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I. INTRODUCTION 

The evaluation of gas purification processes for pipeline gas and 
hydrogen has been completed. For both pipeline gas and hydrogenj the 
optimum purification sche;~e is zhe Fluor process using propylene 
carbonate. The major advantage over MEA~ Vetrocoke and SuIfinol is 
substantial savings in reboilln 9 steam. 

Recent experimental data on ash removal and sodium recovery are 
being evaluated~ and a flowsheet for this section of the plant is being 
developed using the data. 

I t  has been found tha t  the pressure o f  steam has a s i g n i f i c a n t  
e f f e c t  on g a s i f i c a t i o n  rate•  A change from 0.3 a~m to 0.9 produced 
about a zv "oId increase in g a s i f i c a t i o n  ra te ,  

An increase in the temperature o f  the molten s a l t  has had a 
subs tan t ia l  e f f e c t  on g a s i f i c a t i o n  ra te ,  Increas ing temperature from 
1740"F to 1830"F increased g a s i f i c a t i o n  ra te  by a f ac to r  o f  2•3 and 
• • o . 
Increas=ng temperature to 1 ~ 0  F =mproved i t  by a f a c t o r  o f  f i v e .  

The switch from a coke to bituminous coal feed has been successfully 
made. 
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I I .  PROCESS DEVELOPMENT 

A. Accomplishments 

|. Evalu~tlon of Gas Purification Processes 

The evaluat ion of  a l te rna te  gas p u r i f i c a t i o n  schemes for  both 
p lpe l ine  gas and hydrogen has been completed. The regenerable solvent 
p u r i f i c a t i o n  processes under considerat ion For these two app l ica t ions  
were: 

1. Hot potassium carbonate 
2. Catacarb (organic-promoted K2CO~) 
3. F:ectisoi ( re f r i ge ra ted  methanol~ 
~. ~onoethanolamine 
5. Vetrocoke (arsenic-promoted K2C03) 
6. Acetone 
7. Sul f ino l  (sul fo lane) 
8. Fiuor (propylene carbonate~ 

Neither hot carbonate 3 Catacarb, nor Rectisol has been given 
de ta i led  a t t en t i on  For these s tud ies .  The two carbonate-based schemes 
(hot carbonate and Ca:acarb) were screened out a f t e r  q u a l i t a t i v e l y  
comparing them wi th  another carbonate system~ namely Vetrocoke. Based 
on previous experience wi th  Vetrocoke and hot carbonate, Vetrocoke 
has been Found to be the be t te r  o f  the two For several reasons. F i rs~,  
~he presence of  the arsenic promoter improves the s t r i p p i n g  equ i l ib r ium 
re ia t i onsh lps  and also increases the rate of mass t rans fe r  w i t h i n  the 
system. This resu l ts  in rather  substant ia l  decreases in the si=e of 
the towers and hence in the plant  cost. Also~ steam requirements for 
Vetrocoke ( for  rebo i l ;nq  the r lch solvent stream) are considerably lower 
than for  hot carbonate(~: 2):  duc to the improved s t r i p p i n g  e q u i l i b r i a .  

(1) Riesenfeld: F. C. and J. F. Muliowney~ "Giammarco-Vetrocoke 
Processes~" Petroleum Ref iner :  ~.Sj No. 5~ May, 1959: p. 161. 

(2) Hoogendoorn: J. C.s "A Comparlson of Some Carbon Dioxide Removal 
Processesj" Trans. [nsl:n. Chem. Engrs.~ 4~1: 1963, p. 264. 
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Final ly~ the presence of the promoter tends to make the a l k a l i n e  so lu t ion 
less corrosive than plain carbonate solutlons~ and operating d i f f i cu l t ies  
due to such problems are la rge ly  e l iminated (as well as reoucing the 
cost by enabling the use of  carbon steel in areas where s ta in less  would 
be required in the hot carbonate system.) The Catacarb process was 
el iminated based on a deta i led study made by Ke|Iogg comparing i t  wi th  
Vetrocoke. I t  was concluded that  fo r  a l l  pract ica l  purposes the two 
schemes are the same insofar as investment and operating costs are 
concerned~ and aBy conclusions drawn concerning the use of  Vetrocoke 
for  the present appl icat ions could be appl ied equal ly to the C~tacarb 
process. 

Process information requested from Lurgi (developers of the Rectisol 
process)~ including plant investment figures~ has not as yet been 
received. For t h l s  reason s Rect lsol  has not been included in the present 
evaluat ions,  i f  and when such informat ion is received~ Rect iso l  w i l l  
a lso be evaluated, However~ based on the resul ts  of  previous stgdies 
i~ is  not expected that th i s  process w i l l  prove to be the most economical 
one. 

a. Pipeline Gas 

The purpose of  the gas p u r i f i c a t i o n  section in the p ipe l l ne  gas 
plant  is to remove bulk quan t i t i es  of CO 2 and essen t ia l l y  a l l  su l fu r  
compounds from the shi f ted synthesis gas in preparat ion for  the 
methanation step. In a l l  of  the cases considered> the CO 2 concentrat ion 
was reduced to 1.0 mole percent and to ta l  su l fu r  was reduced to 0,004 
grains/ lO0 SCF. In addi t ion to the regenerable solvent system fo r  CO 2 
and bulk su l f u r  removal~ the processing sequences included sponge iro6 
( i ron oxide) and act ivated carbon fo r  residual H2S and organic su l f u r  
removal~ respect ive ly ,  Since the su l f u r  concentrat ion of the t reated 
gas is the same for  each case~ the costs associated wi th the f i na l  
"c lean-up" steps (sponge i ron and ac t iva ted carbon) are e s s e n t i a l l y  
constant and have not been included in the comparison. Therefore~ the 
se lect ion of  the optimum p u r i f i c a t i o n  scheme was based on the C02-bulk 
su l f u r  removal process which y ie lded the most a t t r a c t i v e  economics. 
I t  should also be noted that  the cost o f  removing CO 2 and bulk su l fu r  
is much higher than that fo r  residual su l f u r  removal; so any minor 
differences in the cost of this latter step are unimportant with respect 
to the overa l l  purification step. 
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A table of economlcs~ including investments and operating cosL~ 
for  each of the f i v e  gas pu r i f i ca t i on  schemes given detai led cons idera t ion 
is presented in Table 1. The F~uor process resu l ts  in the lowest to ta l  
operating cost j  and is therefore the optimum p u r i f i c a t i o n  scheme fo r  
use i~ th is  app l i ca t ion .  The major advantage which the Fluor process 
has over ~EAj Vetrocok% and Sulfinol is that of substantial savings 
in reboiIing steam. The R1uor system has only a very small steam 
requirement since the CO 2 is removed f r ~  the r ich solvent by f lashing 
at low pressures instead of reboiling. Acetone, on the other hand~ 
whi le i t  has the advantage of low steam coszs: has the disadvantage 
of high costs due to solvent losses. These losses could, at best~ 
probably be cut down to about I¢/MSCF (operat ing cost of 4.9¢/M$CF) 
by increasing the e f f i c i e n c y  of the so lvent  recovery step of  the process. 
However~ even wl th  t h i s  improvement (neg lec t in  9 the increase in 
investment which would necessari ly resu l t )3  the operating cost s t i l l  
would not be as low as that a~tainable wl th  Fluor.  

b. Hydr0qen 

The gas p u r i f i c a t i o n  scheme used in the hydrogen plant is somewh=: 
d i f f e ren t  from that  used in making p ipe l ine  gas. Foliowin 9 g a s i f i c a t i o n ,  
the bulk of the su l f u r  is removed by a regenerable solvent process~ 
and complete su l f u r  removal (to 0.004 grains/100 SCF) is ef fected using 
sponge iron and ac t i va ted  carbon. This gas is ~hen fed to a steam 
refomer  3 where the methane concentrat ion is reduced to about 5 percent 
vi~ reaction 1: 

c.4 + H20  _ co . 3H 2 (z) 

The methane concentrat ion of the reformer feed gas is determined by 
assuming that a l l  the hydrogen in the gas i f ied  coal goes to methane. 
This~ then 3 represents the maximum methane concentrat ion a t ta inab le  
and is therefore somewhat conservative for  the case where hydrogen 
is the product. A f t e r  cool ing, the gas enters a s h i f t  converter using 
low temperature s h i f t  ca ta lys t  where the C0 level is reduced to about 
0.6% via react ion 2: 

CO + H20 "~ C02 + H 2 (2) 

The sh i f ted synthesis gas~ containln 9 appre: iab le  quant i t ies  of  C02, 
then flows to a regenerable solvent CO 2 removal step (the same type as 



ECONO.IC SU~.ABV 
ALTERHATE OAS PURIFICATION SCHEHE5 

250 K H $CFD Of P lp l l lne  Oat 
90~__ StrenmEfflclency 

Process 

total Fixed Invastr~nt 

ME~ 

$2~,300,000 $17,050,000 

Opara¢lnq C9||s, d/HSCF of Plpellr~.Oas 

Steam at 30¢/H Ibs. 
Power at 0.Te/KkTI 
Cooling Water at 1.5¢/H Gal. 
Chemicals 
Sulfur Credit mt $25/ton 
Operating Labor at $3.20/Han-Haur 
Halncenanca at ~ of Bare Cost 
Supplies at 15%of Halntananc~ 
Supervision e l  IO~of Operating Labor 
Payroll Ova~ead at 10~ of Operating Labor + Supervision 
General Overheat at 50%of Operating Labor ÷ Supervision 

Helntenance ÷ Supplies 

Plant Operating Expanses 

Depreciation eL ~f~ of Fixed Investment 
Taxes and Insurance at ~ of Fixed Investment 

Sub-Total 

Contingencies 

TOTAL OPERATING COST 

5,60 
0,50 
0.97 
0.08 

0"43 
0.79 
0.12 
0.0~ 
0.05 

9.27 

i.~7 

• 1 1 . 6 2  

I t .e5 

3,90 
0.67 
0,08 
0.06 

(i,2o) 
0.37 
0.56 
O.08 
O.0~ 
0.0~ 

5.72 

I ,O3 
O,6_._/2 

7.37 

7.52 

ACETONE 

$17,85OI000 

0.19 
0.59 
0.03 
5.00 

0~15 
0.58 
0.09 
0.02 
0.02 

7.09 

!,08 
o.~  

8,82 

9.00 

SULFle0L 

$ 1 0 , 1 0 0 j O 0 0  

3.17 
0.56 
0.~2 
0.67 

0.'06 
0.33 
0.05 
O.OI 
O. OI 

5.50 

0.61 

6.~8 

o._n 

6.61 

rLU0__3R 

$12,300,00C 

O,O7 
O. 7~ 
0.03 
O.21 

O.15 
0./40 
0.06 
0.02 
0.02 

2.O2 

0.75 
o_~ 

3.22 

o.o__66 

3.28 

,!i 
!i! 

Z 
l ,( 

I ! 
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is  used to remove bulk s u l f u r ) ,  where the C02 level is reduced to 1.0 
mole percent .  The residual  CO and C02 are then methanated over  a 
nickel cataiyst j  and the resulting gas streamj containing about 94.0 
percent H2, leaves the plant as product. This hydrogen concentration 
was chosen fo r  the present eva lua t i on  because i t  is r e a d i l y  a t t a i n a b l e  
w i t h  the process ing scheme se lected (steam reforming o f  methane impur i t y . )  The 
~a jor  i m p u r i t i e s  are methane and n i t r ogen ,  which are considered i ne r t s  fo r  
many hydrogen app l i ca t i ons .  I f  h igher  concentrat ions of  hydrogen are desired 
(99+% ~2) :  the methane in the raw syn thes is  gas ~guld have to be completely 
removed by p a r t i a l  combustion w i th  oxygen or by ]ow temperature absorpt ion.  
Both o f  these a l t e r n a t i v e s  are more c o s t l y  and would y i e l d  h igher  
hydrogen cos ts  than the present ly -p roposed scheme. 

On the other hand, i f  even lower concentrations of hydrogen can 
be tolerated (as low as 86%), the reforming step can be eliminated and 
a corresponding reduction in investment rea]ized. Howeverj because 
the product  9as now contains more methane and since each mole o f  
methane is capable of  producing four  moles of  hydrogen (accord ing to 
reac t ion  ] ) :  the case w i l l  have the disadvantage of  opera t ing  at  
lower coal u t i l i z a t i o n  e f f i c i e n c i e s .  The net resu l t  o f  these opposing 
fac to rs  is  that  =here is but marginal  bene f i t  to be gained in producln 9 
the low (86%) p u r i t y  hydrogen product .  

In evaluating the alternate gas puri f icat ion schemes for hydrogen, 
the costs associate~ with sponge iron, activated carbon 3 and reforming 
were taken into account in addition to the costs of the regenerable 
solvent schemes. The sulfur removal costs were found to be sma11, 
but the cost  Of reforming was found to be rather  subs=ant ia l  and 
s e n s i t i v e  to r e l a t i v e l y  smal] v a r i a t i o n s  in gas composi t ion brought  
about by the d i f f e r e n t  C02-bu|k s c l f u r  removal systems. One o the r  t h l n  9 
shoutd be po in ted out before d i scuss ing  economics. As is  obvious 
from the above process d e s c r i p t i o n ,  there  is a cons iderab le  amount o f  
gas coo l i ng  and heat ing tak ing place.  Thus there is a r a the r  |a rge  
amount o f  waste heat ava i l ab le  to the process. Cred i t  f o r  t h i s  waste 
heat has not  been taken at t h i s  t lme s ince overa l l  p lan t  energy 
balances have not yet  been made. Th is  is  not important to  the present  
eva Iua t l on  though 2 since the waste heat l i be ra ted  in a l l  o f  the 
p u r i f i c a t i o n  schemes is e s s e n t i a l l y  the same. 

Est imated economics fo r  the f i v e  p u r i f i c a t i o n  schemes considered 
( i n c l u d i n g  reforming and s u l f u r  removal) are shown in Table 2. The 
economics are ca |cu la ted  on the bas is  o f  250 MM SCFD of  100% hydrogen, 



TABLE 2 

ECONOHIC SUHH~RY 
ALTERNATE GAS PURIFICATIOH SCflEHES 

250 MH SCFD oF Ilvdr~qen 
9D~ SLream Efficiency 

(Al l  cases Include reFormlng~ Iron oxlde~ activated carbon In addit ion to the Indicated pur i f ica t ion process.) 

Process 

Total Fixed Investment 

HE AA VETROCOK_..__.EE ACETONE SULFINOL FLU0.___RR 

~2~OOOpO00 ~21,1901000 $171350~000  $18pgtwO, O00 $15~780p000 

O~rat lno Costs. c/HSCF of H 2 

Refoming Coal at $~/ton 
Steam at 30¢1H Lbs. 
Power st O.7¢/Kt,R.I 
Cooling Water at 1.5¢/H Oa| 
Boi ler Feed ~ater at 25¢1H Gal. 
Chemicals 
Sulfur Credit at ~25/Ton 

Operating Labor at $].20/Hsn-Hour 

8alnten~nca at  ~ o F  Bare Cost 
Supplies at iS°/,of Helntanance 
Supervision at lO~of Operating Labor 
Payroll Overhead at IO~ oF Ol~rating Labor * Supervision 
General Overhead at ~0~ of Operetln 9 Labor + Supervision 

+ Halntenance + Supplies 

Plant O~rat ln9 Expenses. 

Oepreclat lonat lO~of Fixed Investment 
Taxes end Insurenc~ at ~/, of Fixed Investment 

Sub-Total 

Contingencies 

TOTAL OPERATING COST 

2.69 2.22 2..~0 2.69 2.20 
3.30 2.5~ O. IO 2.00 0.O5 
0.29 0.7~ O.J9 0.33 o.~7 
0.58 O.51 0.02 O.30 0.02 
0.24 0.2~ 0.23 0.2~ 0.23 
0.07 O.Ot~ 2.90 0./1~ 0.13 

- (0.33) - - 

o.3~ 0.49 o.31 0.28 o.3~ 

0.78 0,69 0.56 0.62 O.SI 
o.12 o, Io o,o8 o,o9 o.oS 
0.03 0.05 o,o3 o.o3 o.o3 
o.o4 0.05 o,o) o,o3 o.o~ 
0.6) o.66 o.~9 0.51 o.~8 

9. ! I 8.00 7. ~ 7.56 ~.50 

2.91 2.57 2.10 2.30 1.91 

12.89 11.3~ IO. O7 10,55 7.06 

13.15 I 1.57 I0.27 I0, 76 7, 20 

lil 
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even though the actual product gas is about ~% hydrogen. The reason 
for doing th is  is that the d i f f e ren t  C02 removal schemes operate at 
several levels of residual C02. Therefore, the amount of hydrogen 
con~,=ed by methanation is d i f f e ren t  in the var ious schemes. The 
pro~ : : ion rate of elemental hydrogen has thus been kept constant at 
250 MM SCFD~ whi le the to ta l  product gas rate w i l i  vary s l i g h t l y  from 
case to case. One add i t iona l  point should be noted here. Depreciation 
has been taken at l ~  o f  investment~ instead of  ~ as was done for  
p ipe l ine  gas~ because i t  is f e l t  that hydrogen product io~ para l le ls  
more c lose ly  a che~nical or re f in ing  operation than i t  does a publ ic 
u t ; l i t y .  

Once again: as for  p ipe l ine  gas, the Fluor process is the most 
a t t r a c t i v e  route3 p r i m a r i l y  because of i t s  low investment and u t i l i t i e s  
costs.  MEA~ Vetrocoke, and Su! f lno|  continue to show high steam 
costs~ while acetone is hampered by large solvent make-up costs. 

2. Ash Removal and Sodium Recovery 

Recent experimental data on ash removal and sodium recovery are 
be,ng evaiuated~ and a flowsheeI for  th is  sect ion of  tile plant is 
being developed using these data. The ob jec t ive  o f  t h i s  e f f o r t  is 
~o determ:ne whether any fu r the r  experiments are necessary at th is  
t ime to extend the range of  var iab les studied - -  type Of ash~ ra t io  of 
quench l iquor  to melt~ melt p a r t i c l e  s izej  tlme of  leaching, and 
r a t i o  of wash watec to ash. 

B. P.ro~ect;ons 

Development of the ash removal-sodium recovery flowsheet will 
cont inue. Further data (if any) needed to firm up the process design 
w i l l  be requested. 

Process deslgn of the gasification section will be revised to 
incorporate recent dat~ on gas i f i ca t i on  rate, observat ions on the 
e f fec t  of melt v i s c o s i t y  on qua l i t y  of  gas-melt contacting~ and a 
d i f f e r e n t  base-case method for supplying heat ( d i r ec t  combustion ins:ead 
of  f i red- tube heater) .  Complete process f lowsheets from bituminous 
coal feed to product p lpe l ine  gas or hydrogen w i l l  be prepared to 
permit more accurate est imates of plant investment and a study of waste 
heat u t i l i z a t i o n .  
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!1 I .  PROCESS RESEARCH 

A. Accomplishments 

I .  Gas i f i ca t ion  Kinet lcs  

This has been a very in format ive period in the study of  coal 
g a s i f i c a t i o n .  The most notable resu ! ts  are: 

I .  Pressure of  steam has a s ign i f i can¢ e f f e c t  on g a s i f i c a t i o n  
rate.  A change from 0.3 aim to 0.9 aim produced approximately 
a two-fo ld increase in g a s i f i c a t i o n  rate.  Thus j u s t i f i c a t i o n  
For e,,alu~tion oF gas l f ; ca t i on  under pressure has a k ine t i c  
as well ~s economic basis. 

. An increase in the temperazure of the molten s a l t  has had a 
profuund e f fec :  on gas { f i ca t i on  rate. A jump f r ~  ]740"F to 
1830"F improved the rate by a factor  of  2.3 and a f u r t he r  
increase to 19t+0"F improved i t  by a factor  o f  f i v e .  Thus 
g a s i f i c a t i o n  rates of  20 pounds of coal per hour per cubic 
foot o f  molten sa l t  appear a t ta inab |e .  

. A successful switch in feed f r ~  coke to bituminous coa| has 
been made and the data appear re ] |ab le .  The two g a s i f i c a t i o n  
un i ts  now in use give exce l len t  agreement in g a s i f i c a t i o n  
rates. 

The data fo r  these conclusions and others which appear in the 
fo l lowing discussion are presented in Table 3. 

A f t e r  three runs wi th Coke i i~ made from bituminous coal at  
600"C3 seven exce l lent  runs have been made feeding bituminous coa| 
d i r e c t l y .  In order co accomplish t h i s ,  the charge s ize was lowered 
from 35 grams to 20 grams of  12/20 mesh mater ia ] .  Natural ly~ when 
th i s  is dropped into the hot molten salt= an i n i t i a l  burst  of  gas is 
produced whlcff f o r tuna te l y  is not excessive for  the gas meter used. 



GA$1FICA[IOH OF" BllrUHINDUS COAL AND COKE I~ HOLT[N He;,CO) ( I )  

Run !/o. -J-  9790 9791 9792 .q79~ 979~ 9810 9BII 
DaLe oF Run - 1965 6/B 6/10 6/11 6115 6/IG El21 6/22 

r.ed ( . . . . .  -)Coke l I (  . . . . .  ) 
% Tote1 Carbon 86.6 

Volat l  los 7.6 37.J 
Ash 5.8 3.8 

9ms. cherge~ 35.0 35,O )5.O 20.0 20.0 20.0 20,0 
mesh size 12/20 -200 12/20 12/20 12/20 1~/70 12/20 

Addi t ive K CO 3 

ConJI t Ions 
Temperature - "F | 730 | 750 1730 1750 17110 171~O I '/1~ 5 
* Steam l .  N~ 9o 90 90 90 90 ~o 90 
mln, to O~ C(~ )'55 95 IO5 90 90 l i p  90 
Unl t He, 2 I 2 I 2 I 2 
Total Time Run - mln. 55 125 1;~O 120 120 155 l i e  

Resu I t s 
% C to CO + CO 2 70 U* 90 92.1 91. I 8'd.B 95.6 
% C to CHt0 - - 6.3 6.1 ~.6 5.O 
% C to tar,  etc. - - - 6.0 6.0 6.0 6.0 
Total ~, C 70 ~* 90 IO/0,1* IO).2 9S.q IO6.6 

% C to 112 (H 2 + CO) 67 ~9 90 81 8s~ 72 79 
Patio H/O Prod, Gas 1.9 1.5 2,0 1.7 1.8 1.7 1,8 

Specif ic GasiFication Rate(2) 
Basis CO, C02, CH/~ - Input O.$8 to.h) 0.~;5 0..~5 O.S5 0.)2 
Basis CO, CO2~ CHe, - Output 0.75 O.67 O,55 O.53 O.33 
Basis 112 112, 1/2-CO n (;He. - input 0.53 (O.3) 0.55 O,h7 0.55 P.31 
Basis I/;~ H2, I /2 CO, CH~ - Output - 0,78 0.67 O,55 0.55 P.l,7. 

Notes (J) (Io) 

9812 9813 9814 
6/2~ 6/~5 6/28 

~- . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ) 
8) .6  

20.0 20.0 20.0 
12/20 12/20 12/20 

re20= 

19kO l?hO 183o 
90 90 90 

' 4 5  75 50 
I ? I 

65 105 75 

99.ta 99.0 91,2 
7.5 2.6 5.0 
6.0 6.0 6.0 

112.9 107.6 102.2 

79 83 70 
I . ~ .  1,6 1.5 

0.69 3.O 0.69 1.29 
0.62 2.6 0,62 1.29 
O.Z@ 2.6 0,69 0.86 
0.58 3.0 0.82 1.29 

(5) (6) 

( I )  Atm. Pres., O.S f t . /~ec ,  super f i c ia l  gas ve loc i ty ,  h" quiescent bed height, 41fi 9ms. Na2COje Island Creek N Z7 coal.  
Ill k . h . '  F . . k - .  ,o, 0 . . . tog fl.stord.**.rboo,.ot,oo 

Outlet plugged with 7~ CO I T I l l  In ex i t  gas. 
(h) Some feed wet held up In the reactor. 
(5) Estimated ~ C to CH~. 
(6) Calo. based on 2S.mTnutes of  run. 
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However 3 a tar collects on the cooling surfaces and in a glass wool 
scrubber. At times a fog of f lneiy divided material has been noticed 
passing al l  the way through the wet test meter end into the stack. 
Collection of the tarry and sooty materia3 yielded one gram: which is 
assumed to be carbon and represents 6% of the in i t i a l  carbon charged. 
Consequencly~ rates on an output basis are now calculated to 94% 
gasification. Bottom feeding and e longer moIten bed would decrease 
or eliminate this material. A composite f i r s t  f ive minute gas sample 
i s  taken which a l lows c a I c u | ~ t i o n  o f  the carbon to methane and g ives  
a r e t i a b l e  carbon monoxide f i g u r e  f o r  t h l s  f i r s t  c o n d i t i o n .  

a) E f f e c t . o f  Steam Pressure 

In the last report (No. I0~ pg. 7) two runs were presented which 
showed no e f f e c t  o f  changing steam from 30 to 9 ~  in  n i t r ogen  at  one 
atmosphere and combined rate of 0.5 f t . /sec, superficial gas velocity 
in the reactor. Due to a number of tests 3 ic has now become clear that 
thls is not so. Both runs were made in Unlt Number I j  but J-9785 
was made wlth the oid reactor which after this run was retired because 
the 1/4 inchlnconal tubes for the inlet and thermowell had corroded 
through, it now appears that part of the steam was not bubbling 
through the molten salt in this and same of the previovs runs which 
raay account f o r  the poorer r e s u l t s  f o r  9 ~  steam. This  is  subs tan t ia ted  
by a temperature p r o f i l e  under g a s i f i c a t i o n  cond i t i ons  on the o]d 
reac to r  versus the new reac tors  in Un i t  1 and Un i t  2. 

Temperature °F 
Inches from Unit 1 Unit 2 
Bottom 01d Reactor New Reactor New Reactor 

I 1620 1740 1730 
3 1780 1740 1730 
5 1860 174o 174o 
7 1900 1790 1760 
9 1930 1830 1750 

II 1910 1810 1700 
13 18iO 1680 1550 

In the old reactor~ it appears that steam was not agitating the salt~ 
hence the non-uni form temperature p r o f i l e  in the reac t ion  zone whereas 
with the new reactors the f i r s t  6 inches are at constant temperature. 
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Run J-g7g0 was an i n i t i a l  a t tempt  to  commission Unl t  2 but the 
out le t  pIu~ged causing termination of the run in 55 minutes. Only 
an ;mput gasi f icat ion rate was determined and the run was repeated in 
J-9792. The results of this run are cornpareO in the following table 
:o the 3 ~  steam run in Unit ] using a new reactor. Also shown are 
simi lar runs using coal as feed. 

Gasif ication Rate -k 
Run J._...._.~ Fee__~d % Steam in N 2 0ut@u: Oxide Basis. 

9792 Coke II 90 0.67 
9787 Coke II 30 0.29 

9793 Coal 90 0.55 
9810 Coal 30 0.33 

These resu : t s  show the approx imate ly  two- fo ld  advantage in ra te  caused 
by the higher steam pressurej 0. 9 arm versus 0.3 atm. This gives 
addltlona] j u s t i f i c a t i o n  for the construction of a gasi f icat ion unit 
which w i l l  allow a study of the ef fect  of steam pressure to 400 psi. 

b. Comparison.of Units l and 2 

The dup l icab i I i ty  of Unit l versus Unit 2 was established with 
coal in Runs J-9793 and 9794. Identical results at a 0.54 gasi f icat ion 
rate constant  were obtained. 

c. Effect of Part ic le Size 

A further attempt to establ!sh the effect of  par t i c le  size was 
made in Run J-9791 but as previously the d i f f i c u l t y  of  test ing has 
clouded the r e s u l t s .  Ac t h i s  t ime i t  appears tha t  the e f f e c t  o f  p a r t i c l e  
s i z e  is minor in the region o f  12/20 to 40/60 mesh and tha t  -200 mesh 
m a t e r i a l  has not been adequate ly  tes ted .  

d. Effect of Temperature 

The e f f e c t  o f  inc reas ing  temperature has led to the most s i g n i f i c a n t  
improvement in ra te  observed to  date.  The r e s u l t s  are summarized in 
the f o l i o w l n  9 t a b l e .  
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Run J- Temperature 
Gasification Rate k 

. . . .  Output Basis 

g794 1750 0.55 
9814 1830 1.29 
9812 1940 2.6 - 3.0 

. , e • , 

The ~O°F ~ump =n temperature from =750 F improved the rate by a factor 
of 2.33 while the 190"F increase to 1940"F upped the gasification 
ra~e by a factor of five. It  should be noted that the temperature 
is that of the molten salt and that the steam-gas product may not be 
at ~his temperature but may be at a ]owe~ temperature. Activation 
energy for these temperature changes calculates to 50 kcaI~ which 
indicates that chemical reaction is controlling. It should also be 
mentioned that carryover of salt did not appear to be any different 
than usual at these higher temperatures. 

e. Effect of Additives 

A homogeneous addi t ive~ potassium carbonate~ and a heterogenous 
add i t i ve :  Fe r r i c  oxide~ were added to the sodium carbonate melt and 
evaluated in separate runs. Potassium carbonate in 1 ~  concentrat ion 
was added because l i t e r a t u r e  ind icates potass~u~ carbonate reacts 
f as te r  w i th  carbon than does sodium carbonate(3). Fer r ;c  oxide has 
been quoted in the ] i t e r a t u r e  as showing c a t a l y t i c  power For the 
carbon-ste6m react ions.  The f e r r i c  oxide~ as supplied by Columbian 
Carbon Cc~pany~ was Mapico 297~ a F ine ly  d iv ided so l id  which is  9~k 
less than one-ha l f  micron in size. Approxlmateiy 1% f e r r i c  ox ide was 
present in the molten sa l t .  

Run J- Add i t i ve  
G a s i f l c i a t i o n  Rate k 

Output. Basis 

9794 None 0.53 
9811 I ~  KzC03 0.6Z 
9813 1% Fe203- 0.62 

The 17% increase in rate is not considered to be a s i g n i f i c a n t  amount 
and i t  would not j u s t i f y  the use o f  r e l a t i v e l y  expensive potassium 
carbonate and d i f f i c u l t l y  useable i ron oxide.  

(~) G. 'L. Putnam, Ind. and Eng. Chem. 30j 1136 (1938). 
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2. Pressure Test  Un i t  

A basic design of a reactor to operate at 1600-2000"F and up to 
4f10 psig has been completed. The foIlowing l i s ts  th.~ pertinent 
physical featu.'es of the reactor vessel: 

!. C y l i n d r i c a l  r eac t i on  space 3 inches in d iameter  by 5 f e e t  
high, 

. A six-inch layer of zirconia refractory to contain the mol ten 
s a l t  as we l l  as to i nsu la te  the s t a i n l e s s  s tee l  she l l  from 
the high r e a c t i o n  temperature~ 

. Heat supplied by passing an electric current between one 
electrode~ which forms the bottom of the reaction chamber~ 
and another  loca ted  in the r e a c t o r  wa l l  at  the one - foo t  
i e v e l ,  

z,. k c e n t r a l l y  located~ v e r t i c a l  i n l e t  p ipe  to i n t roduce  s o l i d  
and gaseous feed components Co the mel t  a t  a leve l  one inch 
above the bottom~ and 

5. Means f o r  measuring temperature a t  any v e r t i c a l  leve l  in the  
system. 

The design has been checked against requirements when studying combustion 
and has been found s a t i s f a c t o r y .  

A process f l owshee t  has been drawn to i nco rpo ra te  the necessary 
feed and product  hand l i ng  F a c i l i ~ i e s j  v a r i a b l e  measurement, and s a f e t y  
f e a t u r e s .  Ranges c f  e x t r i n s i c  v a r i a b l e s  have been s p e c i f i e d  f o r  meter  
and con t ro l  system s i z i n g .  

Both designs have been turned over  to  the p i l o t  p lan t  des ign 
group to prepare d e t a i l e d  f a b r i c a t i o n  and e r e c t i o n  drawings and to 
de termine cos t  and t ime o f  comple t ion .  

B. P r o i e c t i o n s  

G a s i f l c a t i o n  work w;11 e s t a b l i s h  the e f f e c t  o f  b i tuminous coo; 
ash conter=t on ra te .  P re ! ;m ina ry  e v a l u a t i o n  o f  combustion w i l l  a l so  
be made in the a tmospher ic  d n i t .  E f f e c t  o f  carbon in the mel t  on 
the v i s c o s i t y  o f  a me l t  c o n t a i n i n g  coal ash w i l l  be eva lua ted .  
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IV. MECHANICAL DEVELOPMENT 

A. AccG~plishments 

1. Environmental Testlnq of Hiqh Temperature Materials 

All the materials required f o r  Test #3 have been procured and 
the test equipment has been set up. The test specimens having been 
prepared and loaded i n to  the tes t  vessel co~s i s t  o f  th ree samples each 
o f :  

1. RA A~,6 
2. Thermalloy 38 
.~. Zircofrax "0" (carborundum} 
4. Thermal Ioy "28" 
5- Z i r con ia  F]ame Sprayed RA 330 
6. R i rex CB (G ref,:o) 
7. Chrome× B (Harblson-Walker) 
8. Monofrax K-3 (Harbison-Carborundum) 
9. PIonofrax A (Harblson-Carborundum) 

IO. Zirconia Y-1027 (Zirconium Corporation of America) 

2. Coal Feedlnq'Studies 

The exper imental  set  up o u t l i n e d  p r e v i o u s l y  has been modi f ied to 
permit operation with coal as the solid material and nitrogen as the 
transporting medium. Some twenty runs have been conducted with the 
set  up thus modif ied~ at  the f o l l o w i n g  condi t io=,u:  

Pressure in  t r a n s p o r t  tube - i & 20 psig 
Gas V e l o c i t y  in  t r anspo r t  tube - 25~ 30~ 40, & 50 fps 
So l ids  loading (coal )  approx imate ly  - 0.04 t? 0.43 l b / f t 3  o f  N 2 
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The coal used was a bituminous coal with a sieve analysis of: 

Sieve Microns Wt. % 

2O 84O 69.60 
60 25O i7.50 

100 149 ~.53 
20O 74 3.71 
325 44 1.65 
Pan - 

I00.0 

The results of these tests appear as Figures I and 2 

In add~tion~ a star feeder has been designed for  use with the 
bench-scale reactor. A drawing of thls feeder appears as Figure 3. 
All component parts and materials of construction for this feeder 
h a v e  b e e n  o r d e r e d  and a r e  now o n  h a n d .  

B. Pr0iections 

1. Enviroru~enta] .Tesclnq,of Hiqh Temperature,,,Materia~s 

Extended testing of the materials at temperature in the reactor 
w i l l  begin immediately. 

2. Foal Feedinq Studies 

Work wit1 commence on the fabrication of the feeder for the bench 
scale reactor. This feeder w i l l  then be tested for operation prior to 
instal lat ion in the coal feeding system. 
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