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Hydrogenation of coal tar on NiMoP/vy-Al, O, catalyst
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(State Key Laboratory of Clean Energy Utilization, Zhejiang University, Hangzhou 310027, China)

Abstract: The NiMoP/y-Al, O, catalyst was prepared through a multi-step impregnation method and
characterized by inductively coupled plasma mass spectrometry ( ICP-MS ), N, adsorption-desorption,
transmission electron microscope (TEM ) and H, temperature programmed reduction ( H,-TPR). The catalyst
with 4% Ni is determined to be the best one with optimum component proportion by the tests with model
compounds in a fixed-bed reactor. The coal tar hydrogenation was conducted over the optimum catalyst. The
results reveal that the removal of carbolic oil can promote the removal of S and N and the saturation of aromatics.
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Table 1 Content of active component in
NiMoP/y-Al, O, catalysts

Theoretical results w/% Test results w/ %

Catalyst - -
Ni Mo P Ni Mo P
HT1 1 10 1.5 1.01 9.71 1.65
HT2 2 10 1.5 1.95 9.56 1.46
HT3 4 10 1.5 3.99 9.65 1.54
HT4 6 10 1.5 5.87 9.92 1.63
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Table 2 Physical properties of NiMoP/y-Al, O,
catalyst with different Ni content

BET surface
Catalyst

Pore volume Average pore

area A/(m*-g”') v/(em’-g™')  diameter d/nm
y-Al, O, 283.30 0.49 19.15
HT1 145.07 0.24 3.83
HT2 146. 31 0.25 3.84
HT3 147.48 0.27 3.82
HT4 143.54 0.21 3.84

&3 A[E Ni 228 NiMoP/y-AlL 0,
LI MoS, FHRERESHERY
Table 3 Average slab length and stacking degree of MoS, in
NiMoP/y-Al, O, catalyst with different Ni content

Catalyst Average slab length d/nm Average stacking degree

HTI 4.02 2.11
HT2 3.61 2.28
HT3 3.45 2.28
HT4 4.00 2.27
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Distribution of average slab length and stacking degree of MoS, in NiMoP/y-Al, O, catalyst with different Ni content
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Figure 2 H,-TPR profiles of NiMoP/y-Al, O,
catalyst with different Ni contents
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Table 4 Model compound of distillate oil

Model compound Content w/% Type

Dibenzothiophene 1 S-containing compound

Quinoline 5 N-containing compound
o-xylene 10 mononuclear aromatic
1-methylnaphthalene 25 diaromatics
Phenanthrene 10 triaromatics
Hexadecane 10 long chain hydrocarbon
Hexane 39 chain hydrocarbon
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Figure 4 Conversion and selectivity
of DBT at different Ni content
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Figure 6 Conversion and selectivity of

quinoline at different Ni contents
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Table 5 Molar ratio of hydrogenated
products of 1-methylnaphthalene

Catalyst Methyl tetralin/methyl decalin
HT1 8.05
HT2 1.50
HT3 1.67
HT4 2.30
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Figure 11  Selectivity of phenanthrene at different Ni contents
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Table 6 Chemical compositions of distillate oil and hydrogenation products

Distillate oil

Hydrogenation products

Type (phenol oil excision) Distillate oil (phenol oil excision) Hydrogenation product
Alkene 1.02 0.87 0.00 0.00
Alkane 4.79 4.09 13.98 11.46
Cycloalkane 0.00 0.00 10. 66 9.40
Bicyclic alkane 3.91 3.33 2.76 2.30
Cycloolefine 0.00 0.00 0.11 0.23
Alkylbenzene 3.91 3.33 13.00 13.25
Hydrogenated aromatic 8.33 7.11 43.54 43.52
Other di-aromatics 9.65 8.23 1.38 1.96
Alkylnaphthalene 45.09 38.49 4.57 6.98
Biphenyl 6.05 5.17 2.89 4.92
Triaromatic 1.85 1.58 1.56 1.50
Oxygen containing compound 8.48 7.24 5.57 4.48
Phenol 6.97 20.59 0.00 0.00
x7 BAHUERMESFMESNEE
Table 7 Content of S and N in distillate oil and hydrogenation products
Distil?ate O,il, Distillate oil Hydrogenat.ion P 'ro'ducts Hydrogenation product
(phenol oil excision) (phenol oil excision)
S /107 12 150. 00 12 000. 00 76.18 220. 41
N /107 4300. 00 4 900. 00 5.00 21.13
4 45 B T PERE LA R AP ERERZ AR, ARGERCEE &

K43 415 5k il 4% () NiMoP/y-AL O, fiEfL 7
HA RAIFRIZ R FIRBRECR . RS
e AR AT IR 100% ;24 Ni &5 4% Mo
HH10% ,P &N 1. 5% I, a8 et il S
ALK 95% , TE—EJuH N, 30 Ni (97 5 ] $2
AL A B B R LA BT Rt A i (HE
S RS PE— A B N (A i A ) A i U
2% ik
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