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LETTERS TO THE EDITORS

Comment on the Nature of Iron Sulfides during Catalytic Reactions

In their paper entitled ‘‘Hydrodesulfur-
ization Catalysis by Transition Metal Sul-
fides’” Pecoraro and Chianelli used iron sul-
fides in some of their experiments (7).
However, the paper does not clearly spec-
ify which iron sulfides they used. Sulfides
of iron exist in several forms, for example,
pyrite, FeS,; pyrrhotites, Fe,_.S; troilite,
FeS; and others. In Table 3, page 437, the
authors mention troilite as the stable phase
in a mixture of 85% hydrogen and 15% hy-
drogen sulfide (this disagrees with Table 1,
page 432) and they mention FeS, as the sta-
ble phase in 100% hydrogen. This strikes us
as the reverse of expectations.

We have been examining iron sulfides as
catalysts for hydrodesuifurization and
other reactions and believe we can com-
ment on the nature of the iron sulfides
present under certain conditions. We find,
under conditions of flowing hydrogen or
flowing carbon monoxide gas at 400°C and
25 psig, that pyrite and pyrrhotites are con-
verted to troilite. These results are in sub-
stantial agreement with earlier work (2)
which demonstrated this conversion above
500°C. Our results are similar, but are de-
rived from experiments done at a lower
temperature. At first we thought this was
due to the presence of graphite, an additive
we use to facilitate the preparation of the
pyrrhotites (3); however, later we found
that pyrite converts to troilite at 400°C in
hydrogen in the absence of graphite. Addi-
tionally, we find the reaction is reversible.
Treatment of the troilite with thiophene in
flowing helium produces pyrrhotite.

Our experiments were carried out in a
plug flow tube reactor into which pyrite or
synthetic pyrrhotite was packed. Appropri-
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ate gases, hydrogen, helium, carbon mon-
oxide, or mixtures of these, were passed
continuously over the iron sulfides under
study. Various organic compounds, such as
thiophene, alcohols, and aldehydes, were
injected into the carrier gas stream to deter-
mine their reactivities. Reaction products
were monitored by gas chromatography
and the solid iron sulfide materials were an-
alyzed by Moéssbauer spectroscopy and X-
ray diffraction methods reported previously
).

When we examined the Fischer—Tropsch -
reaction over synthetic pyrrhotites we dis-
covered the presence of only troilite after
reaction. Similarly, when studying the hy-
drodesulfurization of thiophene with hydro-
gen over both pyrite and synthetic pyrrhoti-
tes, we recovered only troilite.

The similarity of results obtained under a
variety of conditions suggests that the same
surface is catalyzing the reactions. We sug-
gest that under our conditions the surfaces
of pyrite and pyrrhotites are rapidly con-
verted to troilite which is the active catalyst
for hydrodesulfurization and the other reac-
tions mentioned above, as well as for iso-
propanol conversions (5).

This latter mechanism of cycling iron sul-
fides between troilite and pyrrhotites offers
a chemical explanation for the in situ desul-
furization of organic sulfur compounds in
coal by iron sulfides.
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