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Preparation and Characterization of Presulfidation-Free MoNiP/ Al.O3
Catalys for Thiophene Hydrodesulf urization

LIN Ling, Yl Xiaodong ~, QIU Bo, WANG Yuemin, LI Tianfu, FANG Weiping ~, WAN Huilin

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

Abstract : A new type of MoNiP/ Al,O3 catalyst for thiophene hydrodesulf urization was prepared by the co-im-
pregnation method , wherein a suitable amount of citric acid was added in the Mo-Ni- P-O impregnation ol ution.
The catdyst exhibits high activity for thiophene hydrodesulfurization under presulfidation- and calcination-free
conditions. The catalyst was characterized by N, adorption, temperature-programmed reduction, X-ray photo-
electron ectrosopy , infrared gectroscopy , and elementa analyss methods. The effects of citric acid on the
structure and activity of the MoNi P/ Al,O3 catalyst were studied. The results show that the addition of citric acid
weakens the interaction between the active meta components and support , improves digerdon of active meta
components on the support surface, and promotes the reduction and sulfidation of the catalyst by sulf ur-contain-
ing feedstocks. Therefore, the hydrodesulf urization activity of the catdyst isimproved.
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, Mo-
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(HD9S HDS
, 10 % Table 1 Comparison of thiophene hydrodesuif urization (HDS) activity
on the MoNi P/ Al,O3 catdysts with different sorbents (5 %)
! 1.1 MPa, Sorbent Thiophene HDS converson ( %)
450, 5.6 h ! None 67
’ 10 % CS, , Acetic acid 76
300 | 7h. , Tararic xdd %
Citric acid 97
H> 40 ml/ min, 300 , Ethanol 80
7 h. Qycol 92
13 Mannitol 98

Micromeritics Tristar 3000
150 2h,

Reaction conditions: reaction temperature 290

, Hapressure

1.1 MPa, WHSV =5.6 h™ 1, V(Hy)/ V (ail) =450, reac
tion time 8 h. All catdysts were not presulfided and cacined.
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2.2 Mo-Ni-P-O 1150 950 cm*
MoNi P Al03 2. 1150 950 cm™*
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) 2h Mo-Ni-P-O )
, HDS 99 %; ,
2 MoNiP/ Al,O3 !
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Table 2 Hfect of citric acid on the performance of presulfidation A|3+

free MoNi P/ Al ;O3 catdystsfor thiophene HDS

Thiophene HDS converson ( %) B

Reaction time (h) o -
Without citric acid With citric acid
0.5 52 54
2.0 74 99 ‘
3.5 89 99 3 4)
6.0 89 99 - P—/\—g/
9.0 89 98 g
12.0 o1 99 < e
Reaction conditions: reaction temperature 300 , Hypressure | 5
1.1 MPa, WHSV =5.6 h™ %, Vv (H,)/ V (ail) =450.
MoNi P/ Al,O3 L e s b e e L L
1500 1400 1300 1200 1100 1000 900 800 700
HDS 3 3 ] W ;l\cnumhcr(cm : )
, HDS
1 Mo Ni-P-O
) Fgl FT-IR gectraof different Mo-Ni- PO impregnation solution
Ni-Mo-S (1) Gitric acid olution; (2) Mo-Ni- P-O impregnation olution;
[5] . 8h (3) M'o-Ni-PO.in‘pregnaIion s:?lmion.inwrpora.ted citri? aci-d,
! before impregnation; (4) Mo-Ni-P-O impregnation olution in-
corporated citric acid, &ter impregnation
3 MoNiP/ Al;,03 2.4
HDS
Table 3 Hfect of pretreatment on thiophene HDS activity of 4.
MoNi P/ Al ;O3 catdyst with citric acid s s
Reaction Thiophene HDS converson ( %)
time (h) No pretreatment Prereducted Presulfided
0.5 46 42 98 4
1.5 56 52 99 Table 4 Principd physcad and chemicd properties of severd catdysts
4.0 80 72 99 . Preparation conditions Ager Vp
Catdyst .
6.0 91 89 99 Sorbent Cedination m? g m/ g
7.0 95 91 99 HDS1 - no 146 0.31
8.0 97 93 99 HDS2 citric acid no 180 0.33
12.0 97 93 99 HDS3 - yes 111 0.32
Reaction conditions: reaction temperature 290, Hppressure HDS4 citric acid yes 140 0.31

1.1 MPa, WHSV =5.6 h™*, V (Hy)/ V (ail) =450. " Chemicd compostion: 24 %MoOs, 4. 8 %NiO, 1. 2 %P.
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Table 5 Compostion of surface dementsof different catdyss
Atomic ratio
Catdys - 3
Mo/ Al Ni/ Al P/ Al
HDS1 14.3 5.6 10.2 Mo-Ni-P-O
HDS2 17.4 10.2 13.9
HDS3 16.1 6.2 5.5 '
HDS 4 17.7 10.3 12.5 HDS ,
Mo-Ni-P-O ,
2.7 )
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3(a) DTG , 3(b) DTG
TG , ,
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