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Abstract: Processing and utilization of high-yield coal tar in China can alleviate the energy shortage. Hydrodenitrogenation (HDN ) of
coal tar is a significant way to utilize coal tar in a clean and efficient manner, and the key is the preparation of high performance HDN
catalyst. There is a strong interaction between traditional Al,O; and supported active metals, which affects the hydrogenation
performance. Based on the special surface properties and layered structure of the two-dimensional support, a novel support material was
prepared by modifying Al,O; with graphene oxide as structure director and TiO, as the modifier. A set of NiMoS/TiO,—Al,O; catalysts
were prepared by impregnation process and used in the quinoline HDN reaction. The effects of carrier dimensions on the structure of
support and the catalytic performance of NiMoS$ catalysts for HDN were investigated. When HDN reaction was performed at 350 C and
3MPa (H,) for 4h, compared with those of three-dimensional supported catalysts, the conversion rate of quinoline increased from
94.2% to 99.4%. The nitrogen removal efficiency of quinoline increased from 0.6% to 74.8%, the yields of propylcyclohexane and
propylbenzene were 58.4% and 13.4%, respectively. The results indicate that the supported two-dimensional NiMoS/TiO,—Al,O; catalyst
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possesses better HDN performance. The geometrical structure of support and modified catalyst was further analyzed. It is found that two-

dimensional TiO,-Al,O; carrier exists porous lamellar structure, high proportion of Lewis acid, which is conducive to further

hydrogenation of 1,2,3,4-tetrahydroquinoline and open-loop of decahydroquinoline. Thereby the denitrogenation product,

propylcyclohexane is generated. The NiMoS$ catalyst supported by two-dimensional TiO,—Al,O; exists large specific surface area, high

dispersion of MoS, on the carrier surface, small cluster parti cles, weak metal-support interaction. And it is easily sulfurized to generate

more active NiMoS phases, so it displays better catalytic HDN performance compared with the NiMoS catalyst supported by three-

dimensional TiO,-Al,O;.
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Fig. 1 XRD patterns of different TiO,—-Al,O; supports and corresponding NiMoS catalysts
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Table 1 Structural characteristics of various TiO,-Al,O;

supports and corresponding catalysts
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Fig.3 SEM images and TEM images of different TiO,—Al,O; supports and NiMoS catalysts
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Table 2 Acidities amounts of different TiO,—Al,O; supports
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Fig. 6 XPS signals for Mo 3d electrons and Ni 2p electrons of various NiMoS catalysts
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PB MR B, N 58.4% Fl 13.4%, IR ZAAAHAY
T YA NiMo/TA-2Db (11.7% 1 44.6% ) , it
HH b E — PR 2 1 NiMoS #AE 1Y US4
FEMIRE Y. NiMoS/TA-3Db [t NiMoS/TA-3Ds
IR =R, JEH THE—E Lewis BRAF7ERT, H
e FmARE K, AR T AR NiMoS 7 PEAH . Mk
£ NiMoS/TA-2Ds [ Wi A Fdm, e N 2R

P ) AR R — AR AR A BRI R A, AR T
TG PE 4 8 B TN S L R R . RIS, A B g R
YRR, RE S SESEE R, S
TiO, ALO; 2K 2 [ WA ELAE RSS2 Wk B
oA BE Z2 ) NiMoS TEPEA . BEah, gl —4iz
R BB Lewis f2 i £ f | F DHQ 1) C-N % Wt
20, ATMAE A= PCHY, P, fhd o — 4
L) 0 AR R 9 HDN 7M. NiMoS/TA-2Ds i
A 5 A2 A s bk HDN A0 R TE T L 22 4,
RIRA SR Y NiMoS/TA-2Ds fEAk sk HDN
PERBESAT .

%3 R[E NiMoS L FI7E 350 C, 3 MPa TE{LEERK HDN H a4 AR
Table 3 Performance of quinoline hydrodenitrogenation on different NiMoS catalysts at 350 °C and 3 MPa

FEYI R 1% \
AL AR X /% J L X papn/ %
14-THQ 58-THQ DHQ OPA PB PCH
NiMoS/TA-3Ds 78.1 8.9 56 1.1 0.5 0.04 942 0.6
NiMoS/TA-3Db 67.8 14.1 6.1 26 2.0 323 95.8 49
NiMoS/TA-2Ds 112 7.6 38 5.0 13.4 58.4 99 4 74.8
NiMoS/TA-2Db 17.7 132 7.2 5.0 11.7 446 99.4 41.8

%R 4 NiMoS/TA-2Ds {4 7RI EEM HDN ifi 1 5 H fth STk TAERIEL AR
Table4 Contrast of the catalytic activity of NiMoS/TA-2Ds with the other literature work in the quinoline hydrodenitrogenation

el SV B °C I ) /MPa J52 57 B 7] /h HALFEX o/ % B AR Xgpn/ % SRk
NiMoS/TA-2Ds 350 3 4 99.4 74.8 ES'S
NiMoW/Beta-KIT-5-3 360 4 — >99.0 55.5 (32]
Ni,P 360 4 — 99.3 8.6 [33]
Ni,P/Beta@SBA-16-2 380 4 — >99.0 64.3 [34]
NiMo/y-AlO; 350 2 4 96.9 236 [35]

3 % B fif wsmbk HDN Sz 7 1Y) % Ak % N 94.2% 2 & 2] T

99.4%, WA FM 0.6% &3] T 74.8%, XIEH T

(1) LA S0 h a5 M Fm ), LA Tio, iy NiMo/TA-2Ds ' —AE S A R RFIR SRR T 42 ) -

o R, R R R A 4R
NiMoS/TiO,~ALO; i £k 7 & B th T R 45 i 1wk
HDN YEfE . 76 W I 350 °C, WK1 3 MPa
&, A=Y PCH A1 PB AU RS 5
58.4% F1 13.4%, WARFIEE] T 74.8%,

(2) H = 4 TiO~ALO, B & #k 1K M — 4
NiMoS/TiO,~ALO; fE AL 7 (14 25 4 R A, K& B — 4k
TiO,-ALO; E A #ARM LR TR, HAZLMR
JEEEM, Lewis FR LT . MoS, 76 2844 £ 1 1) 43 L
FEwR, PIRESRLIN, 4 a8k Rl A AR 35

(3) # T NiMoS/TA-3Ds, NiMoS/TA-2Ds

PARZ B BIVEHT, RN NiMo 255§ H,S i J5i4:
R 22/ NiMoS fiEfLif A . eah, fzkAl — 44
RE SR Lewis B2 2 A AT 14-THQ Wy —2m
2R DHQ B JF 38, AT A= B %™ ¥ PCH,
U, SRk AR R B AR B A HDN 154
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