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Fig. 1 Dependence of the catalytic performance of Cu/B/Ca/Al,O; on time stream and reaction conditions

General reaction conditions: 225 °C, 8 MPa H,, H,/SBA = 30/1, WHSV = 0.5 h"™'

. Conditions after reaction

for 650 h were changed in the following order (a) 230 °C, (b) N, purge for2 h, (¢) H,/SBA = 18/1, (d) H,/
SBA = 12/1, (e) H,/SBA = 9/1, (f) H,/SBA = 18/1, 7 MPa H,, (&) H,/SBA = 18/1, 5 MPa H,, (h)

H,/SBA = 24/1,5 MPa H,, (i) H,/SBA = 30/1, 8 MPa H,, (j) WHSV = 0.25 h™", (k) H,/SBA = 45/

1 and (1) WHSV = 0.50 h™", H,/SBA = 30/1
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®1 REBERBER Cu/B/Ca/ALO; EALFIKYELF SR
Table 1 Physicochemical properties of the fresh, deactivated and regenerated Cu/B/Ca/Al, O, catalysts

Components"/ % Sper Pore volume Cu size’ Carbon®
Catalysts o
ALO, Ca0 B0, Cu /(m? - g™ V,/(mL - ¢g™) d,/nm /%
fresh 56.0 22.3 6.1 15.6 67.5 0.381 30.7 0.9
deactivated 56.8 22.9 5.8 14.5 82.9 0.379 35.5 4.2
regenerated 56.7 23.1 5.8 14.4 82.0 0.403 34.0 1.3

a. Determined by XRF; b. The average Cu crystallite size calculated by the Scherrer equation; c¢. Amounts of the deposited car-

bonaceous species on the used catalysts after reaction for 10 h (1 180 h for the deactivated catalyst) were calculated from the TGA

curves.
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Fig.2 (a) N, adsorption/desorption isotherms and (b) pore size distribution curves for the fresh,
deactivated and regenerated Cu/B/Ca/Al, O, catalysts
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Fig.3 SEM images of the (a) fresh, (b) used and (c¢) regenerated Cu/B/Ca/Al,O; catalysts

S I Je HEEAR R A R 45 #4 A8 AE R F XRD 2
RIEFTHT, L5 RANE 4 FiR. BrA AR A XRD
TEEIAE 26 g 43.4°F1 50. 5°4b#F ML E] T W 55 (0 A
S0, Ay RN T4 @A (111) fhTE A (200) &
T () A0 5. A4 A 390 2% T 4 J AR 1Y) O Y R0 AR R
Cu (111) iy T S0 (1) 588 B A1 Scherrer 24 s HET A
B, H AR RN P LY . S 10 h AN 1118 h
Je AR 0] 1) 4 T8 4 - 4R 42 4 31 Ry 30. 7
34.6 F135.5 nm. SN 4 @ H AR AR RN 2 AT A
FeA TR, (HX — K R B 323 ke A A SR g 1))
GEY B, N1 118 h 5 i 70 3% 1 AR 1 °F- 1
RARF 10 h B A EL TG BT B A k. 2545 1 H

SBA B AL AR BN (] A L 2k, mT AHEDN 52 1% 4 6
MREGEERIEE & 53 o7 N nli il PN T e SIS E

F—J5 0, RIE AT A XRD 3% 18] 5 5 i K
B 10 h 5 R HEAR AR LU AE 26 0 23.0°, 25.3°,
26.0° 1 27. 1° 4k B T s w9 e, R T
Ca(CH,C00), - 0.5H,0 (JCPDS; 14-0792) hiAH
R S . SR A 1 Hh B AT BEUR T Cu/B/Ca/
AL O, 1) CaO 55 SBA Jil U5 b7 H I AR W A 14 4 1
YRR, TN SBA LER A ALTR)_E 40 S B A1
A SRS FO U W) R IR S BN

53 Ht SBA I SR H AR 4 S 15 DA T
5 MIEL6 73 53l 25 1 2% 3 #HE AL 77 1) FT-IR A TPD-



230 g Mt %530 &
v V Cu; ¢ CaCo; —e— m/z=29
# Ca(CH;COO0), * 0.5H,0
v
-~ (a)
=
s .
~ =
E ¥
® E
< 2
= @
—_ . =
PR o © =
*
(d)
1 Il 1 1 Il
20 30 40 50 60 70 80
20/C°) 0

B4 (a) Frif, M (b) 10 h Fl (¢) 1180 h, LA
(d) F#E Cu/B/Ca/AlL O, HELFAY XRD 35 [5]
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Fig. 5 FT-IR spectra of the deactivated Cu/B/Ca/Al, O,
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Fig. 7 TG-DTA curves of the used Cu/B/Ca/Al, 0O, catalysts after reaction for (a) 10 h and (b) 1 118 h
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Fig. 8 Catalytic performance of the (a) fresh and (b) regenerated Cu/B/Ca/Al,O; catalysts

in the hydrogenation of sec-butyl acetate. Reaction conditions;: H,/SBA= 30/1,
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Deactivation and Regeneration of Cu/B/Ca/Al, O, Catalysts
for the Hydrogenation of sec-Butyl Acetate

SUN Pei-yong, LUO Xue-qing, ZHANG Sheng-hong*, YAO Zhi-long
( Beijing Key Laboratory of Enze Biomass Fine Chemicals, College of Chemical Engineering, Beijing Institute of
Petrochemical Technology, Beijing 102617, China)

Abstract; Deactivation of Cu/B/Ca/Al,0; catalysts was observed after the hydrogenation of sec-butyl acetate for
1 118 h. The fresh, deactivated and regenerated catalysts were carefully examined in term of component, morpholo-
gy and structure to elucidate the observed deactivation. These characterization results indicated that the deactivation
was substantially caused by the deposition of carbonaceous species on the catalyst surface and the transformation of
CaO into calcium acetate during the reaction, rather than the aggregation of metallic Cu particles. Moreover, rege-
neration of the deteriorated catalyst by calcination at 350 °C could remove most of the deposited carbonaceous spe-
cies, facilitate the decomposition of calcium acetate and almost recover its catalytic performance for hydrogenation of
sec-butyl acetate.

Key words: sec-butyl acetate; catalytic hydrogenation; sec-butanol; catalyst deactivation; regeneration



