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Abstract: The effect of cyclohexanediamine tetraacetic acid ( CyDTA) on the hydrodesulfurization (HDS) performance of
NiMo/Al, O, catalyst was studied using dibenzothiophene (DBT) as model compound for HDS evaluation. The influence of
molar ratio of Mo;CyDTA and heat treatment temperature on the HDS were investigated, and TEM and XPS were applied to
interpret the promotion effect of CyDTA on NiMo catalyst. Evaluation results prove that the CyDTA could significantly in-
crease the HDS activity as well as the direct-desulfurization selectivity of NiMo catalyst, and the molar ratio of Mo:CyDTA af-
fects the most. The kyps could be increased by 1. 15 times with Mo : CyDTA of 3 : 2. The CyDTA could lead to a small in-
crease of mean stacking number of MoS, active phase, meanwhile the mean slab length is also increased thus the dispersion of
MoS, phase is declined. However the turnover frequency (TOF) of the active sites is substantially increased, which indicates
that the nature of active phase might be changed. It is also found that there is interaction between CyDTA and Ni promotor,
facilitating the synergy effect between Ni promoter and active MoS, phase. Thus the concentration of active NiMoS phase
could be promoted and finally the HDS performance of NiMo catalyst could be enhanced.
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Table 1 HDS performance of NiMo-CyDTA/vy-Al, O,

catalysts prepared under different condition

kl]DS/ k,HDS/

gl Xppr/ prite i
HEFxY % (12 ’ mj)ll ’ (12 ’ mf)ll ’ Styn/pps
g vs) g vs)

2:1 41.0 2.11 0. 058
3:2  41.9 2.17 0. 042
1:1 35.5 1.75 0. 040
Ei 34.7 1.97 0.032
100 ¢ 35.0 1.88 0. 025
300 °C 36.7 1. 80 0.033
400 C  38.3 1.83 0. 038
500 C  41.9 2.01 0.042
2 22.3 1.01 0.94 0. 069
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Fig.1 TEM images of evaluated reference catalyst and
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Fig.2 Stacking number and slab length distribution of MoS, phase in evaluated
NiMo-CyDTA/vy-Al, O, catalysts with different Mo/CyDTA ratio
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Fig.3 Stacking number and slab length distribution of MoS, phase in evaluated NiMo-CyDTA/vy-Al, O,

catalysts with different heat treatment temperature
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Table 2 Morphology parameters and calculated
TOF of MoS, active phase in NiMo-CyDTA/vy-Al, O,

catalysts and reference catalyst

AL L/nm S/ % f,'my/l()’3 s7!
il £ Sk
2:1 2.15 2.68 41.86 6.72
3:2 1.95 2.67 41.99 6.85
1:1 1.91 2.98 38.19 6.38
EiR 1.91 3.05 37.43 6.36
100 <C 2.27 3.21 35.78 6.72
300 C 2.23 3.25 35.39 7.12
400 C 2.19 3.05 37.43 7.02
500 C 1.95 2.67 41.99 6.85
=1t 1.78 2.71 41.46 3.70
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Fig.4 XPS spectra of NiMo—-CyDTA/vy—-Al, O, catalysts with different Mo/CyDTA ratio
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Fig.5 XPS spectra of NiMo—-CyDTA/vy-Al, O, catalysts prepared with different calcination temperature

£3 ATEHELHEE NiMo—CyDTA/y-AL O, ELFIH) XPS 52
Table 3 XPS results of NiMo—CyDTA/vy-Al, O, catalysts prepared under different conditions

, Mo/ % Ni/% kyps/ k' yps/
ﬁﬁéﬁﬁ# (Ni/Mo)xps  (5/Mo) xps R (107 mol - (1073 mol -
N Mo®* Mo+ Mo** Ni2* NiMoS Nin g—l . s—l) g—l . s'])
2:1 0.38 2.77 0.28 43.2 9.4 47.4 56.9 35.2 7.9 2.11
3:2 0.39 2.91 0.31 39.6 10.8 49.6 54.7 39.2 6.1 2.17
1:1 0.36 3.24 0.24 40.7 9.8 49.5 58.5 33.2 8.3 1.75
IR 0.42 4.04 0.29 42.9 7.6 49.5 53.3 34.4 12.3 1.97
100 °C 0.41 3.66 0.29 42.3 9.2 48.5 56.6 34.8 8.6 1.88
300 C 0.41 3.19 0.29 41.8 9.1 49.1 54.1 34.3 11.6 1.80
400 C 0.40 3.45 0.27 42.6 8.1 49.3 57.2 33.3 9.5 1.77
500 C 0.39 2.91 0.31 39.5 10.9 49.6 54.7 39.2 6.1 2.01
2 0.27 1.91 0.17 35.2 14.7 50.1 62.1 31.4 6.5 1.01 0.94
VE MEAL RV 6 2P T EL(RR Mo 5 CyDTA A% Bt L
3 = @ BRI (ks SEIN T 29 115 485) 28 P Ah 23 EE
=H Xf NiMo-CyDTA/AL O, L7 HDS 75 5 mi A
(1) CyDTA P& n] DL i B 2 55 NiMo f# 1k 5 X,
H SR e BT S X B IR & T LAY HDS (2) CyDTA P& & {f FH A5 MoS, 1% 14 AH 1Y °F

e, A ECREC L XE NiMo EAL R TR PE R A SHESRZ BN A BN, X MoS, T P AH B89 7 B B2
K, Mo F CyDTA Wy bl 3.2 BREALFIAEAL /NS B s AT AR, (HLJ2 L TOF (HIZ T2 1
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