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Effect of Sodium Modifier on Activity of Cu/SiO, Catalysts for
Hydrogenation of Benzaldehyde

XU, Hua-Long DU, Jun-Ming HUANG, Jing-Jing SHEN, Wei*
(Chemistry Department of Fudan University and Shanghai Key Laboratory of Molecular Catalysis and Innovative Materials,
Shanghai 200433)

Abstract Cu/SiO, catalysts were modified by the sodium by impregnation method, catalytic activity for
hydrogenation of benzaldehyde to non-chloride benzyl alcohol was investigated in a continuous flow
fixed-bed reactor under atmospheric pressure. It was found that the selectivity of benzyl alcohol was signifi-
cantly enhanced over sodium modified Cu/SiO, catalysts. The optimum loading amount of sodium on
Cu-based catalysts is about w=1.0%. The Na-CuO/SiO; catalysts were characterized by XRD, H,-TPR,
BET and FT-IR, the results revealed that reducing temperature of CuO was increased after modification by
sodium. Meanwhile, the sodium species reduced the intensity and amounts of the acidic centers on catalytic
surface, which effectively inhibited the formation of toluene at higher temperature.
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1.1 BEFHE

Cu/SiO, MEALFIR MR Ui ik 4, K e
Si0, 5 Cu(NO;),*3H,0 W ili%— € LR &, 7t
R 1.0 mol/L f¥] Na,COs ¥ % pH=11, 4k&LpiH:
0.5 h JEifr & 12 h, s mhiss, BBk H 281
IKPEB APk, SRIGTE 120 C R4, £ 450 CRke 3
h. SRHIEBEEX Cu/SiO, AL AT, et
N8 S BRI, K4 1) Cu/Sio, bR
BB MRS S A =R N E T, RS
AT 450 CREBE 3 h BB I AR 2 R i
JE i 0, 1E4E 40~60 HBURLAE by S NAEA ). AL 71
7 NGRS/ UR R 1280 CHl g R IEJRTEAL 5
h. AT G R AR w=20%, #IocR B
il g AL R R 0.5% ~ 5% (w), AL BRI
NaX-Cu/SiO,, i X 24 Na &M
1.2 EUFIRE

XRD MRS E Bruker 24 A ] D8 Advance ! X
SER RTINS BT, X LA Cu Ko, KT 3
kW, BT 60 mA, U 10°~90°. #EALFIZR T
TR BE IR JEE Micromeritics ASAP2000 744 I
B4 BHEAT, MR RTRHEALAIAE 113X 1077 Pa JKJ)F,
350 CEAFALEL 2 h, SRJE ARG T B e 2
H,-TPR & /24 15 mg ¥y RFE B AT 4 200
CAbEE 1 h, RGA IR ER)G, FFLL 50 mL/min (1) 5%
Ho-Ar JAS LA 10 °C/min [ FHELIH R 6 A 772047 72
FEFHRIA S5 FT-IR &K NICOLET /A 7 ] Nexus 470
RGN AR IR ZE AN HEAR, AR A AR s v R
JG B TR, H AN CaF, diik. 76 300 C, 2.664 Pa
ZAF R 3 h, BEEAE AR, SRS 5 IR B )
PURIZEVR, TH5 10 min, 42250 Sy BRI B PR nLE e,
N EE T T U R e TP 5l (75 635 380 10 63 7 T 1 A
J&), FLZEMEmE 5E 4 b
1.3 EHFLEMENIK

A48 A 50 5 2 W A 3 8 9 30 ] A I gk
17. RNEWNEN 5 mm, HEFIEBERELN 200 me.
K R AR A NV, RS AR
BIRGHEN N 2, PR TG R, TR
| Finnigan Voyager T GC-MS Bt {(DB25 41 9E 4
FEYFI 9790 “AH LA (i 4124 SE-54, FEK 30 m).
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(RIS T NayO 9 i b FLisi B 4 B
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Figure 1 XRD patterns of Na-Cu/SiO, catalysts loaded with
different amounts of Na
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FLARARFFAE 6 nm 2247, 24 Na (B BT w>1.0%L1
5, MEARIEER I R R, 2 Na 54 w=5.0%0H,
Nas5.0-Cu/SiO, fALFIM LR T O 44 84.3 mY/g, fcn]
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Figure 2 Pore size distributions of Cu/SiO, with different load-
ing weights of Na
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TRAETESE AR 28 R TN 15 R AL ) Cu/SiO, I HYSE i 879

K1 AR Na BRI Cw/Sio, AL HL A I
Table 1 Specific surface area of Cu/SiO, catalysts loaded with
different amounts of Na

K2 NaX-Cu/SiO, A 7Nt e s it bt Bl 1% AR 7 &5 R
Table 2 Integral results of pyridine adsorption and desorption
of NaX-Cu/SiO, catalysts

Loading amount of Na (w) 0% 0.5% 1.0% 2.0% 5.0%
312.6 269.8 256.8 166.3 84.3

Surface area/(m’eg ")

Bl 3 AN i Na A8 5 46 7) H-TPR ik,
ME ERTLLE H: TS AF S &N Na BifE,
M JE I PR AR A AP AE — N IR S e, 0] N ROk 41 /),
S EUIAAII CuO I 5N Cu BRI, (B &Mk 7
034 JEU I K W TR R W SR 2200, B Na &7t
i, R TR 8D, B 428 Na 7235 2E CuO |
AlREA — R o, PHAE T 3G k44 CuO I8
Jii. SRS RE Na & rs B 2w, M 256 CA
A HENE] 335 “C. TPR &5 3K W: R0 Na Biidgas T
CuO HEAMZ MIMAHEAEN, WRZE T CuO ik sk,
2 Na S EBINE w=5.0%I, i85 E % 325 CH
A7, A CuO I i A8 75 0 PRI A, UG 25 ) e RS Ak it 1)
A%, FEUEALIE T TR

Na0-Cu/SiO,

J Na0.5-Cu/SiO,
/\ Nal.0-Cu/SiO,

Na2.0-Cu/SiO,
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B3 AR Na K Cw/Sio, L7 TPR 4]
Figure 3 TPR curves of Cu/SiO, catalyst with different loading
weights of Na

NaX-Cu/SiO, A7) F b iy Wk b — e B P ik 54
SERVITR 2. SRR ML 4R Na &6 LA
Ji, WHEWE 75 A% T o 4 o e B S 4 R B A BT
W, TFRRMIFLEE SVRINM Na &8 XK. KRB Cu/
Si0, HEAL T Fbme 56 4% I B R R I 300 °C, RN
1.0% (W)F1 5.0% (w)IJ Na LU fEE AT R EE e 56 4 Mt B
W5 IR 2 250 A1 150 °C. fHRLAT L, B#S Na &
BB, Ak R SRR O B SRR, AL TR TR
5 EE AR o B3 S TS
22 fEEFEMRTHE

3K 4 5T Cu/Si0, LA L Na st £ &4 G
fEAL TR R R NS e s . g5 1R & Na &
A i A PR 24 R B P I &0 1 A T PRI, B L

Integral area of L acid

Integral
T,°C Na0-Cu/  Na0.5-Cu/ Nal.0-Cu/ Na5.0-Cu/ .. o
SiO, SiO, Si0, SiO, B acid
(10.7mg) (13.0mg) (12.5mg) (10.7 mg)
rt’ 7.270 5.718 4.021 1.631
100 2.882 1.316 1.646 0.314
150 1.678 0.735 0.879 0.134 0
200 1.147 0.431 0.419 0.033
250 0.751 0.228 0.133 0
300 0.427 0.210 0.044 0

“ T Desorption temperature of pyridine; * r.t., room temperature.

# 3 X Nal.0-Cu/SiO, AL I AL T ML FA S @
Table 3 The effect of reaction temperature on the activity of
Nal.0-Cu/SiO; catalyst

Reaction Conversion/ Selectivity/%
temperature/'C % Benzyl alcohol Toluene Others
175 39.1 95.3 0.6 4.1
200 57.1 96.5 1.3 2.2
225 76.5 96.6 1.7 1.7
250 72.4 94.2 4.0 1.8
275 58.4 92.1 6.4 1.5

¢ Reaction condition: n(H,) : n(benzaldehyde)=25 : 1; M 2 (LHSV)=
55h"

R4 HE R NaX-Cu/Sio, AL A AL IE L o 5 @
Table 4 The effect of loading weight of Na on the catalytic
activity of NaX-Cu/SiO,

Loading weight Conversion/ Selectivity/%

of Na (w) % Benzyl alcohol Toluene Others
0 79.7 63.9 29.4 6.7
0.5 78.8 89.0 6.8 33
1.0 76.5 96.6 1.7 1.7
2.0 73.5 95.6 2.6 1.8
3.0 70.5 96.3 1.7 3.0
5.0 66.9 96.8 1.8 2.4

“ Reaction condition: n(Hy,) : n(BA)=25 : 1; LHSV=5.5h"'; T,=225 C.

T, FARITA I B, iR 225 C,
WRTFU NI, TREREES Na (MBI RS 5%, Na &1f
BZ, BALR NS, Nkt k s, s
Na 5 (30N, < FF I PR32 P8 1 0 HE A S Ik 5 i ]
PIEH I, 4 Na & INE] 1.0% (w)fia, K R £
PEORFFAE 92.0%LL b, EIlF=49) R IR A2 5ieds 21 1 AR B (1)
sk, JIEPEIERE BRI 6.8% LA . UL Na & 1fixt
TR R R B B v A S R AR D, A e
YIR R AE AR BN, 276 % I8 R RE, &
H: Na MBS R 1.0% (w).
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