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n-heptane conversion =

the amount of isomerization product

x100% (1)

total amount of inlet n—heptane ( mol/h)

n-heptane isomerization selectivity =

x100% (2)

the consumption amount of n—heptane
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Fig.1 XRD spectra of Ni-Mo/USY molecular sieves with
different preparation conditions
a.USY; b. 6%Ni/USY(US-IM) ; c. 6%Ni-2%Mo/USY
(C-IM) ; d. 6%Ni-2%Mo/USY (US-IM)
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Table 1 Pore structure parameters of the catalysts

BET surface Porevolume
Catalyst s ]
area/(m’ + ¢7')  /(ccrg")
USY 593 0.36
Ni/USY (US-IM) 542 0.33
Ni-Mo/USY ( C-IM) 302 0.26
Ni-Mo/USY ( US-IM) 524 0.32

&l 2 &4l USY . Ni/USY (US-IM) . Ni-Mo/USY
(C-IM) F1 Ni-Mo/USY ( US-IM ) HEALF 8 N, 1% BhF- i
BEFPEL. H AT, Bk Ni AT Ni-Mo (19 USY AL 51 AN
4l USY HSF-3fLA2# N 3.8 nm 247, HIYJE T4
FLEEH. ARSI B AL T B S PR A IV 7 A5 R
g, RN S A MALARSL. #E USY I NiO
F1 MoO, Ji5 320 N, W25 BRI, 2 BFLAR R0 )N
XML RPBIHETFIHAT USY L. 5%
BkAHE, B  B Ni-Mo/USY (US-IM ) {4k
FUH N, W B i, HALAR B AR X K. 33
X — BG4 PR AT A e e AR B L T 4 e A
HEEFLIE, X5 XRD EAEL R 3
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Fig.2 N, adsorption-desorption isotherms of USY, Ni/USY
(US-IM), Ni-Mo/USY(C-IM) and Ni-Mo/USY (US-IM)
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Fig.4 Pyridine-infrared spectra of USY catalysts under

different preparation conditions
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Fig.5 NH;-TPD profiles of USY catalysts under

different preparation conditions

(IBRAR FP Ly (350 ~ 400 °C 2247 % 1 ) NH, i B i )
AR R 0 (200 °C A2 47 XL A NH, IR 0E ) | ¢
USY Ef#4)min, SIREEE, X2 NEEN
FIASMH—Rr TR OB, T ECE R = FEAL
Ay 00 R O R o O R 2R AR O (A10) T
(AIOH)* | AL O, %R R LM e 1. 5 Ni/
USY (US-IM) M, Ni-Mo/USY IR B AR B &2,
VLIAREIN—Fh 48 Mo B95 1 AR HE— 253478 25 1)
b 8, S ES Ni/USY (US-IM) B 5L A1 B,
Ni-Mo/USY MRt F R 2. ok, S51E5R 55
L, MRS ATE Z B RS T AR R e, W g
e TEA T AN T &85 01 0 A BAE
JH, 3T Si—0—Ni Al Si—0—Mo #AYIE AL, 1
BT A FoiE 2R ks, HOE R AR T 4 E
X518, A 2RO I, TR /b
HH TR s AR B S A A B AR RS2 e, R i
() FEKs A RURRAIR USY 43 F i i 24k i, 35 3]
WO ERARPERE Y H W, DT AT 7E — a2 R 1 8 v
TR ST fL BE 1.

2.6 LTI IE BRI AL B VR4

2.6.1 il g5 Xt Bk A b M RE R e AN
Ii) 1) B v % AR R B R BB RZ e AN ] 6 . B
A SCHRIF FE 25 I S Ak S 1 i 4 - R



%5

ZEMEPRAE . MR B A% Ni-Mo/USY AL I TE P 53 4 Ak M BEBAF 52 439

=
>

1 Conversion
| I Selectivity

~
>

=)
>

wm
=

w
>
T

Conversion & selectivity/%
[ -
> >
T

—
=]
T

N

a b c d
& 6 ATl & T i X e B i AL R A i

Fig.6 Effects of different preparation methods on

>

selectivity and conversion
a.USY; b. Ni/USY(US-IM) ; c. Ni-Mo/USY(C-IM) ;
d. Ni-Mo/USY (US-IM)
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Fig.7 Effects of reaction temperature on isomerization

of n-heptane
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Fig.8 Effects of H,/C; molar ratio on catalyst performance
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Fig.9 Effects of reaction time on catalyst performance
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Studyof Isomerization Performance of n-Heptane on
Ultrasound-Assisted Preparation of Ni-Mo/USY Catalysts

LI Xiao-ging', ZHANG Wei', MA Shou-tao"*, SUO Yan-hua',
CUI Yan-hong'”, WANG Ying-jun'"
(1. College of Chemistry & Chemical Engineering, Northeast Petroleum University, Daging 163318, China;
2. Dagqing Petrochenical Research Center of PetroChina, Daqing 163714, China;
3. August 1 Agricultural University, Heilongjiang 158308, China)

Abstract: Ni/USY (US-IM) and Ni-Mo/USY catalysts were prepared by ultrasonic assisted impregnation method
(US-IM) and conventional impregnation method ( C-IM) using USY molecular sieve as carrier, Ni and Mo as metal
active components. The physical and chemical properties of the catalysts were characterized by X-ray diffraction
(XRD) , pyridine-infrared spectroscopy ( Py-IR) and N, adsorption-desorption methods. In addition, the influences
of the changes of acidity and pore structure properties of molecular sieves before and after metal modification on the
isomerization performances of n-heptane of the catalyst were investigated comprehensively. The experimental results
showed that Mo had a synergistic effect on both the uniform distribution of Ni on USY molecular sieves and the
isomerization performances. There were no substantial effects on the structure of USY after bimetallic modification
under ultrasonic conditions. Ultrasonic cavitation reduced the agglomeration of the metal particles which led to the
uniform dispersion of the metal particles on the USY surface, and thus the metal active sites required in the cataly-
tic reaction were increased. The higher metal dispersion in Ni-Mo/USY catalyst prepared by ultrasonic assisted im-
pregnation resulted in stronger metal-support interaction, which made it exhibit higher activity and stability than
that of conventional impregnation method. Under the optimized ultrasonic conditions, the conversion and isomeriza-
tion selectivity of n-heptane reached 65.7% and 74.1% , respectively, when the reaction temperature was 250 °C ,
reaction time was 3 h, reduction temperature was 550 °C , reduction time was 5 h, and the molar ratio of H,/C, was
0.14.

Key words: Ni; Mo; USY molecular sieve; Isomerization of n-heptane



