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INTRODUCT ION
The alkali metal or alkaline earth oxides, hydroxides, and carbonates
have long been known as excellent promotors of the steam and hydrogen
gasification reactions, although the catalytic mechanism is not understood.
(Reference 1 contains a good review of gasification technology up to 1963.)
Recent work on catalysis is focusing on substantiation and understanding
of much of this past work. , Some of the most recent findings are:

1. Alkali metal compounds are the most active in promoting
increased gasification rates [2,3,4,5,6,7]. A few metals,
e.g., Ca, may be as catalytically active as the alkali
metals [2,3].

2. Catalyst contacting by impregnation appears to be the )
most effective [1,7,8,9]. Very little is known about
dual catalyst systems [10,11]).

3. Studies of catalysis of various carbon systems by Walker
et al {12] have pointed out that: a) the chemical state
of the catalyst is critically important, b) for pure
carbon, substantial catalytic effects are observed with
catalyst concentrations in the parts per million range,
c) anions play an important role, d) even for pure carbons
the mechanism of action.of the catalysts is not understood.

4. A kinetic model has been proposed bascd on the carbon
structure becoming more graphitic with increasing extent
of reaction [3,4]. Others have noted changes in the carbon
structure and activation energy upon gasification (7,9,13,14].
The present work looks at the effect on reactivity of dual catalyst
systems, varying catalyst. concentrations, catalyst annealing, and catalyst

preparation.

EXPERIMENTAL

The char, obtained from FMC Corporation, was derived from an 1lllinois No. 6
coal pyrolyzed at.1550°F (for complete analysis see Reference 3). The coals,
obtained from Pennsylvania State University,were PSOC 4, a high volatile A
Elkhorn #3 seam in Deane, Kentucky, and PSOC 106,

a high volatile B bituminous coal from the Indiana #1 Block Jefferson Twp.,
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Indiana (for complete analysis, see Reference 15). All catalysts were
deposited by impregnation from water solutions [4] except where noted, and all
‘catalyst percentages are expressed as weight of the metal.

All experiments were carried out in the high temperature, high pressure

thermobalance described earlier [3,4]. Procedures were identical to those

in the earlier work.

RESULTS

Gasification of the FMC char in steam showed that potassium and sodium
bicarbonates exhibited the greatest catalytic activity. Similar earlier
experiments with this char in hydrogen gave the same results [3]. (The
effectiveness of the catalysts can be judged by comparing the time to 90%
conversion, XA = .90, given in Table 1.) Other work with this char also
showed that potassium concentrations on the order of 1 wt. % had little or
no effect. This might be e§pected considering the quantity of metal already
present in the char as ash. Increasing the catalyst concentration to 5 wt. %
and 10 wt. Z gave significantly greater rates of carbon gasification {16].

Gasification rates with caking high volatile bituminous coals at 850°C
and 500 psi steam varied approximately with the apparent geometric
surface area of the sample. All experiments carried out with these coals were
performed under identical conditions so that the comparison of relative catalyst
effectiveness would be valid. Dual catalyst experiments with the PSOC coals
showed that 5 wt. % K,C03 was more active than mixtures of 5 wt. % potassium
plus 5 wt. Z of other metals (see Table 1). Potassium carbonate by.itself
produced methane yields close to the best potassium-cracking catalyst combina-
tion K2C03-{(Al1203)(8102)3] and potassium-methanation catalyst combination,
K2€03-CoC03-M003.

Annealing these coals in helium at the reaction temperature for 400
seconds with catalyst present gave increased rates. The non-catalyzed PSOC &
which has a very low ash content, showed no change upon annealing, ‘The non-

catalyzed PSOC 106, which has a very high ash content, exhibited significant

‘rate increases upon annealing. Also,‘annealing the K2CO3-ZnO dual catalyst

on PSOC &4 particularly enhanced the rate. Moderate to substantial yields in
methane were observed for annealed samples,
In general, impregnation of the catalyst from water solution on the sample

was more effective than dry mixing. An exception was tungsten disulfide which
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mixed and adhered exceptionally well with the coal in the dry state. This
catalyst gave better activity mixed dry than it did upon impregnation. Dry
catalyst experiments with sodium sulfide also showed a greater ability to
adhere to the coal than sodium sulfate, sulfite, phosphate, and carbénates.
The addition of 30 % CO to the inlet H20 decreased the catalytic activity
for the three dual catalysts tested.

Reactivity of the catalyzed and non-catalyzed PSOC coals was also
measured at 650°C and similar catalytic activities were noted for the
potassium combinations. Lowering the temperature decreased the volatile
yield as expected, Addition of catalysts had little or no effect on volatile
yield at 650°C or 850°C. The effect of annealing was also decreased at 650°C.
The reacéivity with a catalyst present increased modestly with annealing;
however, the total methane yield dropped, instead of increasing, as at 850°C.
In general, the catalysts reduced total methane production compared to the
non-catalyzed coal at 650°C. However, total méthane yields from the catalysts

at 650°C were the same or greater than the non-catalyzed coal at 850°C.

DISCUSSION
Two simple semi-empirical models were used here to fit the data. The
first model is that discussed earlier by two of the present authors [4], and

the second is a generalized form of a model proposed by Johnson [17]

=%
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Model 1: i Kl e (1-x) where x = fractional conversion of coal, and
Model 2: %% = K2 (l—x)n n, b, Kj, K2'= constant

Each model will fit the data with equal accuracy and there is little
evidence to indicate one is more valid than the other. However, some
interesting results have been observed. For the non-catalyzed FMC char at
950°C and the non-catalyzed PSOC coals at 650°C, the reaction order appears to
be lst order (n=1l) with respect to the mass of carbon present. This is most
easily explained by the reaction taking place throughout the entire mass of
the sample and has been reported by other investigators for various gas-carbon
reactions [13,14,18]. Gasification rates of the non-catalyzed PSOC coals at
850°C varied with apparent sample geometric area. These coals showed very
negative b values by model 1, and a shift of n to approximately 2/3 in model 2.
Negative values of b indicate that the activation enthalpy is decrcqsinn as con—

version proceeds and that the char is becoming easier to gasify. The results
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may indicate a surface reaction or catalyst diffusion controlling model.
Surface reaction control has been observed by others for steam and oxygen
gasification of carbon [14;17,19].

Increasingly more negative values of b were observed in model 1 as
the gasification rate of the catalyzed FMC char increased. There was no
obvious trend in the values of b in model 1 for the catalyzed PSOC coals.
Model 2 showed decreases in the value of n to around n=2/3 for the catalyzed
FMC char. Values of n in model 2 for the catalyzed PSOC coals were very low,
possibly indicating a shift to film diffusion control in the Stokes Regime
where n = 1/3 [20].

ActiVation enthalpies calculated for the coals from the 650°C and
950°C data were rather low, again indicating that the gasification reactfon
was not taking place under pure chemical reactidn rate control (for PSOC 4,
Af; = 16.4 kcal/gmole and AH, = 11.3 kcal/gmole; for PSOC 106, AHi = 19.7
kcal/gmole and AHy = 16.6 kcal/gmole. v

The PSOC coals were examined‘by scanning electron microscopy and electron
microprobe analysis for such features as particle structure, catalyst dis-
tribution, and structural changes at the catalyst sites as a result of
pasification.

The particles of the PSOC 4 coal expanded considerably upon initial
gasification. PSOC 106 changed but to a much lesser degree. This metamorphosis:
produced a highly porous structuré in the PSOC 4 coal and a lesser evolved
interior in the PSOC 106. Addition of catalysts had no macroscopic.effect on
this process and remained on the surface of the coal particle.

The use of catalysts to enhance gasification rates could be a significant
contribution to present technology. However, economic viability is of para-
mount importance. Savings from decreases in endothermic heat requirements
hopefully could offset catalyst costs. Equilibrium calculations of a 1 to 1
steam to carbon ratio at 500 psi show that the heat of reaction to form the
equilibrium composition is reduced from approximately 22.0 kcal/gmole at
900°C to 7.0 kcal/gmole at 650°C. 1If all of the heat for this reaction were
supplied by a 13,000 BTU/1b coal at $20/ton for a 12,000 ton/day or
250 MM SCF/day gasification plant, that would amount to operational savings of
approximately $33,000/day. To break even, the cost of a catalyst contatning
50 wt. % potassium deposited at 10 wt, Z potassium on the coal would have to be

approximately $15/ton, assuming no catalyst recovery. Much more
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research will be necessary to support catalyst utility. Substantial
methane ylelds from catalysts at 650°C will be necessary. Steam to carbon
ratios in our present apparatus are too high (10:1) to be specific about

methane production at practical process conditions.

SUMMARY

Potassium salts were found to be catalytically more active when used
singly than in combination with cracking or methanation catalysts. The
gasification rates of the PSOC coals at 850°C were not solely controlled by
chemical reaction rates. Increase in rates upon annealing indicate that
catalyst diffusion and reaction with the coal (and char) may be limiting

the rates In some cases.
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