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LOW SULFUR COAL OBTAINED BY CHEMICAL DESULFURIZATION
FOLLOWED BY LIQUEFACTION

R. A. Meyers and J. W. Hamersma
TRW Systems and Energy, Redondo Beach, California 90278
R. M. Baldwin, J. G. Handwerk, J. H. Gary, . 0. Golden

Chernical and Petroleum Refiring Engineering Departmert
of the Coloradc School of Mines, Golden, Colorado 80401

The sulfur content of coal, nearly all of which is emitted
as sulfur oxide during combustion is, on the average, about equally
distributed between two chemical forms, inorganic (iron pyrites) and
organic sulfur,
- An unconventional approach for near total removal of the
pyritic sulfur content of coal was recently reported by Meyers et al
in this journa1(]). This new technique involves treatment of coal with
a regenerable aqueous ferric solution as outlined in egs 1. and 2(2)

FeS, + 4.6 Fe, (504)3 + 4.8 H,0 » 10.2 Fes0, + 4.8 H2504 +.85 (1)

2 2

2.4 0, + 9.6 FeSO4 + 4.8 H,50, ~4.8 Fe2(504)3 + 4.8 H,0 (2)

followed by a separation of generated elemental sulfur and iron sulfate.
Subsequent laboratory investigations demonstrated that the process could
reduce the sulfur content of 30-40% of the U.S. Appalachian coal
reserves to the 0.7 to 0.8% sulfur level needed to meet the Ambient

Air Quality Act (3).

Coal liquefaction {Figure 1A), the catalytic or non-catalytic
hydrogenation of coal in a coal derived solvent to produce a utility
fuelf4) has been demonstrated to remove in the range of 40-60% or more of
the organic sulfur from coal by conversion to hydrogen sulfide, and to be

capable of removing nearly all of the inorganic sulfur and most of the
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ash if a suitable means for filtration of the micron-sized inorganic
residue from the viscous liquefied coal could be developed. To date,
the filtration technology necessary to accomplish the de-ashing of the
liquefied coal and 1imited organic sulfur reduction have been the major
problems associated with liquefaction, particularly with the non-

catalytic version, known as solvent refined coal.

We have investigéted the combination of‘the Meyers Process with
a simplified form of coal liquefaction (Figure 1B) in order to begin to
devise a pdtentia]]y economical, viable combined process. In our approach,
the filtration step is eliminated so that desulfurization is effected by a ‘
combination of first; ferric ion leaching t6 remo&e pyritic sulfur and
second, hydrogenation to remove a significant portion of the organic sulfur
as hydrogen sulfide. The product coal, however, contains the normal coal
ash content less the pyrite whicH has been removed. This ash, which is also
a po]lutént when coal is combusted in a power plant, can be removed by
available electrostatic precipitation and bag house techniques after
combustion but prior to emissién into the atmosphere(s).

We selected two coals, from fhe Muskingum (Heiggs Creek No. 9 seam)
and the Camp (Ky No. 9 seam) mines, for our investigations & representative
of the two major coal basins east of the Mississippi River, the Appalachian
and Eastern Interior. The two mines are among the largest in the U.S.

(6)

Samples of run-of-mine coal were cleaned to remove rock fractions in order

to represent the product normally obtained from mines after coal preparation(7).
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The cleaned coals were then chemically desulfurized utilfzing the
Meyers Process and resulted in 93-98% removal of pyritic sulfur. Two samples
of each chemically desulfurized coal and two samples of each untreated coal
were subﬁeétéd fo f&entidal énd typical bétch type coal‘liquefdcfion cqh‘
ditions(a) one hour residence time in 4 to 1 weight ratio of solvent to coal.
The filtration step was omitted (Figure 1B) and the solvent was recovered.
The results-are tabulated in Table 1. Expts. 2 and 4, in which coal containing
) qyri;q was qharged to ;hg'reactér and Expts. 1 and 3, which had been chemically
desulfurized prior to hydrogenation, show Qery similar organic sulfur
reduction and heat content increase. In all cases the small amount of
sulfate surfur present in the coal was déstroyed.during the hydrogenation
process.

We conclude that (1) the presence or absence of pyrite does not
materially affect either the hydrogenation of .organic sulfur or the uptake
of hydrogen by the coal matrix as reflected in the organic sulfur and btu
chénges, respective]j; (i1) nearly 311 of the pyrite, when present in the
coal samples (Expts. 2 and 4), is converted under the hydrogehation
conditions to iron sulfide and hydrogen sulfide as in eq 3,

Fe$2 + H2 > FeS + st | | (3)

as has been shown for mineral pyrite under similar conditions(g); and
(191) the two coal samples, although from different coal basins, behaved’

similarly under hydrogenation conditions.
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; It is notable to point out that the Ky. No. 9 (Camp) coal was

reduced to 0.85% total sulfur (Expt. 3) with a heat content increase to
14156 btu, by the combination of chemical desulfurization and hydrogenation,
- meeting the requirement of 0.6 1b sulfur/]O6 btu established by the Federal
Ambient Air Quality Act for power plant fuel for new stationary sources.
N Thus, this coal could meet the federal standard utiiizing the combined process.
V It therefore appears that a combination of the Meyers Process with
a simplified form of coal liquefaction, as described in Figure 1B, is
technically feasible for the desulfurization of coal to meet pollution control

standards(]o’]]).
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the form of fine particles which may be environmentally hazardous and
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It occurred to us that the filtration step in coal liquefaction could
also be eliminated by extraction of iron sulfide with hydrochloric
acid following liquefaction. However we have found that hydrochloric
acid, in environmentally unsound amounts (about 1% W/W), remains with
coal after treatment even after exhaustive -washing with boiling water.
A matrix of 1-hour sulfuric acid leaches to remove iron sulfide was
attempted after it was found that 1N sulfuric acid dissolved pure iron
sulfide in near quantitative yields. However we found no decrease

in total sulfur for the Camp coal from Expt. 4 and only a slight
decrease for the Muskingum coal from Expt. 2, after extraction with
either 1N, 3N or 12N sulfuric acid. Thus, it does not appear feasible
to chemically remove iron sulfide after liquefaction as a method for
production of low sulfur fuel.

The finding that residual sulfate is destroyed during hydrogenation,
together with the known high reactivity of elemental sulfur with
hydrogen, indicates that the elemental sulfur and iron sulfate removal




-~

241

steps of the Meyers Process could possibly be deferred to the
hydrogenation step as a further combined process simplification.

Liquefaction studies were supported by Office of Coal Research
Contract 14-32-001-1225. Conceptual development and all other
experimental work were supported by TRW Inc.




