TY. Catalytic Properties of Ccal Minerals and Ashes for
LIquefaction and Gasification

In order to characterize coal, we must study both 1its or=-
ranlc ahd inorranic components as well as the 1nteractlons be-
tween them, TL 1= then necessary to fellow the change in cha=-
racter of these two phases {and their interaction) as the coal
undergnes converslon processes. Tne goal 1s to relate charac-
ter to éonversion behavior and to be able to predlct and under-
stand wpat effect chanees Iin operation and cétalyst addlitions
wlll have, The cther sections of this report deal mainly with
the organic phase of coal. In this section, we will discuss
the inorganic phase and some of 1lts interactions with the or-
ganic phase, Unfortunately, very little factual data are now
available on the effect of the inorganic species on liquefac-
tion or gasification,

Asﬁ 13 usually a major nuisance in the catalytlc process-
ing of coal because it dilutes the catélyst and complicates
or prevents the economic recovery of catalyst for re-use or re=-
generation. The fine particles of the ash aré so small that
they can plug the pores of a high surface area catalyst, In
addition, ash frequently has a high content of reactive alkali
or alkaline earth lons which can form fusible slag by reactlon
with the carrier, or by reaction with other ash components which
can then coat the catalyst. One way of counteracting such deacti-
vatlon %s to use lérge catalyst particlés moving in a suspension,
which continually ébrade or attrits off any ash coating on the

surface. Ash suspended in product fuels is also undesirable since
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it comes through as dirt or deposits on combustion, Theze néga-
tive effects are so strong that coal conversion processes regularly
$nclude preliminary de-ashing as an important step, and processes

such as coal liguefaction cite de-ashing as a primary benefit,

The major components of cocal ash are the common elements of
rocks and soils, present &s mineral intrusions in the coal. They
are combined in widely varying proportions, as in ordinary d4dirt,
and the effects they may have as catalyete or surface active agents
will very accordingly. The petrographic examination of coals to
determine which claye or other minerals are present requires a
major effort (Penn State), and unless this has been done, there
ig-no reason to essume that the ash from one coal will be the

game &s another.

The principal minerals found in coals are clays (alumino-
silteatss), quartz, various carbonates (Ca, Mg, Fe, Mn)}, hematite
(Pep03); rutile (T107), and sulfides (almost entirely as pyrite,
FeSp). Other minor and trace elements (As, Sb, Hg, Pb, Ni, Cu,
Co) may also be present, It i1s known that some alumino-silicates
at elevsted temperatures catalyze organic reactions such as hydro-
carbon cracking. However, different cation substitutions lead to
greatly'varying properties so that the catalytic behavior 1s dif=-

ficult to predict.

Work is currently underway by P, H. Given and M. Abdel-Baset
at Pennsylvania State University to study the effeet of various

coal minerals on liquefaction. Coal samples are heated in a steel
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veséel with teiralin (partislly hydrogenated napthalene), No-
catalyst or hydrogen is added,but sufficient hydrogen 1s trans-
ferred from the tetralin fo the coal to liquify it. With a num-
ber of coals ranging in rank from lignite.to high-volatile bitu=-
minous, the conversion to liquld product is usually inereased by
some 10% 1f the coal 1s first extracted at 60°C with 2N HC1

and then washed with deionized water. The effect apparently is
not due to strongly-bound HCl that could not be washed out, since
exposure of a coal for 24 hours in a closed veésel to the vapor of
concentrated HC1l dces not change the liquefactlon properties. A
poséibie explanation of the effect 1s that the acld treatment re-
moves metal cations from the exchange sites of the clays and ine
creases thelr catalytic activity, perhaps for hydrocracking. In
addition, 1t has béen found that when the Na®¥ ion in lignite 1is
exchanged for Ca+f} catalytic hydrogenation decreases., These ex=
periments suggest that lon-exchange may be a facile and feasible
technique for adding catalytlic agents to coal minerals, Indeed,
this may be what happens during catalyst impregnation and such

phenomena deserve further study.

There 1s also somé evidence that the rehydrogenatioh of the
solvent (napthaiene to tetralene) may be catalyzed by coal minerals,
even though a catalyst is;not necessary for the transfer of hydro=-
gen from the solvent to the coal. Fﬁrthef careful study of the

role of clay minerals in liquefaction processes 1s necessary.

A single experiment has been carrled out in which lignite was

treated with dilute HCl1 to remove all exchangeable cations and

- 28 - . ;



any soluble salts. A portlon of the product was then treated
with sodium chloride énd enough sodium hydroxide to give a final
pH of 8.3; the sodium ion introduced was about 3% by welpght of
dry coal, On catalytic hydrogenation of the two products, catlon-
free and sodium-rich, 1t was found that the conversions to oll
were almost egual but the viscosity of the oll from the sodlum-
rich samples was about one-quarter of that of the ocll from the
other sample. Moreover, the aromatlclity of the asphaltenes

from the two samples was markedly different. These observations
suggest exclting possibilities for controlling the character of
the oll obtained from lignites, and ralse important issues re-
lating to the catalytic effects of catlons iIn metal carboxylates.
An extensive ilnvestigation 1is called for here, in which similar

experiments are made wlth other lignites and other cations.

It has been found with many lignites that the loss in
welght on extraction with dilute HCl is 1in the ranse 4-8% which
15 equivalent to at least 50% of the total mineral matter. Tt
seems unlikely that thils welght loss could be entirely due te
exchangeable cations, and the presence of socluble salts has
been suspected. Clearly, the extract from a number of lignites
and subbituminous coals should be anal&zed for majér cations
and lons, and for trace elements, Also, sulfur-containing aclds

(1.e., H,S0,, H,S) should be investigated in these leaching ex-

periments since sulfur wlll be plentiful at any conversion plant.
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Recommendations

According to P. H. Given, "It is clearly of importance not
only to understand the distribution of the various inorganic
specieskin coals and their assoclations, but also their fate
during conversion processes, The latter aspect must be studled
by anélyses performed on the catalyst, the solid residue, and the
liquid prpducts from the process,including the aqueous phase, and
for a few elemeﬂts perhaps also the gaseous products.

"The fate of inorganic specles during conversion is also rele-
vant to the environmental impact of coal liquefaction, and this
should be borne in mind during studles related to catalytic ef-
fects. Some elements may be more or less easlly leached by
weathering from the solid residue than wouldlbe predicted.frOm
thelir mode of occurrence in the original coal. Other elements
may appear in the aqueous discharge or as contaminants 1n the re=-
covered sulfur, If the olls produced by cosl liquefaction are to
be used for combined cycle power generation, they must not only
have low contents of particulate mineral matter, they must also
have contents of certain elements (e.g., Na, K, V) at levels of
1 pbm or less., Thils provides a further reason for defermining
inorganic specles in the product olls.”

We must also study the possibility of adding ash for catalytic
effects in varlous reactions. The Bureau of Mines has found that
a Kentucky coal with ~17% ash 1s tﬁe‘easiest to gasify. Might 1t
then be' possible to use this spent ash to catalyze the gasificatiqn

of other types of coal?
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V. Mechanism of Lewis-Acld Catalysis

A promising new technique for coal liquefaction is hydro=
cracking using molten 4nCl, as r catalyst. Suitable modification
of the operating procedures and conditions of the hydrocracking
leads to a wide variation in the proportion of the various pro-
ducts. Thé method 1s pafticularly suitable for the direct manu-
facture of lowesulfur distillate fuel oil or high-octane gaéoline°
Production of distillate fuel oil consumes the minimum amount of
hydrogen and i1s, therefore, cheaper to synthesize than gasoline,
Large amounts of ZnCl, catalyst relative to the feed must be used;
as much as one pound of more of catalyst per ﬁouﬁd of feed. This
demand for large quantities of ZnCl, makes it hecessary to recover

and recycle a very large portion of the catalyst used.

A 2ZnCl; hydrocracking process has been developed by the Cone
solidation Coal Company which has advanced to proposed construce
tion of a one=ton of coal'per day development unit, In this pro-
cess, either bituminous 66&1 extract or subbituminous cosal 13 mixed
with ZnCl, and slurried in distillate oil (b.p. >230°C). The slurry
is then heated to ~U65°C under a hydrogen pressure of ~4200
psig. Under these conditions, the ZnCl, is molten (M. P, = 283°C).
During the hydbocracking process, more than 90% of the carbon is
hydrogenated and the ZnCl, catalyst becomes contaminated with ZInS,
ZnCl, » (NH3)4 and NH,Cl that are formed by reaction with the sul-
fur and nitrogen llberated from the feed. In addition to these in-

organic'compounds, the catalyst leaving the hydrocracker also
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contains residual carbon that cannot be distilled out of the melt.
When coal is used instead of coal extract, the catalyst alsc con=-

tains the coal ash.

The Zn012 regeneration comprises removal of the bulk of the
impuritices &nd must be accomplished without excesslve iosses of
zinc and chlorine. Since the impurities do not settle out of the
inCl, melt, regensration cannot be accomplished by simple physical
means, The Consolidation process regenerates the catalyst by com-
busting the whole spent melt in a fluidized bed at ~ 1000°C. This
removes the nitrogen, sulfur, and carbon impurities and vaporizes
the 2nCl, (B. P. = 732°C), Carbon is removed as CO, with some
CO and sulfur as SC,. Ammonia is burned to N, and H,0. The va-
porized ZnCl2 is pecondensed and is suitebly pure for return
to the hydrocracker. About 94% of the ZnCl, can be recovered

by this method.

Recommendations
Although the ZnCl, hydrocracking process is well advanced,
very little is known about the mechanisms of coal hydrocracking

and Levis-Acid catelysis.

Research is neecded in three areas:

1. Thoroughly investigate Zn012 in & large-scale process,
Even though ZnCl, has been shown to be an effective hydro=-
cracking catalyst on bench=scale tests, the problems of
larger-scale operation must be faced. These include optie-

mizing the process conditions and catalyst recovery operations
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in order to define the potential commerclal economics of
the process, Also; corrosion assoclated with Zn012 and HC1
generated by moisture needs to be investizated as well as
quantitative data for the effect of feed compogition on the

process,

With regard to operating conditions, the 2ffect of hydro-
gen pressure shou;d be investigated as well as the use of
catalyst inhibitors. Qualitatively, the effect of pressure
is small within the range of hydrogen partial pressures
studied, 1500=3500 psig, but the effect of pressure on the
hydrocracking rate has not yet been guantitatively defined.
In order to maximize the yleld of low-sulfur fuel oll and
to minimize hydrogen consumption, one may operate the pro=-
cess at high throughputs, decrease the catalyst/feed ratio
or use the eatalyst in a partially inhibited form. NHj,
NHyCl, NaCl, and ZnO are effective inhibitors for this
purpose, However, quantitative data are lacking and should

be obtained.
Study the mechanism of hydrocracking,

Data are needed on the modé of actlvation of the hydrogen
and on the inetics of the reaction,: This will be discussed
in more detall in Section VII.

Develop other Lewls-Acid catalysts.
According to W. A, Bailey, Jr., most of the Lewis=Acid cata=

lysts (ZnCl,, Znl,, GaBr,, TiI,, SbCl,, AlCly, SnCl,, etc.)
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have been investigated f{or coal liquefaction and the
probability of fimding one significantly better than those
already investigated is small. . Nevertheless, a basic study
of Lewis=Acid catalysis for coal ligquefaction with an em-
phasis on the catazlytic mechanlsm might be worthwhile al-

though of lower priority.

The use of milder reagents such as phencl plus toluene
sulfonic acid has been studied extensively in Japsn. This
18 an effective combination for the depolymerization of
coal, and it suggeste that Lewis acids much less corrosive
than the metel halides might be used to advantage. Ample
supplies of S0, and 803 could be provided at any coal con-
version plant, and there are numerous possibilities of

interaction with aromaties or phenclic compounds available, r’

.
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