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I .  INTRODUCTION 

About forty runs were made on the coal feeding equipment using 
+20/-10 mesh sand as the so}id material and air as the transporting 
medium. 

A paper entitled "Preliminary Evaluation of the Kellogg Coal 
Gasification Process" was presented at the American Gas Association 
Production Conference at Buffalo~ New York. 

Detai|ed designwork was initiated for a test unit to examine 
the effects of variables at pressure levels to 400 psig. A reactor 
s ize o f  3-inches I. D. by 5 feet  high has been selected a s  a convenlen¢ 
s ize fo r  bench-scale batch experiments to provide a reasonable scale 
up fo r  design of  a continuous p i l o t  p lant .  

The effect of steam partial pressure at 9~  and 3~  levels under 
] arm. to ta l  pressure wlth ni t rogen and at  0.5 f t . / s e c ,  super f i c i a l  
gas v e i o c i t y  in the reactor was determined. There was no e f f ec t  on 
gasification rate. 

A two to three fold increase in specific gasification rate was 
obtained by a change of mesh size f rom(12/20) to -200. 

Analytlcal work was completed on the study of the effects of 
variables on the recovery of sodium carbonate from me]is. From the 
results it is concluded that with 1~ ash in the melt the loss of 
sodium carbonate is ~o of the amount charged to the recovery unlt. 
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!1. PROCESS DEVELOPHENT 

A. Accompll.shmen~s 

A paper e n t i t l e d  " P r e l i m l n a r y  Eva lua t ion  of  the Kel logg Coal 
Gas l f l ca tTon Process" was presented at  the American Gas Assoc ia t ion  
Product ion Conference a t  Buffalo~ New York. 

Eva luat lon o f  gas p u r i f i c a t i o n  processes was continued~ w i t h  the 
o b j e c t i v e  o f  s e l e c t i n g  the opt)mum scheme f o r  p i p e l i n e  gas and fo r  
hydrogen. The f o l l o w i n g  regenerable so lvent  processes are being 
s tud ied :  

a. Hot potassium carbonate 

b, Honoethanolamine 

c. F iuor  (propylene carbonate) 

d. Vetrocoke (arsenlc-pvomoted K2603) 

e. S u l f l n o l  (d i - l sopropano iamine in te t ramethy lene sul fone)  

f .  Acetone 

g. Rect lso l  ( r e f r i g e r a t e d  metP~noi) 

These so lvent  processes w ; l ]  be combined w i t h  i ron ox ide  and ac t i va ted  
carbon con tac t ing  steps as requ i red to reduce carbon d iox ide  and s u l f u r  
compounds to acceptable l eve l s ,  

For p i p e l i n e  gas the C0 2 level  must be reduced to about 1% and 
the s u l f u r  compounds~ to less than 0.1 ppm p r i o r  to syn thes is .  In 
producing hydrogen the C0 2 should be less than 10 ppm, wh i le  a s u l f u r  
concen t ra t i on  o f  i ppm is  acceptable.  

The F luor  and Shel l  S u l f i n o l  processes appear to have an edge over 
the o thers  fo r  several  reasons: 
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a. good solvent capacity 

b. non-corrosive solvent 

c. su l fur  compounds removed revers ib ly  

d, low u t i l i t i e s  consumption 

e. low investment 

i t  seems qui te possible that the same process combination w i l l  be chosen 
for  p lpe i ine gas and hydrogen although speci f icat ions for  pur i f ied  
gas d i f f e r  somewhat. Information requested from Lurgi on the Rect|sol 
process has s t i l l  not been received. 

B. Proiect ions 

Evaluatlon of gas pu r i f i ca t i on  schemes w i l l  be continued and 3 
hopeful]yj concludedo Process flowsheets w i l l  be prepared f o r  the 
complete p lpel ine gas plant so that overal l  thermal e f f i c i ency  can be 
studied and a better  estimate of plan~ investment can be made. 
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I l l .  PROCESS RESEARCH 

A. Accomplishments 

I .  G a s i f i c a t i o n  K i n e t i c s  

A r e p r o d u c l b i l i t y  run was made using Coke I j  the 850"C coked 
bi tum)nous coal Clsland Creek #27) 3 fo l lowed by seven runs using the 
same coal coked to 600"C COoke I ! } .  These runs are summarized in 
Table 1 and discussed below. Rate based on the p roduc t ion  of  oxides 
o f  carbon is considered the most r e l i a b l e  fo r  d i scuss ion  below. 

A number o f  runs on Coke I can be averaged showing tha t  reasonably 
good r e p r o d u c i b i l i t y  has been obtained by the method empioyed fo r  
s tudy ing  g a s i f i c a t i o n .  These runs a r e  tabu la ted below. 

G a s i f i c a t i o n  Rate k 
Run No. J-  % C Gasi~ied Input Output 

9777 90.6 0.16 0 . ] 9  

9778 10C.2 0.26 0.26 

9779 97.7 0.20 0.21 

9781 82.Z 0.17 0.17 

9782 86.1 ~ 

Average 0.20 0.22 

Run J-9782 was a d u p l i c a t e  run of  J-9777. Runs J-9778 and 9779 used 
Na2C03 preimpregnated coke and run J-9781 employed 20/40 mesh coke 
instead o f  12/20 mesh used in  a l l  the o ther  runs. Thus the resu l t s  
i n d i c a t e  no e f f e c t  o f  pre impregnat ion or mesh s ize in  the range 
mentioned. 



TABLE ! 

OF BITUHINOUS COKE IN HOL~EN Na2CO~(1) GASIFICATION 

Ru,I No. - J -  

Feed(2) 
% Vola t i le  Hatter 

F,xed Carbon 
Ash 

gms. charged 
mesh size 

% Steam In N 2 In le t  
Total Run T ime  - mln. 
% C G a s i f i e d  - basis 

C oxides(6) 
Reduc|ng Power - I /~ (H2+CO) 

Ratio H/O in Dry Gas 
Specific Gasif icat ion Rate(3) 

Input C - basis C oxides 
Output C - basis C oxides 
Input C - basis 1/2 (i~2+CO) 
Output C - basis !/2 (H2+CO) 

Notes 

9782 9783 978/4 9785 9786 978? 9788 9789 

Coke I . . . . . . . . . . . . . . . . . . . . .  Coke II . . . . . . . . . . . . . . . . . . . . . . . . . . .  
! .6 7.6 

9 0 . 7  8 6 . 6  
7.7 5.8 

38.3 35.8 35.1 35.6 35.0 35.0 26.9 20.0 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  12/20 . . . . . . . . . . . . . .  200 12/20 

90 90 0 90 o 30 9o o 
305 270 65 275 ~5 220 175 30 

86.1 72.0 21.9 106.5 3.9 122,3 121.0 t0,4 
70.4 84.5 17,3 81.3 - 92,4 72.8 -" - 

1.6 2.4 - 1.5 - I ,k  l . I  1.3 

0 . i 9  0 . 1 5  o.1 0 . 3 2  - 0 . 3 9  0 . 9 0  - 
o . ~ 7  o . 2 9  - 0 . 2 9  - 0 . 2 9  0 . 5 3  - 
0 . 1 3  0 . 2 2  - 0 , 2 2  - 0 . 2 9  0 . 5 5  - 
0 . 2 6  0 . 3 0  - 0 . 3 2  - 0 .31 0 . 7 8  - 

(4 )  (5)  ( ~ ) ( 7 )  (7 )  

( i )  Normal run condit ions: 1700=1770"F~ atm. pres. j  steam par t ia l  pressure 13.3-13.6 psla, 0.51 
superf ic ia l  gas ve loc l ty j  4" qlescent bed helght~ 414 grams Na2CO~z 

(2) Island Creek #27 bituminous coal coked to 850"C (Coke I) or to 600 C (Coke I I ) .  
(3) k In hr - !  from k = . I  I o g ~  assumin 9 f i r s t  order carbon reaction. 

t co 
(4) Poss ib i l i t y  of some gas unrecorded. 
(5) Poss ib i l i t y  of s,,,:~ll amount of water vapor in nitrogen at 0.5 f t . / sec ,  super, gas ve loc i ty  
(6) Includes CO and CO 2 from vo la t i l e  matte% probably about ~ from Coke I I .  
(7) No nitrogen sweep gas. 
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Two runs were made to evaluate the n_-~v coke and to es tab l ish  i t s  
r e a c t i v i t y  versus Coke I. Run J-9783 was questioned because of the 
possib le loss of  some product gas before the meter, consequently the 
run was repeated in J-9785. As seen in the Following cocapar~son o f  
g a s i f i c a t i o n  rates on the two cokess Coke i i  is about 30~more react ive  
than Coke I .  

Gas i f i ca t ion  Rate 

Coke I Ave. 5 0.20 0.22 

Coke I I  J-9783 0.15 0.29 

J-9785 0.32 0.29 

The e f fec t  o f  steam par t ie l  pressure at the 90~and 30~ levels 
under ~ atmosphere to ta l  pressure wi th n i t rogen and at 0.5 f t . / s e c .  
super f i c ia l  gas v e l o c i t y  in the reactor was de te~ ined .  The resu l t s  
show no e f fec t  on g a s i f i c a t i o n  rate as is seen in the fo l lowing tabu- 
l a t i on .  Thls is in agreement with e a r l i e r  resu l ts  on anthrac i te  coal .  

Gas i f i ca t ion  Raze k 
Run J..._..~ % Steam ~ 

9787 30 0.39 0.Z9 

9785 90 0,32 0.29 

The e f fec t  of  a 9ross change in p a r t i c l e  size was achieved by 
gr ind ing a charge o f  12/20 mesh coke II down to -200 meshp then mixing 
i t  w i th  an equa] weight of sodium carbonate, pe l l e t i ng  i t  and reg: ind ing 
to give 12/60 m'esh pa r t i c l es  which could be charged to the reactor  
in the normal way. A 20 mesh sieve retains pa r t i c l es  larger than 0.8/4 
mm.j whi le -200 mesh passes pa r t l c l es  smaller than 0.07/4 r~a. 3 hence 
at ~,east a f~c tor  of  eleven in p a r t i c l e  size was obtaine6. Another 
way o f  looking at  the d i f ference in p a r t i c i e  size as represented by 
surface area is to consider the 12/20 mesh as 1 nan cubesj of 6 sq. 
mm surface area s which when cut to 0.05 mm cubes now represents 
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120 sq. mm., a 20 f o l d  change in  sur face area. This  change in sur face 
area produced a ~ to  th ree fo ld  d i f f e r e n c e  in  s p e c i f i c  g a s i f i c a t i o n  
ra re.  

Run J-  Hesh Size 

9788 -200 

G a s i f i c a t i o n  Rate k 

0.90 0.53 

9785 12/20 0.32 0.29 

The non-response o f  p rev ious l y  s tud ied v a r i a b l e s  on g a s i f i c a t i o n  
ra te  suggested tha t  the p o s s | b i l l t y  o f  d i r e c t  r eac t i on  o f  carbon and 
sodium carbonate mlght e x p l a i n  the data.  In o rder  to  de temine  t h i s ,  
~ o  types o f  runs were made; in J-9784 n i t l ~ g e n  gas was used w i t hou t  
the a d d i t i o n  o f  steam to g ive  a g i t a t i o n  o f  tE,~ mel t  by a s u p e r f l c i a ]  
gas v e l o c l t y  o f  0.5 f t . / s e t ,  and in  J-9786 and 9789, n e i t h e r  steam 
nor n i t rogen  was added. In 97~+~ a very  small but  undetemined amount 
o f  water vapor entered the reac to r  ( the  n i t rogen  gas passed by the 
water  i n l e t  tube which was not blocked o f f ) .  In 9786, a leak developed 
d u r i n g  the run at  a union in the Feed s y s t e ~  thus the run was repeated 
in  9789. 

In the f i r s t  case, w i t h  a g i t a t i o n  from the n|crogen,  about 20 
percent  o f  the carbon was g a s i f i e d  a t  a k o f  rough ly  0 . ]  hr - I  before 
t o t a l  dropoFf o f  carbon monoxide product ion .  While w i thou t  any 
a g i t a t i o n ,  about 10 percent o f  the carbon was g a s i f i e d  before the 
r e a c t i o n  stopped. In both cases carbon r~onoxide product ion was h igh 
i n i t l a I I y .  Thus a~though some d i r e c t  reac t ion  o f  carbon and carbonate 
is  ev)den% the reac t l un  stops f a l r I y  q u i c k l y .  No d i r e c t  evidence 
can be presented to  e x p l a i n  the mechanism a l though i t  i s  obvious 
steam is  necessary f o r  the normal reac t ion  ra tes  observed. A poss ib l e  
mechanism can be proposed as f o l l ows .  

3C + Na2CO 3 = Na2C + 3C0 

The Na2C prevents f u r t h e r  reac t ion  o f  the carbon. 
present  i t  reacts  w i t h  the sodium carb ide :  

I f  steam iS 

Na2C + 2H20 = CO + Na20 + 2H 2 

The NazO does not e x i s t  ve ry  long in  the presence o f  steam and carbon 
d i o x i d e  formed from the water  gas s h i f t .  Th is  reac t i on  must be ra te  
c o n t r o l l i n g .  

o. 
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in the -200 mesh Feed run, i t  was notable that carryover of 
sale was not observed since the reactor ex i t  tube did not require the 
usual reaming out procedure. Exp]anatlon of this~ as well  as evidence 
fo r  the above mechanism, must await a concerted atzack on the p r o b l o m .  

During the a~nth, the second gas i f i ca t i on  un i t  was put into 
commlss]on. The o r ig ina l  reactor had to be re t i red  because of corrosion 
which was exh ib i ted by breakoffs of  the 1/~ inch inconel tubing used 
fo r  the thermowel] and i n l e t  tubes. 

2. Sodium Carbonate Recovery 

Ana ly t i ca l  work was completed on the quan t i t a t i ve  experiments 
reported las t  month studying the e f fec t  of cer ta in  var iab les on the 
recovery o f  sodiu~n carbonate fro~ bituminous coal ( Is land Creek #27) 
ash-s,-,dium carbonate melts. The de ta i l s  of the recovery scheme were 
described in the !ast  summary. The resul ts  are shown in Table 2. 

The resu l ts  are presented as the percent of  s l ] i ca~  of  combined 
R?03 oxides of aluminum and i ron,  and of  sodium which was in the 
oPig|rkai charge that rema|ns in the residue a f te r  leaching. Since 
t h i s  residue w i ] ]  be discarded in the process~ i t  is desired that the 
s i l i c a  and combined oxide resu l ts  be high and the sodium resu] t  be 
1o~. Leach condit ions at the two levels of so lu t ion  :o so l ld  and 
For the two times ind icate no major e f fec t .  Even p a r t i c l e  size at 
the two levels leads to s lm i l a r  resu l ts  and no e f fec t .  The only major 
e f f e c t  appears to be due to the ash content of the mel t ,  the higher 
ash content leading to higher sodium loss, which is un~..sirab|e. In 
the fo l low ing j  the resu l ts  have been averaged fo r  the runs shown. 

ASh Hel t 
Run.__~s % As_~h Mesh Size 

l-J+ 10 12/20 

..Averaqe Residue i Results 
% of SiO2 _~_.~_.~2~03 ¢ of Na 

68 90 3.7 

5-8 10 40/1o0 ~8 86 3.0 

9-12 20 12/20 78 99 l l  

13"16 20 40/100 82 97 12 

1-8 10 - 63 88 

9-1~ 2 0  - 8 0  9 8  

3.3 

I1 



TABLE 2 

Run 
No._.~. 

SODIUH RECOVERY FROH BITUHINOUS COAL ASH-Na2CCO00 ~ HELTS 

Leach Conditions Results 
Composition oF Ash Helt gms. SoI'n Time ~ of Charqe, lnResldue 

~SiO 2 ~2003 ~zNa Hesh Size per qm ~olid mln.__..~. ~ ~2~3 N.~. 

2 I0 
3 
4 

' t  6 !0 
7 
8 

!0 20 
11 
12 

14 20 
15 
16 / 

12 20 69.7 95.4 3,61 
3.92 2.69 40.0 12/20 12 I0 74.7 100.3 3.9h 

6 20 66.8 83.7 3.81 
6 IO 60.6 79.7 3.44 

~ .  12 io 52.8 81.3 3.1o 
5.65 2.37 40.4 40/10o 12 20 62.5 88.0 2,93 

6 lO 63.1 90.3 3.12 
6 20 54.0 83.2 2.75 

12 20 84.2 93,2 10,7 
8.02 8.22 37.8 12/20 12 I0 81.1 98.8 10.8 

6 20 68.2 !05.1 10.5 
6 10 78,9 99.4 11.3 

O~ 12 "lO 81.4 102.3  12.2 
8.60 7.80 36.0 40110 12 20 81.8 97.0 i i .7  

6 |0 82.8 9~.0 10.7 
6 20 83.2 95.0 13.1 

!: 
'W 

Z 

o 
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I 



T H  Ir M .  W. KIEi.L.OGiO ¢ ; O I M P A N Y  

Roaeae~h & De~lo~meeN 
~ lmeUmmt 

Page No  . . . . . . . . .  1.1 

Report No .... .  10 ......... 

I t  appears that besides the higher sodium retent ion,  higher s i l i c a  
and combined oxides are also retained by the residue from the h igher 
ash content melt .  Thus i t  is concluded that I C~ ash in the melt appears 
much more des i rab le  that 20% and leads to a reasonable 3% sodium 
carbonate |oss.  About 35~of  the s i l i c a  was dissolved and probably 
gets recycled in the NaHCO 3 so lu t ion .  Some spot analyses w i l l  be made 
to confirm t h i s  and to also t r y  to ]ocate the i ~  d isso |u t ion  of  the 
combined R20 3 oxides. The e f fec t  o f  these subst i tuents upon recyc l ing  
may be ascertained at  a la ter  dat~. 

3, Pressure Test Unit 

Detai}ed design work was i n i t i a t e d  fo r  a test  uni t  to examine 
the ef fects  of  other var iables at pressure levels to 400 psig. A 
reactor s ize of  3-inches I. D. by 5 feet high has been selected as a 
convenient s ize for  bench-scale batch experiments to provide a re ,  son- 
able scaleup For design of a continuous p i l o t  p lant .  

A p r e s s u r e  she l l ,  l ined with corrosion res is tant  ceramic 3 w i l l  
be used to contain the molten sa l t  bed. Endothermlc heat of  react ion 
w i t i  be suppl ied by passing an e l e c t r i c  current  through the molten 
sa l t  between two immersed electrodes. Steam and coal w i l l  be Fed and 
product gas removed continuously° 

To aid in thu design of the steam plus coal Feed systera, a 3-;nch 
glass model has been set up to study bubble behavior and s o l i d - l i q u i d  
mixing using var ious designs of Feed tubes. Glycerin-water and g l y c e r i n -  
cabosi1 mixtures have been used to study the e f fec t  of v i s c o s i t y  on 
contacting 3 and b i t s  o f  cork have been used co simulate the dens i ty  
d i f ference o f  coal and molten sa l t  to observe the extent of mixing. 

B. P ro iec t ions  

Gas i f i ca t ion  work ~ i l l  concentrate on es tab l ish ing  r e p r o d u c i b i l i t y  
OF the new second un i t  wi th tha ol0er unitson determining3 i f  possib|e~ 
the r e a c t i v i t y  of  bituminous coal d i r e c t l y  and the e f fec t  of changing 
parameters. Very l i t t l e  work is contemplated on fu r ther  sodium recovery 
experimentat ion, in t roduct ion of  add i t i ves  to the melt for possib le 
gas i f i ca t i on  improvement w i l l  be t r i ed  w i th  f i n e l y  divided f e r r i c  
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ox ide ,  and possTbly n i c k e l  supported on magnesia. ConsTderation must 
a l s o  be given to a s tudy o f  combustion o f  the mel t  con ta i n i ng  carbon. 

F inal  design o f  the pressure tes t  u n i t  w i l t  be completed dur ing 
the  coming month so t h a t  m a t e r i a l s  can be ordered and equipment b u i l t  
f o r  use dur ing August.  
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IV. MECHANICAL DEVELOPMENT 

A. Accompllshments 

1. Environmental Tes t inq  o f  Hiqh.Temperature H a t e r l a l s  

Since the experimental r e s u l t s  o f  Test #2 showed z i r c o n i a  to be 
a h i g h l y  promis ing re f rac to ry  ma te r i a l  f o r  t h i s  a o p l i c a t i o n j  the 
Zi rconium Corporat ion of  Americaj a pToneer in the z i r con ium products 
bus iness,  was contacted. (The Carborundum product,  Z i r c o f r a x  0, is 
produced and d i s t r i b u t e d  on a developmental basis~ Four d i f f e r e n t  
t es t  smaples o f  t h e i r  products j  ! i s t e d  below3 are being procured.  

1. Code W1247 - A standard compound used in  manufacture of  
r e f r a c t o r y  p la tes and b r i c k s .  

2. Code ]027 - A specia l  compound used in manufacture o f  r e f r a c t o r y  
p l a t e s  and b r i cks .  

3. RHF-SF - A phosphate bond, a i r  se t ,  r e f r a c t o r y  grade ram 
mix o f  ~ s t ab i | i zed  z l r c o n l a .  

. Z i rcoa-Cast  60D - A dense, 60-mesh, s e l f - s e t t i n g  9~/o 
z i r c o n i a  (1Tme s t a b i l i z e d )  t a s t a b l e  which hardens h y d r a u l i c a l l y  
in  a conf ined mold. 

2. Coa.i Feedinq Studies 

The exper imenta l  tes t  setup o u t l i n e d  p rev ious l y  has been run and 
several  minor mod i f i ca t i ons  made. To date some For ty  runs have been 
made us ing +20/ -10mesh sand as the s o l i d  mater ia l  and a i r  as the 
t r a n s p o r t i n g  medium, 
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The tes ts  were run at the fo l lowing con~ i t ions :  

Pressure in the t ranspor t  t0be: 1j 10 & 20 psig 

Ve loc i t y  in  the transport tube: 30~ 35~ 40 & 50 fps 

Sol ids loading approximately: 0.2 to  1.0 lb.  sand/f t3 o6 a i r  

The resu l t s  o6 these tes t  runs are being analyzed cu r ren t i y  and 
the resul ts  w i l l  determine what the next tes t  step should be. 

B, ,,Proiections 

i .  Environmental Test inq of  Hiqh Temperature Mater ial~ 

A l l  the mater ia ls  and Fabricated products required for  the con- 
s t ruc t i on  o f  the equipment for  Test #) here been ordered. The tes t  
area is  being made ready and the test  equipment w i l l  be set up upon 
receipt  of the new reactor .  

2. Coal Feedlnq, Studies 

Some Further t e s t i n g  wl th  sand and a i r  may be required~ based on 
the resul ts  o f  cu r ren t  tes ts .  Ul t imately$ coal ~nd an ihe r t  c a r r i e r  
gas w i l l  be tes ted.  
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R , p o ,  No. .  !O . . . . . . . . . . . .  

V. MANPOWER AND COST ESTIMATES 

Figure I shows l:he pro jec teC manpower breakdown fo r  Phase I f o r  
~,£65 as .yel l  as the ac tua l  e f f o r t  ;ha~ was #~de. I t  can be seen ~ha; 
an l l.Z~ mar, e . fo r~  was made dur ing  ,~ay. 

F i gu re  2 shows :.~; e x p e n d l t u r e s  du r ing  May. For  : h e  ,,-~onth 
520~177 was expended no: TncludTng fee and G & A. The - o r a l  expendi -  
zures through May were $159.000. Including fee and G & A the ; o ; a l  
expenditures were $I86,944. This is ~7 percent of the encusnbered 
funds. 
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