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Effect of calcination temperature on the
performance of ZnCr based catalyst in isobutanol synthesis
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Abstract: The effect of calcination temperature on the performance of ZnCr based catalysts in isobutanol
synthesis was investigated; the texture properties, bulk structure, reducibility and surface composition of the
catalysts were characterized by BET, XRD, H,-TPR and XPS. The results indicate that both the activity and
product selectivity of the ZnCr catalyst are greatly influenced by its calcination temperature. The catalyst calcined
at low temperature shows high selectivity to methanol and isobutanol, while the product distribution over the
catalyst calcined at high temperature obeys the A-S-F equation. Calcination at 300 C is insufficient to get a
complete formation of non-stoicheiometric spinel Zn Cr,, ,,, O, while calcination at 400C gives the maximum
amount of non-stoichiometric spinel Zn Cr,,;,,, O in the ZnCr based catalyst; however, further increasing the
calcination temperature may cause the decomposition of certain non-stoicheiometric spinel Zn Cr,;,_, O to ZnO
and Cr,0,, which will reduce its catalytic activity in isobutanol synthesis. Such results suggest that non-
stoicheiometric spinel Zn Cr,,;,_,, O is possibly the active phase of the ZnCr based catalyst in isobutanol synthesis.
Key words: ZnCr based catalyst; carbon monoxide hydrogenation; isobutanol synthesis; syngas; non-
stoicheiometric spinel Zn Cr, ., O
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Table 1 Typical catalytic performance of ZrCr based catalysts

Calcination Cco Selectivity s/ % Alcohols Alcohols distribution w /%

temperature convertion yield w/
t/C /% CO, CH, alcohol (g-mL-h') MeOH EtOH i-PrOH PrOH i-BuOH BuOH  Cs
300 22.9 27.2  30.5 42.3 0.06 80.5 0.67 0.25 0.79 17.1 0.00 0.69
400 32.6 27.6  25.2 47.2 0.08 71.3  1.47 0.00 2.91 241 0.00 1.12
500 29.1 26.5 27.9 45.6 0.07 72.7 4.51 0.28 4.89 16.3 0.00 1.32
600 14.1 24.8 34.8 40.4 0.04 70.1 11.3  0.54 8.51 7.97 0.84 0.74
700 13.6 25.2  36.4 38.4 0.04 66.6 15.5 0.69 10.5 4.02 2.14 0.55

reaction conditions; =400 C, p=10 MPa, GHSV=3 000 h™'

R2 EUFNRABSY

Table 2 Texture parameters of catalysts

2.4 EUFIRERTH
2 AN FIRBbEIRE T AR ZnCr B9 H,-TPR

Calcination Aper/ v/ d./nm & . HE2 JLIEH , AN ) B doe 11 5 T & 1) 4 £k
emperature £/C (mieg?)  (em'ogl) I IR AR — Wik, 336 °C Ze 45 O RE 4
300 137.80 0.214 5.991 WK AR A S A Zn.Cr,, 0., O A0 B g & rp
400 T 0.6 9,09 338,336,335 332 C (MFE AN BB AR AR 0

500 41.48 0.102 17.590 R
500 10,17 0.058 2. 530 Zn,Cr,,; ., O HYIRJ5 367 371 360,369 374 CHIFE
700 5.60 0.031  24.530 SN E Cr,0; 1 Cr'" —>Cr' B3, 404,420 €

2.3 EAFIERLSER

A LSS & Cr,0, h Cr* —»Cr i

L1 AN [RBREIR BE R #4657 ZnCr /9 XRD % Zn0
el oL LR R R R 5 B L G
XRD i K £ Z 7 JE T zn0 AAE 895 A =
Zn,Cryu ., O BURTYT G (HL A I O RT BT IR BEE R 2
ML % T 300 CHRBER & I AAA, SLATHIET § oo 7
RERIC, R B AR A A I USRS B 2 e 336360
FIRBERIE I T, AL ZnO R RE 100°C T
AT Zn,Cry sy, O RITIHIGRHTIETR . 3 7T AESE @ TN
FrERBe R B2 BT 5 L p A A 100 200 300 00 500

THEAR KKMGHER

® Zn0 4 ZnCr,,, O

WMNU\”MM A
.

Intensity /(a.u.)

30 40 50 60 70

Temperature ¢/C

P2 ALY H-TPR 15141
Figure 2 H,-TPR patterns of the catalysts
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Figure 1 XRD spectra of the catalysts
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Figure 3  XPS spectra of the catalysts
(a): Zn 2p XPS spectra of the catalysts; (b): Cr 2p XPS spectra of the catalysts
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Figure 4 Zn 2p,,, XPS spectra of the catalysts
(a): 300 C; (b): 400 C; (c): 500 C; (d): 600 C; (e): 700 C
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Figure 5 A-S-F distribution of alcohols over ZnCr based catalysts
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