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12-Molybdophosphoric add was examined as starting material for NiO-MoO3/AI 2 O 3 
HDS catalysts as well as the addition effect of phosphoric acid. Optimum activities were 
found to be attained at a lower NiO content, suggesting the effective formation of 
Ni-Mo interaction species on the addition of P. 

12-MonH6~oqbocOopHa~ I<iiO'IOTa 6u.~a Hcnpo6oBaua B ~aqecrae HCXO~Uoro BemecrBa 
npn nonyqemin HDS KaTa.nnaaTopon NiO-MoO a/AI 2 03 ,a TaK)ze aQbQbelfr np;tcoe/[al- 
nel-m~ qbocqbopHo~ KHCJIOTbL OnTHMa.ql, Ha~ aKTtmHOCTL ~OCTHraeTcn npn rmaKOM eo- 
~ep~<aumi NiO, q~o c, mca~en~c'rnyex 06 at~KTHBHOM o6paaoaanmi Ni-Mo B3allMO- 
~e~IcTayloub'lx qac'ruu npH npHcoe~nenaH P. 

The promoting nature of Co or Ni in MoOn or WOa/Al2Oa HDS catalysts is 
still controversial/1/. Recently, several models have been proposed for the active 

species in promoted catalysts /2-4/ .  All the models presented previously are con- 
sistent in the point that the promotive effect of Co or Ni is induced by the in. 

timate contact between the Co or Ni and the Me or W sulfide phases. One of  the 
possible preparation methods to obtain improved catalysts is to use directly a Ni 
or Co salt of a Me compound. It is reported in patent works /5 /  that the addi- 
tion of phosphoric acid into HDS catalysts improves the catalytic performances. 
However, the promoting nature of P is not yet clear. In this work, in order to 
obtain efficient NiO-MoOa/A12 Oa HDS catalysts, 1,2-molybdophosphoric acid 
(MPA) and its Ni salt were examined as starting materials, as well as the addition 
effects of  phosphoric acid. 

EXPERIMENTAL 

Conventional NiO-MoOa/Al~Oa catalysts having various NiO contents and 
15 wt. % MoO3 were prepared by an incipient wetness impregnation method using 
aqueous solutions of ammonium paramolybdate (APM) and Ni nitrate (Ni-Mo/Al). 
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Al2Oa was supplied by the Catalysis Society of Japan (JRC-ALO-2, 267 m2/g). 
A required ~ amount of APM was first impregnated then dried at 393 K for 16 h, 
followed by a Ni(NOa)2 impregnation. After drying again, the catalyst was calcined 
at 773 K for 2 h. Ni-MPA/AI was prepared by using MPA instead of APM. An 
appropriate amount of phosphoric acid was added to the Ni-Mo/A1 catalyst before 
calcination. After drying, P-Ni-Mo/A1 was calcined at 773 K for 2 h. 

The HDS reaction of thiophene was carried out over the catalyst at 673 K 
under atmospheric pressure of the mixture: thiophene/benzene/H2 (1/0.8/43, H2 
flow rate; 135 ml/min)using a fLxed-bed flow reactor/6/ .  The catalyst was pre- 
sulfided with CS2/H2 at 673 K for 1 h. The reproducibility of thiophene conver- 
sion was better than +2%. 

RESULTS AND DISCUSSION 

Figure 1-A shows thiophene conversions over the three series of NiO-MoO3/ 
/A1203 catalysts in the function of the NiO content. At0a low NiO content (< 3 
wt. %), the Ni-MPA/A1 catalyst exhibited a significantly higher HDS activity than 
the Ni-Mo/AI catalyst, whereas the activity of the catalyst containing more than 
5 wt. % NiO was lower. Consequently, it is evident that the Ni-MPA/A1 catalyst 
is superior to the Ni-Mo/A1 catalyst both in higher maximum activity and in 
lower NiO content required to show it. 

In order to assess the effect of P in MPA, the effect of phosphoric acid addi- 
tion was also examined with the P-Ni-Mo/A1 catalyst containing 3 wt. % NiO. 
Figure 1-]3 illustrates the dependency of the activity upon the amount of doping P 
expressed by the P/Mol 2 atomic ratio. It is revealed that a promoting effect of 
P is observed, the maximum activity being found at P/Mo12 = 1 which is in ex- 
cellent agreement with that of MPA. In Fig. l-A, the HDS activity of the 
P-Ni-Mo/A1 catalyst with P/Mol 2 = 1 is shown as a function of the NiO content. 
They showed maximum activity at 3 wt. % NiO as with the Ni-MPA/A1 catalyst. 
Accordingly, it is concluded that there is no essential difference in the nature of 
the promoting effect of P in the P-Ni-Mo/A1 and Ni-MPA/A1 catalysts, though 
the latter catalyst showed a slightly higher optimum activity. The Ni salt of MPA, 
Ni3-(PMo12040)2, supported over A1203 (1 wt. % NiO, 15 wt. % MOO3) showed 
a conversion of 18%, which was higher than that of the Ni-Mo/A1 catalyst with 
the same composition (12%) and comparable with those of the catalysts containing 
P. This supports the above conclusions. 

On the addition of P, irrespective of the modes of addition, a "heteropolymoly- 
bdate (HPM)" structure is considered to be formed over the A1203 surface and, 
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Fig. 1. A: Activity dependences of NiO-MoO 3/A�89 03 catalysts on the NiO content for thio- 
phene HDS at 673 K. - B: Effect of phosphoric acid on the FIDS activity of the 
Ni-Mo/Al catalyst (NiO; 3 wt. % and MOO3; 15 wt. %). The mount of catalyst used 
was 0.15 g in A and B 

accordingly, Ni salts of  "HPM" when Ni is added. After calcination, the Ni salts 

may induce more abundant Ni cations in the vicinity of  Mo or N i - O - M O  interac- 
tion species, compared to the catalyst without P. A similar model has been sug- 

gested by Kn6zinger et al. /7/. Both the promoting and retarding effects of  P at 

low low and high NiO contents, respectively, would be explainable in terms of the 

shift in the optimum content of NiO by the more efficient formation of N i - O - M o ,  

and, subsequently, of  active N i - S - M o  species. The fact that the maximum activity 
is not modified so strongly could be interpreted by assuming no appreciable change 
in the Mo sulfide dispersity with the addition of  P, due to strong MoO3-AI2 03 
interactions. 
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