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Preparation and Characterization of Presulfidatiomr Free MoNiP/ Al,O;
Catalyst for Thiophene Hydrodesulfurization

LIN Ling, YI Xiaodong", QIU Bo, WANG Yuemin, LI Tianfu, FANG Weiping’ , WAN Huilin

(State Key Laboratory of Physical Chemistry of Solid Surfaces, College of Chemistry and
Chemical Engineering, Xiamen University, Xiamen 361005, Fujian, China)

Abstract: A new type of MoNiP/ALO3 catalyst for thiophene hydrodesulfurization was prepared by the co-im-
pregnation method, wherein a suitable amount of citric acid was added in the M o Nr P- O impregnation solution.
T he catalyst exhibits high activity for thiophene hydrodesulfurization under presulfidatiorr and calcinatiorr free
conditions. The catalyst was characterized by N2 adsorption, temperature programmed reduction, X-ray photo
electron spectroscopy, infrared spectroscopy, and elemental analysis methods. The effects of citric acid on the
structure and activity of the MoNiP/ Al,03 catalyst were studied. The results show that the addition of citric acid
weakens the interaction between the active metal components and support, improves dispersion of active metal
components on the support surface, and promotes the reduction and sulfidation of the catalyst by sulfur- contairr
ing feedstocks. Therefore, the hydrodesulfurization activity of the catalyst is improved.
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10% Table 1 Comparison of thiophene hydrodesulfurization (HDS) activity
’ on the MoNiP/ALO; catalysts with different sothents (5%)
’ 1.1 MPa, Sorbent T hibphene HDS conversion (%)
450, 56 h ' None 67
, 10% CS, , Acetic acid 76
300 OC, 7 h i Tafla.ric a.cid 93
Citric acid 97
H, 40 ml/ min, 300 C, Ethanol 80
7h. Glycol 92
L3 M annitol 98

M icromeritics Tristar 3000

150 C 2 h,

Reaction conditions: reaction temperature 290 C, H, pressure
1.1 MPa, WHSV= 5.6 h™', V(Hy)/ V(oil)= 450, reac

tion time 8 h, All catalysts were not presulfided and calcned.
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Table 2 Effect of ciric acid on the performance of presulfidatior APt

free MoNiP/Al,0; catalysts for thiophene HDS

Thiophene HDS con version ( %)

Reaction time (h)

Without citric acid With citric acid

0.5 52 54
2.0 74 99
3.5 89 99
6.0 89 99
9.0 89 98
12.0 91 99

Reaction condiions: reaction tem perature 300 ‘C, Hjpressure

1.1 MPa, WHSV=5.6h" ', V(H,)/ V(oil)= 450,

MoNiP/ Al,0O3
HDS 3. 3 ,
, HDS
NrMo-S
[5] 8 h
3 MoNiP/ Al,03

HDS
Table 3 Effect of pretreatment on thiophene HDS activity of
MoNiP/ ALO; catalyst with citric acid

Reaction Thiophene HDS convesion ( %)
time (h) No pretreatm ent Prereducted Presulfided
0.5 46 42 98
1.5 56 52 99
4.0 80 72 99
6.0 91 89 99
7.0 95 91 99
8.0 97 93 99
12.0 97 93 99

Reaction condiions: reaction tem perature 290 C, H, pressure

1.1 MPa, WHSV=5.6h" !, V(Ha,)/ V(oil) = 450.
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Fig 1 FT-IR spectra of different Mo Nr P> O impregnation solution
(1) Citric acid solution; (2) Mo Nr PO impregnation solution;
(3) Mo Nt PO impregnation solution incorporated citric acid,
before impregnation; (4) Mo Nt PO impregnation solution ir

corporated ciric acid, after impregnation
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Table 4 Principal physical and chemical properties of several catalysts
Catalysl* Preparation conditi'ons' A ger vV,

Sorbent Calcination m%/g ml/ g
HDS 1 — no 146 0.31
HDS 2 citric acid no 180 0.33
HDS 3 - yes 111 0.32
HDS 4 citric acid yes 140 0.31

* Chemical com position: 24%Mo0;, 4. 8% NiO, 1. 2%P.
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Table 5 Com position of surface elem ents of different catalysts
Atomic ratio
Catalyst - 3
Mo/Al Ni/ Al P/ Al
HDS 1 14.3 5.6 10.2 .
Mo-NrP-O
HDS 2 17. 4 10.2 13.9
HDS 3 16.1 6.2 5.5 ’
HDS 4 17.7 10.3 12.5 HDS ,
Mo NrP-O ,
2.7 )
3 HDS1 HDS2 . , )
3(a) DTG . 3(b) DTG
TG ,
DTG 71 C
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