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Promoting Effect of ZnO or K,0 on Cu/SiO,-Al,O; Catalyst for Vapor-Phase
Synthesis of 3-Methylindole from Glycerol and Aniline
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Abstract: The promoting effect of ZnO or K,O promoter on Cu/SiO,-Al,O catalyst for the vapor-phase synthesis of 3-methylindole from
glycerol and aniline was studied. The catalyst samples were characterized by X-ray diffraction, transmission electron microscopy, H, tem-
perature-programmed reduction, NH; temperature-programmed desorption, and thermogravimetric and differential thermal analysis. The
results indicated that the addition of an appropriate amount ZnO or K;O to Cu/SiO,-Al,05 increased the activity and selectivity as well as the
stability of the catalyst remarkably, and ZnO exhibited better efficiency than K,O. ZnO not only reinforced the interaction between the active
component and the support, promoted the dispersion of copper particles on the support, but also inhibited the sintering of copper particles
during the reaction. K0 could suppress the sintering of copper particles during the reaction to some extent although it did not improve the
dispersion of copper particles on the support. The addition of ZnO or K;0 to Cu/SiO,-Al,O; increased the number of weak acid sites in dif-
ferent degrees, which promoted the synthesis of 3-methylindole.
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Table 1 Effect of ZnO amount on the activity and selectivity of
Cu-Zn0/SiO,-Al,0; catalyst

ZnO amount Glycerol 3-Methylindole  3-Methylindole
(mmol/g)  conversion (%) selectivity (%) yield (%)
0.000 68 59 40
0.050 69 60 41
0.075 71 60 43
0.100 73 64 47
0.200 70 63 44
0.300 68 58 40

Reaction conditions: aniline/glycerol = 3, SV = 1700 h™, LHSV = 0.4
h*, H, = 10 ml/min, steam = 12 ml/h, N, = 58 ml/min, 3 h.

% 2 K0 & =3 Cu-K,0/Si0,-Al,05 8 14 7l 75 M ik 32
4 B 52 i

Table 2 Effect of K,O amount on the activity and selectivity of
Cu-K,0/SiO,-Al,0; catalyst

K,O Amount Glycerol 3-Methylindole  3-Methylindole
(mmol/g) conversion (%) selectivity (%) yield (%)
0.000 68 59 40
0.100 68 60 41
0.200 69 62 42
0.300 70 62 44
0.400 67 60 40
0.500 65 58 38

Reaction conditions: aniline/glycerol = 3, SV = 1700 h™, LHSV = 0.4
h™, H,= 10 ml/min, steam = 12 ml/h, N, = 58 ml/min, 3" h.
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Fig. 1. Activity and stability of the Cu-based catalysts. (1) Cu/SiO,-
Alzoz; (2) CU-ZHO/SiOz-AbOs; (3) CU'Kzo/SiOZ'A|203.
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Fig. 2. XRD patterns of different Cu-based catalysts. (1) Cu/SiO,-
AIZOB; (2) CU'ZnO/SiOZ-AIZO's; (3) CU'KzO/SiOz-Alzog.
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3 AEEEMELTIN TEM BE
Fig. 3. TEM images of different Cu-based catalysts. (a) Cu/SiO»-Al,O3; (b) Cu-ZnO/SiO,-Al,O3; (c) Cu-K,0/Si0,-Al,0;.
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Fig. 5. NH3-TPD profiles of different Cu-based catalysts. (1)

CU/SiOz-AIzOg; (2) CU'Z”O/SiOQ'AIQOg; (3) CU-KQO/SiOZ'AIQO;q.



www.chxb.cn

ik BR 4F: ZnO B K0 Bh AN Cu/SiO-AlOs L TA = I MR i A AL & A 3-FF BEMS R (23 /E ] 1059

LA T 200 °C 19 B 0 of B2 1 44 770 95 1% b,
200~350 °C (¥ 2 H # # H.0y. ZnO 5L K0 A
A5 45 i A 711 T 55 1 O BT BT R, A R
A A K. Horr, Cu-ZnO/ Si0,-AlOs K i (1 55 1R
LA N %

6 A /AN [) il A A0 7R NS () TG-DTA i
2. T IR K BBV S ) A R RE i 5 A e
N H I W, B 25 2 TR B IR 40 0 )5, B %2 60 °C,
FAEZ WP THE, BTEL, TG WX I T A6 71 7F
Nk AR A R AR, & 6(a) AT AL, ZnO B K,0 [0
ANAIif3 CulSiO,-AlLO; FAREK &1 %, Horp Cu-ZnO/
Si0-AlLO; FIBIR T 2. X &N ZnO 5L K,0
{0 T NASE e £ 7007 0 508 m T 5.

7.0
6.5
£ 60
g 55
=
5.0
4.5
v e v b b b v b b by w
100 200 300 400 500 600 700 800
Temperature (°C)
DTA
1)
1S
5 —\\\\f“\////m
2
’ W@)
v e v b b b v b b by w

100 200 300 400 500 600 700 800
Temperature (°C)

6 ARMEENTIELFHN TG-DTA &

Fig. 6. TG-DTA profiles of different Cu-based catalysts after reaction.

(1) CU/SiOz'A|203; (2) CU'ZnO/SiOQ-A|203; (3) CU'Kzo/SiOZ'A|203.
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