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Fig. 1 Effect of calcination temperature (Tc) of Si/Ba/Cs/P
mixed oxide catalysts on MEA conversion
and EI selectivity
(Si/Ba/Cs/P =50/0.3/0.9/1.0)
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Fig. 2 XRD patterns of the physical mixed catalysts (Si/Ba/Cs/P =50/0.3/0.9/1.0)
calcined at different temperatures
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Table 1 BET Surface area, Total pore volume, Average pore diameter of Si-Ba-Cs-P catalysts calcinated

at different temperature (Tc) (Si/Ba/Cs/P =50/0.3/0.9/1.0)

Sl Te Time BET Surface area Total pore volume Average pore diameter

o) (h) (m’/g) (ml/g) (nm)

T-1 550 4 85.62 0.395 18.464
T-2 700 4 18.33 0.027 5.856
T-3 750 4 14.76 0.021 5.570
T4 800 4 10.78 0.016 5.750
T-5 850 4 9.55 0.014 5.720
T-6 900 4 8.16 0.011 5.633
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A R ER AR AR LR AR FL N 2R i R AR P &
2, B XRD (& 2) 45 R840t rT e St . A
G0N TE il BE T R e R BT Y AR T R R
FARAL 25 H B AR A 202 SR B B A 700 C
925900 C I, LMW M 18.33 m*/g B[4 % 8. 16
m’/g, MILZAM 0.027 mL/g 5% 0.011 mL/g, {H
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Fig. 3 BJH mesopore size distributions, obtained from nitrogen adsorption isotherms

for Si-Ba-Cs-P catalysts calcinated at different temperatures ( Si/Ba/Cs/P =50/0.3/0.9/1.0)
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Table 2 NH,-TPD data of catalysts prepared by physical mixing method calcinations under different temperature (Tc)
(Si/Ba/Cs/P =50/0.3/0.9/1.0)

Tc  Time 150 ~250 °C acid amount 250 ~400 °C acid amount 400 ~500 °C acid amount

Total acid amount

Sample
(C)  (h) (mL/g) (mL/g) (mL/g) (mL/g)  (mmol/g)
T-1 550 4 0.747 0.756 0.286 1.798 0.080
T-2 700 4 0.449 0.432 0. 160 1.041 0.046
T-3 750 4 0.192 0.236 0.078 0.506 0.023
T4 800 4 0.277 0.337 0.168 0.782 0.035
T-5 850 4 0.311 0.289 0.184 0.784 0.035
T-6 900 4 0.254 0.266 0.158 0.678 0.030
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Influence of Calcination Temperature on Structure, Composition
and Catalytic Performance
of Si-Ba-Cs-P Complex Oxide Catalyst

SUN Yan-hui""?, YAN Hai-sheng’, LIU Dong-xue’, ZHAO De-feng'
(1. State Key Laboratory of Fine Chemistry, Dalian University of Technology, Dalian 116012, China;
2. Shenyang Research Institute of Chemical Indusiry, Shenyang, 110021, China)

Abstract: Monoethanolamine (MEA) intramolecular dehydration catalyzed by Si-Ba-Cs-P complex oxide catalysts
is easily influenced by conditions at the time of catalyst calcination. The catalysts were characterized using X-ray
powder diffraction (XRD) , fourier-transformed infrared spectroscopy (FT-IR), and temperature-programmed de-
sorption of ammonia ( NH,-TPD) techniques. When catalyst was calcinated at 550 °C , the high MEA intermolecu-
lar dehydration activity was achieved, but ethylenimine ( EI) selectivity was low. The active sites on catalyst were
mainly CsBa, (PO, ) phase and Cs,Ba( PO, ), phase and pore size was distributed mainly between 10 nm and 75
nm . When catalyst was calcinated at 800 ~900 °C , both high MEA intramolecular dehydration activity and high EI
selectivity could be obtained. The active sites on these weak acidity catalysts were mainly o-Cs,P, 0O, phase and
pore size was distributed mainly between 1.7 nm and 4 nm . There is not an obvious relationship between acid
amount and MEA intramolecular dehydration activity, but EI selectivity increases with decreasing pore size. The
various acidities and pore structures are influenced by phase changes of active sites at different calcination tempera-
tures and result in different reaction activity of MEA dehydration.

Key words: Monoethanolamine ; Ethylenimine; Complex oxide catalyst; Calcination; Phosphate



