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TR 1) Ni/CCA LT, i it 25 FhRAE T BEAR 58
ST T Ni** 7E CCA R MAFTERTS S AL i
1, 4-T RS rERE A M. X F 2k — 240 & CCA
BRI T S (B S

1 K HE5

1.1 EEF &

ZHSCHERL 15 ], SRATSFARBUR A il 4 ¢ &
}9.3% 1) CCA AR, L Ni(NO, ), 7K N 25
W, CCA SH#IR, R BEGI & AR N &
Ni/CCA fiEfLA]. BwiE e, 24120 C T4 3 h,
N, (100 mL/min, Z{JF 99.99% )48 F 450 °C % bs
3 h, #33] Ni/CCA fifbsR]. 4R Ni S EpARE,
F3 43 51 4 B A TNi/CCA . 10Ni/CCA . 14Ni/CCA
F1 17Ni/CCA.

1.2 EAFBRE
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150 C M FEZA AP S h, RA BET 3L 5AE M 1Y
FEERTEAR, AR LR i 2k LA BIH 5 i3 S i AL
I3AR.

X 55T (XRD) FEAFEFE Bruker D8 Advance
R X PRI B3 T, T Cu K AR5, %
40 kV, EHLUL 40 mA, FHFEE 10 © ~80 ©, 44
HZO0.1 °/s.
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7y NiO BB L i 42 Jm Ni, 2T CCA AL
AT HAOTEAE " NIRRT HAT BN I AL
EZEH. TR NFLE 2SR AT AR R 1 L 3=

L G, B Ni SRR, BUIMLIE R R S
BTN AR IR BT . MR R e
HBAL 4 AR R T NI o A L
W, TR BN

&1 AR Ni &2 NiVCCA EUF R
Table 1 Textural properties of Ni/CCA catalysts with
different Ni loadings

Catalyst Aper(m*/g)  V(em/g) D(nm)
7Ni/CCA 167 0.47 11.0
10Ni/CCA 153 0.41 10.6
14Ni/CCA 164 0.41 9.8
17Ni/CCA 181 0.40 9.3

Volume adsorbed (cm3 /g)

0.0 0.2 0.4 0.6 0.8 1.0
Relative pressure ( p/p,)
P 1 ASTA] Ni 35 Ni/CCA EARTAIRY N, I8 -Jld B S5t £
Fig. 1 N, adsorption-desorption isotherms of Ni/CCA catalysts

with different Ni loadings
(a)7Ni/CCA; (b)10Ni/CCA; (c¢)14Ni/CCA; (d)17Ni/CCA
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WAL 220 450 °CREBEJE I XRD 3%, 44k 5]
Ni & AT 10% BRI 2 y-Al, O, /Y §h A1 A7 5
g, FH] NiO DLJCE B sk i 0 B AS A AE T3k %
I, Ni SEdhins 14% B, 14Ni/CCA fEfLFIALFE
43,291 62. 6" H BURLSS 1M /R HUAY NiO 77 ST, 3%
WA A 2 s NGO At th, NiO 9 B2 431K
N HIAE 10% ~ 14% 2 [A8]; Ni & g iF— 23 n
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Pore diameter (nm)

2 AR Ni 355 Ni/ CCA AT FLAR 3 A il 26
Fig. 2 Pore distribution of Ni/CCA catalysts with different
Ni loadings
(a)7Ni/CCA; (b)10Ni/CCA;(c)14Ni/CCA; (d)17Ni/CCA

2 17% I}, NiO A7 5hf U i 52 A A7 39 o, e 70 e 78
78, W] NIO b R BT, BT AR IR 5 T4
ANIRRRL R SR R o R . it — 2 XA JRU R Y
Ni/ CCA AL AT T XRD HAL(EIRSI) , KB
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g, Ni DAE - BCIRSTEAE. 14Ni/CCA FI 17N/
CCA AL Ni f) fe AR AT S e 3R 3 SR e, A Ni
(200) fiT 5 e pey 2 1 SE L, MR ¥ Scherrer 2235
AL R A NI AR R AR S ) O 4.8 nm 5
5.2 nm, Ni {38ROREF TR0 SIS

Intensity(a.u.)

10 20 30 40 50 60 70 80
20/(°)

Pl 3 K in AN [l Ni 254 Ni/ CCA fiEfL5I ) XRD %
Fig.3 XRD patterns of Ni/CCA catalysts with different
Ni loadings after calcination

(a)7Ni/CCA;(b)10Ni/CCA; (c)14Ni/CCA; (d)17Ni/CCA
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2.1.3 UV-Vis DRS F4F K 4 JASTE Ni 4 &
Ni/CCA fEALFI Y UV-vis 1. SClkdRiE > > Nisy-
AL O Ak 51 420 nm &b i 5 A ISCR 20 BT y-
AL O FEIH /N THMATCAL A Ni* 2R AMRIS, AHR F A,
—T,, (P) #5755 590 ~ 640 nm ib {1 SR YR y-
AL, O, k& Hh DU T A O A Ni* ™ S AN i, AR R T
T, T,f’T, T, (P) #7458 ; 714 ~760 nm kb [y £
SN R AR T 19 /\ TR R G N SR AN, A Y
ﬂrﬁAZg—)lTlg’ 3Azg_’l Eg (D) Zith Azg_’3T1g (F) %%
x5 4 Ni/y-Al, O #£ 5 7E 420 nm, 635 nm ]
720 nm 4b H B0 AR, BT NPT AR Ni/
y-AlL O, Hf 322 23 A 7 VO TR A S N TR 25 67, fiE AL
R AEAE BA A BAE T N Pyl X1 Ni/
CCA MM, 7E 320 ~800 nm i [F 1 H BLEE A1
ook, LAY GIA TN 7E CCA KA FHH
SN, TN g D AR A AT AR A
PR fdiss 2 BB A BAEH] NiO iIE . X 202
T AL AR AR R s 2D 1 AL, O, 3% 11 DU T 4
PLER N ARG SR B, (A5 S PR 2 40 5 ok 2
i, DT RIS 5 A ) 45 55 A AH B .

1 (a) | I
P N A
|
T N R e

ety

Absorbance (a.u.)
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Wavelength (nm)

Kl 4 A[R) Ni &5 Ni/CCA fiE4LF] ) UV-Vis DRS {i
Fig.4 UV-vis profiles of Ni/CCA catalysts with
different Ni loadings
(a)7Ni/CCA; (b)10Ni/CCA; (c¢)14Ni/CCA;
(d)17Ni/CCA; (e)17Ni/y-Al, 0,

2.1.4 H,-TPR AL & )8 E AL TE AR id I
(X 2 i B AE — o AR b AT DA s W 4 s - 28 44k () AH
HAEFR SRS, 85 AR Ni & i Ni/CCA L5
f H,-TPR [&. w] LLFE 4, Ni/CCA {8 1k %I 3 78
350 ~600 °C 1] H B 8 Ak 1) HLIA0 Jt g, R WAL 77

HN LS B AR ) B R S Y NQiO W) R AT
FEM L INI/CCA Ak 37 06 T 3R M BRLAE 510 °C
Bl NI St %) 384 0 30 Dt e e T 3k B 1) I 3L X A #%
(G 70 o U T AR T S s 3 Ni i 14% I, i
TR AR 2 470 °C, RUAREE Ni S 83ghn, 4
AR 5 B AR AE B R 355 09 NiO P Fh3 fin s Ni
Tt PN E 17% i, 17Ni/CCA ik 55 1) id
JEAT N5 14Ni/CCA fifEfb 50 M2, 2 W i 4k )
NiO PR & A RS Ak, A RE R R R T
600 CHYFESEIE, Z54 UV-vis 250010, X 8
1 F7E Ni/CCA fiAb 5 Ni** itk A 81 2 1 DU v
A K NTHHARZS (37, AT AR N A7 A LA s A A
FHI Ni fyfpt 51

470 °C

H,; Consumption(a.u.)

200 300 400 500 600 700

Temperature (°C )

Kl 5 ASJA] Ni &8 Ni/CCA k7Y H,-TPR &
Fig.5 H,-TPR profiles of Ni/CCA catalysts with different
Ni loadings
(a)7Ni/CCA; (b)10Ni/CCA; (c¢)14Ni/CCA; (d)17Ni/CCA

2.1.5 H,-TPD #4F K 6 N AT Ni 4 Ni/
CCA ff#L5 /) H,-TPD [, TLAE i, Ni/CCA fiifk
R 450 CRJF)G , MEAFIIIZENLT 300 C X H
BT SEARr Hy B B0, 51T A i Ak R 2 1 2 R 1Y
N R Y vl L MY R o 2 i
50 ~300 °C X [i] P Ay 36 BfF 0 >R T TR AR IE — 38R
SERORT T MWEHRTLAE Y, BiE Ni &8s
I, AEARFR Y H 8RR TR i , e B AL
WM S . SR, H RO B 04 0 1T R g 1 n
5N SE A R LR, B Ni &
T, HL JE RF e TG % 1 e O S R R 454 XRD
SERATH, X TR FREE NS R, NiO
B R AT A SRR TR R, 5 NiO A
e, S BUERA TR, SEEEN N R
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{0 PR RS S i Je T Ni 2 .

(d)

Ms Intensity(a.u.)
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Temperature (°C)
€ 6 A[F] Ni &+ Ni/CCA #E4L57 Ry H,-TPD [
Fig. 6 H,-TPD profiles of Ni/CCA catalysts with different

Ni loadings
(a)7Ni/CCA; (b)10Ni/CCA; (¢)14Ni/CCA; (d)17Ni/CCA
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Fig.7 H,-TPD integral area of catalysts with different

Ni loadings

2.2 TR TE TG

P 8 JyAnfm] Ni &4 Ni/CCA HEALH] FAL 1,4-
T EEERON A R E. LR, 4
Ni &rib 7% B Z 10% iF, 07 P Bk A8
1.35 mg(KOH) /g %% 0.34 mg(KOH) /g; #t—
152 Ni &L 14Ni/CCA % 17Ni/CCA iS4y
FRESEA R F& S 0. 23 mg (KOH) /g A1 0. 18 mg
(KOH)/g. Z5E AR RIELE R, B Ni 24
e, EAR Ni diok RGP 2R A KR, (BA DR 1
AR, PR DR E B . I AERL 1,

4 = T B EUSNE FAIN SE E

1.50
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1.00
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Carbonyl number (mg(KOH)/g)

0.00 . | . 1 " | . 1 " 1
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Ni loading(%)

Pl 8 AN[H] Ni 5 Ni/ CCA fiEfh7) ERL 1, 4- T —REhn s ot
Fig. 8 Activity of Ni/CCA catalysts with different Ni loadings
for hydrogenation of crude 1,4-butanediol
Reaction conditions; 150 °C, 4 MPa, 3 h. Feed carbonyl
number; 7.21 mg(KOH) /g
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Dispersion of Ni’* Supported on Carbon Covered Alumina
Surface and Hydrogenation Performance

CHEN Hao-ran', SUN Zi-jin®, LI Hai-tao' , ZHENG Xue’, ZHANG Yin', LIU Wen-sheng’,
WANG Da', ZHAO Yong-xiang'*
(1. Engineering Research Center of Ministry of Education for Fine Chemicals, School of Chemistry and
Chemical Engineering, Shanxi University, Taiyuan 030006, China;
2. Shanxt Sanwei Group Co. Lid. , Hongtong 041603, China)

Abstract; Ni/CCA catalysts with different Ni loading were prepared by impregnation method used carbon-covered
alumina ( CCA) as support. The samples were characterized by N, physisorption, X-ray diffraction, Ultraviolet-vi-
sible diffuse reflectance spectroscopy, H, temperature-programmed reduction, H, temperature-programmed desorp-
tion. And their catalytic performances were also investigated in the hydrogenation of crude 1,4-butanediol aqueous
solution. The results showed that Ni loading less than 10% , NiO existed by amorphous or highly dispersed. When
the Ni loading was 14% , trace amount of microcrystalline NiO appeared. For the catalysts with Ni loadings higher
than 14% , active surface area and catalytic performance increased with increasing Ni loading of the Ni/CCA cata-
lyst. The 17Ni/CCA catalyst showed the excellent catalytic performance.
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