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THE FORM OF SULFIDE ON MOLYBDENUM OXIDE CATALYST

Noriyuki SOTANI

College of Liberal Arts, Kobe University, Tsurukabuto, Nada, Kobe 657

Molybdenum oxide catalyst 1is sulfurized during the hydrodesul-

furization reaction. The catalyst was studied by EMX and ESCA. Sulfur

was mainly contained as MoS.. Mo/S mole ratio of the catalyst was

1.5-3.4 by ESCA and 5.7 by chemical analysis. This means that sulfide

is mainly distributed on the surface or near the surface.

When molybdenum oxide 1s used as a cata-
lyst for hydrodesulfurization of thiophene,
the catalyst 1s gradually sulfurized with the

time of reaction and the sulfur content

1) 2

reaches a steady value. The author reported
that the catalytic activity was affected by

the sulfur contents of the catalyst. The sul-
fur has been confirmed to be contained as MoS.
when the sulfur contents are large enough,3)
but there 1s no evidence of the formation of

1,4) The

MoS. when the sulfur content is small.
author tried to detect the sulfide in the cat-
alyst at the steady stage of the reaction by
a X-ray diffraction anélysis, but did not ob-
taln a successful result, probably because the
sulfur content(350°C;46.7mg, 375°C;42.7mg,
4oo°C;28.3mg) was too small, or because the
sulfide was amorphous or very small particlesp
The author studied the form of the sul-
fide by electron microprobe X-ray analysis

(EMX) and electron spectroscopy for chemical
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Fig. 1. S Ko spectra of MoS:(A), pure
sulfur(B) and the catalyst sample(C).
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analysis(ESCA). According to EMX with S Ko
radiation, the sulfur was distributed all over
the catalyst, showing that the catalyst was
sulfurized uniformly, as reported previously.a
It is well known6’7) that the peak of the
spectrum of soft X-ray radiation shifts ac-
cording to the form of chemical bond. Figure
1 shows the spectra of soft X-ray radiation
of S Ka of MoS. powder(A), pure sulfur powder
(B), and the catalyst(used at 350°C for 60
min), bomberded with electron of 8 KV. The
peak of S Ka line of the catalyst(2.0344 R)
agrees well with that of MoS.(2.0342 8) and
differs from that of pure sulfur(2.0366 8).
Although the resolution is not so good, the
chemical shift is detectable, showing that the
catalyst contains sulfur as sulfide.

ESCA(HITACHI spectrometer) was used to
obtain more precise information on the form of
the sulfide in the catalyst. The samples were
exposed to X-ray radiation from magnesium
anode bomberded with electron of 11 KV. The
values obtained are refered to C(1ls). The
binding energies(BE) were calculated from the
equation, BE=hv-KE-y-RE, where hv 1s the ener-
gy of Mg Ka(1253.6 eV), KE, kinetic energy
(observed values), ¥, work function of the
spectrometer(4.75 eV) and RE, recoil energy
(~0 eV).

Figure 2, 3 and 4 show the ESCA spectra
of the catalyst(A) and MoS.(B). Figure 2 shows
Mo 3p spectra. The shoulder is observed at the
KE of 854.0 eV in the spectrum(A). This agrees
well with that of MoS.(B). The main peak(KE=

849.8 eV) of the spectrum(A) was somewhat
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Fig. 2. Mo 3p ESCA spectra of the

catalyst sample(A) and MoS.(B).
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Filg. 3a. Mo 3d and S 2s ESCA

spectra of the catalyst sample(A)

MoS2(B).
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Fig. 3b. Analysis of Mo 3d spec-
trum of the catalyst sample.
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Fig. 4. S 2p ESCA spectra of the
catalyst sample(A) and MoS2(B).
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8)

lower than the reported value for MoO:, but,
according to X-ray diffraction analysis, the
catalyst was reduced to MoO. during the reac-
tion.g) Figure 3a shows Mo 3d and S 2s spec-
tra. Mo 3d spectrum of MoS: has two peaks II
(KE=1016.1 eV) and III(1019.8 eV) which corre-
spond to Mo 3dg and 3dse of MoS:, respective-
ly. Three distinct peaks are observed for the
catalyst(A). This spectrum is analysed by a
curve resolver as shown in Fig. 3b. According
to the curve resolver, the peak II is divided
into two peaks, II' and II''. The peaks I(KE=
1013.4 eV) and II'(1016.6 eV) are due to Mo
3d3ﬁ and 3dse of molybdenum oxide. The peaks
II''(1016.1 eV) and III(1019.6 eV) agree with
peaks II and III of the spectrum(B) and are
due to Mo 3dse and 3dy. of MoS2. The peak IV
of the spectrum(B) in Fig. 3a 1s due to S 2s
of MoS., which differs from that of free sul-
fur (marked with arrow). The peak IV of the
catalyst(A) is negligible small.

Figure U4 shows S 2p spectra. The BE of
sulfur of the catalyst is 161.6 eV(KE=1087.3
eV) and that of MoS. is 161.8(1087.1 eV).
These values differ from that of free sulfur
(BE=160.1 eV, KE=1088.8 eV, marked with arrow).
The values are also close to the value of MoS:
obtained by other workers.8’lo) The half width
of S 2p spectrum of the catalyst(3.15 eV) 1is
larger, compared with that of MoS2(2.70 eV).
This suggests that the catalyst contains not
only MoS. but also some other forms of the
sulfide.

Mo/S mole ratios of the catalyst and MoS:
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powder, obtained by ESCA, are 1.5-3.4 and 0.6-0.7, respectively. Mo/S mole ratio of
the catalyst calculated by chemical analysis was 5.7, and theoretical ratio of MoS:

11) that ESCA gives an information of composition of the

is 0.5. It is well known
surface or of the thin surface layer. Accordingly, these results indicate that the

sulfide mainly distributes on the surface or near the surface of the catalyst.
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