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i .  INTRODUCTION 

Th~ ob jec t i ve  of  t h i s  con t r ac t  w i t h  the O f f i c e  o f  Coal Research is  
Go develop the Kel logg G a s i f i c a t i o n  Process to the p o i n t  where i t  w i l l  
be ab le  3 on a commercial sca le j  to convert  coal i n t o  p i p e l i n e  gas at a 
cos t  o f  50¢/HSCF or hydrogen a t  25¢/HSCF. Five raw m a t e r i a l s  are to 
be s tud ied  - -  an a n t h r a c i t e j  a h i g h - v o l a t i l e  b i tuminous coa l ,  a sub- 
b i tuminous  coai~ a l i g n i t e =  and a char .  A|though Kel logg~s exper imental  
work w i l l  not extend beyond the  produc t ion  o f  raw s y n t h e s i s  gas, the 
o v e r a l l  p ro jec t  must make eng inee r i ng  eva lua t ions  f o r  fou r  u l t ima te  end 

• p roducts  - -  p i pe l i ne  gas= hydrogen3 syn thes is  gas~ and t r anspo r t  gas. 

Basis f o r  the Kei |ogg G a s i f i c a t i o n  Process is  the reac t i on  between 
steam and f i n e  coal in ~ mol ten s a l t  bath to form syn thes i s  gas~ a 
m i x tu re  o f  hydrogen and carbon monoxide= accord ing to  the r e a c t : - n :  

C + H20 + h e a t - - - - ~  H 2 + C0 
Ccoal) (steam) ( syn thes i s  gas) 

The necessary heat of  r eac t i on  i s  supp l ied  by c i r c u l a t i n g  a heated 
mol ten s a l t  stream. In add i~ ion j  the molten s a l t  m i x tu re  is  chosen 
to ca ta | yze  the g a s i f i c a t i o n  react ion, so that  i t  may be c a r r i e d  out at  
a r e l a t i v e l y  low temperature.  

The orogr~,n is d i v i ded  i n t o  three phases o f  s tudy extendi r .g  over 
a f i v e - y e a r  per iod.  Phase I~ which is  now in progress= invo l ves  ~,everal 
concu r ren t  e f f o r t s :  

} .  Bench-scale process research - -  to i n v e s t i g a t e  mel t  p rope r t i es ,  
r eac t i on  k ine t i cs~  and the e f f e c t  of  process v a r i a b l e s .  

. Chemical eng ineer ing  s tud ies  and development - -  to determine 
the optimum process f lea, sheet and opera t ing  c o n d i t i o n s  and 
to  coord inate  exper imenta l  work w i t h  o v e r a l l  p r o j e c t  ob jec t i ves .  

. Mechanical development - -  to f i n d  acceptable ma te r i a | s  o f  
c o n s t r u c t i o n  and develop techniques fo r  hand l i ng  the molten 
s a l t  and powdered coa l .  
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Phase I w i l l  be concluded by the design o f  a p i l o t  p lant  to gas i f y  
24 tons o f  coal per day~ i f  i t  i s  found t,~at a p i l o t  p lant  program is  
j u s t i f i e d  by the bench-scale exper imentat ion and economic s tud ies .  

Phase I i  w i l l  be devoted l a rge l y  to the const ruc t ion  and opera t ion  
o f  a p i l o t  p lant  to convert a v a r i e t y  o f  raw mater ia is  i n to  raw 
synthes is  gas. The e f f ec t  o f  operat ing var iab les  found to be s i g n i f i c a n t  
in Phase I w~l l  be invest igated to ob ta in  data fo r  design o f  a commercial 
p lan t .  

Phase I I I  w i l l  involve the de ta i led  process design o f  a cocenerciai 
p lant  to produce 250 m i l l i o n  standard cubic Feet a day o f  product gas~ 
inc lud ing cost est imates and pro jected economics for  those areas o f  
the count ry  tha t  appear to o f f e r  commercial p o s s i b i l i t i e s .  
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I I .  SUMMARY 

This  progress repor t  i s  the s i x t e e n t h  s ince the awarding o f  the 
c o n t r a c t .  I¢ is  concerned w i t h  the F i r s t  phase o f  the con t rac t  and 
o u t l l n ~ s  the progress tha t  has been made in  the three main areas now 
being s tud ied :  process research;  chemical eng ineer ing  s tud ies ;  and 
mechanical development. 

i t  i s  proposed to supply  heat to the commercial process by bu rn ing  
coal in d i r e c t  contac t  w i t h  the mel t  (molten s a l t  p lus coal ash) .  I t  
i s  important  to the economics tha t  t h i s  combustion produce C02, not COp 
a t  the melt  sur face so tha t  the heat o f  combustion be l i be ra ted  in  the 
melt  and not in  the gas space above i t .  To s tudy f u r t h e r  the p r o b a b i l i t y  
o f  ach iev ing  t h i s  goal a combustion exper iment was made wi~h thermo- 
couples spaced at  I - i n c h  v a r t l c a l  i n t e r v a l s  in  the reac to r .  Temperature 
p r o f i l e s  ~ : r e  taken in  ~ b lank run (gas f l ow ing ,  but no carbon being 
burned) and then under combustion c o n d i t i o n s .  The gas above [he mel t  
was found to be on l y  ]O'F h o t t e r  than the mel t  du r ing  the e a r l y  p~r t  
o f  the run, ind~cat ing  some gas-phase combustion o f  CO, but t h i s  
d i f f e r e n c e  disappeared by the t ime h a l f  the i n i t i a l  carbon ~as burned. 
I t  was~ the re fo re ;  concluded tha t  most o f  the heat l i b e r a t e d  by combust ion 
was t r ans fe r red  to the mel t  as des i red .  These r e s u l t s  cont inue to be 
encouraging and are in agreement w i t h  those p r e v i o u s l y  reported based 
on ana]yses o f  gas s~mples taken j u s t  above the bed du r i ng  combustion. 

The p r e v i o u s l y  repor ted smal ler  e f f e c t  o f  steam p a r t i a l  pressure 
on g a s i f i c a t i o n  ra te  at  h ig~er  temperatures (1840 vs 1740"F) was 
conf i rmed by several  more exper iments.  This f i n d i n g ,  tha t  the r a t e  

improvement at h igh pressure  may be smal le r  than p r e v i o u s l y  an t i c i pa ted~  
is  not de t r imenta l  to  present  commercial designs and cost  p r o j e c t i o n s  
because the ra te  a c t u a l | y  measured at  atmospher ic pressure has been 
used in these ca l cu |a~ ions .  

Two g a s i f i c a t i o n  runs 'were s u c c e s s f u l l y  made a t  c o n d i t i o n s  o f  
t e m ~ r a t u r e j  i n i t i a l  carbon concent ra t ion~ bed he igh% p a r t i c l e  s i ze ,  
and st~-am p ~ r t i a i  p ressure  tha t  have come to represent  standard 
exper imenta l  procedure,  but  a t  tw ice  the s u p e r f i c i a l  gas v e l o c i t y ;  
i . e . ;  1.0 f t / s e c  ins tead o f  0.5 f t / s e c .  The r e s u l t s  o f  these two runs 
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were ident ical  (excel lent reproduc ib i l i t y )~  but unexpectedly yielded 
rate constants about 7 ~  larger than the standard pa r t i cu la r l y  at low 
bed depths, The reason for th i s  is not yet completely clear. Possible 
explanations include improved d i s t r i b u t i o n  of coal par t ic les  throughout 
the melt when higher ve loc i t y  is used~ and more e f f i c i e n t  contact in 9 
of steam and coal close to the gas i n le t  point .  Further studies are 
planned at high super f ic ia l  ve loc i t y  to examine these reactions and 
the i r  con t ro l l i ng  parameters, in any case s i t  appears that most of  
the gas i f i ca t ion  rates measured to datej encouragin 9 as they are~ may 
turn out go be conservative. 

Two gas i f i ca t ion  experiments were made wi th hydrogen and carbon 
dioxide in the feed gas to simulate condit ions near the top of a 
commercially deep meIt~ where these reaction products w i l l  be present. 
The e f fec t  of  hydrogen was i ns ign i f i can t .  The presence of 7~ COz in 
the feed steam appeared to reduce the rate of  reaction by about 3 ~ j  
but the precision of the experiment may have been low. More runs of 
th is  nature are planned. I f  these ef fects  are no larger than discovered 
to date 3 retardat ion of  the gas i f i ca t i on  reaction in the deeper cofnmer- 
c ia I  bed w i l l  be i ns i gn i f i can t .  

Carryover of melt constituents~ probably in the form of  physical 
entrainment and v o l a t i l i z e d  sodium compounds~ in to the downstream 
gas-handling equipment has been noted in the bench-scale experiments. 
The quant i t ies  of carryover involved would be into lerable in commercial 
operation. However~ a t  least three factors would tend to reduce the 
magnitude of th i s  problem on a commercial scale: 

l .  Greater disengaging heights in larger equipment would reduce 
physical entrainment. 

2. Gas flow rate per unl t  of  carbon gasi f ied would be much lower 
because of higher pressure and lower steam/carbon ra t ios ,  

) ,  Experiments to date indicate that carryover is reduced by 
an order of magnitude when the melt contains l ~ a s h .  

Further d e f i n i t i o n  o f  t h i s  problem is needed at higher pressure on a 
larger scale. 
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The exper imenta l  setup fo r  s tudy ing  g a s i f i c a t i o n  and combustion 
ra tes w i l l  be modi f ied in  the near f u t u r e  to i n v e s t i g a t e  the e f f e c t  
o f  opera t ing  pressures up to 60 ps ia .  

Corros ion tes t s  on the h i g h - p u r i t y ~  h i g h - d e n s i t y  a | ~ i n a  products 
o f  several  manufacturers under s imulated g a s i f i c a t i o n  and combustion 
cond| t ions~ in the absence o f  any extraneous metals o r  r e f r a c t o r i e s  
(except For the sample ho ider}~ are planned. Equipmen~ has been set 
up and the t es t s  w i l l  begin sher t |y~  w i t h  the o b j e c t i v e  o f  ach iev ing  
4C0 hours con t i nuous l y  on stream before shutdown. 

Observat ion of  the e f f e c t  o f  vessel  diameter on the e f f i c i e n c y  
o f  con tac t i ng  between a i r  and a l i q u i d  having p r o p e r t i e s  s i m i l a r  to a 
mel t  o f  NazCO 3 and coal ash led to the conc lus ion  chat a 5 - I / 2 " - I . D .  
reac to r  should be used in  the p r e - p i l o t  u n i t  now being designed. 

A p r e l i m i n e r y  c o r r e l a t i o n  o f  exper imenta l  mel t  v i s c o s i t y  data 
has shown tha t  ~i~e t o ta l  concen t ra t i on  o f  ash p lus  coal in the mel t  
should not exceed about 10~ at  1700"F; or  ]5°~ at  1900"F, to ma in ta in  
v i s c o s i t y  in the range where reasonable con tac t i ng  e f f i c i e n c y  can be 
ob ta ined.  This  c r i t e r i o n  was used in choosing the c u r r e n t  f lowsheet 
design f i g u r e s  o f  ~ ash plus ~% coal at  ]830-1900"F. 

The process design o f  a p lan t  to produce p i p e l i n e  gas from sub- 
b i tuminous coal was rev i sed  to incorpora te  improvements made poss ib le  
by recent exper imental  r e s u l t s .  A s i m i l a r  design based on b i tuminous 
coal i s  c o n t i n u i n g .  Ecor~mics fo r  these two cases w i l l  be completed 
next  month. 
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I I I .  PROCESS RESEARCH 

A. Accomplishments 

| .  ,Combust,,!on Stud~ 

An add i t i ona l  combustion run~ J-9854~ was made to d~f ipe f u r t h e r  
the nature o f  the combustion products and the t ransfeY o f  heat to ~he 
molten sa l t ,  The standard sodium carbonate charge to thd 2- inch reactor~ 
namely a 4 - inch  quiescent bed heights was heated to 1930"F w i t h  0.5 f t / s e c  
supe r f i c i a l  n i t rogen v e l o c i t y  f lowing~ then the furnace was turned o f f .  
~ i t h  twelve the.-mocouples an inch apart  in the reactor~ the coo l ing 
curves for  the l i q u i d  and gas phases were determined under non-combustion 
cond i t ions .  A f t e r  ~his~ the temperature was brought back to 1930"F~ 
a standard coke charge o f  24 grams was made~ and a i r  was cut in a t  
0.5 f t / s e c  and the furnace turned o f f  s imul taneously.  The coo l ing  
ra~e under combustion cond i t ions  was determined. The f i r s t  f i v e  
t~-nperatures were averaged for  the l i q u i d  phase and -the top f i v e  tempera- 
tures were averaged for  the gas phase. The f l ve-minute  averages are 
presented in Figure 1. The usual a n a l y t i c a l  data were also co l l ec ted . "  

From the Figure i t  can be seen tha t  heat is r e a d i l y  t rans fe r red  
from the combustion o f  carbon to the molten sa l t  and that  under the 
cond i t ions  o f  the tes t  system some add i t i ona l  heat is  generated in the 
gas phase by combustion of  carbon monoxide. The carbon monoxide 
decreased to nl! in 25 to 30 minutes as determined-by chemical and 
heat ana lys ts .  These resu l ts  appear in agreement w i t h  p rev ious l y  
reported resu l t s  employing the probe sampler and o ther  combustion data. 

2. Gas i f i ca t i on  Studies 

The data on g a s i f i c a t i o n  runs are presented in Table 1. Low- 
steam pressure~ high supe r f i c i a l  gas ve loc l t y~  and the e f f e c t  o f  
hydro ~n and carbon d iox iee  were inves t iga ted .  
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Table 1 

Gasification of Bituminous,Coal. in Molten.Na2COs_~ ~ 

Run No. -J- 

Date-1965 
9853 9855 9911 9912 9913 9914 9915 9916 

10/29 11/9 11/11 11/15 11/17 11/19 11/22 11/24 

~eed 

% Total Carbon 
% Volatiles 

Ash 

gins. charged 

mesh size 

init. % C " 

gins. Na2CO 3 
bed ht.-inches 

~- ........... Bituminous Coal ....................... 

81.3 
37.3 

3.9 
20 40 < ..... 20 ................... 

..................... 12/20 .................... 

f . . . . . . . . . . . . . . . . .  3.8 .................... 

414 828 & ..... 414 . . . . . . .  

4 8 ~ ...... 4 -- .... -- ............. 

Cond it ions 

Temp. °F 
% Steam 

Gas in Steam 

..................... 1840 .................... -> 

Ft/sec. Stm. & Gas 

Preh ' t. Temp. °F. 
Min. to0% CO 

Total Run-rain. 

Results 

% C to CO + CO 2 
% C to Ci_ 3 
% C to tar, etc. 
Total % C 

30 81 92 30 30 90 90 92 

N2 • ~2 ~2 ~2 c°2 ~2 ~2 ~2 
0.5 1.0 1.c 0.5 0.s 1.0 1.0 1.0 
750 750 720 680 720 750 750 720 

65 55 35 55 - - - 30 
65 55 55 85 75 - - 45 

96,3" 96.9 93.2 86.3 79.4 - - 84.8 
2,1 4.7 0 7.2 6.7 - - 3.4 
5.5 5;5 5.5 5.5 5.5 - - 5.5 
104 107 99- 99 92 - - 94 

Spec. Gasif. Rate ConSto 

Basis input 1.20 1.44 2.25 1.06 0.72 - 
Ra te-lbs. C. gas if./h r/CF 

at i0~ C in bed 37 45 70 33 22 - 
at 4% C in bed 14 17 27 12 9 - 

.. 

Salt Carryovex-gms. 11.2 14.4 21.0 14.0 16.1 - 
Notes / 2 /  / 3 /  

- 2.25 

- 70 

- 27 

21.6 
/4/ 

See next page for footnotes. 
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A~m. preeeure~ 2" LD inconel reactor, Island Creek #~7 coal. 

Run previously attempted on 11/5 but inlet plugged up 
at start of run. Coal charged in 20 g. slugs for present run. 

Outlet of condenser plugged in 9 minutes prevented run. 

Same as /3/ but in 12 minutes, data indicated 56~ of C 
gasified in 10 minutes. 
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The effect of 0.3 atmosphere of steam at 1840°F in 
an 8-inch deep hod of the standard 0.9 atmosphere was noted 
last month to be smaller than.the effect at 1740°Fo Another 
run with 0.3 atmosphere of steam was made with a 4_inch 
bed at 1840°F in order to verify this effect. Run 9853 gave 
a reaction ra~e constant of l.~,which when compared to the 
standard rate constant of 1.3 for 0.9 atmosphere steam in- 
dicates very little effect of steam pressu~+e at these two levels. 
The average value for the three 0.3 atmosp|:ere runs (i.13, 0.95, 
1.20) is 1.13which indicates a small but real effect for the 
pressure difference. 

The constancy of reaction rate constant, reported in 
last month's summary, with changing bed height from 4 to 8 to 12 
inches at st;~ndard steam rate and coal charge along with one 
run at 8-inch bed height~ normal steam rate but double the 
standard charge of coal(which gave a belowpar rate constant 
of only 78~ of the above,was investigated f~urther in run 9855. 
In thi~ run a + . 8-inch bed height, the steam rate and coal 
charge were doubled over the normal run, thus giving a 
superficial gas velocity in the reactor ef 1 ft/sec, instead 
of the usual 0.5 ft/sec. The reaction rate constant was im- 
proved from 1.00 to 1.44 by this increase ~ steam rate and 
superficial velocity. 

The above data appear ~, explainable on the basis, of 
mixing and contact of steam and carbon. It implies that per- 
haps the carbon is located at or near the top of the molten 
salt bed. The increase in agitation by higher ga.~. 
velocity should improve the steam-carbon contact~ thus produce 
a higher rate constantia~ was obtained. The lower rate con- 
stant result of 1.00 fron the double coal cherge at 0.5 ft/sec. 
steam-nitrogen indicates poorer contact of steam and carbon 
and suggests localization of the car~on at the surface of the 
melt. 
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This w~rk led to t~ next run, 9911, where ~he steam- 
nitrogen rate was upped to I ft/sec, superficial gas vel~city 
in a 4-inch bed. Quite unexpectedly this run sh~ed an 
exceptional rate constant of 2.25 versus the standard value 
of 1.3 for 0.5 ft/sec, verification of ~-his result was 
ultimately made in run 9916 with several unit modifications 
due to two aborted runs,9914 and 9915. Exact duplication was 
achieved and the points followed ~he first-order plot ex- 
ceptionallywell. These results appear to subs~ntiate ~ne 
premise of better contact of steam and carbon at the higher 
gas velocity and better agitation. The failure of the 8-inch 
bed run 9855 to s~ow a larger increase in rate constant implies 
that contact of steam and carbon was not satisfactory and 
t~at the double charge of carbon may have concentrated at the 
surface where bubble action was poorest. 

Two runs were made to determine the effect of hydrogen 
and carbun dioxide, products of the gasification reactions, 
upon gasification rate. This was done by employing 30~8team 
£n ~hese gases in runs 9912 and 9913. The reaction rate con- 
stants are compared in the following tabulation with the average 
30~steam in nitrogen results determined earlier. 

30~Steam in R e a c t i o n  R a t e , c o n s t a n t  

Nitrogen 1.1 
Hydrogen 1.06 
Carbon Dioxide 0.72 

Hydrogen apparently had no effect on the kinetics. Carbon 
dioxide appeared ~o lower the reaction rate constant by 
about 35%. However, although it is felt that car~on dioxide 
did suppress the rate, the quantitative value must be used wi~h 
caution. The reason for this is that 9.525 moles of CO_ were 
fed through the reactoT: and 10.601 moles of ¢O plus Cow'exited; 
the quantity of carbox- gasified thus represents the diTference 
between .two large numbers and its precision must be judged 
in that light. Experimentally it appears 
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Co be a valid run because the carbon balance was 92%, an 
excellent value for a run of this type. Additional runs 
along these lines will be made. 

Composition of the exit gases naturally were changed by 
~he presence of hydrogen and carbon dioxide in the steam, 
apparent!y by the water gas reaction. Hydrogen depressed the 
carbon dioxide yield and increased the carbon monoxide yield, 
as o~ected. Carbon dioxide increased the carbon monoxide 
yield and about 3% of the carbon dioxide fed was converted. 

3. Corrosion Test 

A circular coupon of high purity alumina from McDanel 
showed good corrosion resistance against highly corrosive molten 
sodium hydroxide in 17 hours at 1400°F. The sample was 
broken to remove it from the nickel crucible and although all 
the large pieces were easily recovered some small particles may 
have escaped collection. The corrosion rate was found to be 
0.8 IPY. This material falls in the same class as the Coors 
alumina ~d could be employed for reactor service. 

4. Salt C~rryover 

In most of the combustion runs and in most of the recent 
gasification runs, the amount of salt carried out of the reactor 
and into the condenser system has been collected at the end of 
the run. Znitial attempts to correlate the data indicate that 
they line up reasonably well on the basis of grams solid 
car=led over per hour plotted against the specific reaction rate 
constant for combustion or gasification. The preliminary 
correlation is presented in Figure 2. 

Volatility of sodium oxide and hydroxide as well as some 
entrainment account for the carryover of sodium compounds. 
Th~ results show greater salt carryover in combustion than in 
gasification when starting with an ash f=ee melt. The 
higher volatility of sodium oxide over sodium hydroxide may 
account for this effect. Steam present in gasification would 
convert any sodium oxide immediately to hydroxide. The 
outstanding effect of ash in the melt on suppression of salt 
carryover is vividly shown in the figure. Ash constituents 
apparently immediately react with oxide and hydroxide and 
prevent volatilization. 
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It can be calculated that at a rate of 30 Ibs of 
carbon c.~mbustedper hour per cubic f~ot of melt, with ash 
present in the melt, about 45 ibs of salt are carried out of 
the reactor (uDder the present reactor set-up} per ton of ca=bon 
combusted at !0~carbon concentration or 95 Ibs of salt carr~fove~ 
per ton carbon caubusted at 5~carbon concentration. These, 
of cQurse, are very preliminary figures. Further analyses 
will be made. 

B. Projections 

As soon as all the equipment is received to modify 
the test system, the effect of pressure up to 60 psia will 
be investigated. Fo).low up of the favorable results at 
higher superficial gas velocities and further study of the 

effects of gasification products on rate are on the agenda. 
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IV. CHEMICAL ENGINEERING STUDIES AND DEVELOPMENT 

A. Accomplishments 

Experimental data showing the e f fec ts  of  temperature, ash concen- 
t r a t i o n ,  and coke concent ra t ion on v i s c o s i t y  o f  melt were reviewed. A 
p re l im ina ry  co r re la t i on  o f  these data was made for  use in process 
design work and is presented in Figure 3. Although a f a i r  mount of 
i n t e r p r e t a t i o n  and ex t rapo la t i on  were requiredj  render ing the graph 
q u a l i t a t i v e  at  best s i t  is  s t i l l  very  usefu l .  For example, to keep 
melt v i s c o s i t y  below 200 cp, ",~hich has been ind icated in simulated 
bubbl ing experiments to be a des i rab le  upper l im i t s  t o t a l  concentrat ion 
o f  ash plus coke in the melt should be below about 10~ at  1700"F, or 
below l ~ a t  1900"F. 

Experimental data on ra te  o f  g a s i f i c a t i o n  were a lso reviewed and 
the e f f e c t s  of  major v a r i a b l e s  were p lo t ted for  convenient use in the 
process design eva iuat ion program, Figure 4 shows the e f f e c t  of  
temperature on the spec i f i c  r a t e  constant for  g a s i f i c a t i o n 3  ks and 
Figure 5~ the e f fec t  o f  ash c o n c e n t r a t i o n  in the mel t .  

The process design of  the p lant  for  producing p i p e l i n e  gas from 
sub-bltuminous coal s which was discussed in the las t  Progress Report~ 
was revised s l i g h t l y  to incorporate improvements made poss ib le  by 
recent experimental resu| ts  s as discussed above. Spec l f i ca l l y s  a 
h igher  g a s i f i c a t i o n  rate constant  and a higher s u p e r f i c i a l  gas 
v e l o c l t y  in the gas i f ; e r  have been used s both o f  which y i e l d  reductions 
in  g a s i f i e r  s ize and investment. Necessary changes are being made in 
the process f iowsheet and in equipment s p e c i f i c a t i o n s .  The estimate 
o f  cap i t a l  cost is in progress. 

The process design for  p i p e l i n e  gas from bi tuminous coal is 
con t inu ing .  

A technical  paper t e n t l t l e d  "Development o f  the Kellogg Coal 
G a s i f i c a t i o n  Process"s was prepared for  presentat ion before the 
Symposium on Processing o f  Coal and I t s  By-Products~ at  the Phi ladelphia 
meeting o f  the American I n s t i t u t e  o f  Chemical Engineers. 
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B. p r o i e c t  ions 

The economic p o t e n t i a l  o f  the Ke l logs Coal G a s i f i c a t i o n  Process 
at  t h i s  j u n c t u r e  o f  the development program w i l l  be r e a l i s t i c a l l y  
assessed. A process f lowsheet ,  d e t a i l e d  cost est imate~ and economic 
eva lua t i on  w i l l  be presented f o r  p lpe l . lne gas from sub-b l tuminous 
coal .  Estimated costs  w i l l  a l so  be prepared fo r  the case o f  b i tuminous 
coa l j  a l though the complete process f lowsheet ~nd d e t a i l e d  cost  
es t imate  w i l l  probably  not be ready fo r  p resen ta t i on  next  month. The 
s e n s i t i v e  areas in the design where f u r t h e r  exper imen tz t ion  is  necessary 
i f  the process is to r e a l i z e  i t s  f u l l  po ten t i a l  w i l l  be c l e a r l y  po in ted 
ou t .  
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V. HECHANICAL DEVELOPHENT 

A. Accomplishment,s 

1. Environmental  Testi.nq o f  Hiqh-Temperature .Ha.terials 

The new reactor~ a d u p l i c a t e  o f  Reactor #2~ has been rece ived .  
I t  i s  proposed to operate t h i s  reac to r  ~ i t h  a h i g h - p u r i t y  Ai~0~ l i n e r  
f o r  the next  t e s t .  Th is  l i n e r  has been procured and necessaFy~modif;  - 
ca t i ons  to the reac to r  have been made. The l i n e r  cons i s t s  o f  a tube o f  
HcDanel AP*35 h l g h - p u r i t y  alumina 4 "  0. D. x 3 -5 /8 "  I .D.  x 30"  long; 
c losed on the bottom end. 

in  a d d i t i o n  to t h i s  test~ a program has been u~dertaken to examine 
the reac t i on  o f  h i g h - p u r i t y  a lumina r e f r a c t o r i e s  in  the presence o f  
mol ten Na2C0 ~ and an o x i d i z i n g  atmosphere. The t e s t  se t -up  f o r  t h i s  
program c o n s i s t s  o f  a tube o f  r e f r a c t o r y  (HcDane] AP-35 2 - l / 4 "  0.D. x 
2" I .D.  x 24" long> c losed on one end) which conta ins  the mel ted 
Na2C03 in  an e l e c t r i c  furnace~ and equipment f o r  supp ly ing  a i r ~  CO 2 
and steam to the mel t  through a c e n t r a l  tube. This  tes t  f a c i l i t y  ms 
near ing  c o ~ p l e t i o n .  

2. Coal,,Feedinq Stu,dl,es 

The f u l l - r a n g e  c a l i b r a t i o n  t e s t s  o f  the bench-scale coal feeder 
have been completed and are presented as F igure  6. As soon as a 
s u i t a b l e  d r i v e  mechanism can be f a b r i c a t e d ,  i t  i s  contemplated that  
t h i s  feeder w i l l  be used in  c o n j u n c t i o n  w i t h  the co r ros ion  teg~ reac to r .  
~ork ~as begun du r ing  t h i s  repor t  per iod  on a layout  o f  a l a r g e r  coal 
feeder fo r  use w i t h  the p r e - p i l o t - p | a n t  u n i t .  

3. E f fec t  o f  Phys lca | , ,P roper t les  on Bubb,,1,e,Size 

Observat ions o f  bubble pa t t e rns  in  the 3" I .D.  tower led to  a 
conc lus i on  t h a t  the ~na| i i n s i d e  d iameter  caused i n t e r f e r e n c ~  w i t h  the 
bubble pa t t e rn  and gave r i s e  to ]a rge ;  f a s t - r i s l n g  bubbles and poor 
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gas- l i qu id  c=ntact lng. Therefore 3 a new tower was constructed of  
transparent p las t i c  tube h~ving a 5-1/2 'm I.D. Observation of bubbles 
formed in th is  tower~ in a l i qu id  simulat ing a Na2CO 3 melt ,  indicated 
that  the tower wa l ls  of fered less hindrance to the b~bblemotion and 
gave r ise  to bet ter  bubble pat terns as well  as be t te r  l i qu id  c i r c u l a t i o n  
and gas- l lqu id  contact ing.  

B. Pro iect ions 

I .  Envlrorwnental Test inq of Hiqh.-Temperature Mater la ls  

As soon as Reactor #3 wi th  i t s  altn~..ina'liner can be ins ta l led  in 
the tes t  f a c | l i t y ~  the next tes t  w i l l  begin. The fo l lowing samples 
a l l  high-density~ h lgh -pu r i t y  alumlna~ are scheduled for  th i s  tes t :  

HcDanel AP-~5 - -  Both the reactor l i ne r  and tes t  coupons. 

Coors AD-99 

Norton /+995 

Ho~ f rax  A 

This tes t  is ten ta t i ve ly  scheduled for  approximately ~00 hours to 
al low report ing the resu l t s  in the next repor t .  The study of the 
h igh -pu r l t y  l i ne r  in the ox id iz ing  atmosphere is planned to begin in 
the immediate future~ and is also programmed fo r  a durat ion of 
approximately 400 hours, 

2. C..oal Feedinq ,St,udies 

When the required parts o f  the dr ive mechanism ar r i ve ;  the coal 
feeder will be incorporated into the corrosion test reactor facility. 
Work will continue on designs For the p r e - p i l o t - p l a n t  coal feeder. 

3. EfFect.,o~ Physical Properl;ies,,,,on B.ubble Slze 

No fu r ther  work |.~ p;.~nned on th i s  phase of  the pro jec t  at th is  
time. 
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VI ..... HANPOWER AND COST ESTIHATES 

Figure 7 shows the projected manpower breakdown fo r  Phase I for  
1965 as ~ i i  as the actual e f f o r t  that was made. I t  can be seen that  
a ]2.7 ~ n - e f f o r t  was made during November. 

Figure 8 shows the expenditures dur;ng November. For the month 
$24,811 was expended, not inc luding fee and G & A. The to ta ]  expenditures 
through November were $292,293. including fee and G & A the to ta l  
expenditures were $337,11~. This is 56%of the encumbered funds, 
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