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I. Task Description for FY 1988 

In the past this program has investigated ·the role of catalysts 
in relatively low temperature steam gasification. New mechanisms have 
been demonstrated and it has been shown that combinations of alkali 
hydroxide with transition metal oxides form compounds which act as the 
true catalyst to produce mostly, hydrogen and carbon dioxide. This has 
further been confirmed by surface sci~nce studies and· by transmission 
electron microscopy. At the lower temperatures (-800 K) used, hydrogen 
and co2 are the products formed, but the effect of temperature and of the 
exact composition of the NiO/KOH catalyst that has been studied in the 
greatest detail on the CO/CO ratio remains to be defined.: Similarly, a 
clear definition of the advantages of different.alkali-transition metal 
oxide compositions is required. It appears possible that with the right 
catalyst and conditions, either syn-gas or H2 + co2 can be produced. 
Inexperisive transition metal oxide-alkali catalysts will be evaluated as 
will be the effect of mineral matter in chars and coke and the role of 
different partial pressures of H2, CO and H2s. 

II. Introduction · 

A new gasification unit has been built and is in operation. A 
diagram of this unit and a photograph of it are presented in Figs. 1 and 
2. All results reported in this report were obtained in the new unit 
which is almost entirely automated and permits careful weight balancing, 
product analysis and control of feed rates and temperature. By using a 
mixture of inert gas and water as feed, steam partial pressure in the 
reactor can be varied. 

During the present quarter, gasification of two new chars in the 
absence and presence of various catalysts was. carrried out. The results, 
presen~ed below, should be compared with data presented in the March 1988 

report for a North Dakota char and for graphite. 
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III. Highlights 
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• A subbituminous and a bituminous char have been steam 
gasified, both before and after demineralization, using 
K-Ni, K-Ca, and K-Mg catalysts. 

• Chars derived from the younger coals are easier to gasify. 
The order of ease of gasification is lignite > 

subbituminous > bituminous char. 

• Ash components in the lignite and subbituminous chars 
provide some catalytic action, which is absent for the 
bituminous char. The latter behaves similarly to graphite. 

• K-Ca is a.good gasification catalyst, exhibiting slightly 
less activity than K-Ni but being more resistant to 
deactivation by ash components. K-Hg. appears to be 
somewhat less active than K-Ca. 

• The calcium content of the ash may play a very important 
role in the rate of gasification. 

• The current work suggests that composition of the ash 
determines which catalyst is most effective and in what 
amount to use it. 

• Activation energies for all chars tested thusfar and for 
all catalysts tested are in the same range, 54-63 
Kcal/mole. The similarities in activation energy indicate 
that a common mechanism and rate controlling step prevails 
in all these cases. The small differences observed are 
only present in the frequency factor, suggesting that a 
higher entropy of the solid facilitates the reaction. 

.. 
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• ·· As ·previously described~ a most important characteristic of 

good'catalysts for low temperature gasificatiori is their 

ability to be m6lt~n ahd:to wet the char at operating 

·conditions. 

IV. Progress of Studies 

a) ·Experimental. A char from devolatilization of 

subbitumi no us Rosebud coa·l at 1 ~00°F· for 30 min in a nitrogen atmosphere 
was obtained from IGT. Composition of this coal is given in Table 1. · 

This is a relatively high ash coal and the ash is rich in: Fe2o3 ~ cao, and 

S. Its composition somewhat resembles that·of the North Dakota lignite 

char previously processed (Table 1. December 1987 report) except that the 

Rosebud char is lower in calcium and ~agnesium than the Dakota char. The 

high dolomite ratio of this char. may be very important. 

Another char was obtained from IGT. This was derived from a 
bituminous coal from Ohio'Pitt No.8, Franklin 125 by devolatilization at 

1400°F for 30 min in nitrogen. Its composition is also shown in Table 
1. It has about one-half the ash content of the Rosebud char,· is lower 
in oxygen and higher in sulfur. Its ash is very high in iron o~ide and 

low in earth alkali content. The coal has a very low dol~mite ratio. 

A sample of each of the chars was demineralized by the procedure 
described on page 13 of the December i 987 report. 

Gasification of the chars ~a~ carried out at- 893 K (620°C). A 
sample of .5g was -charged to· the unit. When catalysts were used, they 

were present in a molar ratio of catalyst to carbon= 1.2 x 10-2. Water 
flow to the unit was at a rate of 0.066 c(/min. Total pressure was <1 
psi g . 
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b) Steam Gasification of the Rosebud Char. Gasification of 

the as received char is shown in Fig. 3. Both the carbon conversion as a 
function of time and the rate of gas production are lower than for the 

previously reported Dakota char (Fig. 2, December 1987 report). After 
demineralization no gasification activity was observed with the Rosebud 

char. 

When impregnated with potassium-nickel catalyst, the Rosebud char 

exhibits greater conversion activity, but carbon gasification is limited 

to about 50% after 1000 minutes. As in previous cases with this catalyst 

and other chars, the gasification rate declines quite rapidly, indicative 

of poisoning (Fig. 4). In the case of the demineralized char, the K-Ni 

catalyst exhibits both improved carbon conversion and gas production rate 

(Fig. 5). The latter is fairly constant between about 10 and 60% 

conversion and the gradual decline thereafter is probably due to greater 

steam by-passing and reduced char surface area as the amount of sample 

declines. This is demonstrated by normalizing the gas rate on the basis 

of amount of carbon remaining (Fig. 6). A steady state rate is obtained. 

Figures 7 and 8 show results obtained with the raw, and 
respectively with the demineralized Rosebud char after impregnation with 

K-Ca. The as received char (Fig. 7) is to~ally gasified in lOOO·minutes, 

a major improvement over the K-Ni catalyst. Gas production is high for 

the first 60% of conversion, then declines. When the gas production is 

normalized (Fig. 9), it becomes steady for 80% of the conversion 

indicating no poisoning of the catalyst. The demineralized Rosebud char 

after K-Ca impregnation is less active (Fig. 8) than the impregnated raw 

char, indicating the importance of Ca in the ash as a catalyst 

component. In fact if the activity of the unimpregnated raw char (Fig. 

3) is added to that of the K-Ca impregnated demineralized char (Fig. 8), 

the sum of either conversion or rate approximates the data obtained from 

the impregnated raw char. The presence of Ca and Mg as dolomite may be 
particularly important. 
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Table 2 presents activation energies obtained from Arrhenius 

plots. It shows th~t the·activation energy for all char~ and catalysts 

tested is in the same range, 54-63 Kcal/mol, indicating a conrnon 

mechanism and rate controlling itep · 

A K-Mg· catalyst appears to be slightly less active than the K-Ca 

catalyst;· Fig. 10 presents the data.for· the K-Mg impregnated Rosebud 

char and Fig. 11 for the demineralized char. 

The major gaseous products from all the catalytic gasifications 

described above are H2 and co2. The amount of CO is an order of 

magnitude. less than CO~, and CH4 is two orders of magnitude less. 

However, co product1on increases somewhat as C gasification approaches 

100%. As observedearlier for the North Dakota lignite char, the H/co2 
molar ratio is so.mewhat greater than 2 fo'r about 70-80% of C gasification 

and then dec·l i nes· be 1 ow 2, silpporti ng the mechanism proposed in the March 

1988 repott· (page 9). 

c) Steam Gasification of Ohio Pitt #8 Franklin 125 Char. This 

char derived from a bituminous coal showed no inherent gasification 

activity at 893 K in this respect behaving like graphite. Further, 

essentially no gasification could be observed with the demineralized char. 

After impregnation with K-Ni, gasification proceeded as shown in 
Fig. 12, but at a slower conversion rate than for the other two chars. 
The gas production rate is remarkably stable, except for the very initial 

period. The high rate at this period is probably attributable to the 

removal by steam of gases formed during the heat up period and to 

decomposition of some oxidized carbon species formed during the 

impregnation step . 

After impregnation with K-Ca, this char is slightly less active 

than with K-Ni (Fig. 13), in line with earlier results for graphite. 
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After demineralization and impregnation with K-Ca (Fig. 14) a 

considerable improvement in both conversion and gas rate is obtained, 

though both are still below rates for subbituminous and lignite chars. 

Ash components therefore exert a negative (poisoning) effect on the 

catalyst, al~hough this appears to be only an initial effect leading to a 

lower steady state activity, but not to a continuing activity decline. 

It remains to be seen whether an increase in catalyst concentration will 

improve the rates of the raw char. 

v. Future.Work 

In addition to evaluation of several other bituminous chars, work 
in the near future is planned on electron microscopy studies of the 

action of alkali-earth alkali catalysts on carbon substrates in the 

presence of steam. Better definition of the inhibiting effects of ash 

minerals will be obtained by selectively adding single ash components to 

demineralized chars and observing their effect on gasification rates. 

. . . 
' 
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Table l .. PROXIMATE, ULTIMATE, AND INORGANIC CHEMICAL 
ANALYSES OF COALS USED IN GASIFICATION TESTS 

'~ <' 

Seam v 

Mine Rosebud 

Proximate Analysis, wt% 
Moisture 23.1 
Volatile Matter 28.5 
Ash 11.3 
Fixed Carbon _11..:.1 

Total 100.0 
Ultimate .Analysis, wt% (dry basis) 

Ash 14.66 
Carbon 62.78 
_Hydrogen 4'.40 
Sulfur 1.29 
Nitrogen 0.99 
Oxygen (by difference) 15.88 

Total 100.00 
Ash Composition, wt% 

' SiO 
2 

48.8 

Al 2o3 
·23.55 

Fe2o3 
7.02 

Ti02 0.12 

P205 0.25 

CaO 7.16 
MgO 2.57 
Na 2o 0.09 

K20 0.36 

so3 9.91 

Total 99.78 
Ash Content (as ashed for analysis 
of ash, dry basis) 

Basic Ash Constituents, wt% 19.22 
Dolomite Ratio, wt% 56.6 
Si02/Al 2o3 Ratio 2.1 

Forms of Sulfur, wt% (dry bas is) 
Pyritic 0.76 
Sulfate 0.015 
Organic 0.52 

Total 1.28 

Forms of Iron (dry basis) wt% % of Fe 
Pyritic 1.32 G2* 
HCl-Soluble 0.12 ___! 

total of HCl Sol + Pyritic 2.13* -100 
Acid-Insoluble 0.69 
Pyritic, % of total Fe** 

*Based on total iron including 0.69 wt% HCl-insoluble 
**Of 1/4-inch-top-size coal after storage 
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OH Pitt No. 8 
Franklin 125 

12.5 
38.6 
7.5 

21.:.1· 
100.0 

7.68 
74.47 

5."24 
3.21 
1.50 
7.90 

100.00 

41.6 

20.9 

' 31.7. 

1.02 
0.07 
1.14 
0.36 
0.35 

0.98 
. 1.00 

99.2 

7.7 
35.2 
4.3 
2.0 

2.37 
. 0.21 

0.97 
3.56 

wt% % of Fe 
2.07 9G 
0.08 _.1 
2.15 100 

<0.10 
97 
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Table 2: ARRHENIUS ANALYSIS FOR DIFFERENT 
CATALYSTS AND CHARS 

Catalyst + Char Activation· Frequency 
Energy Factor 
KJ/mol 

Kcal/mol 

K-Ca +Pitt No. 8 268.7 2.11 1010 
Franklyn Char 64.4 

.. K-Ca + Pitt No. 8 263.2 2.22 1010 

Franklyn Oemineralized 63.1 

K-Ni + Pitt No. 8 225.6 4.90 109 

Franklyn Char 54.1 
. 

K-Ca + Rosebud Char 240.9 2.22 109 

Demi nera 1 i zed 57.8 

OOJOa - 9 

Min Squares 
Reg. Factor 
(No. -Values) 

0.996 (5) 

0.986 (5) 

0.998 (4) 

0.977 (6) 
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EXPERIMENTAL SETUP 

Sample 
Oven 
Temperature control 
Temperature indicator 
Pressure · gauges 
Mass flow controller 
Syringe pump 

8. He 99.99% bottle 
9. Expander 

10. Water recipient 
11. Callibrating mixture for G.C. 
12. Bubble flowmeter 
13. Gas sample valve 
14. Gas chromatograph 

M Valve 
~: Wire heater 

Fig. 1 
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K-NI ROSEBUD CHAR STD. COND. 
NORMALIZED RATE & CONVERSION VS TIME 
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K·NI ROSEBUD DEMINERALIZED 
RATE & CONVERSION VS TIME 

3.5t T1.0 

a.o· .0.9 

"'. .+o.s z + - 2.5 ~ + + 0.7 
' + + ~ + 
~ • • • • + + 0.6 2.0 ' • • + + -
~ • + + (I) 

• + a: 
' • • • • + + . o.s 

·.~ 
..J • + + L{') 

0 1.5 • + + 0.4 
0 

I ~ + 0'1 
L{') + •• . ..... ..... \,J + • • • • • 0 

l.J_ 
I 

~ + • • • 
1.0 + • 0.3 

< + • • • • • . + • • • a: + •to.2 + 
0.5t + 

+ +0.1 + 
+ o ol t I I I I I I I I I lo.o . 0 100 200 300 400 600 600 700 800 900 1000 

TIME 
• RATE + CONVERSION 

(l• • ) v 



~ 

~ 
(J 

' (J ...., 
a= 
' I w ~ 

r-i ... I < a= 

• 

0.066T 

I 

0.046. 

0.037 

K-NI ROSEBUD DEMINERALIZED 
NORMALIZED RATE & CONVERSION VS TIME 

+ + 
• 

+ + 
+ + + + • + • • • • t + • • • • • • + • • • • • • • • + • 0.028 • • • + • 

• • ~ ' + • • + 
+ + 

0.018 + + 
+ + + 

+ 
o.ooat + 

+ 
+ 

+ 
+ 

o.oooJ • I I I I I I I I 
100 200 300 400 600 600 700 800 

TIME(MIN) 
• RATE + CONVERSION 

C> 

T1.0 

0.9 
I 

.to.8 
+ • 
• 0.7 

~ 0.6 -(I) 
a: 0.6 

~ ~ 

0.4 . 
O'l 

(J 
.,.... 
LL. 

0.3 

~0.2 

+0.1 

I 
1ob

06° 900 



K-Ca ROSEBUD CHAR STD.COND. 
RATE & CONVERSION VS TIME 
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K-Ca ROSEBUD DEMINERALISED STD. COND. 
RATE & CONVERSION VS TIME 
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K-Ca ROSEBUD CHAR 
RATE NORMALIZED VS TIME 
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K·Mg ROSEBUD CHAR STD. COND. 
RATE & CONVERSION VS TIME 
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K-Mg ROSEBUD DEMINERALISED STD. COND. 
RATE & CONVERSION VS TIME 
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K-Ca PITT.No8 DEMINERALIZED 
RATE & CONVERSION VS TIME 
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