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Effect of calcination temperature on K
modified Ag-Fe/Zn0-ZrO, catalyst structure and its
performance for higher alcohols and DME synthesis from CO hydrogenation

RAN Lei, HUA Jin-ming, |[WEI Ke-mei

( National Engineering Research Center for Chemical Fertilizer
Catalyst, Petrochemical College, Fuzhou University, Fuzhou 350002, China)

Abstract: A series of K modified Ag-Fe/ZnO-ZrO, catalysts were prepared by co-precipitation method under
different calcination temperatures. The effect of calcination temperature on the catalytic performance for higher
alcohols and dimethyl ether ( DME ) synthesis from CO hydrogenation was investigated. The catalysts were
characterized by nitrogen adsorption, XRD, H,-TPR and CO-TPD. The results showed that the catalyst calcined
at 250 ‘C could not reach the optimal performance due to insufficient active sites formed at the lower calcination
temperature. The catalyst calcined at 300 ‘C exhibited highest CO conversion and higher selectivity of higher
alcohols and DME and highest space time yield of higher alcohols and DME reached. As the calcination
temperature increased further, the CO conversion decreased, while the selectivity of higher alcohols decreased at
first and then increased, the selectivity of DME increased. The catalytic performance of the catalyst was mainly
related with its specific surface area, reduction capacity, the dispersion of the o-AgFeO, species and CO
adsorption-desorption properties. It was proved that the catalyst with larger specific surface area, being easily
reduced, higher dispersion of o-AgFeO, specie and more CO adsorption active sites, would be helpful for CO
hydrogenation conversion. The decrease of the non-dissociative adsorption strength for CO on the surface active
sites of the catalyst is favorable for the generation of higher alcohols and DME, while the increase of the
dissociative adsorption strength for CO is not favorable for the formation of hydrocarbons.
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Table 1 Physical properties of K modified Ag-Fe/ZnO-ZrO, catalysts prepared at different calcination temperatures
Catalyst BET surface area A/(m’-g™") Mean pore diameter d/nm Pore volume v/ (cm’-g™")
Catal-250 260 2.51 0.16
Catal-300 210 2.56 0.14
Catal-350 164 2.96 0.12
Catal-400 133 4.45 0.15
Catal-450 119 4.26 0.13
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Figure 1 Pore size distribution of K
modified Ag-Fe/ZnO-ZrO, catalysts prepared
at different calcination temperatures
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Figure 3 XRD patterns of K modified
Ag-Fe/Zn0O-ZrO, catalysts
prepared at different calcination temperatures
a. catal-250; b catal-300;
c: catal-350; d; catal-400; e. catal-450
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Figure 4 H,-TPR profiles of K modified
Ag-Fe/ZnO-ZrO, catalysts
prepared at different calcination temperatures
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Figure 5 CO-TPD profiles of K modified
Ag-Fe/ZnO-ZrO, catalysts
prepared at different calcination temperatures
a. catal-250; b catal-300; c. catal-350;
d. catal400; e catal-450
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Table 2 Catalytic performance of K modified
Ag-Fe/ZnO-ZrO, catalysts prepared at different calcination temperatures

Selectivity s /%

Catalyst x(CO)/ % ROH DME CH. co, w/(g-mL™"-h™")
Catal-250 11.74 13.09 6.74 49.49 31.67 34.34
Catal-300 13.49 15.49 6.75 49.02 28.29 45.20
Catal-350 12.77 12.35 7.74 48.45 31.47 33.66
Catal-400 8.16 14.91 8.81 45.49 30.80 25.05
Catal-450 5.02 18.48 10. 16 37.87 33.48 20.35

reaction conditions; p =3.5 MPa, GHSV=4000h™", ,=350 C, H,/CO=1

1% 2 AIA0, FEAA A 0 R b 45 F T 4R 7] CO
FEAk R B A R bE TR BE W T = A T R (250 ~
300 C) , KrbelfFE i — 2L TR T, CO S fb 2B
i, catal-300 (1) CO 551k R i K (13.49% ) ; fILAR I
B 11 2 5 B % e i 1 T e 2 0 Bl AR A, A
250 ~350 T ks be i B o3 5 10N, 15 e T B 2t
— TR, B B K e DME (1) 18 £ 14 Fifl
AP P P T v T3 RS 5 R 2 7 ) T S B 1 B A
IR (R TH 5 T2 W /D 5 CO, Y 8 B 7 B 5% e 1R

(T s VAT B i ) AR Ak R 35, 300 C K Be st s 3 —
AN/ INME 28. 29 % B ik 1) Bisf 25 7= S5 B B 458 YL EE 1)
e 5 CO % A3 HAT HH R 14 22 1k #a % catal-300
A Tk () 2 7 R B K45, 20 ¢/ (mL-h)

Kl 6 AN R e il BE il £ K ehotE , Ag-Fe/ZnO-
ZrO, AL ARERIE & B Wy 43 A B e wo%
= i C, B C,, BT 5 ke, fiE 6
AT XTSRS e T 2 i A PR AR 300 e A4 ol g e
) LR W I B be I BE 1 T PP
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Figure 6 Product higher alcohol distribution of
K modified Ag-Fe/ZnO-ZrO, catalysts prepared
at different calcination temperatures
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