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Preparation of TiO,-Al,O3; Support and Simultaneous Hydrodesulfurization
and Hydrodenitrogenation over Ni,P/TiO,-Al,O3; Catalyst
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Abstract: The TiO,-Al,0; complex support was prepared by the sol-gel method, and the nickel phosphide catalyst, Ni,P/TiO,-Al,O3, was
made by impregnation. The catalysts were characterized by X-ray diffraction, N, adsorption-desorption, infrared spectroscopy, and X-ray
photoelectron spectroscopy. The catalysts were evaluated on a lab-scale continuous-flow fixed-bed reactor for hydrodesulfurization (HDS) of
thiophene and hydrodenitrogenation (HDN) of pyridine. The experiments were conducted to further investigate the influence of the support,
i.e. the support preparation method, TiO, content, and support calcination temperature, on the catalyst activity. The results showed that the
Ni.P phase appeared only in the catalysts prepared from precursors with Ni/P atomic ratio of 1/2. The catalyst made from TiO,-Al,0; com-
plex oxide with 80% TiO,as support, which was prepared by the sol-gel method and calcined at 550 °C, exhibited the highest activity for
thiophene HDS and pyridine HDN. At reaction temperature of 360 °C, pressure of 3.0 MPa, hydrogen/oil volume ratio of 500, and liquid
hourly space velocity of 2.0 h™, the conversion of thiophene HDS and the conversion of pyridine HDN were 61.3% and 64.4%, respectively.
Key words: nickel phosphide; titania; alumina; thiophene; hydrodesulfurization; pyridine; hydrodenitrogenation
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Fig. 1. XRD patterns of Ni,P/TiO,-Al,O; catalysts with different
TiO, contents. (1) Ni:P/AlOs (2) NiP/TA(20-550-SG); (3)
Ni,P/TA(50-550-SG); (4) Ni,P/TA(80-550-SG); (5) NiP/TiO,. TA:
TiO,-Al,O5; SG: sol-gel method; 20, 50, and 80 represent 20%, 50%,
and 80% TiO; contents in TiO,-Al,O5; 550 represents support calcin
temperature.
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Fig. 2. XRD patterns of Ni,P/TiO,-Al,O; catalysts prepared by sup-
port calcined at various temperatures. (1) Ni,P/TA(80-500-SG); (2)
Ni,P/TA(80-550-SG); (3) Ni,P/TA(80-600-SG); (4) Ni,P/TA(80-650-
SG).
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Fig. 3. XRD patterns of Ni,P/TiO,-Al,O; catalysts prepared by sup-
ports with different preparation methods. (1) SG; (2) Precipitation
(PR); (3) Mechanical mixing (ME).
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Table 1 Surface area of the supports and catalysts
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Fig. 5. FT-IR spectra of different Ni,P/TiO,-Al,O; catalyst samples
with different TiO, contents. (1) Al,Os; (2) TA(20-550-SG); (3)
TA(50-550-SG); (4) TA(80-550-SG); (5) TiO,.
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Fig. 4. SEM images of different catalyst samples prepared with different supports. (a) Ni,P/Al,Os; (b) Ni,P/TiO; (c) Ni,P/TA(80-550-SG).
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Fig. 6. XPS profiles of Ni,P/TiO,-Al,O; catalyst samples with different TiO, contents. (a) Ni 2p; (b) P 2p. (1) Ni,P/Al,O3; (2) Ni,P/TA(20-550-SG);
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Table 2 XPS results and surface elemental molar ratios of Ni,P/TiO,-Al,O; catalyst samples with different TiO, contents

Binding energy (eV)

Surface elemental

TiO, content

%) _ Ni 2p3 : - P 2p3£ : Al 2p Ti2p : molar ratio
Ni Ni,P H,PO3 PO, Ni,P Ni/P Al/P
0 856.4 852.3 133.8 134.8 129.5 74.58 — 0.065 1.871
20 856.3 852.2 133.9 134.9 129.5 74.71 458.8 0.068 1.414
50 856.3 852.3 133.6 134.6 129.5 74.87 458.5 0.085 0.653
80 856.2 852.4 133.9 134.9 — 75.43 458.9 0.086 0.351
100 — 852.1 133.9 134.9 129.5 — 458.6 0.16 —

133.8eV AL 15 2 NiP R 44k 2 H,POs™ i P 4
Flt, T 134.8 eV 4k F I Ay NiP 2 [ 4lik 2 PO,
P> Wyl

22 5T AR TIO, & BB A AW
Ni,P/TiO,-ALOg fi: 44 7 ¥ % 45 & fe B dls MR T o %
JE IR . H &R L, NiP/ALOS AL 7 Al 2p 1) 46 &
&N 74.58 eV, R H] Al = 2L DL ALO3 M JE A7 1E.
TN TiO, & ) Al 2p U AT FRTE, 45 6 Rt n) =i
6] 7 %%, TN 20%, 50% A1 80% 1) TiO, Ji, Al 2p 45 &
AE2 39 T 0.13,0.29 F10.85 eV, X i3 W TiO, (i
NASAEAL TR AL R IR B R AR T AR, 3R 208
AL, S TiO, 2 & B 3G I, 2 100 Ni/P B /)R LG 22 ¥ 12
far; AL NI/P B IR LE A 102, {H T Ni/P JBE IR T
T/ T IRXAME. X2 TR R a2 P
f o B BRI RN BE A TiO, & 23 i, &K AP
JBE IR LU T8 AT, I 2 A AL R > R P AR R
T Ak A2 3 AT
2.6 NiP/TiO,-Al,O3 f& 1t. 5 £ &9 HDS #1 HDN =
Rz &

2.6.1  FHURIHELFIE MR ST

2% 3} Ni,P/AlL,O3, Ni,P/TiO, #1 Ni,P/TA(80-550-
SG) fit: 4k 71 L BEwy HDS Atk mg HDN 35 PE. W LA
S — AL R 1 R HDS AT HDN & P 3 T
=Rt WA 7/ = A N R | I ol <9 I N A A 95 v
Ni,P/TA(80-550-SG) > Ni,P/Al,O3 > Ni,P/TiO,. iX /&
DRl Ay 52 45 20 M mT LA 2 HORN A2 S A 0 2R THI 1) NP,
B8 1 XA A7) Bl 2 T AR, DAL T A 7R A 2800 A
$ 88, A5 A0 SRS T

% 3 NiP/ALO;, NioP/TiO, 1 Ni,P/TA(80-550-SG) & 1k I
L+ HDS #1 HDN RYE 4

Table 3  Hydrodesulfurization (HDS) and hydrodenitrogenation
(HDN) activity on Ni,P/Al,O3, Ni,P/TiO,, and Ni,P/TA(80-550-SG)
catalysts

Conversion of Conversion

Catalyst thiophene (%) of pyridine (%)
Ni,P/ALO; 483 425
Ni,P/TIO, 37.6 27.2
Ni,P/TA(80-550-SG) 61.3 64.4

Reaction conditions: 360 °C, 3.0 MPa, H,/Qil = 500 (V/V), VHSV =
2.0h™
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Fig. 7. Effect of TiO, content in the support on the activity of the

Ni,P/TiO,-Al,O; catalyst samples for HDS and HDN. Reaction condi-
tions are the same as in Fig. 6.
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Fig. 8. Effect of calcination temperature of the support on the activity

of the Ni,P/TiO,-Al,O; catalyst for HDS and HDN. Reaction conditions
are the same as in Fig. 6.
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Fig. 9. Effect of preparation methods of the supports on the activity

of the Ni,P/TiO,-Al,O3 catalyst for HDS and HDN. Reaction condi-
tions are the same as in Fig. 6.
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