VI1l. Catalysts for the Direct Productlion of Methane from
Toal and wWater

The development of a catalyst or a multiple catalyst system
for the production of methane directly from coal plus steam was
given high priority at the EPRI Conference on "Coal Catalysis."
However, this is not included in the EPRI Research Program since
the generation of electric power from ¢cal in the absence of
cheap and abundant natural methane gas 1s more easlly managed
through the production of low=sulfur fuel oll and producer gas
of lower energy content, Since the United States possesses an
extensive gas pipeline network, the production of methane from
coal 18 of tremendous importance. Therefore, we have included
this task in our report, although we have omitted it from the
Research Program. The Amerlcan Gas Assoclation or the National

Science Foundation may well want to support this research,

Direct conversion of coal and steam to methane promises to
be a reasonably efficient method for producing high BTU gas.
Alao,'techniques learned from this processrmay enable us to gasify

the coal right in the underground seams,

Currently, coal can be transformed into high BTU gas (meinly
methane) by use of one of the multi-stage processes now being de-
veloped., These processes involve:

1. Production of synthesls gas by coal gasification with steam
and oxygen,

'C + H,0 = CO + H, (1)
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Since reaction (1) is endothermic, oxygen is added to burn
some of the coal which provides the heat needed to drive

the reaction,

2C + 0, - 2 CO (2)

2. Purification of the gas stream,

3. Adjustment of the F5:C0 ratio to 3:1 by the water gas

shift reaction,

Co + H2O — 002 + H2 (3)

4, Methanation,

CO + 3H, — CHy + H20 (4)

Reaction (1) is endcthermlic and the equilibrium dces not
become thermodynamically favorable until the temperature rises
above B800°C., Catalysls of this step 1s discussed 1n Sectlon
IITI. The water gas shift reaction (3) 1s slightly exothermlc
and the equilibrium constant becomes inecreasingly smaller as the
temperature increases. In order to obtain a satisfactory yleld
of hydrogen, the reaction is usually run below 450°Cc, Cataly-
sis is important for this reaction. Prior to 1963, shift ca-
talysts contained 70-85% iron oxide promoted with 5=15% chromia,
These catalysts were supplemented by a Cu-Zn base catalyst
(sometimes containing chromié) which 1s more actlve and can
be employed at lower temperatures. Even more recently, a spinel=
supported Co/Mo catalyst that 1s resistant to sulfur polsonlng

and shows high activity at low temperatures has been reported.
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Methanation (4) 1s highly exothermic and 1s usually run at
~ 4000C, Nickel is currently the "standard methanation catalyst"”
and we have discussed methanation catalysts more extensively in

Seection VI,

The direct production of methane from coal and steam can be
considered to be the sum of reactions (1), (2), (3), and (4):

x X

y
In this overéll scheme, the exothermic heat of methanation and

partial combustionrsupplies the endothermic heat of gasificatlon
so that the free energy of this reaction is probably favorable at

low to intermediate temperatures. The reaction:

CgHg + 3H,0 +  3/2 0,— 300, + 3 CHy (6)

1s highly favorable at all temperatures, enough so that we can
conclude that reaction (5) 1s probably favorable. Temperature
limitations are likely to be those above which methane begins to
decompose, ~ 650°C. Therefore, we probably should not exceed

~550°C in our attempts to bring about reactlon (5).

The-combination of gasification and methanatlon in the same
reactor 1is being studied by the National Resources Research Ine
atitute at the University of Wyoming. They hold a patent (U. S,
Patent #3,505,204) on a coal=-conversion process that employs
K2003 orNaQCO3 and Ni as multiple catalysts in a single-stage
converter to syntheslze methane at ~~ 650°C., By choosing the

proper catalyst combination, the conversion can be directed



toward the production of hydrogen or liquids or gasecus hydro-
carbons., With nickel-alkall, gaseous hydrocarbons are produced,
while lron=alkali catalyzes the production of 11quid hydrocarbons.
Their research 1s still in the laboratory stage and is currently

proceeding with a smalle-scale (~100 g coal/run) reactor.

Recommendatlons

There are currently two large probleme associated wilth

finding and developing catalysts for a direct conversion process:

1. Sensitivity of likely catalysts to sulfur poilsoning.

2. Transport difficulities in bringing together the coal

and the catalyst or catalysts (discussed in Section III).

Since the conventional transition metal catalysts (like N1)
that are used now are easily polsoned by the sulfur present in
the coal (3Ni + 2H,8 = Ni38, + 2H,), ways to avold deactivation

must be developed. Some tentative solutions are:

a. Sulfur scavengers
b. 1in situo catalysat regeneration
¢. Prior sulfur removal

d. Actlve, sulfur-resistant catalysts

If an active, sulfur-insensitive catalyst is found, then the sulfur
in the coal will present little problem, It will be converted to
st in the process which can then be removed from the methane pro-
duct to an acceptable level with a hotecarbonate scrubber, This

is the most desirable of the four alternatives.
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W, Wiser and A. Oblad sugpest the followlng generalized re-
actions for initial fundamental studles on the direct conversion:

1.7 Carbon and steam

2, Carbon, steam, and oxyren

3. Aromatics and steam

4, Aromatics, steam, and oxygen

5, Carbon and steam modified by presence of CO + Hp

&, Aromatics and steam modified by presence of CO + Hp

They recommend exploratory research to develop catalyst systems
for the reactions indicated, After these systems have been de-
veloped, basic research to determine the mechanism of the reac-
tlons should follow. The objective is to gain understanding of
the reactions between coal, steam, and oxygen, "Only then will

practical possibilities emerge.”

An alternative, although not quite so direct, ﬁath to high
methane yield from coal 1s belleved to be worthy of considera-
tion by W. Wiser and A, Oblad. This second path depends upon an
economically attractive approach to hydrogen productlon, probably
from char and steam. Development of coal liquefaction technology
depends heavily upon aﬁ economical hydrogen source and such de-
velopment is well underway. Coal gasification processes should be
‘prepared to benefit from the anticipated hydrdgen production

technology.

It is envisaged that one could catalvtically hydrogenate a

slurry of coal and an appropriate catalyst in a coal-derived liquid,



in the temperature range 350-450°C, to produce a liquid, per-
haps similar to the liquid of the Syntholl process of the U, S.
Bureau of Mines. By combination of thermal and catalytic hydro=-
genolysis, this liquid could be hydrogenated to a high-methane

gas.,

The parameters requiring definition and optimization would

include:

1. Temperature
2. Catalyst typgs
3. Pressures

4, Coal/oll/catalyst ratios in slurry

A follow-on program for research would be directed at dis-
cerning the mechanisms of the various reactions to enable and

ensure optimization of the process.
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IX., General Guldes

It 1is important to arrive at comparison procedures for can-
didate catalysts. The specific activity per unit sﬁrface area
must be used topether with a criterlion for attainahle specifle
surface areas and surface stability during use, Poisoning ef-
fects, cost, and aveilabllity must 21so be considered. Certaln-
ly, engineering considerations are also impertant. It has not
vet been possible to put all these considerations together into
a single figure of merit, but, hopefully, such useful overall

concents will emerge from the Research Program itself,

Throughout the more basic parts of the Research Program,
we recommend the use of the most powerful research tools now
available for elucidating mechanisms, e.g., isoteople labeling

and tracing, modern electronic surface analysls technioues, and

surface area measurements using both RET and chemisorptlion when

appropriate,

Carbides, ﬁitrides, borides, and sulfides of the transi- -
tion metal elements appear to be relatively unexplored good
candidates for new sulfur-resistant catélytic materials, if
thevy can be prepared with high=-surface areas., Pecently, some
new factors have revitalized the traditional approach to the
develooment of catalytic materials. Success has been reported
in the preparatlion of very small alloy particles (with Sufface
areas >100_meter52/gram) which are in the highly dispersed

state necessary for high catalytic activity. Also, 1t is now
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possible to measure alloy surface composition by Auger electron
spectroscopy and to investlgate its electronic structure with
ultraviolet photo=-electron spectroscopy. Another new technique
developed for determining the chemical states and electronic en-
vironments of the atomilc specles 1s called extended x-ray absorp-
tion fine structure {(EXAFS) and 1s based on the analysis of the
high-energy side of x-ray absorption edges. Thus, progsress in
the development of new catalytic materials can be expected to
take place due to the improved instrumentation and experimental

techniques for synthesls and structure determinatilon.

In order to develop the new catalysts needed, work should
be undertaken on éhe synthesis of promising compounds in ex-
tremeiy fine particle sizes. These and bulk samples should be
studied wilith regard to thelr compositional, configurational, and
electronic structure by means of a variety of physical techniques.
In addition, thelr adsorption and catalytic behavior with re-
gard to simple model reactions should be evaluated. Thils in-

cludes investigating their selectivity as well as thelr actlvity.
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