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Ni Doped Cu-ZnO Catalyst for Glycerol Hydrogenolysis
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Abstract: Ni doped Cu-ZnO catalysts were prepared by impregnation method. It showed good catalytic properites
in glycerol hydrogenolysis to 1,2-propanediol (1,2-PDO) reaction. By means of X-Ray Diffraction (XRD),
Brunauer-Emmet-Teller method N, physical adsorption (BET), Hy-Temperature-programmed reduction (H»-TPR),
N,O chemisorptions and microreaction test, the physical-chemical properties and glycerol hydrogenolysis catalytic
properties were studied. It is found that, Ni additives enhanced the catalytic performance in glycerol
hydrogenolysis to 1,2-PDO reaction. With small amount Ni additives, the glycerol conversion showed a slight
enhancement while a big enhancement for 1,2-PDO selectivity. When Ni content increased to nn/ne,=0.5, the
glycerol conversion decreased a little while 1,2-PDO remained in a high level. The Ni doped Cu-ZnO catalyst
showed a good stability in glycerol hydrogenolysis to 1,2-PDO reaction while the catalytic performance kept over
102 hours.
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Table 1 Effect of Cu/Zn ratio on the glycerol hydrogenolysis activity of Cu-ZnO catalysts

Glycerol conversion / %

Selectivity / % (molar ratio)

e 1 (molar ratio) 1,2-PDO acetol 1-PO EG Et-OH Me-OH  Condensation
7n0 / / / / / / / /
0.39 158 423 512 0.1 17 0.3 0.3 4.1
1.08 252 418 49.1 0.1 23 02 0.3 62
1.86 479 50.4 29.8 0.1 23 0.6 0.5 163
3.01 4.1 53 29.1 0.3 5.7 0.9 0.7 103
403 419 57.8 28 02 45 0.7 0.7 8.1
4.88 33.1 67.6 179 02 5.3 0.5 0.6 7.9
Cu0 9.8 405 527 / 33 0.5 0.6 24
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(nn/ne, =0.5); (d) CuO; (e) ZnO
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Fig.1 XRD patterns of NiO-CuO-ZnO samples before

reduction
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F 415 Chb IR R JGAREL TR, xR B &R
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Table 2 Glycerol hydrogenolysis activity of Ni-Cu-ZnO catalysts (14 h)

GlycerolConversion / %

Selectivity / % (molar ratio)

nx / n,

(molar ratio) 1,2-PDO Acetol 1-PO EG Et-OH Me-OH Condensation

0 (Cu-ZnO) 45.1 48.2 244 0.2 22 0.3 0.4 243

0.25 473 57.8 34.6 0.1 2 0.4 0.3 4.8

0.5 39.7 58 24.7 0.3 2.5 0.5 0.4 13.6

% 3 Ni-Cu-ZnO ELFILRER KRE Cu’ EF Cu® 5 #E
Table 3 BET surface area, surface Cu’ amount and Cu® dispersion of Ni-Cu-ZnO catalysts
BET surface area / (m*-g™) Surface Cu®/ (pmol - g™ cat) Cu’ dispersion / %
/e Before reaction After reaction Before reaction After reaction Before reaction After reaction

0(Cu-ZnO) 23 14 560.2 390.5 6.02 4.20
0.25 21 17 500.7 348.3 6.12 4.26
0.5 21 16 443.6 308.6 6.07 4.22
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Fig.3 HyTPR profiles of NiO-CuO-ZnO samples
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Reaction conditions: metal oxide sample weight: 1.8 g; reaction
temperature: 250 “C; H, pressure: 2MPa; H, flow rate 185 mL-
min™; glycerol (40%(w/w) in water) flow rate: 6 mL-h"'
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Fig.4 Long-time reactivity of Ni-Cu-ZnO and Cu-ZnO
catalysts for glycerol hydrogenolysis
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