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Epoxidation of Styrene with Hydrogen Peroxide over MgO Catalyst
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Abstract: A solid MgO catalyst was prepared by direct thermal decomposition of the Mg(NOs),:6H,0O precursor. The epoxidation of styrene
was studied over the MgO using H,O, as an oxidant in the presence of acetonitrile as solvent. The catalyst samples were characterized by
X-ray diffraction, N, adsorption-desorption, thermogravimetry, and CO, temperature-programmed desorption. The results indicated that the
strength of basic sites on the MgO catalyst is the key factor for the excellent performance of the catalyst. Enhancement of the strength of
basic sites can increase the styrene conversion. In contrast, the number of basic sites, surface area, and pore volume of MgO have a relatively
minor effect on catalytic activity. The MgO sample prepared by calcining Mg(NOs),-6H,0 at 750 °C showed the most strength of basic sites
and the highest catalytic activity among the MgO samples calcined at 450-850 °C. Under the optimized reaction conditions, H,O,/styrene
molar ratio = 6, acetonitrile as solvent, 60 °C, and 10 h, the conversion of styrene and the selectivity to epoxyethylbenzene were 97.0% and
88.4%, respectively.
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Ueno 25U 2% B, FH 7K ¥ 41 Mg10AL(OH),,CO5 HUA 5
Bk, VT 7o 2 1K 22 B0 0 R AL Pillai 2 1TLL
H,0, Al G A R LA T, LhAKHE A1 ok A7), R A
TR s SR AR R I A, L 43 B 5 R 58 B B Kirm
2D H,0, BTN R FL A8 AR, LT R HLO 1 3%
FI, PEANHT 5T A [A] Mg/AL BE (9 7K T A7 B vt R 43 62 1
KA VE A AT, R I Mg/AL LE AT H,O 55 K 25 7
A B IR S N RS FE A L Tonescu 21
L Co & i i 7K 3 A1 A A 770, B T30 OO IR 41
I, R IIR LI e A 26 55 e A 7 i ot 2 85 D) A G

MgO 1 Ay — Tl ] A4 Bl Ak A4 A0 751, S Y. 5 55 4 13,
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FEUOT AR BL H,0, N R, L SIS 1R 770, DL i
5 Mg(NO3),'6H,0 143 2| ) MgO A4 #4671, F T4
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1.1 EEFEEH &

B 52 H ) Mg(NOs),6H,0, B T 5 by, BA
2 °C/min 134 3 5 5 7+ & 450, 550, 650, 750 F1 850 °C
TR 6 hy B RSB IR — &R 41 MgO FF i, 43l
it i Mg0-450, Mg0-550, Mg0-650, MgO-750
MgO-850.

01 96.15 g [ Mg(NO5),6H,0 ¥ T 375 ml £ 1 /K
WY A, 55 X 39.75 g 1 Na,COs % T 375 ml 761
IKH B Mg(NO,), i 2% 12 3 A\ Na,COs 3l , A
W7 45 1, FEAE G 0 Ik B2 A R Y pH = 10, 7R M4 AR
% Mg(OH), UTUE, 4k 221+ 40 min, i 3E, H 40 °C 11
AR P B Bk P A9 AR AR 110 °C T8 24 h, 71
450 °C K¢ 8 h, B %5 I - sk i v 1l 49 MgO, id ok
MgO(S-G). ¥ WL CHR[18].
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Fig. 1. XRD patterns of different MgO samples. (1) MgO(S-G); (2)
Mg0-450; (3) MgO-550; (4) MgO-650; (5) MgO-750; (6) MgO-850.
The number in the sample refers to the calcination temperature (°C).
MgO(S-G) was prepared by the sol-gel method.
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/N, 2R 34.3 nm, LA FE I SF 38 dh R K AR IR, A
39.1~41.6 nm.
2.1.2 N, IRFI-RRpii4E R

1R ANTR] MgO R i 1 N W B -5t B 23 b7 45 2.
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265.3 m*/g, FALARRR Iz K T K5 vk 173 1 MgO F
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AT Mg(NOs), K58 4% 3 il 5, 23 fift A2 1 i <M fid
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F 1 TFE MgO ¥ H N, 0% - B 9 47 4 R

Table 1 The results of N, adsorption-desorption analysis for different

MgO samples
) Pore volume Crystalline size

Sample Ager/(m7/g) 5

(cm’/g) (nm)
MgO(S-G) 265.3 0.5260 6.0
MgO-450 6.7 0.0516 343
MgO-550 45 0.0361 40.4
MgO-650 2.8 0.0347 41.0
MgO-750 1.7 0.0393 39.1
MgO-850 1.3 0.0385 41.6
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Fig. 2. CO,-TPD profiles of different MgO samples. (1) MgO(S-G);
(2) Mg0-450; (3) MgO-550; (4) MgO-650; (5) MgO-750; (6) MgO-
850.

UL, R B L R4S i MgO £ 7E 100~150, 250~
350 Fil 750~800 °C b Hi BB B 0eg, 43 53 6 . T 55
RE - H SR A AR B AL B CO, I BB, 1T Ak
L, B K o L B 1) T &, BF i o i A7 328 3 ik 2>
2650 °C I, AH N AE & OB A7 I 52 b SR (RIS,
FE b (8 CO I B 0 28 38 [n] s 3 20y, B0 900 e 3 3 14
Sy 750 °C I, BT 434 bl B de i, 1 MgO-850 ¥
it PR R F C O, JI B OEE A 1) i %, R0 1k A A2 55
4N, MgO(S-G) ¥ A 4 4> CO, BB &, 43 B A T
100~150,250~350, 500~550 F1 700~750 °C. 15 H #:55%
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Fig. 3. Effect of calcination temperature on catalytic performance of
MgO catalyst. (1) Styrene conversion; (2) Epoxyethylbenzene selectiv-
ity; (3) Benzaldehyde selectivity. Reaction conditions: catalyst 50 mg,
acetonitrile 4 ml, styrene 3.9 mmol (0.46 ml), 30% H,0,23.4 mmol
(2.4 ml), temperature 60 °C, time 10 h.
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15.8%, A A LEIE BEE N 11.0% T+ 2 84.2%. X i}
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T 3 B 23 9 R 91.3% 1 89.3%; LL MgO(S-G) N
TRV, 2R 20075 B A0 2 R IR S A ) 3 B 1k 43 ol ok
73.0% F1 88.7%. 1 & 2 WI %01, MgO-450 [ i 1 58 T
MgO(S-G), {H H A 2 B 2 5 /N 55— J7 1, MgO(S-G)
R VA A N = 1T A T IR AR N = 1 T U SR £
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Table 2 Effect of preparation methods on the catalytic performance
of MgO samples

Styrene Selectivity (%)
Sample .
conversion (%)  Benzaldehyde Epoxyethylbenzene
MgO(S-G) 73.0 113 88.7
MgO-450 91.3 10.7 89.3

Reaction conditions: catalyst 50 mg, acetonitrile 4 ml, styrene 3.9
mmol (0.46 ml), 30% H,0,23.4 mmol (2.4 ml), 60 °C, 10 h.
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Fig. 4. Influence of reaction temperature on the catalytic perform-
ance of MgO-750. (1) Styrene conversion; (2) Epoxyethylbenzene
selectivity; (3) Benzaldehyde selectivity. Reaction conditions: catalyst
50 mg, acetonitrile 4 ml, styrene 3.9 mmol (0.46 ml), 30% H,0,23.4
mmol (2.4 ml), 10 h.
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Fig. 5. Effect of reaction time on the catalytic performance of
MgO-750. (1) Styrene conversion; (2) Epoxyethylbenzene selectivity;
(3) Benzaldehyde selectivity. Reaction conditions: catalyst 50 mg,
acetonitrile 4 ml, styrene 3.9 mmol (0.46 ml), 30% H,0, 23.4 mmol
(2.4 ml), 60 °C.
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#3 MgO EATIMESHEM ML F 4 BTIF MgO-750 1 16 1% 58 #Y 2
Table 3 The reusability of MgO-750 catalyst Table 4 Effect of solvents on the catalytic performance of MgO-750
Reused Styrene Selectivity (%) Solvent Styrene Selectivity (%)
olven
number conversion (%)  Benzaldehyde  Epoxyethylbenzene conversion (%) Benzaldehyde Epoxyethylbenzene
1 97.0 11.6 88.4 Acetonitrile 97.0 11.6 88.4
2 87.1 9.9 91.1 Methanol 12.3 85.0 15.0
3 73.0 10.4 89.6 Acetone 3.6 100.0 0

Reaction conditions: reused catalyst 50 mg, acetonitrile 4 ml, styrene
3.9 mmol (0.46 ml), 30% H,0,23.4 mmol (2.4 ml), 60 °C, 10 h.

A5 e AN 2 28 W B AT, 1T R SR D IR B R B AR AN AR SR
FH HC A [T W 7 3, ke (=0 s ) i A SR 120 °C HE T,
B O BB DB AR R & T RS e 55 2 AE
L A ORE BN B, B8 RN 43 i R 46.7%
M1 50.1%, 428049 38 #5173 00 % & 83.5% Al
81.8%. T L, >R FH v i 3% b V2%, A 300 3% M LA D %
I, APATY R Ry 3T i e e i T L 7] 2 1T R 1
() 2% 0 (U A7 B RN HLO 55 ) B i, A8 JF 3% 180 7 7
T 5 R R,
2.2.6 AT

TEAH RSN, 5 52 1 %516 MgO-750 Ak Pk
REMI ey, 45 B A T3 4. R, LLZE i
I, 2K Z0H Ak ROk 97.0%, 3K S Ak W ik B PN
88.4%; LA F L Ay 5 71 I, 2R Z0 A0 % U 12.3%,
Fo B R TR (85.0%), FR AR AL W 1k B R AL R
15.0%; LATAT i R 5 R0, 7= AT 2R FRE, O 0 e
AN 3.6%. X UEFIR RS 5 TR O
AN, SR T N i AR, BRI AR T Rk

Zr En] W, S A AR W] R K $ 8 K S 2041
g TE. T MgO W% & 55 8 & h 1) H,O 1F H, A2 3L
FM R FEP X350 LA HL0, I, B2

o O — Mg

Reaction conditions: catalyst 50 mg, solvent 4 ml, styrene 3.9 mmol
(0.46 ml), 30% H,0,23.4 mmol (2.4 ml), 60 °C, 10 h.
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28 e R e B L AT B SRR 1K) MO, 2 7 A T £ 1)
ST, B 5 HLO A AR O St iR TR S 1 5
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$% Ca(OH), 8¢ La(NOs)s 1M il 3 1) CaO 5{ La,05, &
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F I 5 p b el — e E AL
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DI 1 % Sy W R A4, 70 S[R3 B R R B T LA 4G
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HO— Mg—O — Mg
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Scheme 1. Transformation from MgO to Mg(OH),. [J stands for an oxygen defect site.
g W WA
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& H,0 7/ N\ /N
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Scheme 2. Possible reaction pathway for epoxidation of styrene over the MgO catalyst.
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