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B EIFT. 0.2 g fiEfbE e E AW (30 mL/
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EFIALETE O ~20% 1Y CaO B 2K X 8] N ABFL 52/,
& CaO &8 WHFZEHE N, HAH M 0. 317 ml/g
G FEALE] 0. 173 mL/g. X KB CaO 1y TE
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29.4°F1 31. 4°Rb WL B B B AT, IR T
CaO - 2A1,0,, CaCO, i CaO - AL O, /b4,
CaO &t ifk— D By 3G N3 80 25. 5° 4k BT 5 06 12
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3Ca0 - Al O, ﬁﬁﬁﬁ, EE% Ca0 é‘%ﬁﬂmﬂu%@ R F T ARG &= Ca0/AlL, 0, M:/%
#| CaO FhAH, 1M CaCO, & AH I 5 B2 il AH 4544

&1 A[E CaO S EHHE Cu/B/Ca/ALO; EAFIRWIEBHLFMER
Table 1 Physicochemical properties of the fresh Cu/B/Ca/Al, O, catalysts with different CaO contents

Loadings'( % ) Sper Pore volume Cu dispersion” Cu size/nm
Catalysts B -1 .

CuO Ca0 /(m* gy V/(ml-g) /% dyyo" dyip”
Ca0 11.4 0 145 0.346 16.4 6.1 n. d.
Cals 19.2 11.7 125 0.370 18.2 5.5 n. d.
Ca20 20.9 17.9 94 0.317 19.6 5.1 7.8
Ca25 20.6 23.8 53 0.241 18.0 5.6 9.5
Ca30 21.3 29.0 45 0.192 13.2 7.6 14.2
Ca35s 20.8 33.6 32 0.173 8.7 11.5 23.6

a. Determined by XRF; b. Dispersions of Cu metal measured by the N, O-H, redox titration; c. Cu crystallite size calculated from

the dispersion of Cu metal; d. The average Cu crystallite size calculated by the Scherrer equation.

Piebs  Mag WD Det
150k A0 x5000 14 SE

! k.
Piobe  Mag uWD Det
S

1 RI CaO G ) Cu/B/Ca/ AL, O, il 3 SEM s Bl
Fig. 1 SEM images of Cu/B/Ca/Al,0; catalysts with (a) 0, (b) 15%, (¢) 20% , (d) 25%, (e) 30% , and
(f) 35% CaO contents

Rebea AL AT XRD EHEAIE 2(b) B, XRD g, HOWEEIHE T y-AL O, ShAHRIAT ST
TEFTA AL R (Y XRD 3% P E3cA MR T g, RV IR RUY CuO BURLRENS =20 st /04 16
B,O; ARAHIRTTIEE, K 20% B,0; WTIATEMM  #MRERTH; 2 CaO & &K T 20% I, 7E 35. 6°,
FIRMEBA LN B,0; A, B,0; afRELLI—FCE  38.8°H148. 9°4b WL L TIHJE T CuO S AHAY AT
B 68 JA SR, SET AR OIREA R —  GhE, JF HAEH & CaO 5 g F] T CaO -
BT AE CaO FiE O I 15% MIMEAL A ALO, F13Ca0 - ALO, fhAf.
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B2 (a) #fk CaO/AL O, Fl (b) AJFHT, (¢) BWEJFH (d) NG Cu/B/Ca/Al, O, #EALFI A XRD &
Fig. 2 XRD patterns of (a) Ca0/Al,O, supports, (b) calcined, (c) reduced and (d) used Cu/B/Ca/Al,0; catalysts
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HEALTR 38 SR PERESR ) H,-TPR #EAT AL, 4N
3(b) P, A CaO BT F LS i i —
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13 A CaO 1K) CuO/B/Ca/AL O, LA (a) NH,-TPD Fl (b) H,-TPR [l
Fig.3 (a) NH;-TPD and (b) H,-TPR profiles of CuO/B/Ca/Al, O, catalysts with different CaO contents
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4 A CaO & ity Cu/B/Ca/Al O5 AL Cu 2p XPS 513
Fig. 4 Cu 2p XPS spectra of Cu/B/Ca/Al, 0, catalysts with (a) 0, (b)15%and (c¢) 30% CaO contents
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Time stream/h Time stream/h Time stream/h

5 CaO X Cu/B/Ca/AL Oy fiALF I (a) BEERMP T RIS, (b) T HEER (o) ZFERFEMEm R m
Fig. 5 Effect of CaO contents on the (a) SBA conversions, selectivities to (b) sec-butanol and

(¢) ethanol over Cu/B/Ca/Al, O, catalysts in the hydrogenation of SBA

Reaction conditions; 225 °C, 8 MPa H,, SBA/H, = 0.1/500 (mL/min) , space velocity = 0.5 h™'

F—J5 L, TR T B R S Rt B
ZEWEALFH CaO SRR, HAS LR B
BIS5(b) MK 5(c) FR. ] B S BEn stk
BEAEAL ) CaO £ B3G5 3% 32 R, 78 CaO
TR 25% WAL ) b LB AT DL 4y B Ak #
64.2% F130.4% . JEBEER T W0 & 5 i) 2
PR R AT BERN LB, ABAE =4 H AR SR AT DAL 3
BUT L, CA Tt/ s . Tl BRI IR 2 i 58 il 7= ).
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Table 2 Effect of CaO contents on the catalytic performance of Cu/B/Ca/Al,0O; in the hydrogenation of sec-butyl acetate

Ca0/%  Comversion’ Selectivity’/ (% ) Carbon Carbon”

sec-butanol  tert-butanol C4 EtOH EtOAc HOAc balance/ % /%
0 10.2 14.8 0.4 16.6  14.1  52.0 0.1 98.0 4.5
15 47.7 46.7 1.2 121 18.9  19.5 0.3 98.7 3.4
20 83.8 61.3 1.4 1.21  28.7 8.6 0.1 101.3 2.5
25 99.6 64.2 0.2 0.8  30.4 3.0 n. d. 98.5 2.4
30 99.5 61.9 0.1 0.6 32.4 3.2 n. d. 98.3 1.6
35 99.7 62.3 0.2 0.4  32.8 3.4 n. d. 98.4 1.1

Reaction conditions; SBA/H, = 0.1/500 (mL/min) , space velocity = 0.5 h™" | data were collected after reaction for 6 h at

225 °C and 8 MPa H,.

a. Conversions and selectivities were recorded after reaction for 6 h; b. Deposited carbon on the used catalysts calculated from

the TGA curves.
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Fig. 6 Effect of time stream on the (a) SBA conversions,
selectivities to (b) sec-butanol and (c¢) ethanol over
Cu/B/Ca/Al, O5 catalysts with 25% CaO contents

in the hydrogenation of SBA
Reaction conditions: 225 °C, 8 MPa H,, SBA/H, =

0.1/500 (mL/min) , space velocity = 0.5 h™"
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Effects of Ca on the Structure of Cu/B/Ca/Al, O, and Its Catalytic
Performance in the Hydrogenation of sec-Butyl Acetate

JIA Chang-bin'?, LUO Xue-qing”, SUN Pei-yong”, ZHANG Sheng-hong”* , YAO Zhi-long”*
(1. Beijing Key Laboratory of Enze Biomass Fine Chemical, College of Chemical Engineering , Beijing
Institute of Petrochemical Technology, Beijing 102617, China;

2. College of Chemical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: A series of Cu/B/Ca/Al, 0, catalysts with different CaO contents were prepared by the wet impregnation
step by step and studied in the hydrogenation of sec-butyl acetate to sec-butanol. Effects of CaO contents on the
catalyst structure, reducibility, acidity and the dispersion of metallic copper were evaluated by XRD, H,-TPR,
XPS, NH;-TPD and N,0-H, redox titration, respectively. It was shown that a low content of CaO in the catalyst
had little influence on the dispersion of copper, but the high loading of CaO (>20% ) reduced the surface area of
catalyst greatly and led to a worse dispersion of copper. However, calcium as an electron-denoting element could
compensate effectively the electron withdrawing from copper to B,0,, improving the catalytic activity for the hydro-
genation of esters. Moreover, addition of CaO could eliminate the strong acid sites on the surface of Cu/B/Ca/
Al O, and reduce its total amount of acid, resulting in the lower acid-catalyzed products, as well as the less carbon
deposition on the catalyst surface.

Key words: Cu-B/Ca/Al,O;; sec-butyl acetate; sec-butanol; ethanol; hydrogenation



