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XRD patterns of Ni-Al alloy and alloy extrudates
binding by SB powder calcined at different
temperatures for 2 h

A: Ni-Al alloy; B, C, D: alloy extrudates calcined at
873 K, 1073 K and 1133 K respectively

H: AlNiy; &: ALNi; (0: AL, O: a-ALO;
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Effects of Calcination Temperature on Particle Compressive Strength, Resultant a-Al,O; Content and

Relative Strength of Diffraction Peaks of Calcined Alloy Extrudates and Corresponding Catalysts

calcinations compressive strength / (N-cm™)

temperature / K calcined / leached

a-ALO; / wt%

calcined / leached

ALNi/ ALNi,
D(3.89) / D(4.90)

a-ALO,/ ALNi,
D(2.548) / D(4.90)

0 _
873 583/0
973 61.4/0

1073 845/0

1123 155.7/105.2

1173 200.4 / 139.0

0/0 0.264 0
0/0 0.616 0
0/0 0.515 0
0/0 0.455 0
13.7/15.2 0 0.274
18.0/19.2 0 0.386

Note: D(3.89)/D(4.90), D(2.548)/D(4.90): intensity ratio of AL;Ni, a-Al,0; and Al;Ni, diffraction peaks at D-value of 3.89,

2.548 and 4.90 respectively.
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Fig.3 TG-DTA analysis curves for calcination procedures in

air of Ni-Al powder and alloy extrudates binding by
polyacrylamide and SB powder

A: NiAl powder, B: alloy extrudates binding by
polyacrylamide, C: alloy extrudates binding by

SB powder
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Fig.4 XRD patterns of alloy extrudates binding by SB powder
calcined at 1133 K for 1 h and 2 h
E: calcined for 1 h; F: calcined for 2 h.
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Table 2 Effects of Calcination Time on Particle Compressive Strength, Resultant a-Al,O; Contents and Relative
Intensity of Diffraction Peaks of Calcined Alloy Extrudates and Corresponding Catalysts

L particle intensity / (N-cm™) a-ALO; by XRD / % a-ALO; / ALNi,
calcination time /h . i
calcined / leached calcined / leached D(2.548) / D(4.90)
1 114.9 / 68.1 1197128 0.184
2 155.7/105.2 13.7 /7 15.1 0.274
3 1974/ 141.1 15.2/18.7 0.308
4 260.4 / 175.4 15.5/19.3 0.323

Note: D(2.548) / D(4.90): intensity ratio of a-Al,O; and Al;Ni, diffraction peaks at D-value of 2.548 and 4.90.
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Fig.7  XRD patterns of calcined alloy extrudates binding by
\ polyacrylamide and corresponding catalysts
K, L: calcined alloy extrudate and corresponding

catalyst of FR-P; M, N: calcined alloy extrudate and

corresponding catalyst of FR-P’; respectively.
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G, H: calcined alloy extrudate and corresponding

FAFRANTR], EUR R BUAT 5 Xk B2 A XRD P85 A
corresponding catalyst of FR-SB’; respectively. L, REUS ALNi, fh A I EEAR 58 21 K | a-ALO; i
W: ALNi; A: AINi; O: a-ALO, FH WA X 568 B 4 55 , it T FR-SB Ak 5732 I 1] <

catalyst of FR-SB; I, J: calcined alloy extrudate and
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Fig.8 Benzene hydrogenation on various nickel catalysts

(x: FR-SB; M: FR-SB’; O: FR-P; A: FR-P’; @: SN)
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Table 3 Properties of the Catalysts

. FR-SB FR-SB’ FR-P FR-P’

properties calcined / leached  calcined / leached  calcined / leached  calcined / leached SN
Ni / wit% 30.2/38.7 29.3/373 32417335 32.4/34.6 19.6
a-ALO; / wt% 9.71125 109/ 14.6 17.6 / 26.8 17.6/19.2 -
Particle compressive strength / (N-cm™) 150.7 / 80.6 136.5/ - 184.4 /825 1953/ - 225.7
BET area / (m*-g™) -/71.0 -/60.2 -/11.7 -/158 211.9
pore volume / (cm?+g™) -10.17 -/0.17 -1/0.02 -/0.04 0.45
pore volume (pore diameter = 10 nm) / % -/60.2 -/615 -/ 645 - /684 352
average pore diameter / nm -/8.1 -/ 115 -/697 -/10.2 8.5
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Crystal Phase Transformation during Preparation of Novel
Fixed-bed Raney Nickel Catalysts

ZHAO Hui-Ji* BAI Rui SHANG Hong-Yan XU Yong-Qiang
ZHAO Rui-Yu YIN Chang-Long LIU Chen-Guang
(State Key Laboratory of Heavy Oil Processing, Key Laboratory of Catalysis, CNPC, College of
Chemistry and Chemical Engineering, University of Petroleum, Dongying 257061)

Novel Fixed-bed Raney nickel catalyst for hydrogenation of unsaturated organic compounds has been pre-
pared by extruding the Ni-Al alloy powder with pseudoboehmite, calcining the extrudates in air at higher temper-
ature and leaching out the aluminum with caustic solution. XRD and TG-DTA analyses were used to characterize
the crystal phase transformation during the preparation of such catalyst. The experimental results show that during
calcination procedures alloy phases rich in aluminum (such as Al;Ni-Al or AI;Ni) will transform to ones poor in a-
luminum (such as ALNi, or AINi), and that aluminum released will be gradually oxidized to inhibit the oxidation
of nickel. Such phase transformation will be accelerated over 1 123~1 133 K, and Al;Ni phase disappears and
transforms to ALNi, completely and aluminum is oxidized to certain amount of a-AlL,O; to increase the catalyst
compressive strength. The benzene hydrogenation results indicate that the catalysts prepared by this new method
possess higher low temperature hydrogenation activity than ry-alumina supported nickel catalyst and the same type

of fixed-bed Raney nickel catalyst prepared according to the patent methods.

Keywords: fixed-bed raney nickel crystal phase transformation



