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!. INTRODUCTION 

Ths o b j e c t i v e  o f  t h i s  cont rac t  w i t h  the OFfice of  Coal Research is  
to develop the Ke l logg  Gas i f i ca t i on  Process to the po in t  where i t  w i l l  
be able,  on a co¢~¢nercial scaie~ to conver t  coal i n t o  p i pe l i ne  gas at  a 
cost  o f  50¢/HSCF or  hydrogen at  25¢/HSCF. F ive raw mater ia ls  are to 
be s tudied - -  an a n t h r a c i t e ,  a h l g h - v o l a t i l e  b i tuminous coal~ a sub- 
bi tuminous co~1; a l i g n i t e ;  and a char .  A l though Ke i logg 's  exper imenta l  
work w i l l  not extend beyond the p roduc t ion  o f  raw synthes is  gas~ the 
overa l l  p ro jec t  must make eng ineer ing e v a l u a t i o n s  fo r  four  u l t i m a t e  end 
products - -  p i p e l i n e  gas~ hydrogen~ syn thes i s  gas; and t ranspor t  gas. 

Basis f o r  the  Kel logg Gas iF ica t ion  Process is  the reac t ion  between 
steam and f i n s  coal  i n  a mol~en s a l t  bath to  form synthes|s gas, a 
mix ture  o f  hydrogen and carbon monoxide; accord ing  to the reac t i on :  

C + H20 + heat ----4> H 2 + CO 
(coal)  (steam) (synthes i s gas) 

The necessary heat o f  reac t ion  i s  supp l ied  by c i r c u l a t i n g  a heated 
molten s a l t  stream. In addl t lon~ the mol ten s a l t  mix ture is chosen 
to cata lyze the g a s i f i c a t i o n  reac t ion  so t h a t  i t  may be ca r r i ed  ou t  a t  
a r e l a t i v e l y  low temperature. 

The program i s  d i v ided  in to  three phases o f  study extending over  
a F ive-year  pe r iod .  Phase ! s which is  now in progress~ invo lves  severa l  
concurrent  e f f o r t s :  

1. Bench-scale process research - -  to i n v e s t i g a t e  melt  p roper t |es+  
reac t i on  k i ne t i c s+  and the e f f e c t  o f  process va r i ab les .  

. Chemical eng ineer ing  s tud ies  and development - -  to determine 
the optimum process 6iowsheet and opera t i ng  cond i t i ons  and 
to coo rd ina te  experimental work w i t h  ove ra l l  p ro jec t  o b j e c t i v e s ,  

. ~echanlcal  deve]opment - -  to  f i n d  acceptable mate r ia l s  o f  
c o n s t r u c t i o n  and develop techniques For handl ing the mol ten 
s a l t  and powdered coal ,  
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Phase I w i l l  be concluded by the design of a p i l o t  plant to gasify 
2~ tons of  coal per day~ i f  i t  is found that a p i l o t  p lant  program is 
j u s t i f i e d  by the bench-scale experimentation and eco:~omlc studies. 

Phase i i  w i l l  be devoted la rge ly  to the const ruc t ion  and operation 
o f  a p i l o t  plant to convert a v a r i e t y  of raw mater ia ls  i~to raw 
synthesis gas. The e f fec t  of  operat ing var iab les found to be s ign i f i can t  
in Phase I w i l l  be invest igated to obtain data for  design of  a commercial 
planE. 

Phase I11 w i l l  involve the detai led process design o f  a commercial 
plant  to produce 250 m i l l i o n  standard cubic feet a day of  product gas~ 
inc lud ing cost estimates and projected economics for  those areas of  
the country that 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 .  SUMHARY 

Th ls  progress repor t  is  the seventeenth s ince the awarding o f  the 
c o n t r a c t ,  i t  is  concerned w i t h  the f i r s t  phase o f  the con t rac t  and 
summarizes the progress that  has been made in the three p r i n c i p a l  areas 
now being s tud ied :  process research~ chemical eng ineer ing  studles~ 
and mechanical developmenL 

The e f f e c t  o f  increased s u p e r f i c i a l  v e l o c l t y  on ra te  o f  g a s i f i c a t i o n  
was i nves t i ga ted  in the 2 - inch-d iamete r  Incone] reac to r .  With no coal 
ash present  in the melt~ g a s i f i c a t i o n  ra te  increased by a f ac to r  o f  
1 ,6-2.0 as s u p e r f l c i a l  v e l o c i t y  was doub|ed~ from 0.5 to  1.0 fee t  per 
second. With a melt  con ta in ing  8% ash i n l t l a l l y ~  which in  i t s e l f  
increases g a s i f l c a t l o n  ra te  s i g n i f i c a n t l y  3 doubl ing the s u p e r f i c i a l  
v e l o c i t y  leads to a much smal le r  increase in the r a t e  cons tan t ,  i t  
appears tha t  both h igher  s u p e r f i c i a l  v e l o c i t y  and ash content  are 
important  f a c t o r s  in increas ing g a s i f i c a t i o n  rate~ probabiy because 
of  b e t t e r  steam-car l>on,contact lng.  Present f lowshee¢ designs employ 
s u p e r f i c i a l  v e l o c i t i e s  o f  0 .5 -1 .5  f t / s e c  and rates cons i s t en t  w i t h  
those determined in experiments at  0.5 f t / s e c  w i t h  ash present ;  | f  
i nd ica ted  t rends p e r s i s t  f o r  combustion as wel l  as g a s i f i c a t [ o n ~  
ca i cu la ted  reac to r  volumes may be h igh by 10-20%. 

Changes were made in accessory equipment in an e f f o r t  to t r y  even 
h igher  gas v e | o c i t i e s ~  say 2 f t / s e c .  However~ s a l t  car ryover  was too 
great  and the u n i t  plugged, i t  was concluded tha t  design o f  the reac to r  
i t s e l f  and the o f f - g a s - h a n d l i n g  equipment would have to be modi f ied to  
p e m l t  s tudv o f  h igher  v e l o c i t i e s .  

The e f f e c t  o f  carbon monoxide on g a s i f i c a t i o n  ra te  was i nves t i ga ted  
by us ing a m i x t u r e  o f  3 ~  steam-7~¢ CO as g a s i f y i n g  medium. Un fo r t una te l y ,  
most o f  the steam reacted w i th  CO to y i e l d  water-gas s h i f t  equ i l l b r i um~ 
and l i t t l e  coal was g a s i f i e d .  No conc lus ion  was poss;b le  as to  the 
e f f ec t  o f  carbon monoxide on the k i n e t i c s  o f  the steam-carbon reac t ion ,  



THE k~.W. KELLOGG COMPANY 
A DIVISION OF" PUI.,L.IdAN INC, OlqpOI~A'Ir'EID 

REOKARCN & D K V [ ~ O ~ K N T  08P&NTMENT 

~EIE Ii0. 

RF.POIIT NO. 17 

The e f fec t  of  higher r e a c t o r  pressure on gas i f i ca t i on  rate was 
a]so invest igated.  At 1850"F s 0.5 f t /sec~ wi th no ash present i n i t l a l l y  
in the meIt j  spec i f i c  rate constant for  g a s i f i c a t i o n  of  bituminous 
coke increased by a fac tor  o f  2.4 as steam par t i a l  pressure t r ip led~ 
from 13,5 to 41 psia. Further study of the e f fec t  of pressure is 
under way. The observed increase in gas i f i ca t i on  rate wi:h increased 
pressure o f fe rs  the p o ~ s l b i l i t y  of decreasing reactor size and cap i ta l  
cost or of lowering the operat ing temperature to ease the burden on 
mater ia ]s  of const ruct ion.  

Process designs and economic studies of pianos for  producing 
p ipe l ine  gas from subbituminous coal and bituminous coal are cont inuing.  
Studying the e f fec t  of  vary ing assumptions on estimated costs w i l l  
continue to serve the purpose of guiding experimental e f f o r t  into the 
most sens i t i ve  process areas. 

A 400-hour corrosion tes t  of  samples of  h i gh -pu r i t y j  h igh-densl ty  
aIumin¢ obtained from four manufacturers was c ~ p l e t e d  under gasif ic~ ;on 
cond i t ions.  Samples of  Honofrax A s the product of Harbison-Carborundum 
Corporations again survived the test  in good condi t ions showing an 
average corrosion rate of about 0.2 inches per year. A l l  the other 
samples disappeared. Although a l l  samples tested were h igh -pu r i t y ,  
h lgh-dens i ty  alumina s only  Monofrax A is melted and cast to shape; 
the others are a l l  cast from pa r t i c l es  and then fused at high t amperature, 
This appears to be the key to the much be t te r  performance of Monofrax A. 

A 300-hour tes t  of two of  the other aluminas (not Honofrax A) 
under ox id i z ing  condi t ions s to simulate the combustor condi t ions of  
a commercial flowshee% showed much bet te r  corrosion resistance than 
under g a s i f i e r  (reducing) condi t ions.  Thls confirms that the bulk of 
the corrosion tes t  work to date has in fact  been conducted under the 
most s t r ingent  condi t ions expected to be encounterea= i .e .s  those in 
the g a s i f i e r .  

Another corrosion tes t  run w i l l  begin soon on s t i l l  o t ~ r  high- 
p u r i t y  aluminas, on y t t r i a - s t a b i l i z e d  zirconia~ and on Haynes A l loy  150 
(28 Cr~ 50 Cos 20 Fe). 
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I ! I .  PROCESS RESEARCH 

A. Accomplishment~ 

1. Gasification Studies 

A l l  the g a s i f i c a t i o n  runs conducted dur ing  the month are presented 
in Table i .  The e f f e c t  o f  h igher  s u p e r f i c i a l  gas v e l o c i t y  at  several  
temperatures was s tud ied ,  the e f f e c t  o f  carbon monoxide overpressure 
was looked a t ,  and runs a t  h igher  steam pressures were s t a r t ed .  

The e f f e c t  o f  h igher  gas ve loc l t y~  as represented by 1 f t / s e c  
s u p e r f i c i a l  v e l o c i t y  o f  9 ~  steam in nitrogen@ has been determined 
at  two a d d i t i o n a l  temperatures and a l s o  in the presence o f  8°~ b i tuminous 
coal ash in the molten s a l t .  The reac t i on  ra te  cons tan ts  fo r  these 
runs are compared in the f o l l ow ing  t a b u l a t i o n  w i t h  those from an 
Ar rhen lus  p l o t  o f  runs us ing  0.~ f t / s e c  s u p e r f i c l a l  gas v e l o c i t y .  

Rate Constant - k  a t  
Ru_._nn Temp. *F_ ~__ Ash .]. ft/sec O. ~ ft/sec 

9917 1650 - O. 95 0.23 

9918 1740 - 1.09 0.55 

9916 1845 - 2.25 1.37 

9920 ! 8/45 8 2.57 2.3 
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Table i 

~i=icatien o~ ~itumi~o,~ C~a! and Coke in Mo]te~ ~a2CO~/1/ 

Run N~. J- 9917 9918 9919 9920 9921 9922 9923 
D~-ze - 1965 11/30 12/3 12/6 12/8 12/14 12/20 12/22 

/ 

Feed 
% ToZal Carbon 
,~ vo iazi ics 
©r 
~o Ash 
gr, s. charged ~" 
~,.2 sh size 4 

Na2CO 3- gms. 
bed hn. -inches 

Ash - gms. 
% in mel~ 

% C in melt init. ~_________ 

414 

Coal ~ ~---Coke i V - - 7  
81.3 > --'---93.2 7 

r ~7 ~ " ------ 0.~ 
3.9 > 4--- 6.2 9 

20.0 ~ ~---19 
12/20 /i" 

7 381 ~ ..... 414 
4 9 

Q 33 Cl 
Q -> 8 Cl 

3.8 ~, 

Conditions 

~.-p- = 1650 1740 1840 1845 1840 1850 1850 
Pressure-psia 15 15 15 15 15 15 46 

% Sneam 91 91.5 30 91.2 90 92.7 90.2 
Gas in Steam N~ N~ CO N~ N~ N 2 ~2  
FZ/Sec. s~T, & Gas l.u i__ 0.5 I.D 2__ 0.5 0.5 
Xin. to O % CO 65 (55) - ~5 - 75 25 
Total Run-min. 65 65 55 35 - 85 35 

Kesu its 
% C to CO & CO 2 88.4 87.2 ~22 88.5 - 84.8 79.2 
% C tc CI- 3 4.1 5.8 J 3.8 - - 0.i 

C ~o ta--, etc. 5.5 5.5 5.5 5.5 - - - 

Total %' C 98 99 28 98 - 85 79 

Spec. Gasif. Rate Const. 
Basis Input 0.95 
Basis Output 0.95 

Rate-lbs.Cpnr/CY 

at 10% C in bed 30 
a~ 4~ C in bed I I  

Salt Ca~ryover-gms. 18.2 
No=es 

/1/ 

/2/ 

i . 0 9  - 2 . 57  - ( 0 . 6 7 )  ( 1 . 2 0 )  
1 . 0 9  -. 2 . 57  - 0 . 8 2  2 . 0  

34 - 80 - 26 62 

13 - 30 - 10 24 

17.1 11.4 " - i0.0 8.5 

- /2/ - /3/ /4/ /4/ 

Island Creek #27 Bituminous coal used and coked az 950°C to give 

coke IV; 2 inch I.D. Inconel reactor, steam preheated to 700-750@F. 

2re;;, 5 to 55 min. when a plug deve!cped, the conversion of C to 
~L, CO 2 and ci- 3 was cons~a~nt at 18-24%, average 22%. 

:/3/ Sigh salt carryover at 2 ft/sec; when coal added high gasification 
r~e and salt carryover caused /z~mediate plugging of unit. 

/4/ So~e of coke charge hung up in the inlet s~s~em. 
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~e significant Lmprovement in rate at the higher 
veioci~y is well exhibited by the results on the non-ash runs. 
The k value of 0.95 for run 9917 appears high and may 
be due to an erroneous temperature record (less significance 
is placed on ~bis value). ~ does appear that a factor 
of about 1.6-2.0 in rate was achieved by doubling the 
velocity of steam-nitrogen through the molten salt. 
However, when one compares the results for the melts con- 
taining 8~ ash, only a small difference exists between 
~he two runs at 0.5 and 1 ft/sec velocity. Addition o~ 
8% ash improves k as much as increasing the 
velocity from 0.5 to 1 ft/sec does, and itoappears that com- 
bining both the ~ ash and the higher velocity gives an added 
boost in rate. 

The ~mprovement noted above appears to be due to 
beUUer contact of steam and coke. The increased agitation 
bv Uhe higher velocity of steam through" the liqaid most proba- 
bly improves contact. The effect of ash is quite obscure 
a+!'~hou~h, as was conjectured earlier, it perhaps improves 
~ne weztability o~ the coke and thus its distribution in 
~he ii~aid or iz helps to produce a larger number of small 
zzeam b~mbles, thus obtaining better contact of the reacting 
~)ecies. 

in addition, part of the ash constituents may 
function catalytically to increase the rate of the steam- 
carbon reaction. 

Ln run 9920 at 1840°P, 1 ft/sec~ ~ ash in melt and 
only 0.9 atmosphere steam pressure~ the rate o~ 30 pounds 
o~ carbon gasified per hour per cubic foot of melt at ~2/o 
carbon level meets the d&sired commercial design rate. 



""~--.... ~ . W ' . . K ~ L L O G G  CO.'~PANY 
X DIViSiON OF /mULt,.M.~,N |~GOrRImORAT~'D 

9 

17 

An unsuccessful attest to obtain 2 ft/sec superficial 
Cas velocity was made in run 9921. This required a new 
steam generator and a Lapp pump for the water system to 
generate 2 ft/sec through the 2 inch I.D. Inconel reactor. 
At this velocity, ~al~ carryovQr wa~ vory h~h,=e~%~..-in~ 
frequent reaming of ~he outlet lines. When the coal was 
charged, the gas make was too high for the 20 CF meter to 
handle, and the salt and caal carryover caused a plug to 
develop in just one minute. The plug could not be relieved, 
and the unit had to be shut down. This reactor system 
cannot be operated at this high velocity level. 

~"~ne 2resence of carbon monoxide in the steam was 
investigated in run 9919 where 30% steam in carbon monoxide 
was passed ~nto the reactor at 0.5 ft/sec. A reaction 
zate constant could not be obtained because the conversion 
remained approximately constant from 5 minutes to 55 mLnutes, 
when a plug ~n the outlet required shutdowL Apparently, 
a~ter the first five minutes none of the carbon from the 
coal reacted, only the carbon monoxide fed in was reac~ing 
with steam to give a water--gas equilibrium constant 
of 1.053which represents equilibri~um at !500-1520°F. 
~.his value, in agreement with some previous r~ns, indicates 
equilibrium is being obtained at this temperature. 
Practically all the water fed in was utilized i~n ulne 
water-gas reaction as only a cc or two was condensed L- 
the outlet. ~"T~us: very little steam was available for 
~he carbon-steam reaction. Consequently, the effect of 
carbon monoxide on tha kinetics of the carbon-steam reaction 
cannot be ascertained from this experiment. 

Investigation of the effect of steam pressure up to the maxi- 
mum permit~dfor ~he Inconel reactor presently in use 
re cuired some modifications =o the inlet and outlet 
sections. First it was established that the reactor c~uld 
take up to 60 psia for about 200 hours at 1840°F. A .new 
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reactor was commissioned after attaching a ?5 psia relief 
valve and ~nockout drum to the top of the reactor for safety. 
A relief valve was also added to the water system ahead 
o~ ~he steam ~one=ater. An 80 CF meter was placed in 
service. Modifications were made to the gas chromatogra/nic 
e.c3/ipment to improve stability. This was ultimately achieved 
when a 50°C constant temperature oven was attached to 
~ne partitioner. To prevent tars from interfering with the 
pressure controller, a Grove back-pressure regulator~ 
and to insure operability the bit~,inous coal was coked 
~z 1740°F to give Coke iV. This material will be used for 
the pressure r.uns. 

The first run with Coke IV (Run 9922) was made at atmospheric 
pressure, 1850°~, 0.5 ft/sec superficial velocity~ ~.~% 
carbon in melt initially. The specific gasification rate 
constanu was 0.82~ based on output because some coke 
hung u o in the inlet system. Coal under these conditions 
would have show~ a k of 1.37; thus Coke IV shows lower 
reactivity than the coal. 

In the first run above atmospheric pressure~ n~ely 
~3 2sia in run 9923, suitable adjustments in steam and nitrogen 
flow rates were made to maintain the 0.5 ft/sec superficial 
velocizy in the reactor at ISS0°F and 3.~d carbon in m~it 
initially. ~ne rate constant was 2.0, again based upon 
output because of coke loss in the ~nlet system. This rate 
~onszanu represents an exceptional increase in rate due to 
zhe increase iu steam pressure from approximately 13.5 psia 
uo 41.4 psia. Further -work on the effect of steam pressure 
is conuinuing. 

B. Projections 

The effect of steam pressures up to 55 psia on the 
kinetics of gasification are presently being studies and 
will probably take most of January. 
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IV. CHEMICAL ENGINEERING STUDIES AND DEVELOPMENT 

A. Accomp ! i shments 

Assessment of the economic potential for producing pipeline gas 
from subbi tuminous coal was cont inued dur ing December. Flowsheec 
changes were made to incorpora te  improvements r e s u l t l n g  from recent 
exper imental  work~ as discussed l a s t  month~ and to improve energy 
u t i l i z a t i o n  throughout  the p l a n t .  Mate r ia l  balances and u t i l i t i e s  
requirements are being rev ised to r e f l e c t  the changes made. Capi ta l  
investment requ i red  fo r  supp ly ing  steam~ power, coo l i ng  water~ e tc .  
and fo r  o ther  o f f s i t e  f a c i l i t i e s  is now being est imated.  

Process design o f  the p l an t  f o r  producing p i p e i l n e  gas from 
b i tuminous coal was a lso con t inued.  Equipment is  now being sized 
so that an estimate of capital cost can be made. 

A techn i ca l  papa% "Development o f  the Kel logg Coal G a s i f i c a t i o n  
Process",  was presented before the Symposium on Processing o f  Coal 
and I t s  By-Products at the P h i l a d e i p h i a  Meeting o f  the American I n s t i t u t e  
of  Chemical Engineers.  

B. Pro ]ect ions 

Process designs and cost  es t lmates  f o r  producing p i p e l i n e  gas 
From subbi~.uminous and b i tuminous coa ls  w i l l  be continue" ~ so that  an 
economic appra isa l  o f  the process a t  t h i s  stage o f  development can be 
presented and the s e n s i t i v e  areas in the des;gn, where f u r t h e r  
exper imenta 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~  can be pointed ou t .  
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V. MECHAN I CAL DEVELOPH~N.~"" 

A. A~complishments 
i 

i. Environmental Testin~ of Hiph-Temperatur e Materials 

Test #7 has been completed during this report period. 
This test, conducted in a reducing atmosphere, was of approxi- 
mately 400 hours duration, and included samples.of the following 
materials (all high-purity, high-density aluminas): 

i. McDanel AP-35 (Bot/% reactor liner and test coupons.) 
2. Coors AD-99 
3. Norton 4995 
4. Monofrax A 

Upon examination at the end of this test, the following results 
were obtaineds 

i. McDanelAP-35 - liner cracked, test coupons 
completely missing. 

2. Coors AD-99 - completely missing. 

3. Norton 4995 - completely missing. 

4. Monofrax A - all three samples recovered. 

The walls of the reactor liner (McDanel AP-35) had become 
thinner and had cracked, probably due to thermal shock or 
mechanical crushing during the rapid cool-down at the end 
of the test period. The Monofrax A samples were in vez~J 
good condition and exhibited only slight evidence of corrosion. 
Corrosion rates calculated from these samples averaged about 
0.2 inches per year. 

Of interest is the fact that t~e Monofrax A withstood 
the test while other high-purity al~minas did not. One possible 
explanation for this is in the manufacture of the Monofrax. 
Monofrax A is the only material in this test that is melted 
and cast to shape; the other specimens are all "slip-cash," 
i.eo, cast then fused at high temperature. 
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The other test described in the last report, that of 
environmental testing in an oxidizing atmosphere, has also been 
comple~edo The McDanel AP-35 liner in this test was not affectedt 
but the same material used as the gas inlet tube was eroded away 
to failure at the liquid-gas interface. This erosion seemed to 
bo uniform and caused the inlet tube to have a resultant taper. 
Duration of this test was approximately 300 hours. A specimen 
of Norton 5995 included in this test lost no weight and appeared 
in good condition. 

2. Coal Feeding Studies 

The coal feeder has been incorporated into the cor- 
rosion test facility and will be used in all further environ~antal 
testing as a replacement for the previously-used look-hopper. 

B. Pro ections 

i. Environmental Testing of High-Temperature 
~terials 

i i . i nn 

As soon as the test facility can be readied, Test %8 
will begin, Samples scheduled for this teat includez 

Lucca Lox - High-Purity Alumina 

Norton 5995 " • " 

Zirconia Y-1027) 

Zirconia Y-1485) - Yttria-stabilized Zirconia 

Zirconia Y-1484) 

Zirconia Y-1225) 

Haynes Alloy 150 - 28 Cr, 50 Co, 20 Fe. 

This test is scheduled for 400 to 500 hours duration, 

A second oxidation test will also be run, testinw .at 
least the Monofrax A and p~ssibly some of ~he zirconia materials. 



THE kt, W. KELLOGG COk~PANY • 

A O|VISION OF" PULLMAN |H¢ORPOIRATED 
PAOE H0. , 14 

n,c-,cAn©H a OlVtI.OWUiCNT O"WA,,'rU,..~ REPORT K0.. 17 

2, Coal Feed in~ Studies 

The coal feeder previously discussed wil! be used in 
further environmental testing. Work is continuing on designing 
a coal feeder for the high-pressure reactor. 
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Vi. ~'<A.NgC'../ER AND COST ESTIF,~TT-S 

F~gure ! shows :he prcjec:ed manpower bre2kdown for Phase I for 
~ as well ~s :~e ec:u~i error: :her was mz&e. I~ c~n be seen :h~ 

12.~ m~n-effor~ w~s m~e during ~ece~eF. 

F~ure 2 shows the ex~enCT:ures durln~ 3ec~mber. For =he mon:h 
S23~2G3 was ~xpe=~e~ no= i~c~in~ fee en~ ~ & A. T~e ~o~i expen- 
Ci=ures ~hrou~h 3ecembe~ were $315~4~6. ~nc~udTn~ fee ant ~ & A =h~ 
=oz~i expendi:ures were $363~I~3. Tnls is 60.~ of :he encumbered 
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