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I. SUHHARY 

This progress report is the twenty-ninth since the 
awarding of the contract, it is concerned with the first phase 
of the contTact and sun~narizes the progress that has been made 
in the thPee principal a~eas now being studied: process research, 
chemical engineering studies and mechanical 4evelopment, 

Three new combustion runs with bituminous coke defined 
the effect of temperature on rate with 2% ash present. This 
ash had been recalcined because the original material was found 
to be incompletely calcined. Rates obtained with the completelv 
calcined material were about twenty nercen~ lower than with the 
original material. 

Four additional runs were made to better define the 
effect of varying amounts of sodium sulfate on the rate of com- 
bustion of bituminous coke. Addition of from 0.5-1,0% sodium 
sulfate produced a fourfold increase in rate over a sulfate-free 
~un, 

One gasification run was made with 2% sodium sulfate 
added to the melt, No significant difference in rare ~as noted 
over a similar run made without the additive. Thus, as previous!v 
pestulated, sodium sulfate has no effect on @asification. 

Additional ash settling experiments were carried out in 
ordem to investigate the effect of melt temperature on settlinK 
rate. The results indicate that the rate increases with temper- 
eture up to about 1,84C°F beyond which it ten~s to fall off, most 
probably due to reaction of ash with melt. 

Flowsheet calculations were continued for plants capable 
of producing hydroKen and synthesis Kas from bituminous coal. 

Red expansion tests at 1,800°F usinK melt conta[nin~ 
8% ash were completed. As was the case with the other materials, 
(water, ethylene glycol and 100 cp. glycerine-water) the~e was 
considerably less splashin~ with the hiKher bed depths than with 
the lowe~ ones, Measured bed expansion for the melt was lower 
than for any of the other systems studied. 
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Cross flow contamination tests have been completed for 
ethylene glycol. A lower level of contamination was obtained 
for glycol than for water when there was no bed aeration. How- 
ever, the effect of bed aeration was greater and at the highest 
aeration rate the contamination was approximately that obtained 
for water. Contaminations with both systems are still of the 
order required for satisfactory commercial operation. 
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II. PROCESS REEEARC}{ 

A. AccomplishmenTs 

i. Combustion Rate of Bituminous Coke 

The bituminous coal ash which had been added To recent 
melts was found to have a 15.6% weight loss at 1,300°F. Con- 
sequently, the ash was recalcined at 1:300°F. A redetermination 
was made of the effect of temperature (average) on the combustion 
rate of bituminous coke usin~ this mecalcined ash at the level 
of two percent in the melt. The results are depicted in Figure i, 
IT does appear that the reealcination has had an effect on lowerin~ 
the combustion rate by about twenty percent, It is believed 
that possible loss of sulfur during recalcination of the ash 
occurred which could account for this effect. Sulfur analyses 
on the ashes have been requested, 

. Effect of Sodium Sulfate Concentration in the Melt 
on th'e Combustion Rate o{ Bltl~m~z~ous ' ~ oOke 

i . mm |, 

The amount of sodium sulfate in the melt was varied 
from 0.5 to 4% and rate of combustion o[ bituminous coke was 
determined. The following tabulation shows the effect on rate 
and on average temperature of combustion. All the runs started 
at I~740°F initially. 

Run No. % Na2S0q AvE, Temp. 
H- in Melt OF 

Combustion Rate 
ibs. C/hr./CF 

129 0 1740 6.0 
lab 0.5 1759 23.1 
145 1.0 1761 24.7 
143 2.0 1829 54.5 
i~0 2.1 1839 ~5,2 
147 ~.0 IPS~ >70 
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The addition of 0.S To 1% sodium sulfate produced a 
fourfold increase in combustion rate of bituminous coke over 
the sulfate-free run. Higher amounts of sulfate increased the 
rate of combustion further which caused an increase in the 
molten salt temperature; This eomDiicated the results. More 
runs will be made to allow correlation of the data. Tentatively, 
an increase of 1 to 2% sodium sulfate may increase the rate 
from 25 to 30 ibs. C/hr./cu.fT.at !760°F. 

3. Effect of Sodium Sulfate in Melt on Rate of ~asifica~ion 
-. |, ii , 

In run 1~2, 2% sodium sulfate was added to the melt 
to determine if it would enhance the rate of zasification of 
bituminous coke. Under similar conditions but without ash, the 
~asification rate was 21 ibs C/hr./cu.ft. This value aFrees quite 
well with 19 ibs C/hr./cu.ft. obtained in The above run. Thus, 
it is concluded that sodium sulfate has no effect on gasification. 
An equiualent run containin~ 2% ash ~ave 25 Ibs C/hr./cu.ft. rate, 
fur:her proo# that sodium sulfate had no effect. 

Some hydrogen sulfide was quaiirativelv noted in the 
product ~as indicating that reducticn cf sulfate can occu~ under 
gasification conditions. The amount of sulfur lost must have 
been small since the same melt on reuse in a combustion test 
(H-I~3) gave a high combustion rate of about 55 ibs C combusted/ 
hr./cu.ft, compared To an earlier Test which nave a rate of about 
~5 - a reasonable check in this rapid combustion re~ion. 

Measurement of freezing points of i, 3, 5, and I0 
weight percent sodium sulfate in sodium carbonate indicated that 
the sulfate dissolves in the melt. 

- % Na2SO ~ i n  Na2CO 3 - 

0 1 3 5 I0 

Freezing Point I °F 1563 1561 i552 1557 15~0 
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~. As h Sertlin~ Studies 

A melt composition of 88.4% Na2C03, 7.7% bituminous 
coal ash and 3.9% CaCO 3 was held a: 18~0°F without aKitation 
for l0 minutes before samplinR the top and botton of the melt. 
The followin~ Tabulation shows ~he ash content in these samples 
and in an earlier test reperZed last month at 17~0°F. ~"ne 
incmeased sett!ing rate with increasinz temperature is most 
probably a function of the decreasin~ viscosity of th~ mel~ 
with increasinE t~mperarure. 

Temperature 
OF 

Wt. % Ash in Sample 
~-5 ~ off Bottom Bottom 

17~0 6.5 I~.0 
18~0 2.9 !S., 

Additional se~tlin~ experiments were perfor~aed at 
18~0 ° and 1940 ° for an 8% ash ~ontaininz melt and compared in the 
following tabulation with a prior result at 1740OF. The loss of 
settling at Ig~0°F, alone with the observation that carbon 
dioxide was heine evolved from the quiescent melt in the I0 
minute settling period, indicated that ~eaction of ash and melt 
was interfering. 

Temperature %4z. % Ash i~ S~mple 
o F z~-5': Off Bottom 13ottom 

,, ,, , , , , _ _  _ , 

1740 3.1 S.2 
18~0 2.1 12.g 
1940 5.0 i0.8 

The last ash settlinK test was performed with z~% coke 
(20/~0 mesh) Present in an 8% ash containin~ melt to establish' 
the effects if any, uf coke on settlinK, At 1840°F and a 18 
minute set%lin~ time, the top sample showed 4.7% residue and 
the bottom 19.~% residue. Magnetic corrosion products were 
observed in both residues ~nich complicates interpretation. 
However, the coke does not prevent settlinK of The ash and it ~s 
believed that %he coke had no effect on the ash settlinK rate. 
The observation was made that ~he coke floated on the surface 
of ~he melt in the quiescent perio4~ in a£reement with the re!e- 
rive densities, 
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Additional c~mbusTion Tests on ~he effects of melt 
height and carbon concentration remain zo be done~ a~ well as 
other ~uns To complete The combustion work. 



St~41~RY OP (IABIP72ATION AND L"O~qUSTION RUH~ IN MOLTIH SODltq4 CARbONATL J i /  

Run Ha .  l l -  141 142 
n a s a  - 1965 11/22 1 2 / o  

r e e d  ~ .... 
% T o t a l  Carbon 

V u l .  Hatter 

Gme, C h a r ~ s  
Hash S i t e  
% C in  H a l t  - | n i t i a l  

HaLL 
Gms ~e2CO 3 40~.T 4 0 5 . ?  
,g~5 Ash o r  c~pd, 8 .3  0 . J  
Co~po~nd Added - ~a2Go 4 
% Ash o r  Q~pd i n  Me l t  2 . 0  2 .0  
I leLght - in~hae 4 4 

C o n d i t i o n s  Comb. O a n i f .  
~ m p  ' P  - Lnltlel 1940 1740 

- a v e r a g e / 2 /  1740 1 7 4 0  
- maximum 1753 

Pressure - p a l s  44.7 ~ 4 . 9  
Sup, gas v o l .  - f t / a e e  0 .99  1.03 
% Steam in  H 2 - 9 0 . 0  
Steam prasmurn - ps ia  - 40 ,0  
Run Time - ~Ln 55 40 
A I :  A e t e -  I L ta ra /mLn  26 .0  - 
co  H20/I~r - 1196 
co  H2/min - 2499 

R e s u l t s  
ComhustL0n Gas 

% CO 2 - 5 man 3 ,3  
35 mln 1 .3  - 
and 0 . 9  - 

02 5 man 18.0  - 
35 mln 1 9 . 0  - 
end 19.5 - 

Gaaifieacton Rata Coi~8tant 1.64 
Gaa£f£catLon Ante - Ibs C/hr/CF - 19.4 

combuatLon Rata Constant  0 .70  - 
Combust ion Rate - Lba C / h r / C F  8 .3  - 

~ ' Z ~ t a l  Carbon 
De volatlllzed ? , 0  L2.2 
Co~us~ed o r  a a s l ~ l a d  73'.3 88 .1  
R e t a i n i n g  or  Lo|a 1 9 . 7  - 

14'J 144 145 146 
1:~/~ 12 /1  'l 1~/14 12 /16  

~ ~ B l t u m / n m ; s  Coke . . . . . . . .  : 

0 . 6  
6 , ~  

L0 .5  
1~/20 

4 

147 | 4 8  
1~/19 1 ~ / ; 0  

/ 3 /  405 . )  / ] /  10P,9 / 3 /  411 .9  
8 . 3  4 , 1  4 1 2 . 4  2 , 1  

l le2~O 4 - Hg2SO 4 Hs2504 Rs2SO 4 
2 2 .0  2 .3  1,0 4 .0  0 .5  
4 4 4 4 4 4 

. . . .  C o ~ u a t i o n  ~ : 
~745 1635 1fl44 1741 1740 | 7 4 0  
10~9 1640 1049 1761 1054 1759 
1075 1645 1866 1708 1916 )785 

4 4 . 7  4 4 . 7  4 4 . 7  4 4 . 8  4 4 . 0  4 5 . 0  
0.90 o.90 1 . o ~  o.99 0.90 

15 95 25 30 5 25 
26 .0  26.7 27 ,1  2 6 . 1  25 ,9  26,1 

0 .99  

/ 4 /  
12.5 1.6 6 .1  6 . 6  19.0 
- 0 .9  - 

1.2 0 .4 2 .0  0.7 
7 .5  20 .0  15,0 14.0 2 .0  

20 .5  
18.5 20,0 1.9.0 19.1 - 

4..62. 0 .36  1.61 2 .09  ~ 6  
54.5 4 .3  19.0 24.7 >70 

6 .7  

1.8  
15.0 

19,0 

1.98 
23,1 

9 ,6  3 .0  9 .1  9 .0  14.5 7 .6  
91 .6  76.6 90.5 91 .0  70.3 91 .1  
- 19.6 0 .4  15.2 1 .3  

• 2.4 

" o e  

o ~ 
I 

"ii 4 

/ 1 /  g e e d  2 - I n c h  ID I n c o n o l  r e a c t o r .  I n  c o n ~ u u t l o n ,  c o k e  a d d e d  I n  ~2 a t  0o1 f t / s e c ,  5 m i n u t e  d e v o l a t l l l z a t l o n  p e r i o d  b e f o r e  a i r  I n .  
! 

/ 2 /  A v e r a g e  t e m p e r a t u r e  I n  5 0 ~ c a r b o n  c o n s u m e d  p e r i o d .  I 

/ 3 /  Reused m a l t  f rom p r e v i o u s  r u n .  I 

/ 4 /  P l u g g e d  i n  5 m L n u t e a ,  a n a l y s e s  a r e  f o r  c o m p o s l t e  g a s  n o t  S m l n u t o  g a ~ p l e .  

= 

m o 
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iTI. CHEHICAL ENGINEE~T,~'C qTUDIKS ~::D DFVE.'.OPNENT 

. Bccomnlishmenrs 
,. | 

Preparation of the eroc=ss flowsheets for plants capable 
of producinE hydroren and svnthe&is Kas from bituminous coal 
continued during December. For the case of the hy¢]ropen DlanZj 
final heat and material balances were made in accordance with 
our concept of preparing "process packaEes" for the various 
produczs under consideration. 

B. Pro~egtions 

Process designs w~ll be continued for the two end 
products currently bein~ studied, in addition, efforts will 
be continued in an attempt Zo define the most critical and 
sensitive areas of these desiEns, as well as those for pipeline 
gast To determine what, if any, further exmerimentation is 
necessary before beginninE the process desizn for the proposed 
o~e-ton-per-hour pilot plant. 
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~V. HEC}iA~:iCAL DEVELOPMENT 

A. Accomplishments 

I. Environmental Testing of High Temperature ~:azerials 
L 

Corrosion Test #i0 will resume shortly. 

~. Mechanical Characteristics Testin~ 

The melt bed expansion tests have been completed. 
Figures 2 through ~ show the results of this test for a one, 
two and three foot bed at various bed superficial velocities 
up to Three feet per second. These tests were conducted in a 
5-3/4 inch I.D. vessel approximately six feet high. The 
vessel was heated in an electric furnace to ap?roximatelv 
1840°F, produc!n~ a melt temperature of IB00°F. 

Bed aeration was accomplished by a central sparger con- 
sisting of a 1/2 inch pipe inserted from the ton of the vessel 
to within two inches of the bottom. Pad hei£ht measurements 
were made using the electrical din stick methocl nreviouslv 
described. Again, the lower curve represents the ooint where 
nearly continuous contact is maintained between the din stick 
and the bed, the upper curve shows where substantial initial 
contact is first made with the bed. 

Comparing the three bed heights it will be noted that 
the nearly continuous contact curve does not substantially change 
with beg height. However, the upper or initial contact curve 
varies considerably with bed height. Directionallv, this 
effect was also noted in the other materials similarly tested 
and previously reported (water, ethylene glycol, 1O0 cD. 
glycerine-water mixture). Corresponding to these results at 
the higher bed levels a significant reduction in s;lashinK and 
bed loss on the vessel wall was noted. 

The table following briefly summarizes the results of the 
bed expansion tests. The summary is limited to the results 
obtained with three foot beds as this is considered the most 
significant for future application. 
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BED EXPANSION (PERCENT EXPANSION) 

Material 
, i 

E'ater 

Ethylene Glycol 

10ft cp. Glycerine-Water 

Melt 1800°F 8% Ash 

Super.~c~a~ Velocity 

0.5 f/s i.0 f/s 2.0 f/s 

18-25 32-~:2 56-66 

20-25 33-~i 55-55 

15-19 27-35 u5-55 

ii-15 21-29 38-50(E) 

3, Melt Circulation 

Tests on cross flow contaminatinn similar to those 
conducted for water have been completed fer ethviene ~lycol. 
The final results of this test are reported in 7i~ure 6. The 
final results of =he water tests are shown in FiFure 5, As 
previously reported, hased on the preliminary data, a lower 
level of cross flow contamination is obtained For the ethylene 
glycol where there is no bed aeration. However, the efPect of 
bed aeration is ~reater and at the hiKhest ~ate oF aeration 
the contamination is approximately that obtained for water, 
Both show a contamination level w~th the inlet exte~tions 
in the order of ~.02 cubic feet of contamination gas per cubic 
foot of liquid transferred, fcr transfer rates less than 
10 feet per second for water and 5 feet per second for the 
ethylene glycol. 

As previously stated, these results are encouraging 
and within the order of magnitude of contamination levels 
currently envisioned for the actual process. Additional work 
is required, however, before extrapolation of this data may 
safely be made to a circulating melt system, The solubility of 
nitrogen in ethylene glycol and the contaminating gases in 
The melt will have to be determined. 
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B. Pro~ections 

i. Envircnmen~a! Testing of l!ish Temperature Haterials 

Corrosion Test #i0 will continu~ to completion. 

2. Mechanical Characteristics ?estin$ 

Consideration will be piven to the determination of 
entrainment in the aeration ~am exiting a sodium carbonate 
melt bed. Previous work in this area has been limited to shallow 
beds of about one foot or less and relatively small diameter 
vessels. With the vessel used in the bed expansion zest, it 

r I should be possible to develop some use~u_ entrainment data for 
two or three foot beds in a 5-3/4 inch i.D. vessel. This data 
will be helpful in the desip~n of the reactor overhead equipment. 

Methods cf determining solubility of nitrogen or 
oxygen in ethvlene zlycol and carbon dioxide or other contam- 
inants in sodium carbonate melt will be explored. 

3. Melt Circulation 

The cross flow contamination results for both ethylene 
zlycoi and watcr wili be extended to aeration sunerficial 
velocities of ~.C feet per second to include proposed desizn 
aeration rates. 
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V. MANPOWER AND COST ESTIMATES 

Figure 7 shows the projected breakdown for Phase I for 
1955 as well as the actual effort that was made. It can be seen 
that a 9.5 man-effort was made during December. 

Figure 8 shows the expenditures during December. For 
the month, $16,335 was expended, not including fee and G g A. The 
total expenditures through December ~ere $551,0~7. Including fee 
and G & A, the total expenditures were $6~I,346. This is 58% of 
the encumbered funds. 
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