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Abstract: The unsupported hydrotreating catlyst has high hydrogenation activity owing to its high metal content. While
the metal active phase over the unsupported catalyst is easy to gather, and then reduces its dispersion during the process
of hydrothermal synthesis, which affects the activity of the catalyst. The non-ionic water-soluble polymer polyethylene
glycol (PEG) was adopted as additives to increase the dispersion of the unsupported catalyst, and the effect of PEG on
the crystal structure, pore structure and surface morphology of the catalyst was examined. The activities of the catalysts
were evaluated by hydrotreating dibenzothiophene (DBT) and fluid catalytic cracking (FCC) diesel. The analysis results
from SEM and HRTEM showed that after adding PEG, many vesicles were formed between the catalyst grains which
greatly improved the metal dispersion. At the same time, the catalyst particles surface was more porous which increased
the number of the active sites exposed to reactant. The activity evaluation results revealed that the addition of PEG
could obviously improve the HDS activity of the unsupported Ni-Mo catalyst.
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AT IR AR . SeBe A T DURAS R 41218 PEG
1ER BB, 55K 5> 188 400, 1000, 2000 Fl
6000 ff] PEG itfF PEG-400. PEG-1000. PEG-2000
H1 PEG-6000.
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TR BB 7 AE e 2 A T HE AR A3 i 56 4, IR 0% 7
20~40 HERRL, BIF3HE5 2 Ni-Mo AL
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Figure 1. XRD pattern of the Ni-Mo catalysts with different polyglycol
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Table 1. The BET result of Ni-Mo catalysts with

different polyglycol
® 1. FMFESFEN PEG ARH Ni-Mo #4EF7H BET 4R

) EeRTAY(mYg)  FLANemYg)  THFLE/Mm
75.6 0.20 7.8
PEG-400 50.9 0.07 42
PEG-1000 67.7 0.17 8.2
PEG-2000 68.8 0.16 5.1
PEG-6000 64.6 0.12 6.2
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Figure 2. The adsorption-desorption isotherm for Ni-Mo catalysts
with different polyglycol
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Figure 3. The pore size distribution curve of Ni-Mo catalysts with
different polyglycol
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Figure 4. The SEM photographs of Ni-Mo mixed oxide, (a), (b): no PEG; (c), (d): PEG-2000
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Figure 5. The HRTEM photographs of Ni-Mo mixed oxide
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Figure 6. Aty of DBT over different catalysts vs reaction tem-
perature (T)
B 6. FEMELF L DBT B HDS RELEFEMY Arow BER RIREE(T)
HIEW

Table 2. The hydroprocessing products and HDS% on different catalysts
2. TEMEWT L DBT MEBT M7 6 RERE

AL T/°C CPMCH BCP BCH CHB BP 6H-DBT 4H-DBT DBP HDS/%
240 0.00 0.18 0.40 8.71 19.09 0.42 1.23 69.90 28.5
Ni-Mo-PEG 260 0.00 0.38 1.11 20.55 38.88 0.42 1.18 37.48 60.9
280 1.07 0.18 1.84 34.09 45.44 0.00 0.51 16.85 81.6
240 0.15 0.33 0.12 5.80 10.53 0.80 2.19 80.09 16.9
Ni-Mo 260 0.55 1.29 0.63 17.67 27.63 0.85 1.98 49.40 47.8
280 0.86 1.44 0.96 21.02 28.47 0.60 2.57 44.08 52.7
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Figure 7. Apps and Ayyp of DBT over different catalysts vs reaction
temperature (T)
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PERE

BRI FCC S8 AITE A [R) (A0 750 S8 hn &
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TR AN E AR L, RSy Thlk ik
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AT S i &S B A A (R JBE B A% 5 AN [R], Ni-Mo-
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B 770 (i 22 R0 i 28028 7 30l 9 83.2%F1 72.8%) o AL 71
FIINE BRI A Ni-Mo-PEG > Ni-Mo > Z: LA,

100

£ HDS B HDN
S 90 |
P4
[a)
I
s
w0
Q 8 |
I
70
RN-10B Ni-Mo Ni-Mo-PEG

Figure 8. The HDS and HDN comparison of different Ni-Mo cata-
lysts

8. Al Ni-Mo L3I B9 S AR S R = L E

Table 3. The property of FCC diesel and hydroprocessing products on different Ni-Mo catalysts
2 3. FCC 4B RbEAAE Ni-Mo 457 L m S =454 B

HEAL7) d; Sl(ug/g) N/(ng/e) AV AL b el R Bl
0.9140 3680 900 19.7
Ni-Mo-PEG 0.8735 30.7 2.6 385 18.8
Ni-Mo 0.8741 94.4 334 382 18.5
SR 0.8807 618.2 244.8 32.6 16.1
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Table 4. Comparison of relative hydrodesulfurization activity be-
tween unsupported bimetallic catalysts and industrial comparing
agents

® 4. EGBHBNSRENTS TS HFEM RS

HEALFR Z Ni-Mo-PEG Ni-Mo
AEXT BB v 100 690 364

214

BEH (References)

(1]

(2]

(3]

(4]

(3]

(6]

(71

(8]

(9]

[10]

[12]

[13]

[14]

[15]

[16]
[17]
[18]

[19]

[20]

[21]

[22]

Kallinikos, L.E., Jess, A. and Papayannakos, N.G. (2010) Kinetic
study and H,S effect on refractory DBTs desulfurization in a
heavy gasoil. Journal of Catalysis, 269, 169-178.

Song, C. (2003) An overview of new approaches to deep desul-
furization for ultra-clean gasoline, diesel fuel and jet fuel. Ca-
talysis Today, 86, 211-263.

Abghari, S.Z., Shokri, S., Baloochi, B., et al. (2011) Analysis of
sulfur removal in gasoil hydrodesulfurization process by appli-
cation of response surface methodology. Chemical Engineering
Journal, 28, 93-98.

Marafi, A., Al-Hindi, A. and Stanislaus, A. (2007) Deep desulfu-
rization of full range and low boiling diesel streams from Ku-
wait Lower Fars heavy crude. Fuel Processing Technology, 88,
905-911.

Yin, C., Zhao, L., Bai, Z., Liu, H., Liu, Y. and Liu, C. (2013) A
novel porous ammonium nickel molybdate as the catalyst pre-
cursor towards deep hydrodesulfurization of gas oil. Fuel, 107,
873-878.

Okamoto, Y., Breysse, M., Dhar, GM. and Song, C. (2003)
Effect of support in hydrotreating catalysis for ultra clean fuels.
Catalysis Today, 86, 1-3.

Pawelec, B., Fierro, J.L.G,, Montesinos, A. and Zepeda, T.A.
(2008) Influence of the acidity of nanostructured CoMo/P/Ti-
HMS catalysts on the HDS of 4,6-DMDBT reaction pathways.
Applied Catalysis B, 80, 1-14.

Aguirre-Gutiérreza, A., Montoya Fuentea, J.A., Reyesb, J.A.,
Angel, P. and Vargas, A. (2011) Palladium effect over Mo and
NiMo/alumina-titania sulfided catalysts on the hydrodesulfurization
of 4,6-dimethyldibenzothiophene. Journal of Molecular Catalysis
A: Chemical, 346, 12-19.

Vergov, 1. and Shishkova, I. (2009) Catalyst advances promote
production of near zero sulphur diesel. Petroleum & Coal, 51,
136-139.

Stratiev, D., Galkin, V. and Stanulov, K. (2006) Study: Most-
active catalyst improves ULSD economics. Oil & Gas Journal,
53-56.

Yamaguchi, E., Uragami, Y., Yokozuka, H., Uekusa, K., Yamaguchi,
T., Abe, S., et al. (1994) Catalysts for hydrotreating hydrocarbon
oils and methods of preparing the same. EP: 601722.

Plantenga, F.L., Eijsbouts, S. and Cerfontain, M.B. (2003) Process
for preparing an additive-based mixed metal catalyst, its compo-
sition and use. US: 6566296.

Seamans, J.D., Partin, J.A., Samonte, E.R. and Lockemeyer, J.R.
(1996) A method of treating spontaneously combustible catalysts.
EP: 0696937.

R, XHZE (2003) ARSI TIBE TR, T
1,7, 1-6.

Eijsbouts, S., Mayo, S.W. and Fujita, K. (2007) Unsupported
transition metal sulfide catalysts: From fundamentals to industrial
application. Applied Catalysis A: General, 322, 58-66.

ERE, REF (2008) FH-FS AL ML E U AR . 25
Crm e, 8, 35-38.

WA, XRA, EigHE, % (2007) FH-FS SEIIEIREE A
JRBRHEAL TR T R IS RE. Lk A#EAE, 5, 22-26.

X, FRER, XIRG (2010) E FEAL AR H ALY
il 2 R LAV BT AL . 7L LA, 4, 643-648.

Loboue, H., Guillot-Deudon, C., Popa, A.F., Lafond, A., Rebours,
B., Pichon, C., et al. (2008) A novel approach to the synthesis of
unsupported nickel phosphide catalysts using nickel thiophosphate
as precursor. Catal Today, 130, 63-68.

Plantenga, F.L., Cefortain, R., Eijsbouts, S., Houtert, F., van
Anderson, G.H., Miseo, S., et al. (2003) 89 “Nebula”: A hydro-
processing catalyst with breakthrough activity. Studies in Surface
Science and Catalysis, 145, 407-410.

Chianelli, R.R., Berhault, G. and Torres, B. (2009) Unsupported
transition metal sulfide catalysts: 100 years of science and ap-
plication. Catalysis Today, 147, 275-286.

BA (1995) frmesE. AmoRsA o, RE, 99-100,
179-180, 371-372.

Open Access



