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Fig.3 XPS survey spectra (a), Fe 2p (b), and Ni 2p (c) of Raney Ni catalyst before and after modification with

different inorganic iron salts
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Table 1 Sensitivity factors (S) for different elements in XPS

Sensitivity factors (S)

Catalyst Ni Al C Fe
NiAl 288 2077 056 100 1435
Fe-N3-NiAl  1.00  1.00 100 1.00  9.98
Fe-S2-NiAl 288 2077 056 1.00  9.98
Fe-CI2-NiAl 288 1418 056 100 1435
Fe-CI3-NiAl 288 1418 056 1.00  9.98
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Table 2 Peak area (/) of different elements in XPS

Peak area (1)
Catalyst
(0] Ni Al C Fe

NiAl 140 298.26 45624.10 17 153.66 17 624.83 42999.28
Fe-N3-NiAl 76 061.57 20667.31 4528.45 6514.34 2279.48
Fe-S2-NiAl 63 258.68 38 140.95 7338.13 18461.43 1993.85
Fe-CI2-NiAl 136 304.05 65853.91 5203.04 15052.00 81599.91
Fe-ClI3-NiAl 150 459.87 48 749.18 22257.50 12 426.00 2224.40

4 (dy\
= +h . ‘/total =z : ( 6 )

= 3 ANELHEKEBUER Raney Ni L7 XPS 37\ 2

AESKEFREDE
Table 3 Mass fraction of iron atoms in the XPS analyzed layer

of Raney Ni catalyst modified with different inorganic iron salts

Catalyst w(Fe)/%
NiAl 0.079
Fe-N3-NiAl 0.005
Fe-S2-NiAl 0.011
Fe-CI2-NiAl 0.179
Fe-C13-NiAl 0.005

. s
. e

P 4 A AP TR JE B TR DR T 4]
Fig.4 Sketch of a single modified Raney Ni catalyst particle
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Table 4 Physical parameters of XPS analyzed layers of catalyst before and after modification

Catalyst Vyor/om’ Pl (g em ) Manalysis/ € Meexpsy & MeaceyS
NiAl 6.00x10 137.6 1.15%10°° 9.11x10"* 6.45%10"*
Fe-N3-NiAl 6.15x10° 159.6 1.34x10°° 6.69x10"° 3.53x10°
Fe-S2-NiAl 2.70x10° 34.2 2.86x10 " 3.15x10 1.80x10°
Fe-CI2-NiAl 3.30x10° 39.6 3.32x10" 5.94x10"° 1.68x10°°
Fe-CI3-NiAl 2.85%10° 35.4 2.97x10" 1.48x10"° 3.08x10°
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Fig.5 SEM pattern of Raney Ni catalyst before and after modification
(a) NiAl (b) Fe-N3-NiAl, (c) Fe-C12-NiAl, (d) Fe-S2-NiAl, (e) Fe-C13-NiAl
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Fig.6 (a) N, adsorption and desorption curves and (b) pore size distribution curve of Raney Ni catalyst before and after modification

*5 BREMMEAMIEELTIEHSE
Table 5 Structural parameters of Raney Ni catalysts before and

after modification

Catalyst Viw/(em”g ") dy/nm  Sger/ (m*g ")
NiAl 0.040 5.76 70.72
Fe-N3-NiAl 0.104 6.61 31.48
Fe-S2-NiAl 0.050 2.27 32.65
Fe-CI2-NiAl 0.015 2.25 10.03
Fe-C13-NiAl 0.020 8.05 10.37
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Table 6 Hydrogenation evaluation results of Raney Ni catalysts

before and after modification

Catalyst Ngen/%0 Yapo/% Ysor/%
NiAl 99.86 94.64 4.23
Fe-S2-NiAl 99.99 94.92 4.16
Fe-N3-NiAl 99.95 97.08 2.29
Fe-CI2-NiAl 97.94 93.03 3.04
Fe-CI3-NiAl 94.36 87.36 2.67
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Table 7 Elemental mass fraction of the fresh and used catalyst

Elemental mass fraction/%

Catalyst Fresh Used
Al Fe Ni Al Fe Ni
NiAl 2282 043 7675 2525 0.11 74.64
Fe-N3-NiAl 23.82 235 73.83 2926 1.15 69.58
Fe-CI2-NiAl 2237 120 7643 36.86 1.03 62.11
Fe-S2-NiAl 26.59 1.12 7229 2940 0.69 69.90
Fe-CI3-NiAl 37.87 2.05 60.08 36.88 0.66 62.46
3 Fig
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Inorganic Iron Salt-modified Raney Ni Catalyzed

Hydrogenation of 1,4-Butenediol

ZHANG Huangian'”, HE Fang'?, MAO Bo'”, LIU Yongpeng ~, ZHANG Xiao ', LU Jiangyin'”
(1. State Key Laboratory of Chemistry and Utilization of Carbon Based Energy Resources Region, Xinjiang
University, Urumqi 830000, China; 2. Key Laboratory of Oil & Gas Fine Chemicals Ministry of Education &

Xinjiang Uyghur Autonomous, Region, Xinjiang University, Urumgqi 830000, China)

Abstract: In order to inhibit the generation of n-butanol as a by-product during the production of 1,4-butanediol

by the Reppe method in enterprises and to reduce the cost of replacing catalysts in enterprises, in this study, the

Raney Ni catalyst was modified by the impregnation method using four kinds of inorganic iron salts solutions:
FeSO, 7H,0, Fe(NO,;);-9H,0, FeCl,-4H,0, and FeCl;-6H,0, which canceled the calcination and reduction steps.
The catalysts were analyzed by a combination of XRD, XPS, BET, SEM, ICP and other characterization means to

analyze the physical and chemical properties of catalysts. The hydrogenation of 1,4-butenediol to produce 1,4-

butanediol was used as a probe reaction, under the reaction conditions of 130 °C, 5 MPa, 800 r-minfl, and 4 h, the

results showed that Fe(NO,;);-9H,0 modification was the most effective, and the conversion of 1,4-butenediol

(BED) was increased to 99.95%, and the content of n-butanediol as a by-product was reduced from 4.23% to

2.29%. The above research results provide a theoretical reference for the reduction of n-butanol as a by-product in

the production of 1,4-butanediol by the Reppe method.

Key words: 1,4-butenediol hydrogenation; Raney Ni; iron ion modification; n-butanol
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