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Fig.1 Structure model of crystal
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Table 1 Adsorption energy for basic nitrogen-compounds on NiMoS catalyst at different distance

L BE 1 nLuE 2 M Bk 1 T b 2
% 4 B 5/ W fht R/ % 4 B s/ W fht R/ % 4 BE s/ % Mt i/ W s B s / % Wt B/
nm (kcal/mol) nm (kcal/mol) nm (kcal/mol) nm (kcal/mol)
1.536 41, 354 2. 397 30. 622 1.769 49,374 1.508 47,392
1.724 —9.216 2.663 8.051 1. 897 11.828 1.625 4,955
1. 809 —18.706 2.935 —0.992 2.008 —6.302 1.735 —17.377
1.923 —25.199 3. 097 —6.978 2.083 —28.588 1.831 —26.941
2.036 —27.375 3.182 —7.336 2.112 —27.657 1. 955 —30. 826
2.155 —25.420 3.221 —6.635 2.155 —23.203 2.019 —31.968
2.281 —22.529 3.431 —5.756 2.471 —19.522 2.201 —28.639
2.472 —15. 356 3.911 —2.716 2.797 —15.725 2.722 —17.459
2.786 —10.994 4,123 —0.154 3. 086 —12.977 3.028 —12.917
3.095 —7.166 4,594 1. 940 3.541 —9.370 3.537 —9.726
3.512 —2.650 5.082 2.764 4,025 —6.959 4,143 —6.680
4,394 0.211 5.597 2.761 4,789 —4.610 5.163 —4.682
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Fig. 2 The trend graph of adsorption energy at

different distance
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Fig.3 The configuration of pyridine,quinoline on

NiMoS catalyst surface
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Table 2 Adsorption energy for non-basic nitrogen-compounds on NiMoS catalyst at different distance

n3| e THR el
W B R B/ W% Bt B / 05, o B 5/ % B 58 / 05, o B 5/ % B 5B/ W o B S/ % B 58 /
nm (kcal/mol) nm (kcal/mol) nm (kcal/mol) nm (kcal/mol)
1. 882 30.675 2.486 —18.092 3.124 1.164 3.764 —16. 375
2.054 —6.438 3.079 —13. 829 3.233 —3. 849 3. 865 —12.798
2.148 —16.778 3.510 —9.519 3.351 —6.717 4,056 —9.983
2.224 —25.541 4,117 —6.705 3.544 —10.939 4,403 —7.415
2.265 —26.007 4,425 —5.919 3.637 —19.627 5.214 —2.583
2.360 —20. 143 5.478 —5.054 3.652 —20. 605 5.713 —2.645

FAE, f 2% 2 AT 50, 78 R Mg 9 SF 17 IR B 2 2
o, IR B EEES R 3. 652 nm B, e ZE NiMoS f# 1k
3 3% % 3% T 1 4T W RE D — 20. 605 keal/mol,
IH EsF % A 2R T AR R 14 R R A L, I B g
ML 34 A NiMoS 4 15 i & & 1 1) b %% 3 , 1 P9
A28 A 0 5 A4 A R0 2% T B T ke (JB 5). MARAR R
WIS RE, R S5 MR RO /EH A BET

R 5 AL RO/ T, U0 R e 72 NiMoS A 1k 5
% TH] A % P 2 38 5 R BR 5 N 30 4 3R T A A R
SE AL 5 T AS 2 Ik 36, 3 5 i W ke 2. P I 4 T
SR 5 214 5 B K R T TR RE ) O R A L I, A XoF T I
W, M5 R 7E NiMoS #1571 141 4% 3 i #) F- 47 ¢
B BB A8 A, MR Y B /0, U P S R B 25 5 R R 7
NiMoS 4t 5 Z i.
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Fig. 4 The trend graph of adsorption energy

at different distance
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Fig.5 The configuration of indole,carbazole
on NiMoS catalyst surface

"y B O R A A I BB I SR AT AR TR I &
R, & A0 T 5 NiMoS 4 4k | ) 7 7 £ 5%
W R E LR TE b, DR, B AT R BRI A
me B AT B ML B A A T R AE B
R o3 T TEME AL 3R T F) R B A B 25 52 e JFL R
420, Satterfield C N %5 4% 17 18 , MHt 1 11 s oo
1o U AR T T 8] 4 5 B 52 I IR B 7 A 1 R Y
WGRE b, RIS AL RN E A 5 AT,
THREER 5 A — 20, ULHT T 78 A B 1w 0k %
AR R, AR AR IR 3k B A

Xof Bl P R Ak 9 ke 3 P3| R BE 1) T 0 o
A B p—CIET WM EMAAF WL ERE L,
I s DU 3R 3 S A U B AE NiMoS £k 31 i 3 4k &
[T o =K 32 o =N P S L G T o o= £ 1577 )
DX 50 5 B AT B AR =X IXC ) S A — BA < 7E R
9 HDN 3o 72 H 38 35 1 S A0 58 T A3F , i 78 13
i) HDN i 7 i & 3F 9 S AL 58 T 3R,

7 B R A W A IR e AL W IR I AT =
it R R A, 8 Rk B O M LG R B AR
TR ax 3R B B AL R U R A L 3R B
PER AL ) W B BB B T 3k 2 Ak R 3R TE A R A
A1y F14 W% BA BB AL AT A4 2 Dy i — 25 B 5 B AL Y %
HDS J i i/ FAHLER FIBfE % B 3 & HDN ¥
VG £ B BLAE AL R SR AL T — s MY BB AR 9.

3 & i&

AW R % B R EIS T T e ALY
FAEBAE Z LY 5 NiMoS 4 1k 7 i 1 Bt % =X, L 1%
Wi A 250 A 5 A L B S 45 R AR

a. 7& NiMoS Al 5 2 T b #) W BB X, el 1k
R ALYy L2 B M O 3, R sk R ALY L AT R

b. itk 1 A e kB3 At K ) W% B A4 2L 2 4 T O T
il ad N—Ni g3 B T #4657 R m L, w5l bk iR A e
F14 W2 ) 250 R 3 A i s 3R F) B—C R TR A E A
FRU T b, IR PR A S RE ) % R A 280 0 2 3 o 3R
MR I 7 A 3R R T

c. B PE R ALY 7E NiMoS 4k 55 & i #) I8 Fht
AE L AR Btk 2010 W 1 B R BB TR, EL = 8 K 0 B 5
2 G

B M
SETERE S G E AL o
5% 30k :

(1] HB&EA R4, 220t , 5. A ALY XTS5 ot IR 2 i

HE AR m T Ay &'l A
4% A b L ,2006,22(4) : 12-17.
SHAO Zhi-cai, GAO Xiao-dong,LI Hao-guang,et al.
Effect of nitrogen-containing compounds on deep and
ulitradeep HDS for diesel oil I . Effect of the content
of nitrogen-containing compounds[J]. Acta Petrolei
Sinica: Petroleum processing section,2006,22(4) :12-
17. (in Chinese)

[2] Zeuthen P, Blom P, Muegge B. Temperature-pro-
grammed sulfidation and oxidation of Ni-Mo/alumi-
na catalysts and reaction with ammonia[J]. Appl
Catal,1991,68(1):117-130.

[3] La V V, Satterfield C N. Poisoning of thiophene
hydrodesulfurization by nitrogen compounds[]J]. ]
Catal, 1988,110(2) :375-468.

[4] Kwak C,Lee] J,Bae] S,et al. Poisoning effect of ni-
trogen compounds on the performance of CoMoS/
Al, O; catalyst in the hydrodesulfurization of dibenzo-
thiophene, 4-methyldibenzothiophene and 4, 6-dime-
thyldibenzothiophene [J]. Appl Catal B, 2001, 35
(1):59-68.

[5] Laredo G C,Altamirano E,De los Reyes J A. Inhibi-
tion effects of nitrogen compounds on the hydrodes-
ulfurization of dibenzothiophene: Part 2 [J]. Appl
Catal A,2003,243(2):207-214.

[6] Byskov L S,Ng¢rskov J K, Clausen B S, et al. DFT
Calculations of unpromoted and promoted MoS2-

based hydrodesulfurization catalysts [J]. J Catal,



% 12 N L5 A BRI 7E B AR A ) Y 3 T A 39

1999,187(1) :109-122. ic hydrodeoxygenation of m-cresol and hydrodenitroge-

[7] Sun M, Nelson A E, Adjaye J. On the incorporation nation of indole[ ] 7. J Catal,1983,80(1) :76-89.
of nickel and cobalt into MoS,-edge structures[J]. ] [15] Prins R. Catalytic hydrodenitrogenation[]J]. Adv
Catal,2004,226(1) : 32-40. Catal,2001,46:399-464.

[8] Schweiger H,Raybaud P, Toulboat H. Promoted sen- [16] Sun M, Nelson A E, Adjaye J. Adsorption and hy-
sitive shapes of co(ni) mos nanocatalysts in sulfo-re- drogenation of pyridine and pyrrole on NiMoS: an
ductive conditions [J]. ] Catal,2002,212(1) :33-38. ab initio density-functional theory study[J]. J Catal,

[9] Cocchetto J F,Satterfield C N. Thermodynamic equi- 2005,231(1):223-231.
libria of selected heterocyclic nitrogen compounds [17] Satterfield C N, Yang S H. Catalytic Hydrodenitro-
with their hydrogenated derivatives [ J]. Ind Eng genation of quinoline in a trickle-bed reactor. Effect
Chem Process Des Dev,1976,15(2) :272-277. of hydrogen sulfide[J]. Chem Process Des Dev,

[10] Song C. An overview of new approaches to deep 1984,23:20-25.

desulfurization for ultra-clean gasoline, diesel fuel [18] Kanda W,Siu I, Adjaye J, Nelson A E,et al. Inhibi-
and jet fuel[J]. Catal Today,2003,86:211-263. tion and deactivation of hydrodenitrogenation

[11] Sun M, Nelson A E, Adjaye J. Correlating the elec- (HDN) catalysts by narrow-boiling fractions of

tronic properties and HDN reactivities of organoni- athabasca coker gas oil[J]. Energy Fuels, 2004, 18
trogen compounds: an ab initio DFT study[J]. Mol (2):539-546.
Catal A:Chem,2004,222:243-251. [19] Ferdous D, Dalai A K, Adjaye J. Comparison of

[12] Kahe T, Qian W, Ishihara A. Mechanism of hydro- hydrodenitrogenation of model basic and nonbasic

desulfurization of hydrogenation on Co-Mo/Al;O; nitrogen species in a trickle bed reactor using com-
and Co/Al; O; catalyst by the use of radioisotope® S mercial NiMo/Al,O; catalyst[ J]. Energy Fuels,
tracer[]]. J Catal,1993,143,239-248. 2003,17(1):164-171.

[13] Zhang L,Ozkan U S, Hydrodenitrogenation of in- [20] Dorbon M, Bernasconi C. Nitrogen compounds in

dole over NiMo sulfide catalysts [J]. Stud Surf Sci light cycle oils: identification and consequences of
Catal,1996,101(B):1223-1232. Ageing[J]. 1989,68(8) :1067-1074.

[14] Odebunmi E O,Ollis D F. Interactions between catalyt-

Adsorption of organonitrogen on surface of nickel-molybdenum
sulfide catalyst

SUN Wei , FANG Yuan ,WANG Peng ,YANG Li
(Key Laboratory for Green Chemical Process of Ministry Education, Wuhan Institute of Technology , Wuhan 470074 ,China)

Abstract ; Organonitrogen compounds usually have poisoning effects on noble metal or acid catalyst and
inhibition effects on hydrodesulfurization in the process of hydrotreating. For this reason,our studies
for adsorption of nitrogen compounds on the catalyst surface can make important contributions towards
understanding the inhibitory mechanism for the process of hydrodesulfurization. The adsorbed
configurations and adsorbed energy of pyridine, quinoline,indole and carbazole were studied by density-
functional theory on periodic supercell models of the nickel-molybdenum sulfide catalyst surface, with
the molecular plane perpendicular or flat on the catalyst surface. The results show that pyridine and
quinoline of the basic nitrogen-containing molecules are preferably adsorbed perpendicularly on the
catalyst surface through Ni-N bond; however,the non-basic nitrogen-containing molecules are adsorbed
parallel on the catalyst surface such as indole preferentially adsorbed on the catalyst surface through the
B-C bond,and the phenyl rings of carbazole primarily interacting with the catalyst. It is found that basic
nitrogen compounds are adsorbed on the nickel-molybdenum sulfide catalyst surface containing higher
adsorption energy than non-basic nitrogen compounds through comparison between the adsorption
energy of two configurations. It is an exothermic process for the adsorption of organonitrogen on the
nickel-molybdenum sulfide catalyst surface.

Key words: organonitrogen;adsorption;catalyst;density-functional theory AL . R %



