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€. B HA Rigaku D/Max 2500VB2+/PC %I X fif
AT E , Cu Ko SF2k, B HE 40 kV, & HL
200 mA. K i Y E 2 T AR R AL AR g A TR 36
Sorptomatic 1990 ( Thermo Corp. ) {¥ &% 45, &5
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[ L 2 2 ) - TF, i ROk Y 31. 8% b I
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HILE 172 B, R RIS TR 5%
AR, AJE Zn 5 AR R e P A AR K,
YRR AE 97% ZEA7. Hui 27 A5 i % (9 Cu-Zn/y-
AL O, fAEFI & B, 43E R Cu/Zn HXHE Bl
FIRIETE Y T, I HIAH Zn BIFIREXT Cu Hik:
2 HAT — o MR, X FAR R, Zn B
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Table 1 Effect of the catalyst composition on the ethyl

difluoroacetate hydrogenation

Catalyst Conversion Selectivity

Catalyst

composition /% /%

60 : 20 : 30 94.2 96.2

60 : 20 : 25 99.7 96.2
Cu-Al-Zn 60 : 20 : 20 99.5 97.3

60 :20:15 62.4 97.1

60 :20: 10 31.8 97.1

Reaction conditions; T=200 C, P= 9 MPa, Reaction
time= 8 h, Ester : alcohol= 1 :3
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Fig. 1 Effect of reaction pressure on the ethyl
difluoroacetate hydrogenation
Reaction conditions; T=200 °C, P= 9 MPa,

Reaction time= 8 h, Ester : alcohol= 1 :3
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Fig.2 Effect of reaction tempreture on the ethyl
difluoroacetate hydrogenation
Reaction conditions; P= 9 MPa, Reaction time= 8 h,

Ester @ alcohol= 1 : 3
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Table 2 Effect of the solvent on the ethyl difluoroacetate

hydrogenation

Solvent Conversion Selectivity
(Ester : solvent) /% /%
C,H;OH(1 : 3) 99.5 97.3
C,H;OH(1 : 3.5) 98.7 97.8
C,H;OH(1 : 2.5) 92.2 98.0
CH,0H 100 94.2
C¢H,,( Cyclohexane) 5.7 76.8

- 3.23 100

Reaction conditions: T=200 C, P= 9 MPa, Reaction

time= 8 h, Ester : solvent = 1 :3
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[ 3 F0 T O B[R] B I R s . A ZR T LA
i, YNEHEIZDF 8 h B, FEK R B[R] N
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INfFfRIAE, FTRESONZEAT AN T80, PRI S 1Y) g A I
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Fig. 3 Effect of reaction time on the ethyl difluoroacetate
hydrogenation

Reaction conditions; T=200 °C, P=9 MPa, Ester : alcohol=1 : 3
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Fig. 4 Effect of reaction time on the ethyl difluoroacetate
hydrogenation
Reaction conditions: T=200 °C, P= 9 MPa,
Ester : alcohol= 1 : 3, Cu-Al-Zn (60 : 20 : 20), 8 h/time
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Fig.5 XRD patterns of the samples: (A) after calcination; (B) after reduction
(1) Cu-Al-Zn(60 : 20 : 10);(2) Cu-Al-Zn(60 : 20 : 15); (3) Cu-Al-Zn(60 : 20 : 20) ;
(4) Cu-Al-Zn(60 : 20 : 25); Cu-Al-Zn(60 : 20 : 30)
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Table 3 Copper particle size of samples after calcination

and reduction

Catalyst CuO particle Cu particle
Catalyst . ] )
composition size /nm size /nm
Cu-Al-Zn 60 : 20 : 10 16.2 18.2
Cu-Al-Zn 60 :20: 15 11.8 13.0
Cu-Al-Zn 60 : 20 : 20 11.2 12.4
Cu-Al-Zn 60 :20:25 12.1 17.7
Cu-Al-Zn 60 : 20 : 30 12.4 20.8

R T 25 TR SN S PR AR R 2L B A AR
b, FATA O JE AR A 2EA T T XRD 434
WE 5 (B) fFin, NG T WA 7 ¥ 7E 260 =
43.3°50.4°F174. 1°4b HBL T BA R Cu MU4SIEAT ST
g, IFHAE 260=36. 5°4b LB B 1Y Cu, O HYAT I

1§, Cu-Al-Zn (65 : 20 : 10) {457 B BL T CuAlO,
(PDF#75-1792) [EIVAMR A, 24 Zn & &l 10%
IF, XRD Kzl 24 A R EE R ZnO FAR AN @i
Debye-Sherrer 23S UAG 545 H A [ AL TR il i b )
(1 Cu BEARANEE 3 Frzs. FRHAIAL, & EA Zn )
700 4 A5 00 13 P S R A P P 70 s i o oz 2o R ]
R B . 2R A k%, Cu-Al-Zn (60 : 20 :
20) 7 B I B AFORLAL A2 38 R e/, AR 10. 7%
Hamriiedin/h, 12,4 nm.
2.8 BET RA4E

4G AR B fE AR 2
PR MRARTLIE L, B AR RE i 78 SO
U T RUAR T B T AR RS RE s, i FLAR R L B
TSR M), U AN [ B8 A TR A AR B
U PE R AR T AR ARk
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Table 4 Textural Structure of samples after calcination and reduction
Catalyst Catalyst Fresh Sy Used Syp Fresh Vpore Used Vpore Fresh Used
composition  /(m’ - g') /(m’-g") /( m’ - g") /(m* - g™ D,../nm D,,./nm
Cu-Al-Zn 60 :20: 10 100.2 108.1 0.308 0.181 13.6 6.67
Cu-Al-Zn 60 :20: 15 67.9 152.1 0.316 0.211 21.5 4.89
Cu-Al-Zn 60 : 20 : 20 51.8 154.1 0.272 0.337 20.4 8.23
Cu-Al-Zn 60 : 20 : 25 71.4 102.4 0.371 0.216 19.8 7.84
Cu-Al-Zn 60 : 20 : 30 63.8 88.0 0.245 0.227 18.9 8.25

IR A IR Cu SEAHEAL ) H % 1
TSR I AR R B T 3R OL, AlATTIA A 2 ol A

AT 23 FLAE PN 5% B A S8 A 800 BT B T S
Zeifert ™" S5 £ 45 7 SR AL R b, S5 JBE R
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Fig. 6 H,-TPR profiles of the samples after calcination
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Fig. 7 XPS spectra of the samples; (A) after calcination; (B) after reduction
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Table 5 Copper content on the surface of samples after calcination and reduction

Catalyst After calcination After reduction
Catalyst .
composition Cw/% Zn/% Cw/Zn(n/n) Cu/% Zn/% Cw/Zn(n/n)
Cu-Al-Zn 60 :20:10 6.91 2.83 2.44 4.00 6.21 0.64
Cu-Al-Zn 60 :20:15 10.2 4.85 2.11 2.44 7.18 0.34
Cu-Al-Zn 60 : 20 : 20 12.4 6.33 1.96 2.01 6.66 0.30
Cu-Al-Zn 60 : 20 : 25 18.3 10.9 1.67 2.93 11.1 0.26
Cu-Al-Zn 60 : 20 : 30 17.6 11.3 1.58 2.65 12.1 0.22
3 B [3] Chen G L(FEHEM), Meng B( i 1), Xu M Q(#)%
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Effect of Zn Promoter on the Textural Structure and
Performance of the Cu-Al-Zn Catalysts for the
Hydrogenation of Ethyl difluoroacetate to Difluoroethanol

SUN Dao-an, LI Chun-ying, DU Yong-mei, ZHANG Wei, ZHANG Jian-wei,
MA Yang-bo, ZENG Ji-jun, LV Jian" ,
(1. Xi’ an Modern Chemistry Research Institute, Xi’ an 710065, China;

2. State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical Technology,
Beijing 100029, China)

Abstract; Cu-Al-Zn catalysts with different content of Zn promoter were prepared by coprecipitation method and
their catalytic performance for the hydrogenation of ethyl difluoroacetate to difluoroethanol was systematically investi-
gated. Characterization methods including X-ray diffraction, N,-physisorption, H,-temperature-programmed reduc-
tion and X-ray photoelectron spectroscopy were carried out to elucidate the structure evolution of the catalyst with
the catalytic performance. Experimental results showed that the proper content of Zn promoter greatly enhanced the
catalytic performance of Cu-based catalysts. 99.5% ethyl difluoroacetate conversion and 97.3% difluoroethanol se-
lectivity could be abtained over the Cu-Al-Zn(wt=60 : 20 : 20) catalyst under the tempruture of 200 °C , the pres-
sure of 9 MPa, the raw material solvent ratio of 1 : 3 and the reaction time of 8 h. The Cu-Al-Zn(wt=60 : 20 :

20) catalyst could be repearted for twelve times with no obvious activity decline proving its good stability. The con-
tent of copper species increased with increasing Zn content, as well as the reduction ability was improved. Howev-
er, excess Zn content could easily resulted in the agglomeration of copper species in the preparation and reaction
processes, the opposite effect of which was the moderate Zn content.

Key words: coprecipitation method, ethyl difluoroacetate, difluoroethanol, catalytic hydrogenation



