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(kgem™) (%) (%)
1 Ti-MOR 48 37.1 99.4
2 Ti-MOR 48 2.9 33.7 99.2
3 TS-1 30 30.5 99.3
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Figure 1 (Color online) Cyclohexanone ammoximation over various titanosilicates. a: oxime selectivity; b: cyclohexanone conversion. Reaction
conditions: NHs, 76.7 mL min; H,0,(27.0 wt%), 14.56 g hl; cyclohexanone mixture, 35 g h™';cat., 9 g;344 K
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Figure 2 (Color online) Effect of reaction conditions on cyclohexanone ammoximation over Ti-MOR in fixed-bed continuous reactor. (A) Tempera-
ture, (B) H,O,/cyclohexanone mole ratio, (C) NHs/cyclohexanone mole ratio. a: Oxime selectivity, b: cyclohexanone conversion. Reaction conditions:
H,0,, 27.0 wt%; cyclohexanone mixture, 35 g h''; cat., 9 g; (A) cyclohexanone/NH3/H,O, (mole ratio)=1:2.1:1.1; (B) 344 K, cyclohexanone/NH;

(mole ratio)=1:2.1; (C) 344 K, cyclohexanone/H,0, (mole ratio)=1:1.1
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Table 2 The relationship between residence time and cyclohexanone conversion in fixed-bed continuous reactor

i {5 BRI (h) TEPEEORH B () PEPESURI AR (B L) A6 (%)
1 1.1 18 1.5 94.5
2 1.4 29 24 95.2
3 19 47 39 95.8
4 2.1 57 47 96.5

a) JW A4 NH; 76.7 mL min™', H,0,(27.0%, Biit/3#0)14.56 ¢ h™', FROEIRAM 35 g¢h™!, Ti-MOR MEMEILH] 12 ¢, #RF 344 K
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Figure 3 (Color online) The influence of catalyst amount on cyclo-
hexanone conversion (A) and the mixture max. amount (B). Reaction
conditions: cyclohexanone/NH3/H,0, (mole ratio)=1:2.1:1.1; 344 K
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Figure 4 (Color online) The lifetime of Ti-MOR in the ammoximation
of cyclohexanone in the fixed-bed continuous reactor. a: oxime selectiv-
ity; b: cyclohexanone conversion. Reaction conditions: cyclohexa-
none/H,O,/NH; (mole ratio)=1:1.3:2; cyclohexanone mixture, 31 g;
cat., 3.5 g; d (the reactor inner diameter)=2.5 cm; 344 K
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Figure 5 TG-DTG curve of Ti-MOR after being used in fixed-bed
continuous reactor
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Figure 6 (Color online) N, adsorption and desorption isotherms of
parent-MOR (a), fresh Ti-MOR (b), and deactivated Ti-MOR after cal-
cination (c)
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Green production of cyclohexanone oxime with a fixed-bed reactor
using shaped titanosilicate catalysts

WU Jing, YANG YuLin, DING JiangHong, HUANG ShilJie & WU Peng

Shanghai Key Laboratory of Green Chemistry and Chemical Processes, Department of Chemistry, East China Normal University, Shanghai
200062, China

Three representative extruded titanosilicate catalysts, Ti-MOR, TS-1 and Ti-MWW, were prepared from corresponding titanosilicate
powders by adding a pore-forming agent (sesbania powder), 30 wt.% alkaline silica sol as a binder, and water. The performance of the
ground powder catalysts in the liquid-phase ammoximation of cyclohexanone in a batch reactor was first investigated, giving the order
of catalytic activity of Ti-MOR > TS-1 > Ti-MWW. The extruded catalysts were then used in a green process to produce
cyclohexanone oxime in a fixed-bed reactor with hydrogen peroxide as the oxidant. When the ammoximation was performed in the
fixed-bed reactor, where the products and catalyst were easily separated, Ti-MOR proved to be more efficient than conventional TS-1
and Ti-MWW, consistent with the results obtained for the batch reaction. The reaction parameters for the shaped Ti-MOR catalyst in a
continuous fixed-bed reactor were then optimized systematically. Ti-MOR gave a cyclohexanone conversion of >95% and oxime
selectivity of >99% under the optimized reaction conditions. The lifetime of the shaped Ti-MOR catalyst in the ammoximation of
cyclohexanone in the continuous fixed-bed reactor reached 360 h while maintaining a cyclohexanone conversion of over 95%, oxime
selectivity exceeding 99%, and residue of unconverted H,O, of about 3%. Catalyst deactivation was elucidated to be caused by coke
deposition and partial loss of Ti active sites. The deactivated Ti-MOR catalyst was regenerated effectively by removing the organic
species occluded within the zeolite pores by air calcination at 823 K. The catalytic activity of the regenerated Ti-MOR was about 80%
that of the fresh one, but it still provided an oxime selectivity of >99%.

titanosilicate, Ti-MOR, fixed-bed reactor, cyclohexanone oxime, liquid-phase oxidation
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