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Ni/y-Al,O3 catalyzed hydrogenation of mixed long chain a-olefin
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Abstract: Ni/y-Al,0;3(DI) and Ni/y-Al,O3;(CEDI) with different Ni loading (theoretical value, based on the
mass of support, the same below) were prepared by dry impregnation method (DI) and charge-enhanced dry
impregnation method (CEDI) using y-Al,O; as support, and characterized by SEM, TEM, BET and XPS.
The influence of relationship between catalyst pore size and mixed olefin particle size on the catalytic
activity of the catalysts was analyzed, with their performance in hydrogenation reaction further evaluated.
The results showed that the average pore size of Ni/y-Al,O;3(DI) and Ni/y-AL,O3(CEDI) was larger than the
width of the average particle size of mixed olefins (2.17 nm), which reduced the impact of internal diffusion,
thereby enhancing catalytic activity. Under the conditions of 120 °C and 3 MPa, 15Ni/y-AL,O5(DI) with 15%
Ni loading exhibited catalytic efficiency for octadecene and mixed olefins of 9666.1 and 6580.9 mol/(g-h),
respectively, while 20Ni/y-Al,O;(CEDI) with 20% Ni loading showing 19591.3 and 14537.8 mol/(g-h)
respectively, even higher. This was mainly attributed to the fact that CEDI adjusted the acidity and basicity
of the y-Al,O; surface and used the charge enhancement effect to regulate the interaction between Ni and
y-Al,0O3, making Ni more uniformly dispersed on the support, reducing the size of Ni particles, and
optimizing the dispersion and stability of the active components.
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Fig. 1 Effect of various catalysts on hydrogenation activity
of octadecene and mixed olefin

2,12 BAERBRHT S s EIE
& 2 MBS R TEM B HUR 25370 .

;i ?
|7 %m

%.5 1.01.52.02.53.03.54.045
i /nm

541 %
24fe 407
35 70.4 nm
20 30 P
161 % S 25 /
iy % K20
= g % 15
 mw
4t /% s
01520253035404550556065 40 60 80 100 120 140
A2 /mm kife/nm

K2 REBREEERNARBOEECT B9 TEM & (a~c );
TEM Seit iR G 1 R A2 56 B o3 A (d) JokidR i
B (e ) B RAAKKIE S Zeta LALLM HTIRTT
HRLAE M ()
TEM images of mixed olefin samples at different
magnifications (a~c); Size distribution of width (d)
and length (e) of olefin measured by TEM, as well
as size distribution of olefin obtained by nanoparticle
size and Zeta potential analyzer (f)

MK 2a~c ATLUE H, IRGHEZAIK R R
R FEBETE 1.0~4.5 nm Z[H], F-HPRAR FEEE N 2.17 nm
(&l 2d), IRE IR BEAE 20~60 nm Z 1], F
YK 40.27 nm (& 2e ). MIE 2f ITLIEH, Fife
JOTHE 50~140 nm Z[[], “FERAEH 79.4 nm, 5
TEM #5348 RST A ZE AN K.
2.1.3 B % sLLE My e R AE

&l 3 4 y-Al,0; Fl 10Ni/y-AlLO5(DI)AY N, 4 FE I
BAF - FSE R 25 VL 2 AN BIHL FLAR 0 A, ELAAREIE L3k 1.

Fig. 2

a

&
cl
B ¥
S| &=
m}; | IS [ [ I I —
& 0 10 20 30 40 50 60 7
E§ fL#Z/om

1 1
0 0.2 0.4 0.6 0.8 1.0

HIXHES1 (plpo)
b | =
:
g
&

10 20 30 40 50 60 70

fL#&/mm lﬁéﬁﬁf

T Bt/ (cm*/g)

0 0.2 04 06
HIXTFEST (plpo)

0.8 1.0

B 3 9-AlLO; (a) 5 10Ni/y-ALOs(DI) (b) ) N, M-
JIE BA il £ S FLAR A Al C I BRE/N AT )

Fig. 3 N, adsorption-desorption curves and pore size distributions
(insert) of y-AL,O; (a) and 10Ni/y-AL,O; (DI) (b)



55010

EBEWT, 2 Ni/y-ALOs EALIR & K8 o-M N &

© 2253

ME 3 aTLIEH, y-ALOs Al 10Ni/y-Al,O5(DI)
SRR VRIS, RIFEAEN L. y-ALO; Hir 114
A F H3 BUH H4 B[], WRE A T Fr RS0k 2R 4 1
ZIa]; 10Ni/y-ALO;(DDHi AT H4 HUfir Lk, X nlfE
55 FURRLF BT A R IR AL R A S,

xR SHENDES K
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g b = Table 2  Structural properties of different Ni/y-Al,O; catalysts
R WREBY  LABY PR
fL#%2/mm o A ’al A 2
§ 2 Nify-ALOs AL (m*/g) (cm’/g) nm
5Ni/y-Al,0;3(CEDI) 191.77 0.76 11.00
0 0:2 0:4 0:6 018 10 10Ni/y-ALL,O3;(CEDI) 217.41 1.36 15.89
XS (p/po) 15Ni/y-ALLO5(CEDI) 206.28 1.10 14.60
c 20Ni/y-ALO5(CEDI) 192.40 1.24 17.31
H 25Ni/y-ALO5(CEDI) 187.32 1.14 16.07
E E 5Ni/y-ALO5(DI) 104.26 0.84 19.04
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Fig. 6 N, isothermal adsorption and desorption curves of
Ni/y-AlL,O;(CEDI)
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H1 EDS [
Fig. 7 SEM images of 20Ni/y-Al,O;(CEDI) at different
magnifications (a~c) and EDS spectra
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Fig. 8 Bright field (a~c, e), dark field (d) TEM images and

Ni particle size distribution diagram (f) of 20Ni/y-
Al,O;(CEDI)
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Fig. 9 XRD patterns of Ni/y-Al,O3(CEDI) (a) and Ni/y-
AL,05(DI) (b)
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Fig. 10 XPS full spectrum (a), high-resolution C 1s (b) and

Ni 2p (c) spectra of 20Ni/y-Al,03(CEDI); High-

resolution Ni 2p spectrum (d) of 20Ni/y-Al,O3(DI)
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