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Figure 2 An example of the curve fitting of the

patterns in Figure 1
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Table 1 Proportion of Mo on the surface of

the sulfurization products

Quantity  Heating under Mass fraction of
) /1 L/I v
of NH,Cl hydrogen Mo cyiv /%
MosS, 0.81 0.00 100. 00
8 undergone 0.96 0.15 86.50
4 undergone 1.20 0.39 71.60
8 not undergone 2.07 1.26 ~46.00
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NH,Cl 4 6 cs =85.8%
1/1, =1.38
Ng/Ny, =1.96 MoS, Ng/Ny, =2
71.6% 1.43
2
Table 2 Some properties of chemical composition of the surface of sulfurization products
i ) Heating under Proportion of Molar ratio of Sulfurization
Quantity of NH,CIl N .
hydrogen Mo" cywv /% S to Mo Ng/Ny, ratio ¢ /%
4 undergone 71.6 1.96 85.8
undergone 86.5 1.97 92.3
8 not undergone ~46.0 ~1.6 ~63.0
NH, I NH, I
XPS NH, Cl1
1
2.3
3
7
1
80 C 30 min
NH, I
3 2
Table 3 Hydrogen-transfer ability of the sulfurization
products when the quantity of NH,Cl varies
¢ MoS,
Quantity of NH,Cl Conversion of anthracene x /%
0 34.1
4 38.8 3
6 41.7
8 42.2
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Study on the sulfurization of water-soluble catalysts
for slurry-bed hydroprocessing of residue
[ XPS analysis of sulfurized product of molybdate

REN Rui WANG Zong-xian GUAN Cui-shi GUO Ai-jun QUE Guo-he
State Key Laboratory of Heavy Oil Processing University of Petroleum of China Dongying 257061 China

Abstract The catalyst with molybdate as the precursor for the slurry-bed hydroprocessing of residue needs to be
sulfurized for higher catalytic activity. In this study ammonium molybdate is dispersed in lubricant oil and sulfu-
rized under different conditions. XPS is employed to analyze the surface composition of the sulfurized products.
Sodium sulfide is employed as sulfurization reagent and ammonium chloride is employed as auxiliary sulfurization
reagent. The sulfurization conditions examined in this study included the amount of NH,Cl added and whether
the sulfurization product is heated under hydrogen or not. Chemical probe method is employed to measure the hy-
drogenation activity of the sulfurized catalysts. Anthracene is employed as the probe to undergo the hydrogena-
tion with the existence of sulfurized catalysts and the anthracene conversion is used to show the hydrogenation
activity of the catalyst used. According to the XPS spectra obtained the molar ratio of molybdenum of different
valences and the molar ratio of sulfur to molybdenum is considered respectively. It is discovered that under dif-
ferent sulfurization conditions the molar proportion of Mo" and the molar ratio of sulfur to molybdenum do not
form a direct ratio thus it is concluded that the sulfides of molybdenum in the sulfurization products are not only
composed by MoS, so that a new definition of sulfurization ratio is suggested. When the sulfurization product is
not heated under hydrogen the molar fraction of Mo'" and the sulfurization ratio is much lower than that of being
heated. It is also observed that the ratio of Mo'" and the sulfurization ration increase with the increase of the a-
mount of the NH,Cl which results from the special sulfurization mechanism of the molybdate. The catalytic ac-
tivity measured using the method of chemical probe shows that the catalytic activity is promoted along with the
molar ratio of ammonium chloride added which is in accord with the results obtained by XPS.
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