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I. INTRODUCTION 

The o b j e c t i v e  o f  t h i s  con t rac t  w i t L  the O f f i c e  of Coal Research is  
to develop the Ke l l ogg  G a s i f i c a t i o n  Process to the po in t  where i t  w i l l  
be able~ on a co~nerc ia l  scale~ to conve r t  coal i~ to  p i p e l i n e  gas a t  a 
cost  o f  50¢/HSCF o r  hydrogen at 25¢/HSCF. F ive  raw m a t e r i a l s  a re  to 
be s tud ied  - -  an an th rac i t e~  a h l g h - v o l a t i l e  b i :umlnous coa l ,  a sub- 
b i tuminous coa ! j  a lTgni te~ and a char .  A l though Kelloggms expe r imen ta l  
work w i l l  noc e ~ e n d  beyond the p r o d u c t i o n  o f  raw syn thes is  gas= the 
ove ra l l  p r o j e c t  must make eng ineer ing  e v a l u a t i o n s  For four  u l t i m a t e  end 
~roducts - -  p i p e l i n e  gasj hydrogen~ s y n t h e s i s  gas, and t r a n s p o r t  gas. 

BasTs f o r  the Kel logg G a s i f i c a t i o n  Process is the r e a c t i o n  between 
steam and f l n e  coal  in a molten sa l t  bath to form syn thes is  gas~ a 
• , i x t u r e  o f  hydrogen and carbon monoxide, accord ing  to the r e a c t i o n :  

C + H20 + h e a t - - - - ~  .H 2 + CO 
(coal )  (steam) ( s y n t h e s i s  gas) 

The necessary heat  o f  reac t i on  is supp l i ed  by c i r c u l a t i n g  a heated 
molten sa l t  s t ream. In add i t ion~ the w~ I ten  s a l t  m ix ture  is chosen 
to ca ta l yze  the g a s i f i c a t i o n  reac t i on  so tha t  i t  may be c a r r i e d  ou t  a t  
a r e l a t i v e l y  low t ~ p e r a t u r e .  

The program is d i v i d e d  in to  th ree  phases o f  study ex tend ing  ove r  
a f i v e - y e a r  pe r i od .  Phase I~ which is now in progress,  invol.'s"~ seve ra l  
concur ren t  e f f o r t s :  

I .  

Z. 

Bench-sca le  process research - -  to i n v e s t i g a t e  mel t  p r o p e r t i e s ,  
r e a c t i o n  k ;ne t i c s~  and the e f f e c t  o f  process v a r i a b l e s .  

Chemical engineer i .ng s t~d les  and development - -  to  de te rm ine  
the optimum process f lowsheet  and ope ra t i ng  c o n d i t i o n s  and 
to c c o r d l n a t e  exper imenta l  wcrk  w i t h  ove ra l l  p r o j e c t  o b j e c t i v e s .  

. Hechanica l  development - -  to f i n d  acceptab le  m a t e r i a l s  o f  
c o n s t r u c t i o n  and develop techn iques  f o r  handl ing the mol ten  
~e l t  and powdered coal .  
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Phase I w l i |  be concluded by the design of a p i l o t  plant to gas i fy  
24 tons of coa] per day, i f  i t  is found that a p l ] o t  plant program is 
j u s t i f i e d  by the bench-scale experimentation and economic s t u d i e s .  

Phase II wi]1 be devoted largely to the const ruc t ion  and operat ion 
of  a p i l o t  plant to convert a va r ie ty  of raw mater ia ls  into raw 
synthes;5 gas. The e f f ec t  of  operatlng var iab les found to be s i gn i f i can t  
;n Phase I w i l !  be invest igated to obtain data fo r  design of a commercial 
plant. 

Phase I1! w711 |nvolve the detai led process design of a commercial 
p lant  to produce 250 m i l l i o n  standard cubic Feet a day of  product gas, 
inc luding cost estimates and p,~jected economics For those areas of 
the country that appear to 3 f r e t  commercla] p o s s i b i l i t i e s .  
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I I .  SUMMARY 

This progress report is the fifteenth since the awarding of the 
contract. I t  is concerned with the f i r s t  phase of the contract and 
outlines the progress that has been made in the three main areas now 
being studied: process researchj chemical engineering studies, and 
mechanical development. 

In a commercial plant employing molten salt gasification, i t  is 
proposed to burn coal in direct contact with the melt (molten salt 
plus coal ash) to provide the heat necessary for gasification. I t  is 
impor tant  to the economics tha t  t h i s  combustion produce C02, not CO, 
even though Tt takes place in the presence of excess carbon~ and that 
the heat o f  combustion be l i b e r a t e d  in the mel t  and not in the gas 
space above i t .  A combustion experiment was carried out using a long 
probe :o sample the combustion gas just above the melt surface. It 
was Found that at the beginning of the runj with 5~.. carbon in the melt, 
about 75% of the carbon burned was producing CO 2 in the melt, as 
des;red. By the time the carbon concentration had dropped to ~ . ~  
no more CO was bein9 produced. These results Bre quite encouraging. 
The economic effect of the worst condition observed, i.e. I/4 of the 
carbon producing CC, wil l  be evaluated. 

A second combustion exper iment  in which s i l i c a  was added to =he 
molten s a l t  y ie lded  the same combustion ra te  as fo r  pure sodium 
carbonate,  i n d i c a t i n g  that  the apparent c a t a l y t i c  e f f e c t  o f  coal ash 
cannot be a t t r i b u t e d  to i t s  s i l i c a  content .  

A ques t ion  was ra ised some t ime ago concerning the t rue  reac t ion  
tempera:ure for gasification experiments. Calculation of water-gas 
shift equilibrium consten:s for a number of re{Is indicated that the 
g~slfying medium (steam) m~y fa l l  short by several hundred degrees 
Fahrenheit of achieving the melt temperature, which is reported as the 
temperature of the experiment. The true reaction te~.:)erature might 
then be open to quest ion.  Thls  problem has been reso lved by mod i fy ing  
the exper imenta l  equ;pment to preheat  the feed steam to 1500 - 1600"F 
before i t  enters the melt. Gasification rates were not affected by 
such preheat. It  was concluded chat the measured melt temperature is~ 
within the experi~enta| limits imposed on temperature measurement, the 
true reaction temperature. 
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The e f f e c t  o f  bed he ight  on rate o f  g a s i f i c a t i o n  was s tud ied by 
vary ing  the qu iescent  melt depth from 4 to 8 to 12 inches wh i l e  
ma in ta in ing  the same q u a n t i t y  (but not concent ra t ion)  o f  carbon in  the 
m e l t .  The s p e c i f i c  ra te  o f  9 a s i f i c a t i o n  (pounds g a s i f i e d  per hour per 
pound present) d id  not change~ i n d i c a t i n g  no d e t e r i o r a t i o n  o f  ra te  in 
deeper beds due to poorer gas-melt con tac t i ng .  On the o ther  hand~ when 
bed height  :~s  increased wh i l e  ho]d ing carbon concent ra t ion  cons tan t ,  
the s p e c i f i c  ra te  decreased by about 2 ~  a l though the q u a n t i t y  o f  car~on 
gas i f i ed  was l a rge r .  The cause of  the d e c l i n e  is not known~ whether 
i t  be poorer con tac t i ng  or  the e f f ec t  o f  |ower steam p a r t i a l  pressure 
due to h igher  steam consumption. Fur ther  study is p|anned: 

The effect of changing feed steam par t ia l  pressure from 0.9 to 0,3 
otmosphere at  iB40°F in an 8 - inch  bed appears to be sma|ler than tha t  
at 1750 F in a 4-inch bed. This w i l l  also bear further investigation. 

Plans are in progress for  modi fy ing the present lnconel reac tor  
system so that  g a s i f i c a t i o n  and combustion experiments can be c a r r i e d  
out at pressures up to 60 ps ia .  Cons idera t ion  w i l l  be given to a s tudy 
o f  thu ~ f fec t  o f  gas composit ion on g a s i f i c a t i o n  k i n e t i c s ,  

The recovery o f  sodium values from mel ts  prepared at  1700 and 1900"F 
con ta in ing  5 - I ~  ash and 0 - I ~  b i tuminous coke was s tud ied ,  A f t e r  
d i s s o l u t i o n  of  sodium carbonate~ the res idue o f  coal and coke was 
washed w i th  sodium bicarbonate s o l u t i o n  and water in  ra t i os  s imu la t i ng  
commercial ope ra t i on .  Sodium ]osses in the washed residue~ which would 
be discarded in cor~mercial operat ion~ were much h igher  than in  e a r l i e r  
experiments in which much la rger  q u a n t i t i e s  o f  wash water were used. 
One o f  the e a r l i e r  experiments was then repeated~ y i e l d i n g  e x c e l l e n t  
r e p r o d u c l b i I i t y .  I t  was concluded tha t  the manner o f  washing and q u a n t i t y  
of wash i l q u o r  used are c r i t i c a l  f ac to rs  that  cannot be adequately 
d=J~onstra~ed on the labora to ry  scale.  Because the loss o f  sodium is  
a v i~a] econ~nic factor~ f u r t h e r  s tud ies  o f  t h l s  problem on a la rger  
scale ~111 be considered.  

The process design of  a p lan t  to produce 250 m i l l l o n  standard 
cubic feet per day o f  900-Btu gas from sub-bi tuminous coal was 
s u b s t a n t i a l l y  completed. Insofar  as poss ib le  the design is based on 
recent e>'perimental data. Estimated t o t a l  investment fo r  the process 
p lan t  (not i n c l u d i n g  o f f s i t e  f a c i l i t i e s )  is  about 120 m i l l i o n  d o l l a r s ,  
;~s product ion costs not i nc lud ing  any r e t u r n  on investment~ from $2-per 
ton coal (8¢/MM Btu) is  abou~ 40¢/MSCF. The economic e f f e c t  o f  changing 
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several  operat ing parameters was Inves t iga ted  and w | ] l  be cont inued 
next month. A s i m i l a r  design and economTc study based on bituminous 
coal w;11 be cont inued. 

Corrosion tes ts  in c ruc i b l es  and in the cor ros ion  tes t  un i t  have 
shown the:  z i r con la  8-D~ the 25%-porosi ty commerclal form~ is not a 
s a t i s f a c t o r y  mater ia l  o f  cons t ruc t i on  Tn contact w~th the melt under 
g a s i f i e r  condTt ions.  Nor is a 9 ~  alumina r e f r a c t o r y .  Samples of  
h lgh-dens i :y~  ~used 9 ~  alumina from several manufacturers have shown 
good resTstance 3 howuver~ even in such a severe environment as fused 
NaOH at  1400°F. Fur ther  tes ts  oF th i s  mater ia]  are planned. 

Ma te r ia l s  considered for use as e lec t rodes in the proposed h igh-  
pressure reactor  were tested in the cor ros ion tes t  un i t  under actua l  
g a s i f i c a t i o n  cond i t i ons .  RA600 appeared to be s a t i s f a c t o r y  a f t e r  48 
hours at  ]800"F and a cur ren t  dens i t y  of  40 amps/~n.2 of  e lec t rode .  

The corrosion tes t  reac to r  vessel Fai led a f t e r  1200 hours o f  
serv ;ce  at atmospheric pressure and is b~in9 replaced. 
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I I I .  PROCESS RESEARCH 

A. Accompli, shments 

1. Combustion Stud ies  

In one combust ion run (J -98~5) ,  the a d d i t i o n  o f  4% sodium 
s i l i c a t e  to the mel t  was made to  determine i f  s i l i c a  in ash was 
~ s p o n s l b l e  f o r  the enhanced combustion ra tes  when ash ~as present  
in 'he me l t .  The combustion ra te  constant  f o r  t h i s  run was 0.37~ 
in ~uod agreement w i t h  the  standard run c¢:~stant o f  0.43~ i n d l c a t l n g  
no p o s i t i v e  e f f e c t  on combust ion. 

In the second combustion run (J -9851) ,  a probe sampter was 
employed to o b t a i n  samples o f  gas j u s t  above the mel t  su r face  in 
o rder  to e s t a b l i s h  whether carbon was burn ing to  carbon monoxide o r  
to carbon d i o x i d e  in the me l t .  In prev ious runs on l y  carbon d i o x i d e  
~9peared in the e x i t  gas from. the u n i t  when s u f f | c t e n t  combust ion 
a i r  was presen¢. The r e s u l t s  o f  the run are  g iven  in the f o ] l o w i n g  
t a b u l a t i o n .  
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Time % in Probe Product 

m in____~ Operation CO2 C_~O 02 

-5 ist Coke chaEge 
0 Air in - - - 

5 6.5 2~0 15.0 
15 5.0 1.0 14.5 

25 5.5 tr 15.0 

40 Air out, 

N 2 only - - 
142 N 2 • 0.05 

FPS 0.5 4.5 

152 N 2 ~. 0 . 2 5  
FPS 0.5 3.0 

155 2nd Coke charge - - 
160 (G) Air in - - 

0 

0 
w 

m 

Ratio 

eo2/_.  

m 

3 . 3  
5 . 0  

55 + 

Approximate % 
Carbon Lef t  in Melt  

!00 
95 
82 
70 

52 

36 
135 

135 

6 13.0 7.0 5.5 

23 12.5 2.0- 7.0 

32 11.5 0.5 7.5 
44 iI. 5 tr 7.0 

1 . 9  
6 . 3  

23 
115 + 

! 2 6  
97 
83 
65 
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The probe worked well and showed that carbon monoxide 
was being evolved from the melt but that it decreased to a 
trace in time while the carbon dioxide stayed at a high level. 
Two coke charges were made which behaved essentially the ~ame 
except for the change in level of the gases and the time to 
reach a trace of carbon monoxide. This was probably due to the 
higher carbon concentration after the second coke addition. 
It does appear that when the carbon concentration reached 
about 3.5% in the melt (7~I of 5% initially in the m~it) 
the production of carbon monoxide ceased. Also noted is the 
reaction of carbon with sodium carbonate to produce carbon 
monoxide when only nitrogen is bled through the melt. Some 
of the carbon monoxide during combustion maybe produced by 
this reaction. These results lead to the postulation that 
under steady state conditions the major combustion product 
will be carbon dioxide and only a minor amount of carbon will 
gc to carbon monoxide. 

2. Gasification Studies 

The data on eight gasification runs are presented 
in Table I. Essentially the effec# upon gasification rate 
of feed steam preheat, bed height~ and steam concentration 
were studied. 

The unit was modified as follows: steam as prepared in 
the generator was passed into a 20-ft. long ¼" O.D. tubing 
coil placed in a 3" I.D. by 12"-long furnace~ then into the 
reactor through a transfer line ~nich was wound with resistance 
wire to maintain temperature. A thermocouple was placed into 
the preheated steam-nitrogen gas stream just at the entrance 
of the reactor. Another safety couple measured the skin temper- 
ature of the transfer tubing. 

The results of using maximum preheat , giving a steam-nitrouen 
temperature of about 1500 to 1600°F going into the inlet tubing 
i~ the reactor~ are shown in runs 9843~ 9844 and 9846. The 
specific gasification rate constants are compared in the following 
tabulation with those of earlier 2uns ~ithout preheat. The 
results show that no major effect of preheat, as applied~ appears 
evident from the data at 1730 and 1840°F. 
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Table I 
Gasification of Bituminous qoal in M.o!ten Na2Cg~ / 1 /  

Run No. J- 9843 9S44 9846 9847 9848 9849 9850 9652 
Da~e of Run-1965 9/30 10/5 10/11 10/13 10/15 10/19 10/21 10/27 

Feed ............ Bituminous Coal ............. .-~ ............... 
% Total Carbon 81.3 
% Volatiles 
% Ash 
gm~. charged 
mesh size 

gms. Na2CO 3 
,% C Jn melt 
B~d Hr.-inches 

37.3 
3;9 

............. 20 ............... 40 20 20 20 

..................... 12/20 -. _ . ........... 
......... 414 .... 828 828 828 1242 828 

..... 3.8 ......... 1.9 3.8 1.9 1.3 1.9 

.............. 4 ........ 8 8 8 12 8 

Conditions 

Temp. ~F. 1730 1840 1640 1840 1840 (1840) 1876 1840 
% steam in N 2 ...... 90 ............ &'---30 90 30 
Preheater Temp. °F 1520 1580 1560 780 670 " 730 660 750 

Min. to ~ CO 85 55 175 55 85 95 55 85 
Total Run-rain. 85 65 175 65 85 95 55 85 

-- Results 

% C to CO + CO 2 80.2 86.6 129.8 I08.3 96.9 109.9 112.5 ii1.6 
% C to CI-C 8.0 4.8 14.8 3.1 4.8 12.5 14.6 4.8 
% C to tar,~tc. 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 
Total % C _~4 97 150 117 107 128 133 122 

. Spec. Gasif. Rate Constant 

Basis input 0.67 1.13 0.67 1.29 1.00 1.13 1.80 0.95 

"Rate 
ibs.C gasif./hr/CF 

at 10% C in bed 21 35 22 40 31 35 56 30 
at 5% C in bed 10 17 I0 19 15 17 27 14 

-Salt carryover-gms. 8.2 13.0 19.4 11.4 12.0 9.0 10.4 4.7 

"~!/ A=m. Pres., 0.5 ft/sec, superficial gas velocity. 
o. 
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Gasification Rate Constant 

Temp. oF t Without Preheat With Preheat 

1640 0.2 /i/ 0.67 
1730 0.55 0.67 
1840 1.29 1.13 

/I/ Estimated 

It is indicated that at 1640°F preheat may show an advantage, 
however the very high carbon balance on this run complicates 
the result. The high carbon balance is the result of an 
abnormal release of carbon dioxide from the melt. 

Calculations based upon the water gas shift reaction 
and comparison to known equilibrium data were used to attempt 
an insight into the actual gas phase temperature. The water 
gas shift reaction is: 

C02 + H 2 = CO + H20 

The results of direct comparisons of preheat versus non-preheat 
runs are shown in Figure !. At 1840°P the results indicate 
the approach to equilibrium to be about the same. However, at 
1740°F, the preheated inlet gas run shows a definite advantage 
in approaching water gas reaction equilibrium. It is indicated 
therefore, that preheating of the steam may have a beneficial 
effect at lower salt temperatures in this system. Based upon 
this work and the use of higher temperatures in our studies, 
further runs were made dropping the preheat temperature to about 
700"F in order to ease the freezing of fittings and difficulties 
associated with high temperatures in transfer lines. 
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The next series of runs studied the effect of bed height 
on the gasification rate constant. Since some of the earlier 

simulated gas-liquid contacting experiments indicated 
~ormation of large bubbles a few inches above the aas 
inlet, in a 3-inch tube; the bed height w~s pushed from 4 to 8 
to 12 inches in the 2_inch reactor with good success in operation. 
Although the run at highest bed height Was~at a higher.~emper~ture 

due to a faulty thermocouple Which was discovered in time, a 
correlation of temperature and rate constant allowed comparison 
of this run with the others. As shown in the following tabulation, 
the rate constnnt was constant for the three bed heights in- 
dicating no adverse effects of gas-melt contacting on the rate 
sp to the 12-inch level. A temperature profile indicated an actual 
e>~andcd bed height of 15 to 16 inches for a bed which is only 12" 
deep when quiescent. 

Molten Salt 
Bed Height-inches 

Gasif. Rate Constant 
k 

4 i.29 
8 1.29 

12 l. 24 

In run J-9848~ the initial carbon concentration in the 
8-inch molten salt bed was made equal to the normal concentration 
in a 4-inch bed, namely 3.8°~. The reaction rate constant for 
this run was only 78% of the standard~ indicating an effect 
due to the higher steam consumption~ which gave a lower 
concentration of steam. This matter will be investigated 
further. 

With an 8-inch bed, steam pressure was lowered to 0.3 
atmosphere in run 9849. T~e specific gasification rate constant 
of 1.13 appeared to be high based on prior data and since in 
the next run, the thermocouple was found to be 
reading low, the true temperature of this run ~ecame suspect. 

The run was then ~epeated with new thermocoup!es in J-9852, and 
~-h~ ~-eue constant for 0.3 arm. steam at !840°F in an 8-inch 
bed was 0.95, in reasonable agreement with the 1.13. Further 
work is contemplated for the effect of steam pressure on the 
rate. It does appear that changing steam pressure from 0.3 to 
0.9 atmosphere at !840°F in an 8-ihch bed does not have the 
offect it did at a lower temperature and bed height. 
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3. Viscosity Measure~..ents 

At the request of Chemical Engineer ing 3 v i s c o s i t i e s  o f  me l ts  
con ta in ing  4 and ~ bituminous coal ash w i th  and w i thou t  b i tuminous 
coke present  at 1700 and 1900"F were est imated from the data presented 
in Progress ~¢port  13 (August 31. 1965) and the l i t e r a t u r e  va lues fo r  
pure Na2C03(I) .  The v l s c o s i t i e s ' f o r  t h i s  non-Newtonlan system apply 
to shear ra tes equ iva lent  to lO to 50 RPM on the B rook f i e ld  v iscometer  
and are to be considered as approximate only .  The data are presented 
;n the Fol lowing table.  These data are considered to be s u f f i c i e n t l y  
reliable for use in preliminary design studies. 

V iscos i t y  in cp a t  
% As.____..h % Coke ~ 

4 - ~I-19 5-6 

8 /,d4-10o 21-30 

5 60-140 30-~  

8 5 190-415 100-155 

4. Sodium Carbonate Recovery 

Add i t i ona l  sodium recovery tes ts  were run on mel ts  con ta in i ng  
coal ash and carbon usin 9 commercial design q u a n t i t i e ~  of  wash so l u t i on .  
The mel ts  were prepared by mix ing molten sodium carbonate w i t h  bi tuminous 
coal ash using carbon d iox ide gas For about s ix  hours, then n i t r ogen  
replaced the CO 2 and bituminous coke was added in small amounts as 
rap id l y  as the melt  would a~1ow w i thou t  f r o th ing  over.  This  took about 
30 minutes.  This melt was s o l i d i f i e d  and ground to g ive 12/20 mesh 
mate r ia l  fo r  the wash tes ts .  F i r s t  the so l i d  was t reated w i t h  9% 
NaHCO 3 s o l u t i o n  in the normal manner (6/1 l i qu i d  to s o l i d  r a t i o  a t  the 
b o i l i n g  po in t  fo r  10 minutes) and f i l t e r e d .  The residue was washed 
=vith 3/1 hot water to so l id  r a t i o  in one case and in a second ¢ase 
i~ was t rea ted  w i t h  a s im i l a r  r a t i o  o f  ~ NaHCO 3 s o l u t i o n  fo l lowed by 

(1) Molten Sa l t  Data by G. J. Janz~ A. T. Ward~ and R. D. Reeves, 
Rensselaer Poly. I n s t . ,  1964. 
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hot water .  Th is  res idue I so l i d  was dr ied3 weighad~ and analyzed f o r  
sodium. Thus the percent  o f  sodium l o s t  in  res idue 1j a product to  
be discarded in the commercial scheme~ can be ca lcu la ted ,  The c o n d i t i o n s  
o f  i n t e r e s t  and the r e s u l t s  are given in  the f o l l ow ing  tab le .  

Melt Temp. Mat ter  Added Wash % Sodium Lost  
"F % Ash % C o k e  Cond i t ions  in  Residue I 

1700 I0 5 H20 8.16 
1700 10 5 NaHC03 and H20 6.55 

I900 IO 5 H20 19.2 
1900 10 5 NaHCO 3 and H20 19.2 

1700 l0 I0 H20 7.47 
1700 I0 IO NaHCO) and H20 5.02 

1700 5 - H20 2.43 
1700 5 I0 H20 3.12 

A number o f  t e n t a t i v e  conc lus ions can be drawn from these data.  
The amount of  sodium re ten t i on  in  res i6ue 1 was most severe w i t h  the 
h igher  temperature me l t ,  The double wash was b e t t e r  than the s i n g l e  
wash at  the lower temperature on ly .  Sodium recovery was b e t t e r  from 
a lower ash content  mel t  w i t h  or  w i t hou t  coke present .  The e f f e c t  
o f  5 versus 1 ~  coke in a melt con ta i n i ng  1 ~  ash was s l i g h t l y  b e t t e r  
on sodium loss at  the h igher  coke leve l~  an unexpected r e s u l t  which 
may be w i t h i n  the range o f  experimental e r r o r .  

A l l  the r e s u l t s  at  l ~  ash gave less  than 9 ~  sodium recovery~ 
which is probably  uneconomic, To determine whether be t t e r  sodium 
recovery could be obtained~ two a d d i t l o n a l  runs were made. F i r s %  an 
x - ray  pa t te rn  on res idue  I from the h igh- tempera ture  melt  showed 
NazCO3"H20 to be present .  Tnls ma te r ia l  should have d lsso lv=d in  the 
wash~ thus i n d i c a t i n g  the wash t reatment  was i n s u f f i c i e n t .  I t  was 
reasoned that  the a d d i t i o n  o f  coke us ing  n i t r ogen  may have a l lowed 
ash-sodium carbonate reactions to occur to a greater extent than i f  
carbon dioxide was present to depress this reaction, 

The 1900"F runs were repeated using carbon dioxide throughout the 
mui:-ash-coke mixing period. Washing residue t with hot water at 3/] 
r a t i o  resu l ted  in  8 . 9 ~  sodium loss j  w h i l e  the ~ouble NaHCO3-H20 wash 
each at 3/1 r a t i o  gave 8.3~/o sodium loss .  Ne i the r  one o f  these res idues  
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were consldered to be washed proper ly .  The Favorable presence of  carbon 
d iox ide  during mixing is wel l  demonstrated. However, the s t i l l  hlgh 
sodium retent ion by the residue was believed to be due to the poor 
washing res t r i c t i on .  Residue I showing 8.9~'~ sodium loss was washed 
wi th a large amount of  hot w~ter (200 ml. of H20 For about ~ grams of 
rus ldue).  Weight loss was assumed to be due to sodium carbonate only.  
Th:s indicated the sodium loss to be only ~.2~ and demonstrated that 
su i tab le  sodium recoveries are possible providing washing is  properly 
done. I t  is believed that under the res t r i c ted  Laborator~ condit ions 
and the small-scale, commercial-type washing cannot be simulated or 
achleved~ thus poor sodium recoveries w i l l  be inheren t ly  obtained as 
shown above. Large-scale work on sodium recovery is indicated. 

5. Corrosion Tes~F 

Addit ional  small s t a t l c  corrosio~ tests were made on coupons of  
z i r con ia  Y-1027~ the dense non-porous Form, and on 8-D: the tom ; rc ia l  
2~ -po ros i~y  Form. Zi rconia Y-1027 corroded at a rate of  0.09 IPY 
in an 1800 F sodium carbonate melt ,  wi th a C02 atmosphere, for 95 
hours. Si ; icop n i t r i d e ,  which was also present, d isso lved.  The 
same z i rconia Y-1027 corroded at a rate of  0.3 IPY in an 1800"F melt 
o f  sodium s l ] i ca te  with a minor amount of sodium carbonate and in a 
~O 2 atmosphere For 26 hours. These and the previous tests quoted in 
last  month's summary led to the conclusion that a l k a l i  attacked and 
=issolved the z i rconia in Test 4 reported by Mechanica] Development. 
Gross amounts of  ~ lka l ;  ~ppeared to De l iberated by react ion of the 
melt w i th  some of the Other substances present such as s i l l c o n  n i t r i d e ,  
moIybdenc~n, and tungsten. 

Co+lpons of the porous z i r con ia  8-D exhib i ted much less resistance 
to corra3ion than Y-!O27. A sample of 8-9 in 95~Na~CO~-5%Na0H melt 
For 17 hours at 1800 F corroded at a rate of 0.7 IPY-an~ appeared 
r o  be sof t  and Fr iable.  A s im i l a r  sample c~ ,p le te |y  d is in tegra ted in 
a sodium hydroxide melt ac 1400"F in 17 hours. These resu l t s  indicate 
that 8-D z i rconia shouid not be used in contact ~ i t h  the molten sa l t  
bath in the design of the hlgh-pressure gas i f i e r .  

Two alum|ha cOuoOnS were evaluated For resistance against sodium 
ny~roxlde~ ~he most react ive const i tuent  ;n the molten s a l t .  Honofrax H~ 
a 9 ~  alumina ceramic mater ia la was badly corroded by sodium hydroxide 
in 16 hours at 140g*F. Only 36% by weight of  the coupon remained, 
the rest  d is integrated through swel l lng and decrep i ta t ion  during washing. 
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This i n d i c a t e s  tha t  t h i s  mater ia l  w i l l  not be s a t i s f a c t o r y  f o r  reac to r  
se rv i ce .  The second ceramic, Coors Fused 9 ~  alumina= showed remarkable 
res l s tance j  o n l y  0.33 IPY co r ros ion  ra te  in molten sodium hydrox ide  
in 17 hours a t  l&OO-F. This mate r ia l  remained s t r u c t u r a l l y  hard 
and appears to be a good choice For reac tor  se rv i ce .  

A magnesia c r u c i b l e  mater ia l  was evaluated fo r  res is tance  to 
a l k a i i  and sodium carbonate in o v e r n i g h t  tes ts  at  l~OO*F and |800°F~ 
r e s p e c t i v e l y .  In sodium carbonate the magnesia ceramic w i ths tood  
co r ros ion  s a t i s f a c t o r i l y j  but in sodium hydrox ide i t  appeared tha t  
the b inder  mate r ia l  was d isso lved and a weak, crumbly s t r u c t u r e  was 
le~ t .  From t h i s  work, it i s  be l ieved  that  magnesia i s  a lso  a p o s s i b ; l i t y  
For reac tor  se rv i ce  but the magnesia should not be bound by s i l i c e o u s  
mat te r .  

B. Pro~ect ions 

Present plans c a l l  For u t i l i z i n g  the present  In tone]  reac to r  
s y s c e ~ w ; t h  proper sa fe ty  and pressure mod l f i ca t l ons  to i t s  maximum 
pressure o f  3 atmospheres gage (60 p s i a ) .  Fur ther  combustion s tud ies  
w ; | l  be made to determine heat t r a n s f e r  r e l a t l o n s h l p s  through temperature 
p r o f i ] e s  au tomat i ca ] ] y  recorded. Cons idera t ion  w ; l l  be g iven to a 
study o f  the e f f e c t  o f  recycle gas on the k i n e t i c s  o f  g a s i f | c a c ; o n .  
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IV. CHEMICAL ENGINEERING STUDIES.AND OEVELOPHENT 

A. Accomplishment~ 

Preparat ion o f  the process f lowsheet f o r  p i p e l i n e  9as. frem 
sub-bi tuminous coa l ,  u t i l i z i n g  recent exper;rnental data, has been 
s u b s t a n t ; a | i y  completed. The f i n d i n g  reported l as t  month~ that  so 
much excess steem is a v a i l a b l e  from the p l an t  as to  i n f l uence  the 
choice o f  optimum gas p u r i f i c a t i o n  process, has turned out  to be 
err~,,¢ous. The F?.~or Solvent C02 R~--~oval Process i~ s t i l l  the most 
economicai~ as concluded in Progress Report No. l l - - ) .  Excess steam 
w i l l  be a v a i l a b l e ,  but not enough to d i c t a t e  se l ec t i on  o f  the Shel l  
Su lF ino l  Process, which can compete w i th  F luor  in  t h i s  a p p l i c a t i o n  
on ly  iF steam is f ree.  

A p re l im ina ry  est imate o f  investment f o r  a p lan t  producing 
250 HM SCFD of  900 - Btu p i p e l i n e  gas from sub-bi tuminous coal is  
present¢d in Tab]e I f .  Estimated gas product ion cost is  presented 
in tab le  I l l  fo r  the f o l l o w i n g  basis :  

I. melt temperature in gasi f ier  = ]830"F 

2. melt temperature in combustor = 1900"F 

3. 4% coal in melt 

~. 8=/o ash in  melt 

5. 9 ~  carbon u t i l i z a t i o n  

6. 2.4% Na2C03 loss per pass through ash removal system 

7. vo lumet r i c  ra te  o f  g a s i f i c a t i o n  and combustion = 15 l b / h r  f t . 3  
(k = 1.6) 

B. steam/carbon r a t i o  in gasIf ier = 2 Ib/ lb 

(2) Progress Report No. ! I  3 June 30j 19653 p. 5- 
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TABLE II  

ESTIHATED CAPITAL INVESTMENT 

PIPELINE GAS FR0~ SUB-BITUHINOUS COAL 

Basis: 250 HH SCFD of 900-BTU Product 6as 

,Descrlp~on 

Coal Storage and Preparation 

Gasif icat ion 

Water-Gas Shi f t  

Gas Purif |ca¢ion 

Hethanation 

Ash Removal 

Interest during Construction 

Inves~nentj 
mi l l ions of dol lars 

i3 

58 

7 

22 

11 

3 

Total Fixed Investment 11.9 

Working Capital 

Total Capital Investment 124 
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TABLE I I I  

ESTIMATED GAS PRODUCTION COSTS 

PIPELINE GAS FRON SUB-BI.TUM, INOUS COAL 

Basis: 250 MM SCFD of  900-BTU Product Gas 
90% stream fac to r  
Higher heating value of  coal = t2,720 BTU/Lb. 

item 

Coal a t  $2/con 

U t ; l l t l e s : .  

Boiler feed water 

Cooling water & process water 

Cata lysts  & Chemicals: 

Na2CO ~ at 1.55¢/Ib, 

Methaqation catalyst 

Gas p u r i f i c a t i o n  chemicals 

Operating labor a t  $3.20/man-hour 

Overhead at 80% of  operat ing labor 

; i xed  charges at 11,15% of  f i xed  investment 

~/MSCF .,of Product Gas 

13.6 

2.7 

1.6 

1.7  

1.4 

0.4 

1.6 

1.3 

16..__~2 

Total Gas Production Cost 40.5 
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9. combustion d l r e c t l y  to CO 2 in combustor mel t  

I0.  f l u e  gas leaves combustor ~ t  2200"F 

The method o f  c a l c c l a t i o n  is  t ha t  suggested by OCR(3),. but  in  abbrev ia ted 
form fo r  these p r e l i m i n a r y  f i g u r e s .  

Actually such a plant would be completely self-sufficient~ having 
fac i l i t ies  for providing steam3 power~ cooling water 3 boiIec feedwater~ 
f i r e  o r o t e c t i o n j  e tc .  The cost  of  such f a c i l i t i e s  has not ye t  been 
est imated and would~ of  course~ increase t o t a l  p lan t  investment,  On 
the other  hand 2 the u n l t  charges made fo r  u t i l i t i e s  In c a l ~ u l a t i n g  
product ion cost  would no longer be necessary; t h i s  would tend to 
balance the increased investment.  

Several a l t e r n a t i v e s  to the above base case have been s tud ied  
so far: 

. 

. 

IF ash concent ra t ion  in  melt  is  reduced from 8 to4%~ 
investment and u t i l i t i e s  fo r  the ash rerr~val system increase 
and more coal is  ;os t  from the system3 r e s u l t i n g  in  a 
1.3¢/MSCF increase in gas product ion cost .  

I f  rates of combustion and gasification are found to increase 
w i t h  the square root  o f  t o ta l  pressure (no exper imenta l  data 
yet  a v a i l a b l e  at  h igh pressure)~ gas product ion cos t  should 
be 1.5¢/MSCF lower. 

3. I f  steam/carbon r a t i o  in  the g a s i f i e r  is  3 l b / l b  ins tead 
of 2~ ga~ croduct ion cost  wil l  increase by 4.5¢/MSCF. 

B. Pro i ec t i ons  

The process flowsheet for p i p e l i n e  gas from sub-b l tumlnous coal 
wi l l  be completed, A more-detailed estimate of capital costs for this 
case w i l l  be prepared, The e f f e c t  o f  several  o ther  process assumptions 
~ d  ooera t ing  parameters w i l l  be i nves t i ga ted .  

C c l c u l a t i o n s  f o r  a s i m i l a r  case based on b i tuminous coal w i l l  be 
continued. 

(3) Of f i ce  o f  Coal Research~ '~Tentat ive Standard fo r  Cost Es t imat ing  
o f  investor-Owned Plants f o r  Producin 9 P ipe l i ne  Gas from Coa]~" 
June 4, 1965. 
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V. MECHANI~J~L DEVELOPMENT 

A. Acc..omplishments 

I. Envi£onmental Testinq o f  Hiqh-Temperature.Raterlals 

Further evaluat ion 3f the Monofrax "A" samples from Corrosion Test #4 
indicates l i t t l e  corrosion,  These samples seem'a '~ 's t ron~ 's  before the 
~est and show only a d isco lo ra t ion  to d i f f e r e n t i a t e  the tested samples 
From the '~s received ='. 

During th is  report  periodj a program was undertaken to determine 
a mater ia l  to be used as a heating electrode in the proposed high- 
pressure reactor.  Test #5 was conducted using a 3/16"-diameter carbon 
electrode placed in the melt and carry ing a current  of 40 amps/in. 2 
of electrode ~ubrnerged. This electrode suffered an almost immediate 
mechanical f a i l u r e  at a point where the carbon was jo ined to a supporting 
metal rod. 

Test #6 was begun immed;atelyj using a l /4" -d iameter  rod of  
RA 600 as an e lect rode.  This again carr ied 40 amp/in. 2 of submerged 
electrode area. In addlt ion~ three s~mples of  z i rconla 8-O were placed 
Tn the reactor For Test #6. A f te r  ~ocroximately 48 hours at temperature, 
the electrode and samples were removed and examined. The diameter of  
the electrode had not change~ and there was no ind ica t ion  of appreciable 
corrosion along i t s  length. I t  had~ however, shortened in overa l l  
Iength~ due probably to arcing =t the l i qu i d  in ter face as the surface 
of the melt f e l ]  below the ~lectTode. (Due to bui ldup of  splashed 
~el t  on the upper wal ls  of the react ion j  the level of  the melt s lowly 
Fal ls.  This p a r t i a l l y  so l id  deposit must p e r i o d i c a l l y  be scraped 
back into the melt to restore i t s  proper l eve l . )  

Of the z i rcon ia  8-D 3 only the sample that  had been in the gas 
~pace remained; the others t,3d completely disappeared. Thl¢ one 
ren~aining sample was badly corroded. 

Short ly a f t e r  the completion of Test #6~ whi le the reactor was bein~ 
cleaned and recharged wi th  Fresh mel~ several Fa i r l y  large holes opened 
in the sides of the reactor  above the melt .  This damage is such that  i t  
is not Feasible to repa i r  the reactor.  Total usage of th is  reactor was 
approximately !~200 hours. 



THE M.W. KELLOGG COMPANY 
A DIVISION OF PULLMAN INCORPORATEO 

R¢ICAMCN & O[VE~OPMENT O | P ~ M T M | N T  

PAeE gOo 23 

nB'.T .0. 15 

2. Coal Feedina Studies 

The bench-scale coal feeder i n l e t  sea! and ro to r  assembly were 
modi f ied to b e t t e r  handle the la rges t  o a r t l c i e  s izes  (10 mesh) a n t i c i p a t e d  
and provide a b e t t e r  "b low-by I! seal f o r  the smal les t  p a r t i c l e s  (200 
mesh). Fu l l  range c a l i b r a t i o n  at  pressure and temperature is  c u r r e n t l y  
underway. Pre | im inary  r e s u l t s  i nd i ca te  the mlnor d i f f i c u l t i e s  w l t h  
Feeding the la rges t  p a r t i c l e  s izes have been e l im ina ted .  

3. E f fec t  o f  Physical  Proper t les  on Bubble Size 

Several observat ions  have been made and photographed using the 
t e s t  setup descr ibed in the l a s t  repor t .  

A new tower us ing a 3" I .D. p l a s t i c  tube as the t es t  sec t ion  has 
been constructed~ more nea r l y  s imu la t i ng  the proposed ~ igh-pressure  
reac to r .  Several observa t ions  o f  bubbl ing in  the t es t  £1uid have been 
made in t h i s  new ~ower 3 and have been photographed. 

B. 

1. En~irq~mental Test inq..of,  Hiqh-Temperature Ma te r la | s  

Parts fo r  a new reac to r  are on order  and as soon as they are 
received Fabr i ca t i on  w i l l  begin.  As soon as the new reactor  is  readyj 
Test #8 w i l l  commence. Samples p resen t l y  scheduled f o r  Test #8 are:  

a.  McDane] AP-35 H igh -Pu r l t y  Alumina 

b. Coors AD-99 H igh -Pu r i t y  Alumina 

c. Z i r con ia  8-D 

2. Cpal Feedinq Studies 

Fu l l - r ange  c a l i b r a t i o n  tes ts  o f  the bench-scale coal feeder at  
orQposed opera t ing  pressure and temperature w i l l  be completed. 
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3. E f fec t  oF Phys.,i,cal Prqper~i_es on Bubble Size 

Several ne~ spargers are being fabr lca ted  f o r  obse rva t |on  o f  
bubb]e pa t te rns  ;n the 3" t es t  t o ~ r .  As soon as these are ready, 
t e s t i n g  w i l l  cont inue.  
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VI, MANPOWER AND COST ESTIMATES 

Figure 2 shows The projecued manpower breakdown for 
Phase I for 1965 as well as ~he actual effort Ehat was made. 
!T can be seen ~hat a 15o3-man effort was made during October. 

Fisure 3 shows ~he expenditures during October. For ~ h e  
month $24m309 was ex~ended~ n o t  includin~ fee and G ~ A. The 
~o~al expenditures through Ocnober were $267 4j~82. including 
fee and G ~ A the coral expendi'~ures were ~09,35~ This is 
$1o5% of the encumbered funds. 
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