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C O W E R  STUDY OF STAGE 2 REACTIONS IN THE BCR TWO-STAGE 
SUPER-PRESSURE COAL GASIFICPTION PROCESS 

E. E. Donath and R. A. Glenn 

Bituminous C o a l  Research, Inc., MonroeviUe, Pennsylvania 

INTRODUCTION 

In the BCIi two-stage gasification process, recycle char i s  used i n  Stage 1 
t o  produce hot synthesis gas by reaction with oxygen and steam. 
products from Stage 1 heat the fresh coal and steam entering Stage 2 and react 
with them t o  produce methane and additional synthesis gas.(l,2)* A schematic 
flow diagram of the process is given as Figure 1. 

The hot 
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Figure 1. Simplified flow Diagram for Two-stage 

' Super-pressure Gasifier 

. 

* Numbers i n  parenthesis refer  to l ist  of References at end of paper. 
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For the past two years, laboratory research has been under way t o  estab- 
l i s h  the optimum conditions for operation of Stage 2 of t h i s  conceptual 
process. Results of some of these experimental studies have already been 
reported. (3,4) This paper reports the results of a ccarputer study of the 
thermochemistry of the -:stage process with emphasis on the ef lects  of 
variations i n  the operating condltlons. (a) to 
guide the experimental studies; and, (b) t o  indicate the corresponding ef- 
fects  of these variables on the final cost of pipeline gas as derived in the 
i n i t i a l  economic evaluation of the process. (1,2) 

These data were needed: 

According t o  the i n i t i a l  economic evaluation of the overall process (l), 
the yield of methane produced directly from coal is of major importance for 
the economics of the process. 
consideration must be given t o  th i s  reaction and means must be available for  
determining the extent it occurs. 

I n  a study of the thermochemistry involved, 

A t  the time the study was begun, kinet ic  data for the ra te  of methane 
formation were not available; however, it was known tha t  methane formation 
at the temperatures visualized for  Stage 2 is  a very rapid reaction ( 5 ) ,  and 
tha t  observed methane yields  correspond t o  the thermodynamic equilibri? of 
the reaction 

i f  an act ivi ty  that  varies from 1 t o  3.4 is assumed for the carbon.(6) 
c + 2 *  = cH4 (1) 

Therefore, it was arb i t ra r i ly  assumed for  the present study that methane 
yields computed on t h i s  basis  would be apt t o  respond t o  changes in Stage 2 
temperature and pressure, and thus, they would be more r e a l i s t i c  than selec- 
t ion of fixed methane yields.  In addition, it was assumed that  the r e s t  of 
the carbon would be converted t o  CO + I@ by reaction with steam and oqgen. 

reaction came t o  equilibrium a t  reaction temperature according t o  the 
e q u t  ion : 

For the well known water-gas sh i f t  reaction, it was assumed that the 

co + *o = co t * (2 1 
For the evaluation of the effects of the various operating parameters, 

such as oxygen/coal ra t io ,  steam/coal ra t io ,  operating pressure, preheat 
temperatures, etc.,  one M h e r  assumption is necessary--namely, thermal 
equilibrium i n  each stage of the gasif ier  i s  achieved. 

BASIS AND PROCEDURE FOR COMHJ'lZR PROGRAM 

In making the ccmputer calculations, values for the Various operating 
conditions prevailing in Stage 1 and Stage 2 are first designated, together 
with an a rb i t ra r i ly  chosen Stage 1 product gas composition. Then, the heat 
of reaction is calculated for the reaction of recycle char with oxygen and 
steam i n  Stage 1 t o  form the Stage 1 product gas of the a rb i t ra r i ly  chosen 
composition. The heat of reaction is calculated from the heating value of 
the recycle 
the Stage 1 gas exit  temperature. 

and of the Stage 1 product gas, and then used t o  calculate 

Assuming that  the water-gas s h i f t  equilibrium is  established a t  this 
temperature of Stage 1, a new gas canposition is  calculated next and then 
used t o  correct the gas temperature. 
Stage 1 exi t  gas temperature is  found that has a calculated accuracy of 

This process i s  repeated until a 

2 5 c.  
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The Stage 1 product gas i s  then used i n  Stage 2,where coal and steam are 
added and reacted t o  form CHI+ i n  a concentration corresponding t o  the equilib- 
rium of Equation- 1 a t  a designated carbon act ivi ty  and at an estimated tern- 
Perature. 
reacted Kith steam t o  form CO and 9. 
coal form QO, %, and &S; and the remaining hydrogen i n  the coal is liberated 
as gaseous hydrogen. 

The carbon i n  the coal which is not used in  making methane is 
Oxygen, nitrogen, and sulfur in the 

For th i s  combination of gas from Stage 1 and Stage 2, again the tern- 
perature of the resultant gas  mixture is calculated and the camposition 
adjusted t o  ref lect  establishment of the shift reaction equilibrium. W i t h  
the new composition, the equilibria for  methane formation and the shift 
reaction are cmbined and the calculations reiterated u n t i l  a Stage 2 tem- 
perature i s  obtained which i s  within 2 5 C of the actual temperature. 

Computer Input 

The nature of the input data required for the various individual Computer 
calculations is  shown i n  Table 1. 
parameters were varied from one calculation t o  the next i n  accordance Kith 
the particular effect  being evaluated. 

The values for  the different operating 

!. 

\ 

I tem 
coal, daf, l b  
Coal Preheat, C 
Carbon Reacted,$ 
Carbon Activity, Equation 1 
Oxygen, l b  
Oxygen Preheat, C 
Steam, l b  
Steam Preheat, C 
Pressure, a b  
Heat Loss, Btu/lb Coal 

Stag? 1 -- "- 
67 

71.0 
327 

36.0 
538 

72.4 
250 

-- 

Stage 2 
100.0 

204 
33 

I C  -- -- 
104.9 

538 
72.4 -- 

Total 
100.0 

100.0 

71.0 

140.9 

- 
-- 
-- 
-- 

Available data (7) for  the heats of cambustion, enthalpies, and thermo- 
, dynamic equilibria were used in  the computer program. 

I computer output 

The type of information given in  the printout for  each computer run is  

In addition t o  the resul ts  given in  the ccPnputer output, sane paremeters 

shown in  Table 2. 
\ 

indicative of the cost of the f inal  gas, such as "total  methane after 
methanation," "oxygen consumption l b m  Btu in the final gas," or "the co;! i '- production" have been manually calculated. 

I 
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Stage 1, 
Item Moles 

co 3.900 
&S O.OO0 

0.000 
1.036 

CH4 

O.OO0 
H2 

0.787 
N2 
CQJ 

Gas Composition 

- 

Stage 2, 
Moles 

3.473 
1.165 
0.084 

3-90 
0.057 
2.390 

Total 

WO 
Temperatures, C 
Oxygen/Steem Ratio 
Oxygen/Coal Ratio 
Preformed Methane,$ 
C as Methane,'$ 

(a + % I  

Stage 2, Mole 
Fraction 

0.3138 
0.0076 
0.1052 
0.3524 
0.0052 
0.2159 

1.0001 - - 

COALS USED 

Three coals varying in rank from high volatile A bituminous tc) lignite 
were used in the study to obtain an indication of the effect of coal cam- 
position. "he analyses used f o r  these coals are given in Table 3. 

!!!ABLE 3 .  COAL ANALYSES USED FOR COMPUTER STUDY 

WO, lb per 100 lb 
daf Coal 

Ash, lb per 100 lb 
daf Coal 

Ultimate Analyses, 
Per cent daf 
C 
H 
N 
0 
S 

Net H per 100 C 

Gross Heating Value, 
Btu/lb 

Seem 
Illinois 

Pittsburgh NO. 6 Lignite 

1.3 1.3 1-3 

7.7 9.1 15.5 

84.4 81.3 74.3 
5.7 5.4 4.8 
1.6 1.5 0.9 
5.6 9.6 18.5 
2.7 2.6 1.5 

5.3 4.6 3.0 

i 
I 

I 

I 
I 
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RESULTS ANI) DISCUSSION 

The data from the thirteen runs using Pittsburgh seam coal in  normal op- 
These were Runs 27 

The data from the four runs with char withdrawal are 

Runs 38 and 39 using I l l i no i s  No. 6 seam coal, and Runs 5 1  and 52 

eration of the gasif ier  are summarized in  Tables 4 and 5. 
through 37, k ,  and 43. 
summarized in Table 6 ;  these were R u n s  48, 49, 50, and 53, using Pittsburgh 
Seam coal. 
using North Dakota l ign i te  are  s m e r i z e d  i n  Table 7. 

The computer data were used t o  calculate parameters tha t  can be used 
direct ly  i n  camparing the costs of gases obtained with different computer 
input data or different operating conditions. 
t o  one million Btu in  the f i n a l  gas a f t e r  methanation, and are based on costs 
derived from the i n i t i a l  econcrmic evaluation (1) as follows: 

These parameters are  referred 

coal: 15#/MM Btu 
oxygen: $5/ton = 0.25#/lb 
C q  Removal: $l/ton = O.O5#/lb 

' Steam: 30$/1000 l b  

Owgen/Coal Ratio and Temperature 

For Pittsburgh seam coal, the influence of a change in  the oxygen/coal 
r a t i o  is shown in  Figure 2, the owgen/coal r a t io  is plotted versus Stage 2 
temperature, oxygen consumption, CCQ production, carhon as methane, and 
gasification efficiency. 
r a t io ,  the Stage 2 temperature increases and all parameters connected with 
gasification cost indicate increased costs. 

As expected, with increases i n  the oxygen/coal 

The data shown in Figure 2 are  replotted in Figure 3 to show the effects 
of changes in  Stage 2 temperature on these same parameters. 
studied, a Stage 2 temperature increase of l2 C causes a corresponding decrease 
i n  methane formation equal t o  about 1 percent of the  carbon in  the coal. 

Over the range 

Carbon Activity 

On the  basis that experimental results m a y  indicate a higher conversion 
t o  methane a t  a given temperature than indicated by Figures 2 and 3,  adjust- 
ments were made in the ccanputer calculations t o  re f lec t  a higher act ivi ty  f o r  
the  carbon in Stage 2. 

are  cornpared in  Table 8. The data show the influence of changes i n  methane 
yield frcun 14 t o  24.6 percent on a carbon basis on the cost of the pipeline 
gas. A 1 percent uni t  increase in the conversion of the carbon in  the coal 
in to  methane decreases the cost of raw materials and u t i l i t i e s  fo r  the pipeline 

The resul ts  of ccnnputer runs using carbon ac t iv i ty  3.4 and 2, respectively, 

gas by about o.@/UM Btu. 

In the initial evaluation of the processes ( l ) ,  conversions of carbon into 
cR1, in Stage 2 of 15, 20, and 24 percent were assumed; a 1 percent increase i n  
the  carbon conversion t o  methane decreased the pipeline gas cost by about 
O.&/M Btu. 

Total Operating Pressure 

In th i s  Study, the  thermodynamic equi l ibr im is  Used t o  obtain the methane 
yield; therefore, the  operating pressure exerts a major influence on the  
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TABLE 6. SUMMARY OF RESULTS OF COMAPPER RUNS 48, 49, 50, AND 53 

INAIT DATA 
Type of Coal 
System Pressure, atm 
Input Temperatures , OC 

coa l  
Steam 
Oxygen 

stage -2 
Coal Feed Rate, l b  daf 
Steam Feed Rate, l b  
Carbon Activity 

Stem Feed Rate, l b  
Oxygen Feed Rate, l b  
Heat Loss, Btu/lb Coal 

Stage 1 

CALCULATIONS 
Stage 2 

TemDerature (exit  1 O C  

Temperature (exit)  "F 
Gas Composition, Moles 

co 
H2s w 
% 
N2 
C% 
Ik20 

Stage 1 
Temperature, O C  

Temperature, O F  

Gas, Moles 
co 
H2 
co;, 
%O 

stage-2 
Total Gas,  D r y  Moles 
Total (CO + Hp) Moles 
Preformed m, $ 
Carbon as Methane, (g 
Char Produced, lbs  C 

TOTAL 
Thernal Efficiency 
Steam Decamposition, $ 
Total Methane after Methanation 

Moles 
(g Btu in  Coal 
$ M u  i n  (Cod minus char) 
Btu in char 8 8  $ of Btu in Coal 
 tu i n   as and char as $ of mu i n  c o d  

Oxygen Consumption, l b  MM Btu i n  CH4 
C@ Production, M o l e B l e  
C@ Production, l b  M/MM Btu i n  Oas 

48 

pgh. 
72.4 

204 
538 
327 

100.0 
71.0 
1.0 

24.0 

250 

- 

65.0 

1035 
1895 

3.178 
0.084 
0.583 
3.567 

1.601 
3.378 

0.057 

2355 
e71  

1.737 
0.244 
1.285 
1.088 

9.070 
6.745 
25 -7 
8.3 

20.0 

0.651 
36.1 

2.27 
57.5 
70.2 
18.6 
76.1 
75.5 
1.36 
156 

L 

Pgh . 
72.4 

204 
538 
327 

100.0 
2.0 
1.0 

24.0 
28.0 
250 

945 
1733 

0.354 
0.084 
0.548 
1.668 
0 057 
0 - 572 
1.518 

995 
1823 

1.551 
0.845 
0.522 
0.488 

3.882 
2.621 
45.5 
7.8 

60.0 

0.325 
-5.1 

1.2m 
30.5 
69.2 
55.7 
86.2 
60.5 
0.73 

83 

Run Number 8014 BKC- 
lr9 50 2 2 -  

Pgh. Pgh. 
72.4 72.4 

204 204 

327 327 

100.0 100.0 
2.0 2,o 

538 538 

3.4 7.0 

24.0 24.0 
20.0 20.0 
250 250 

915 945 
1679 1733 

0.526 0.452 
0.084 0.084 
0.933 0.001 
0.91 0.74 
0.057 0.057 

1.445 1.506 
0.572 0.579 

725 725 
1337 1337 

1.129 1.129 
0.981 0 . 9 1  
0.551 0.551 
0.351 0.351 

3.143 2.946 
1 . 4 g  1.225 
71.4 76.6 
13.3 14.2 
60.0 60.0 

0.331 0.327 
0.0 -4.0 

1.306 1.306 
32.9 32.9 
75.0 75.0 
55.7 55.7 
88.6 88.6 
40.0 40.0 
0.56 0.56 
64 64 



INAPT DATA 
Type of Coal 
System Pressure, atin 
Input Temperatures, OC 
coal 
Steam 
Ovgen 

Coal Feed Rate, lb daf 
Steam Feed Rate, l b  
Carbon Activity 
Carbon Reacted,$ 

Stage 2 

Stage 1 
Steam Feed Rate, lb 
Oxygen Feed Rate, l b  
Heat Loss, Btu/lb Coal 

Temperature (exit) OC 
Temperature (exit) OF 
Cas Composition, Moles 

CALCULATIONS 
Stage 2 

co 
H2S 
cH4 
&? 
F2 
c?2 
%O 

Stage 1 
Temperature, OC 
Temperature, OF 
Gas, Moles 
co 
% 
co;, 
%O 

Stage 5 
Total Gas, Dry Moles 
Total (CO + e) Moles 
Preformed q, $ 
Carbon as Methane. 4& 

. I  

Total - 
Thermal Efficiency 
Steam Decomposition, $ 
Total Methane a f t e r  
Methanation, Moles 

Total Methane after 
Methanation, Btu in Coal 

Oxygen Consumption, 
lb/MM Btu in CIP, 

C% Production, Mole per 
Mole C€R+ 

CO;, Production, lb/hM Btu 
inGas 

Run Number 8014 BKC- 
38395152 
Illinois 

72.4 

204 
538 
327 

100.0 
95.4 
1.0 

30.6 

36.0 
71.0 
2 50 

955 
1751 

3.388 
0.081 
0.975 
3.837 
0.054 
2 .bo5 
4.180 

' 1705 
3101 

3.906 
1.052 
0.792 
0.947 

10.741 
7.225 
35 -1 
14.4 

0.822 
43 

2.78 

73.7 

66.5 

3.99 

165 

Illinois 
72.4 

204 
538 
327 

100.0 

1.0 
41.4 

95.4 

36.0 
60.0 
250 

885 
1@5 

2.855 
0.081 
1 * 391 
3.395 
0.054 
2.522 
3 -791 

1635 
2975 

3.196 
0.987 
0.771 
1.oll 

10.299 
6.251 
47.1 
20.5 

0.845 
48 

2.95 

78.1 

53.2 

3 .& 

148 

Lignite 
72.4 

204 
538 
327 

100.0 
55 .O 
1.0 

22.6 

36.0 
65 .o 
2 50 

915 
1679 

3 * 055 
0.047 
0.910 
2.853 
0.032 
2.220 
2.839 

1405 
2561 

4.184 

0.604 
0.669 

1.330 

9.118 
5.908 
38.1 
14.7 

0.833 
44.0 

2.39 

74.7 

71.0 

1-59 

183 

Lignite 
72.4 

204 
538 
327 

100.0 
95.4. 
1.0 

22.6 

36.0 
65.0 
250 

895 
1643 

2.357 
0.047 
1.038 
3 - 039 
0.032 

4.640 

1405 
2561 

2.790 

4.184 

0.604 
0.669 

1.330 

9.304 
5.397 
43.5 
16.8 

0.815 
36.6 

2.39 

74.7 

71.0 

1.59 

183 
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yield. By comparing the results from Run 33 and Run 34 with thcae from a run 
a t  the standard operating pressure, it i s  noted tha t  a change i n  pressure, 
e i ther  fram 72.5 t o  51 a b ,  o r  from 72.5 t o  102 a b ,  produces a change i n  raw 
material and u t i l i t y  costs equivalent t o  about 295/MM Btu pipeline gas; op- 
eration a t  the higher pressure gives the cheaper gas i n  each case. 
ison, the same change i n  gas cost of 2#/M Btu would be produced by a change 
of about $10 million i n  the investment costs for a 250 MM scfd plant. 
economic evaluations and experimental results w i l l  be needed t o  find the 
optimum pressure for the lowest cost of gas and/or c a p i t a  investment. 

By ccmrpar- 

Further 

Heat Loss and Preheat Temperature 

Another factor influencing the gas yield i s  the heat loss in the gasifier.  
A s  reference value, a heat l o s s  of 250 Btu/lb of coal, or 1.6 percent of the 
heating value of Pittsburgh seam coal, has been assumed. This i s  an arbitrar-  
i l y  chosen figure tha t  i s  based on extrapolation of mai lable  data t o  pressure 
operation. 
coal, respectively, were compared with resul ts  f o r  250 Btu heat loss  at the 
same Stage 2 temperature. 
increases the gas cost by about 2$/1.pI Btu pipeiine gas. 
studies will be needed t o  determine whether the actual methane yield i s  
influenced t o  the extent indicated here. 
plant wil l  establish rel iable  data for  the heat loss i n  a commercial unit. 

A study of different preheAt temQei-a:uz:: L iet:ia+z l:5 n;t api;ear 
necessary. Differences i n  the enthalples of tht various Ira-c--.rials due t o  
changes i n  preheat temperature, have the srunr: iiifluence a.: changes i n  heat 
loss.  

Computer Runs 29 and 30 for heat losses of 500 and 0 Btu/lb o f  

A n  increase i n  heat loss of 250 Btu/lb coal 
Again, experimental 

?nly experiments i n  a large p i lo t  

Steem/Coal Ratio 

Several computer runs were uade us i -g  varl  JUS S! ia~,’ccai ratios: 

I n  Computer Runs 28 and 35, data for 24.0 and 104.9 pound stem per 100 
pound coal i n  Stage 2 were obtained for cmparison t o  the “standard” quantity 
of 95.4 pound; no changes were made in  th2 amount of  steam entering Stage 1, 
36.0 pound steam per pound coal being used i n  all instances. 

In Computer Run 26 with 60 pound t o t a l  stem? per 100 pound coal, the 
Stage 2 temperature was 20 C above that  i n  Run 35, being 945 C, as canpared 
t o  925 c. 

Unless reaction kinetics demand a high steam/coal ra t io ,  a r a t io  below 
130 lb/100 l b  coal should be selected fo r  purely heat balance reasons. 
Further study of the u t i l i za t ion  of the gasification steam i n  the s h i f t  
reactor i s  indicated. 
gas plant.  

A 

Such a reactor would be par t  of a n  integrated pipeline 

Withdrawal of Recycle Char 

Cn the premise tha t  it may become desirable t o  withdraw recycle char for  
use as boiler fuel rather than fresh coal, Computer R u n s  48, 49, 50, and 53 
were made t o  indicate resul ts  which m i g h t  be expected with such an operation. 
The Part ia l  gasification shows lower costs for pipeline gas i n  all cases: the 
lowest difference is 2.4 cents, the highest 13.3 cents per MM Btu b e e d  on raw 
material and u t i l i t y  costs only, assuming a char credit  a t  the Btu price of 
the coal and only a minor char handling expense. 
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Additional experimental data w e  needed t o  bet ter  define the methane yield 
and operating temperature for char withdrawal i n  canparison t o  these same 
parameters for complete gasification. 

Changes in  Coal Feed Stock 

To obtain data on the  effect  of coal rank on the cost of pipeline gas, 
Several computer runs were made with coals differing i n  rank from Pittsburgh 
Seam coal, namely, Runs 38 and 39 with I l l i no i s  No. 6 coal and Runs 51 and 52 
with l igni te .  
Price per MM Btu in  the dried coal and the same Stage 2 temperature, the 
Pipeline gas cost i s  similar. On the same basis, the greater thermal bal las t  
i n  the l igni te ,  mainly i t s  high owgen content, leads t o  a higher cost of gas 
made from l igni te .  
for  l ign i te ,  the gas cost becmes the same. 

For Pittsburgh seam coal and I l l i no i s  No. 6 coal a t  the same 

However, if one assumes a 60 C lower Stage 2 temperature 

Again, further experimentation w i l l  lead t o  a bet ter  definition of the 
best operating temperature for  the various coals and a bet ter  comparison of 
cost will  be possible. 

CcPnparison of Experimental and Computer Results 

E?cperimental Stage 2 gasification data fo r  l i gn i t e  (3) are compared with 
COqYuter resul ts  i n  Table 9. The experimental resul ts  show a somewhat higher 
methane yield i n  sp i te  of higher Stage 2 temperatures. 
not surprising since the methane yield is  determined by reaction kinetics and 
factors such as pa r t i a l  pressures of reactants and the ra t ios  of Stage 1 gas, 
steam, and coal, rather than by the thermodynamic equilibria. 

This discrepancy is  

The higher experimental yield of .(CO + (2%) w i l l  lead t o  a smal ler  amount 
of char available fo r  Stage 1 than used i n  the computer run. This will, a t  
the same oxygen/coal ra t io ,  lead t o  a higher Stage 1 temperature. 
the higher temperature i n  Stage 2 indicated by the  experiments, a higher 
owgen/lignite r a t io  than the 0.65 lb/lb assumed in computer Run 51 will be 
needed. I n  the feed streams entering Stage 2 in  the experimental runs, the 
pa r t i a l  pressure of (CO + e) is lower; and tha t  of C i s  higher than i n  the 
computer run. This i s  i n  accord with a higher oxygen$.gnite r a t io  as 
required t o  a t t a in  the higher temperature used in the experimental runs. 
may be noted tha t  the  Stage 1 gas/lignite ra t ios  and the steam/lignite ra t ios  
i n  the two experimental runs bracket these same parameters i n  the ccmrputer runs 

The computer data reported i n  t h i s  study have been useful i n  providing 

To a t ta in  

It 

guidance for  the selection of experimental parameters such as feed stream 
composition and reactant ra t ios  fo r  the externally-heated experimental 5 lb/hr 
flow reactor being used for  the study of Stage 2 reactions. They w i l l  be 
equally useful in the  operation of the intern--heated 100 lb/hr process 
and equipnent developent uni t  now being erected. 

The computer program used i n  t h i s  study mey also be useful as a basis i n  
preparing an improved program in which the  methane content of the Stage 2 gas 
is  determined by kinetic data. 
5 lb/hr unit, and later the  100 lb/hr unit, w i l l .  supply such data. 

It i s  expected that *her operation of the 



Temperature’C, Stage 1 
Stage 2 

Pressure, a b  

Limi te ,  g C/min 

Stage 1 Gas,  Nl/g C i n  Lignite 

Steam, d/g C i n  Lignite 

Par t ia l  Pressure of Gases Entering 
Stage 2, atm 

co 
H2 
co, 
H20 
A r  

YieLls i n  Stage 2 alone as Percent 
of Lignite : 

C i n C H q  
c in (CO + CQ) 
C Gasified in  Stage 2 

Btu in  CI-4 

Btu in  (CO + %) 

Experimental Data 
Run 36 E& 

-- -- 
970 965 
70 81.5 

5.9 18.8 

4.9 1.56 

2.1 0.9 

25.5 26.5 
8.4 8.7 
7.5 7.9 
24.5 34.0 
4.1 4.4 

16.9 15.4 
18.1 
33.5 
- 

33.8 29.5 

4.5 10.2 

I 
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TABLE 9. EXPERlME3TAL AM) COMRPPER DATA FOR 
LIGNlTZ W I F I C A T I O N  IN STAGE 2 

Computer Data 
RU 51 

1405 
915 

72.4 

1.84 

1.22 

30.8 
9.8 
4.4 
27.4 -- 

14.7 5s 
28.2 

3.8 
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