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Abstract: The effect of calcination temperature on the surface morphology and catalytic performance of the K;WO4/Al,05 catalyst prepared
by the sol-gel method for the synthesis of methanethiol from methanol and hydrogen sulfide was investigated. Physicochemical characteriza-
tion results of the catalyst showed that the K;WOy is well dispersed on AL,Os, and the catalyst possesses uniform particle size after calcina-
tion at 450 or 550 °C. With increasing the calcination temperature, the specific surface area decreases, the interaction of W species with
Al,O; was weakened, but strengthened with basic species, leading to the decrease of surface acidity and basicity. No Bronsted acid was
found on the catalyst surface. The catalytic activity of the catalyst is closely related with the specific surface area and the presence of conju-
gate acid-base pairs on the surface. Activity assay results show that the catalyst calcined at 550 °C exhibits the highest activity for the reac-
tion.
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Fig. 1. TG-DSC curves of K,WO4/AlLO;5 catalyst precursor.
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Fig. 2. XRD patterns of K,WO./ALO; catalyst calcined at different
temperatures. (1) KA450; (2) KA550; (3) KA650; (4) KA750.
KA—K,WO,/AL,O;; the number after KA means the calcination tem-
perature (°C).

(511) F1 (440) & 1f ¥ %F 4E 0§ (JCPDS File no.
00-029-0063), Jf & HHLH ik KoWO, [ RFAE U, 1 B
KoWO, 7 B9 5 . B8 A A 700 65 0 3t 88 11 v,
Y-ALOs [FRFE UG BRI B, 1 B 0 45 it P2 4 .
Hi Scherrer 7 20 A #1 Bk A3 &% 96 46 52 1 )5 (1 y-ALO;
IR ) (440) A7 5 U 1) 2= 06 5, B4 0 5 0 U B A
450, 550, 650 F1 750 °C B FF b 117 & b0 RS AR IR A
5.1,5.3,5.8 1 6.0 nm.

Kl 3 J2 AN [A) il B R B 1) KoWOW/ALO; i 44 71
1) SEM M fr. nILUF Y, 7F 450 F1 550 °C K5 ke i
A FRNRORL K /N3850, B A A, o B S I AT 2R I 4.
Bl R ol P TR — 20 T i, AR B K e 4, ROk

S ) — T i S
“ > _ [ s ya A

E 3 FREIREREIEN KWOL/ALO: L FIE SEM B
Fig. 3. SEM images of K;WO4/Al,Os catalyst calcined at different
temperatures. (a) KA450; (b) KA550; (c) KA650; (d) KA750.
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Fig. 4. N, adsorption-desorption isotherms (a) and pore size distribu-
tion (b) of K,WO4/ALO; catalyst calcined at different temperatures. (1)
KA450; (2) KA550; (3) KA650; (4) KA750.
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Table 1 Textural properties of the catalyst samples

Surface area Pore size Pore volume
Sample ) 5
(m’/g) (nm) (cm’/g)
KA450 341 2.6 0.23
KA550 303 2.7 0.23
KA650 256 2.9 0.21
KA750 160 33 0.19
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Fig. 5. H,-TPR profiles of K;WO4/AlO; catalyst calcined at differ-
ent temperatures. (1) KA450; (2) KA550; (3) KA650; (4) KA750.
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Fig. 6. In-situ FT-IR spectra of pyridine adsorbed on various K,WO4/Al,Os catalyst samples at different temperatures. (a) KA450; (b) KA550; (c)

KA650; (d) KA750. (1) 50 °C; (2) 100 °C; (3) 150 °C; (4) 200 °C.
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Fig. 7. NH;-TPD profiles of K,WO./ALO; catalyst calcined at dif-
ferent temperatures. (1) KA450; (2) KA550; (3) KA650; (4) KA750.
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Fig. 8. CO,-TPD profiles of K,WO4/Al, 05 catalyst calcined at differ-
ent temperatures. (1) KA450; (2) KA550; (3) KA650; (4) KA750.
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Table 2 The reaction performance of methanol with H,S over various K,WO4/Al,O5 catalyst samples

X(MeOH)/ S/%
Sample
% CH;SH (CH3),S (CH;),0 CH, CO CO,
KA450 66.16 89.37 1.50 8.46 0.03 0.09 0.56
KA550 83.06 90.87 223 6.70 0.03 0.06 0.10
KA650 71.27 94.05 1.80 3.71 0.02 0.03 0.39
KA750 69.96 94.20 1.69 3.59 0.04 0.09 0.39
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