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Abstract—Doping effect of transition metals in Raney Ni catalyst was investigated by measuring of benzene
hydrogenation activity and hydrogen content stored inside the catalyst. The catalyst doped with Ti showed
the best catalytic activity of all among the used dopants, and the optimum Ti content in a starting alloy
was 1.5 wt%, and for the electrochemical reaction it was 2.0 wt%. Surface analysis by means of EDS revealed
that most of doped Ti was concentrated on the surface of catalyst. The Al leaching mechanism from Raney
alloy was selective dissolution, The catalytic activity of Raney Ni was affected considerably by hydrogen
pretreatment temperature, and the adequate PTFE content for dispersing catalyst particles was 5 wt%.
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Fig. 1. Flow chart of the preparation of Raney nickel cat-
alysts containing dopant.

Table 1. Composition of catalyst slurry

Catalyst name Composition of catalyst slurry(wt%)

Raney Ni 50.0% Ni 50% Al
Ti 1.0 1.0% Ti 49.0% Ni 50% Al
Ti 15 15% Ti 48.5% Ni 50% Al
Ti 20 2.0% Ti 48.0% Ni 50% Al
Ti 25 25% Ti 47.5% Ni 50% Al
Cr 0.25 025% Cr 49.75% Ni 50% Al
Cr 0.5 0.5% Cr 49.5% Ni 50% Al
Cr 0.75 0.75% Cr 49.25% Ni  50% Al
Cr 1.0 1.0% Cr 49.0% Ni 50% Al
WC 0.75 0.75% WC 49.25% Ni 50% Al
WC 1.25 1.25% WC 48.75% Ni 50% Al
WC 15 1.5% WC 48.5% Ni 50% Al
WC 25 2.5% WC 475% Ni 50% Al
Cu 10 1.0% Cu 49.0% Ni 50% Al
Cu 15 1.5% Cu 48.5% Ni 50% Al
Cu 2.0 2.0% Cu 48.0% Ni 50% Al
Cu 25 25% Cu 475% Ni 50% Al
Co 05 05% Co 49.5% Ni 50% Al
Co 0.75 0.75% Co 49.25% Ni  50% Al
Co 1.0 1.0% Co 49.0% Ni 50% Al
Co 1.25 1.25% Co 48.75% Ni 50% Al
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Table 2. Gas chromatograph conditions

Item Conditions
Column 3mmX2m stainless steel
Packing material PEG 1500
Column temperature 100C

Injection temperature 120C

Carrier gas Helium

Carrier gas pressure 2.0 kg/m?
Filament current 110 mA
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Fig. 2. X-Ray diffraction spectra of Raney and Ti-doped
Raney alloy.
(A) Raney alloy, (B) Ti-doped Raney alloy

1.0x]

Fig. 3. X-Ray diffraction spectra of Raney and Ti-doped

Raney Ni.
(A) Raney Ni, (B) Ti-doped Raney Ni

(A)

(B

(9

(D)

Fig. 4. Morphology of Ni powder, Raney alloy and Ni.
(A) INCO #1255, (B) Raney alloy, (C) Raney Ni
catalyst, (D) 1.5wt% Ti-doped Raney Ni catalyst
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Fig. 5. Influence of the Ti content in Raney alloy on the
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Fig. 6. Influence of the tungsten carbide(WC) and Cu
contents in Raney alloy on the conversion in ben-
zene hydrogenation.
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Fig. 7. Effect of the Co and Cr contents in Raney alloy
on the conversion in benzene hydrogenation.
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Fig. 8. Conversion in benzene hydrogenation over Raney
Ni pre-activated in hydrogen at 340°C.
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Fig. 9. Comparison of hydrogen content after changing
PTFE content in Raney Ni catalyst.
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Fig. 10. Effect of the Ti contents in Raney alloy on the
hydrogen content.
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Fig. 12. Pore size distribution of Ni sintered at 800°C un-
der hydrogen atmosphere.
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Fig. 13. Pore size distribution of Raney Ni.
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Table 3. Analysis of surface compositions of Raney Ni cat-

alysts
Catalyst name Composition of catalyst slurry(wt%)
Ti 1.0 7.3% Ti 88.1% Ni 46% Al
Ti 1.5 89% Ti 85.4% Ni 57% Al
Co 0.75 15% Co  93.6% Ni 4.9% Al
- Co 10 2.7% Co  89.3% Ni 8.0% Al
Cu 20 3.2% Cu 87.3% Ni 9.5% Al
Cu 25 6.7% Cu  84.4% Ni 8.9% Al
Cr 1.0 40% Cr  84.3% Ni 11.7% Al
Aldrich Raney Ni 95.4% Ni 4.6% Al
Raney Ni 94.2% Ni 5.8% Al

%3, Raney Ni¢] ¢]21=27]|& Droplet Particle Size
Analyzer(Malvern Series 2600) 2 7#3}%+t], Ra-
ney Ni®] 37 227+ 1161 yumg 2 Ti 1.5 6.5
umch w2l Tizh £33 ¢l texture promoterZ
851938 #AAY = dal21], olek e A
7] Fae dA AdFE 7IFEY el ddE £
Hog e

3-6. EDSO|| it JojEH XA 4

750C il 4] Al=¥ Raney alloy2} Raney Ni &v] %
Heo] 2Ag EDSZ 24§ #o] Table 3¢1H], Ti 1.03}
Ti 159 #$ 2% starting alloyell ¥7}g Ti/Nig)
FAul Rt 9 2o ulgn Zo 2ol Tio] A3
the 235 d9lch o]21% ¥4 Raney Niol 713t
Tizt F2 ZujEdel] $x3che Kenjo[21,22]9] A
A} dXFE RAFo2H, %2 dopant2 =
g A 7 AT & F Uk

33 Co, Cr, Cuf 718 A9 Tidh 22 A==
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e Aol vehta e & 4 AUk

olg] dAHe EDS ¥4 Apxle g Arsi 7lo| Fig 14
Qld], Ti 1.59 w7} Ti 1.0xc} Tigdzb7p 2o EHe
298 £E5 9e AL & 5 dde, Cr 1.03
Cu 259 visiA = EHol| &3} dopant?] o] A+
33 WS AT 4 Usdch A, Tig] ol g 42
Zo|lg4o] AU dFE vA F QUvke AME W
o] 543} whg-¥} hydrogen content®] %A UYL
£l o 5 U

=, £ A Tiol sl 271855 35 AR
o] Z7E o=, o)ok fAMH d4-2 Ewe 51819
BEadME 2 £ ek 282 Cu, Cr, Co 1.0
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Fig. 14. EDS analysis of Ti, Cr and Cu doped Raney Ni.
(A) X-Ray image of 1.0 wt% Ti-doped Raney Ni,
(B) X-Ray image of 1.5 wt% Ti-doped Raney Ni,
(C) X-Ray image of 1.0 wt% Cr-doped Raney Nj,
(D) X-Ray image of 2.5 wt% Cu-doped Raney Ni.
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Fig. 15. Effect of Ti contents in Raney alloy on current
density.
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