .3  8 .3  8 .3  8.3 8.3 - 
Gmn. Ne2SO 4 o r  Type Ash Anth .  8.3 ^ n t h .  Ant~h. Char E l ks1  Beulah L i g n i t e  - 
% Ash In  He~t 2 .0  2.0 2.0 2 .0  2 .0  2 . 0  2.0 2,U - 

% Ne2SO 4 i n  H e l t  - 2 ,0  . . . . . .  
Bed H e i g h t  - Znches 4 4 4 4 4 4 4 4 4 

C o n d i t i o n s  
Temperature - *F 1740 1740 1740 1840 1740 1740 1740 1740 1740 
p ressu re  - p u l e  44.7 44.7 44.7 44 .7  44.7 44.7 44.7 44.7 44 6 
% Steam i n  N 2 91.0 91.1 91.2 91 .1  90.7 91.0 90.8 90.3 39 1 
Steam P r e s s  - p o l e  4 0 . 7  4 0 . 7  4 0 . 8  4 0 . 7  4 0 . 5  4 0 . 7  4 0 . 6  4 0 . 4  19 ,4  
Sup. Oee V a l e .  - f t / s e c  1.03 1.03 1.02 1.O7 1.05 1.03 1.03 1.04 0.46 
Run Time - mln 50 35 30 25 35 40 40 45 70 
cc H20 i n / h r  1200 1197 1194 1188 1199 1197 1199 1196 230 
¢c H 2 Ln/min 2468 2429 2385 2419 2912 2460 2528 2651 742fl 

Resu l t s  2 .5 
% C Ln DevoL. Gas 2 .9  3,5 8 .1  3;3 2.2 2,1 2.3 10.8 
% C i n  Prod.  Gee 91,5 96.3 89.3 93,7 99.0 93,7 99.4 133,6 96.7 
% C Loss 5 .6  - 2 .6 3 .0  - 4 .2  - - 0 .8  

O a e i f .  Rate Cons tan t  . J~¢-1 
k I - I n p u t  0 .95 1.57 3.05 2 .40  1.64 1.32 1.59 (2.69) 0.66 
k O - o u t p u t  1.O5 1.57 3.27 2.54 1.64 1,44 1.59 1.37 0 .66  

Rate - 1be C/hz ' /cu f t  a t  4K 12.4 18.5 38.6 29 .9  19.4 17,O 18.0 16,2 7 .8  

C , . o u t p u t  b a s i s  
s a l t  C a r r y o v e r  - ~ . e  10.5 6 .8  4 .0  7 .2  10.7 8 .2  11.6 9.1 9 .6  

(1 )  Used 2 - i n c h  Z. O. Incase1 r e a c t o r .  H o l t  p r e e t e e t ~ d  15 ~ J n u t e a ,  H2 o n l y  £or 5 ~Lnu tes ,  feed added end H2 f l ow  fo r  5 ~ ;nu teg  

d e v o l e t i l i z a t i o n ,  then steam J t o r t e d ,  

(2) A n t h r a c i t e  c a l c i n e d  in  N2 f o r  one hour * t  18000r.  

(3) No p r e s t e e m i n g  l~efore  f e e d  c h a r g e d .  
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a. Resul ts w i t h  An th rac i t e  as_Feed 

The O f f i c e  o f  Coal Research suggested tha t  attempts be made to increase 
the g a s i f i c a t i o n  rates o f  a n t h r a c i t e ,  l h~  f i r s t  method attempted was a thermal 
t reatment o f  a n t h r a c i t e  by c a l c i n a t i o n  at  |800" r  i n  a stream o f  n i t r o g e n  fo r  one 
hour.  This drove out  most o f  the v o l a t i l e  : ;~ t f~ r .  G a s i f i c a t i o n  run 180 showed 
tha t  the a c t i v i t y  o f  t h i s  mater ia l  was decreased about 30~. Comparison is  made 
in the f o l l o w i n g  t ab le :  

Pretreatment  Combustion Rate 
Ru.__nn o f  A n t h r a c i t e  l b s . / h r . / c u ,  f t .  

180 Thermal - 1800°F 12.4 
Avg. 184-187 None 17.9 

This  i nd i ca tes  t ha t  a loss  o f  surface area r a t h e r  than a gain occu : red  in  the 
thermal t reatment .  

In the next  run j  181~ the presence o f  two percent sodium s u l f a t e  along 
w i t h  2% a n t h r a c i t e  ash f a i l e d  to shay any enhancement due to the sodium s u l f a t e .  
The g a s i f i c a t i o n  ra te  was 18.5 lbs.  C / h r . / c u .  f t . ~  in  good agreement w i t h  the 
aforementioned i 7 . 9 .  

Howeverj by ¢onuninut|ng the a n t h r a c i t e  to  a lower p a r t i c l e  size~ namely 
80/100 mesh in  t e s t  182~ the g a s i f i c a t i o n  ra te  was increased to 39 Ibs .  C/hr .  c u . / f t .  
Th is  r e f l e c t s  the la rge  increase in  ~ur face area.  

A lso j  by i nc reas ing  the tes t  temperature from i740"F in  the above runs 
to 1840*F in  run 1833 the g a s i f i c a t i o n  ra te  was increased from 18 to  30 l b s . / h r . / c u . f t .  
Th is  is a very  s a t i s f a c t o r y  ra te f o r  12/20 mesh a n t h r a c i t e .  

In the next  f ou r  runs~ use o f  ashes der ived  from three d i f f e r e n t  feedstocksj  
namely~ FMC char ash~ El kol subbltuminous coal ash~ and South Beulah l i g n i t e  ash~ 
a11 gave e s s e n t i a l l y  the  same g a s i f i c a t i o n  ra te  which averaged 17.9 ± 1 .6 .  

In run 187~ pre-steaming 0 f  the bed was omi t ted t o  observe the e f f e c t  on 
carbon content  in  the d e v o l a t i l i z e d  gas. Not o n l y  ~as the d e v o l a t i l i z e d  gas h igher  
in carbon but so was the ove ra l l - ca rbon  balance~ thus i n d i c a t i v e  o f  the melt  g i v i ng  
up a large amount o f  carbon d iox ide .  By a d j u s t i n g  to  a 100% ou tpu t  basTs~ the 
g a s i f i c a t i o n  ra te  turned out  to be normal. Fur ther  work is being done to  study the 
mechanism invo lved in  d e v o l a t i l i z a t i o n  and steaming. 

b. Ef fect  o f  Steam and Total  Pressure on G a s i f i c a t i o n  o f  Coke 

The l a s t  run~ 188 w i th  coke from b i tuminous coal~ was made to  determine 
the e f f ec t  o f  a steam pressure o f  about one atmosphere in a t o t a l  pressure o f  three 
atmospheres using n i t r o g e n  as the d i l u e n t .  The o r i g i n a l  curve f o r  the e f f e c t  o f  
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steam pressure on g a s i f i c a t i o n  of  coke s as presented in the ACS paper fo r  p u b l i -  
cat ion in Advo,lces in Chemistry, has been used to compare the resul t  in the above 
r u n  ." 

5ourc__._~e Stm. Pre~.-psla Gasif.  R a t e - l b s / h r / c u . f t .  

Run 188 17.4 7.8 
Curve 17.4 8.1 

,The rates are in exce l len t  agreemeRt~ and thus the dependence of rate on steam 
pressurej espec ia l l y  in the low pressure steam reglonj  appears re l i ab le .  Consump- 
t i on  of steam in th is  run was 25, 31 and 32% at 5~ 10 and |5 minutes respec t i ve l y .  
Host of the data for  the pressure curve was obtained at less than 1 ~  steam con- 
sumption. 

B. Pro~ ect ions 

The e f fec t  of su l fa te  content in the melt on the rate o f  combustlon of an th rac i te  
~111 be determined. Experiments and thermodynamic evaluat lons w i l l  be made to bet-  
t e r  understand the e f fec t s  of presteamlng and d e v o l a t i l i z a t i o n  on the composit ion 
of  the melt and the e f fec ts  on combustion and g a s i f i c a t i o n  rates. 

Studies have been i n i t i a t e d  to study the e f fec t  o f  carbon dioxide on ash removal 
charac te r l s t i cs~  and d i s t r i b u t i o n  c f  s i l i c a  during ash separation and recovery o f  
sodium bicarbonate. In add i t l on j  the ef fect  of  alumina content on the cha rac te r i s -  
¢ics of a melt and the p a r t l a l  pressure of carbon d iox ide  needed to suppress alumlna 
s o l u b i l i t y  w i l l  be inves t iga ted.  
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I i i .  CHEMICAL ENGINEERING STUDIES AND DEVELOPMENT 

A. Accomplishments 

1. P i l o t - P l a n t  Desiqn 

Work has continued in cooperation with the Mechanical Development Group 
in an ef for t  to f i x  the process design of the one-ton-per-hour gasification p i lo t  
p lant .  Thus far~ no s i g n i f i c a n t  changes in the process have been necessitated as 
a resu l t  o f  the mechanlcal review~ although th l s  work is  s t i l l  in progress. 

In an attempt to de l ineate  po ten t ia l  problem areas which have not yet  
been s tud ied experlmentai ly~ the quest ion arose as to how much f l ue  gas (ni t rogen) 
from the combustion sect ion might be soIuble in the melt and subsequently t rans-  
fer red t o  the g a s i f i c a t i o n  sec t ion .  This could be an important question since 
there is a rather t ight specif ication on the quantity of inert gas in the final 
p i pe l i ne  gas ( <  5%). This l i m i t  corresponds to an a l lowable  leakage of  about 
3 x ' l O  -=~ moles N 2 per mole melt a t  the melt c i r c u l ~ t i o n  rate used in the conceptua| 
design (Progress Report No. 21) . L i t e r a t u r e  data( 1 ) fo r  a comparable system 
(02 in LI~CO~-Na2C03 melts) ind ica ted a s o l u b i l i t y  o f  3 x 10-3 moles 02 per mole 
melt at  1000 C and showed an increas ing s o l u b i l i t y  w i th  increasing temperature. 

I t  is obvious 3 therefore~ that so lubi l i ty  cannot be ignored in this system. 
However 3 the problem can probably be remedied by stripping the melt with steam as 
i t  leaves the combustor (possibly in  the melt transfer l ine).  A calculation of 
the ,~inimum s t r i p p i n g  gas rate revealed tha t  only about 10 percent add i t iona l  steam 
is  needed above ~he 9 a s i f i e r  steam requirement. Also~ i f  some g c s i f i c a t l o n  occurs 
in th~s s t r ipper~ t h e ' s t r i p p i n g  becomes easier  since the t o ta l  number of  moles 
increases a~ g a s i f i c a t i o n  proceeds. The energy balance fo r  the combustor would 
not be g r e a t l y  af fected since whatever coal is  gas i f i ed  would be burned in the com- 
bustor.  Of coerse~ there would be an add i t iona l ,  coal and a i r  requirement. A bene- 
f l c i ~ l  e f f e c t  o f  t h i s  s t r i pp ing  would be real ized since i t  has been shown in the 
laboratory that combustion rates are improved by the addition of steam. 

(1) J. Electrochem. Soc.s ~ 404 (1966). 

# g 
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2. Flowsheet Studies 

Est imation o f  the capi ta l  cost o f  the hydrogen-from-coal p lant  continued 
through March and is now nearing completion. Process ca lcu la t ions  For the syn- 
thes is  gas plant were a lso continued and are now essen t i a l l y  completed. Estima- 
t i on  of equipment s izes and costs remains to be done. 

B. ~,Projections 

1. ,,P,ilot,Plant_Desiqn 

I t  is planned to f i x  the f ina l  process design by the end of Ap r i l .  This 
f i na ]  design w i l l  incorporate suggestions made by both the Process Research and 
Mechanical Development Groupsj and hence should provide the required f l e x l b i l i t y  
needed to  test  the po ten t ia l  problem areas envis ioned byeach of  these groups. 

2. FJowsheet Studies 

Capital cost  es t imat ion of  the hydrogen-from-coal p lant  should be com- 
pleted during A p r i l .  With th is  f igure  a v a i l a b l e ,  gas cost w i l l  be ca lcu la ted  for 
the 250 MH SCFD p lan t .  
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IV. MECHANICAL DEVELOPMENT 

A, Accomplishment s 

1. Mecha.nica.LCharacteristics .Testinq 

Tests are being conducted to determine en t ra inment  in the ae ra t i on  gas 
e x i t i n g  a sodium carbonate mel t  con ta in ing  e i gh t  percent  ash, Carbon D iox ide  
i s  used as the ae ra t i on  gas. The tes ts  are c a r r i e d  ou t  in  the 5 -3 /4  inch 1, D. 
vesse l  shown on F igure 6 shown in  Progress Report No.31. Tests have been com- 
p le ted  f o r  0.5 fee t  per second and 1.5 feet  per second s u p e r f i c i a l  v e l o c i t y  o f  
the aera t ion  gas. Table 3 shows the resu l t s  o f  t e s t s  completed to date.  An 
a n a l y s i s  o f  the depos i ts  found in Test # 3 w i 1 1  be ob ta ined and reported in a 
l a t e r  repor t .  

2, Melt Circulation 

A computer program has been completed f o r  the sizing of melt transfer 
l i n e s  and f low p r e d i c t i o n s .  The program is  based on the work p r e v i o u s l y  repor ted 
in  this area and wi l l  be used to size the melt transfer lines for the proposed 
p i i o t  p l an t .  

B. Pro iec t ions  

1, Mechanical Characteristics TestlnQ 

Tests of entrainment in exit aeration gas w i l l  be concluded. 

2. Melt Circulation 

Sizing of the melt transfer lines For the p i lo t  plant wi l l  be completed 
and performance curves plotted for the gas l i f t  system, 

3, Gas i f i ca t i on  Tests 

We are investigating the possibil i ty of using the Trent Furnace and the 
5-3/4 inch I. D. x 6-foot hlgh vessel used for the entrainment and bed expansion 
tests to conduct gasification tests, To date~ satisfactory tests have been limited 
to a 2-inch I. D. vessel with bed heights of less than one foot. Gasification tests 
in this vessel could be conducted wlth up to a~ree-foot bed and the wal] effects 
experienced with the smaller vessel could be signif icant ly reduced. 



TABLE 

ENTRAINMENT IN AERATION GAS EXITING A SODIUM CARBONATE 

HELT BED (CO 2 AERATION GAS - 8% ASH IN BED) 

3" BED 5-3/4 INCH I.O, VESSEL 

TosL 

1 

Bed Time Bed 
Superf ic ial  of Temp 
Veloci ty Test (Aye,) 
(rt/Sec) 

0.5 2.0 1822 

2 1.5 2.0 1783" 

3 1.5 7.5 1795 
(2.5' Bed 

Height) 

Exlt Cooler Cooler Deposit Deposit 
Temp Inlet  Exit In Exit Line In F i l t e r  

(A.,.,g.) Te,,,p Te p wt. wt. 
F "F °F (Grams) ((;rams)_ 

715 375 70 6 9ms. 
(White Powder) 

1065 860 240 3 gms. 
(White Powder) 

960 790 210 In let  3.74 gms. e 
Bottom 3.62 gms.* 
Outlet 1,6 gms. 
(Whlte Powder) 

Some Evldence 
Not Measurable 
(White Powder) 

gms, 
(White Powder) 

3.72 gms.* 
(Whl te Powder) 
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*Samples sent for content analysis. ~ 
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V. HANP0t4ER AND COST ESTIHATES 

Figure 2 shows the projected breaEdown for  Phase I f o r  1967 
as wel l  as the actual e f f o r t  tha t  was made. I t  can be seen that  
a 13.5 man-ef for t  was made dur ing March. 

Figure 3 shows the expendi tures during March. For the 
month $23, i07 was expended~ not i n c l u d l n ;  Fee and G & A. The 
to ta l  expendiCures through March werc $618~835. Inc lud ing fee 
and G & A the to ta l  expenditures v'ere $707,094. This is  64% o f  
the encumbered funds. 
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