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AU BRA F]
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FIETEAL b 147 00 2 PR A = o i R H AR
Rigaku 23 & ) D/Max2500 VB2 +/PC & X Btk #i
SFHSOFAEAL TR AT i BRI G R 28 PE AT, 20 = 5° ~
90° ; K [E Micromeritics 22 F] Y ASAP 2020 %Y kb
2 1 RURIFL IR BE A3 M ASOGH R AR 700 1A 7 b 3 T B RN L
125 5 5% FH 32 B Micromeritics 23 7] ) AutoChem Il
2920 4> [ B AR 7 T Ak 2% 0 B AGHEAT RR I L iiR
W (H,-TPR) , FHIR 5 24 70 ~ 800 °C , FH T #ffi &
AR TR ot AR v AT i e A Ak AE AL, i Al
BRI
1.3 EAFEREIEMN

PEALT 1 REDE O ZE AL TP ke i L AT,
e A 2045 IR B S (= B, AR 10
mm) , FERFRETT 45 BT ASRA% 0. 18 ~0. 25 mm Ffi
AT AR e A8 X 0L 28 A 30 B3, T ity 2 SELAH [
RARH A YERD | w3 0. 25 ~ 0. 38 mm K42 A7
Yehth | A7 Srb- i A 7 i) D B DA 1k P
RE . RASEBEIE10% MRS T IRE R,
L 30 °C/min F3EE THE 2 260 °C , I EA SR ER
FE 8 ~12h, RIS R E AT {5 B , 48 Ak R A
JR4E S T AE IR 240 °C K77 3.0 MPa ,LHSV 1.0
¢/ (g-h) AR 30 BZME T &1k 24 h R4 T 8098
R A2
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2.1 EAFIHRMELER

ML Y HUBRE 5 S5 B TR (1CP) PSR4
PR, TE R BRIV M AL I R A B D i
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A1 ST U5

R AR B S S B T AT R O Es R

Table 1 Inductively coupled plasma (ICP) analysis results

for the catalyst

JLE w/107° JLH w/10~°
Cu 620 Bi 32
Al 130 Zn 19
Ir 46 Na 18

XHEALTI A XRD (X G4 Air i) MAZs R an A 1
FiR . i CuO IR SE  UER] CuO FZELITCE
RUSAEAE , BA RAFIG o HCrE o TRl B o3 i) e
SIHTEE R 1CP A S R AR R R Y, 26 =
26. 5° KA BRI RFIE I W AR 450, iE B DA 4T
KLAETE

Cu0

¢ Zn0
NaCu0O

BT AR AY XRD G
Fig.1 XRD pattern of the catalyst

P i AR A R R AR R 1 BET 3k
AN 87.4 m*/g, Langmuir [ E AR 133.6 m*/
g, fLAH 0. 218 mL/g, FLARSMEUNIE 2 fIT7R,2 ~ 10
nm LI Z HAr A 5], 2 A0 B9 0 B2 L
49, 43 nm, JE/AFLIE L, A H T8 K519 )
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Fig.2 Pore size distribution of the catalyst
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Fig.3 H,-TPR curve for the catalyst
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Fig.4 Effect of reaction temperature on the properties

of the catalyst
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9% 196
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Fig.5 Effect of pressure on the properties of the catalyst
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2.2.3 ZHLUBSR TR TR

LR LR R RERERE IR | R LR e fb =R
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PRI Ay 725 4 4 1 5 SOOI ) 7 A A 00 2 T P 4 A
) 4 55, AN T S 2R AT (H 2 T ) o 56 P s A 42
B, REas R, LB 0. 62% [ 5]
0. 28% , & W AEAHE £, 771) % 1H 5% £ BsF () 149 45 Jo A ) 1
FHIE 2 FER L N, P, RS 1.0 g/ (g+h)
YR, 6 KL, 25 # A 0.7¢/(g-h)
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Fig. 6  Effect of LHSV on the properties of the catalyst
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Fig.7 Effect of H,/EA amount of substance ratio on

the properties of the catalyst

MPa,LHSV 1.0 ~1.6 g/(g-h) , &M 30) I, 1 84
R 2R SR 45 SR A1, O BE R S B I FE 99% LA 1,
ek O TR CERIFAL AN RN FR R, IEACIR RS,
RT3 2 iR
F2  Ly(3%) IEACiR 45 IR R H A WA
Table 2 Observations from L, (3*) orthogonal tests

and the intuitive analysis

5 O »/ gl UNERET V4 - AL,
MPa gregteh! %
1 210(1) 2.0(1) 1.0(1) 1 87.8
2 210(1)  3.0(2) 1.6(2) 2 84.4
3 210(1)  4.0(3) 1.3(3) 3 91.5
4 220(2) 2.0(1) 1.6(2) 3 86.3
5 220(2)  3.0(2) 1.3(3) 1 93.9
6 220(2) 4.0(3) 1.0(1) 2 98. 1
7 230(3)  2.0(1) 1.3(3) 2 9.6
8 230(3) 3.0(2) 1.0(1) 3 98.2
9 230(3) 4.0(3) 1.6(2) 1 96. 8
K, 263.7 268.7 284.1 278.5
K, 278.3 276.5 267.5 277. 1
Ky 289.6 286. 4 280.0 276.0
W2 25.9 17.7 16.6 2.5

FH B HIT (8 4 25 G K/ INRT N, 45 PR X 2
izt £ TR A S5 AR G KN IR > R >
LHSV ; 57 %E 0 230 °C 4 MPa 1.0 g/(g-h), X
SR E LRI B W AR A — 25, R
JERR R LI 8 T AR I YRR ALk 3
M RAR 2 B A B 20k B AR SR
1P P R 2R S 6 R A S 6 45 3 118 e AR A A A o b
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Table 3 Variance analysis of the L, (3*) orthogonal tests

IR f";ﬂ i ﬂ?f’ﬁ P B
R 112. 41 2 56.20 107 o
T3 52.46 2 26.23 50 *
LHSV 49.85 2 24.92 48 *
22 1. 047 2 0.523
S 215.77 8

3 &

(1) Iz A7) v i o 28 32 2 DL G RV A TE
IYEEAT AR BET LR AN 87. 4 m*/g, fL
B EFAIHAE 2 ~ 10 nm, JR A FLIEF ; EALFE H Y
R JEIRE A 221 ~305 C

(2) 7ETRIE 210°C K J1 3. 0 MPa , ZFR g i) Jo
RIS 1.0 g/ (g-h) VAR 30 B, %580 R AL
A ALV RE e A, R R A 55 L3R 3K 97. 3%
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Characterization of a Cu-based catalyst and its performance

in the hydrogenolysis of ethyl acetate to ethanol

WANG ZhenGang JIANG XiaoChuan

(College of Chemical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract; With the aim of exploring an alternative ethanol-production technology to the traditional cereal fermenta-

tion process, a Cu-based catalyst for converting ethyl acetate (EA) to ethanol has been characterized by ICP,

XRD, BET and H,-TPR and its performance evaluated in a tubular isothermal integral reactor. The metallic ele-

ments in the catalyst include Cu, Al, Ir, Bi, Zn and Na. The BET specific surface area of the catalyst is about 87

m’/g and the pore diameter mainly ranges from 2 to 10 nm. The H,-TPR trace shows that the appropriate reduction

temperature varies from 221 to 305 C. Under the optimal reaction conditions of a temperature of 210 °C , pressure of
3.0MPa, LHSV of 1.0g/(g-h) and n(H,) : n(EA) =30, the ethyl acetate conversion and the selectivity for eth-
anol reached 97. 3% and 99. 4% , respectively. Based on orthogonal experiments (L,(3*)) , it was found that the

influence of the various factors on the ethyl acetate conversion decreases in the order temperature > pressure >
LHSV >n(H,) :n(EA).
Key words: ethyl acetate; hydrogenolysis; ethanol; Cu-based catalyst
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