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Catalytic Epoxidation of Propylene Using Nitrous
Oxide or Oxygen as Oxidant
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Abstract. The epoxidation of propylene to propylene oxide is one of the most challenging research targets in
catalysis. This review highlights our recent studies on the epoxidation of propylene by nitrous oxide and oxy gen
catalyzed by iron- and copper-based heterogeneous cataly sts. For both iron-and copper-based catalysts, the mod-
ification with an alkali metal ion (especially K D) plays pivotal roles in obtaining high selectivity to propylene ox-
ide. Alkali metal ions may enhance the dispersion of iron and copper species, change their coordination environ-
ments, and regulate the surface acid and base properties, and thus contribute to the selective formation of propy-
lene oxide. The unique combination of active metal component (iron or copper) and oxidant (nitrous oxide or
oxygen) is also crucial for the epoxidation of propylene. We propose that the oxidant is activated on active iron
or copper sites with peculiar structures and oxidation states forming active oxygen species responsible for the e-
poxidation of propylene.
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1 Ka 1% MO,/ SBA-15(M )
N, O
(KM=1)
Table 1 Catalytic peformance of various SBA-15-supported
transition metal oxides (1% MO,/ SBA-15) with
and without KCl modification for C3Hg oxidation by

NO (K/M= 1)

Without KCI With KCI

Metal Conversion PO selectivity ~ Converson PO selectivity
(%) %) 73] %
\Y 0.21 0 < 0.01 0
Cr 0.17 0 0.13 0
Mn 0.03 0 0. 04 0
Fe 1.17 0 0.99 84
Co 0. 06 0 0. 02 0
Ni 0.76 2.0 0. 06 8.3
Cu 0.12 1.2 0.54 23
Ag 0.18 0 < 0.01 15
Au 0.03 13 0.03 0
Zn < 0.01 0 < 0.01 20
Mo < 0.01 0 << 0.01 43
W < 0.01 0 0.10 0
Reaction conditions are the same as in Fig 1.
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Table 2 Catalytic performance of different potassium
salt-modified 1% FeO,/ SBA-15 catalysts
Conversion (%) PO selectivity %)

Potassium salt

KF 1.75 53
KCl 4.51 72
KBr 3.77 69
KI 1. 36 35
KAe 0.99 33
KNO3 0.22 14

Reaction conditions are the same as in Fig 1.
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(Reaction conditions are the same as in Fig 2. After each cycle the catalyst was regenerated by flowing in an O ;containing gas He flow

(V(0,)=40 mV/ min,

V(He)= 10 mV min) at 550 C for 30 min.)
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(Reaction conditions: W=0.7 g, p(C3He)=2 53 kPa
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Table 3 Catalytic performance of MO,/ SBA-15 catalysts

with and without K™ modification for C;Hg oxi-

. K'. Rb"
PO .

b

Cs'

K5 %Cu0,-Si0, (K/Cu=0. 2)

dation by O, N 275 OC .
Without K* With K™ 0.2%~13% , PO 78% ~
Metal Conversion PO selectivity ~ Converson PO selectivity 0 0
%) %) %) 22 13% 1.4% PO 59
Ti 0.23 0 0.03 13 55 Y6 Cu .
v 0.30 0.9 0.06 3.2 K"-5%Cu0,-5i0> (K/Cu=0.2)
Cr 8. 84 0.2 0.87 0
Mn 11.5 0.1 10. 1 0 ’
Fe 3.43 0.3 0.19 2.4 , PO
Co 2.16 0.1 0.16 2 ,
Ni 0.26 0.2 < 0.01 0 ’ L-TPR K
Cu 14.0 0.6 5.85 18
Zn 0. 10 1.5 0. 04 5.7 CuO « ,
Mo 0.07 3.2 < 0.01 15 . NH>=TPD
W 0.04 0 0. 03 5.5 ) |
Ag 10. 1 0.1 0.16 1.7 ’ CuO « Lewis K
Au 0.17 1.7 0.14 1.9 PO PO
Reaction conditions: W =0.2 g p (C3He) = 2.5 kPa , PO Lewis
= Pa, F= ml/ min, 7= C. .
p(0,)=98 8 kPa, F=60ml/ T=300 Cu0 S0, ’ ‘
. 300 C. K" . PO
C3He/ 02=1/39 18 000 ml/ (h°g) . s N20/Fe
1% ~12% ’
50% ~15% PO . PO PO :
+ .
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, - 5% PO » 0.6 mmol/(h°g)
Cu0+-Si02 2.0 mmol/ (h°g) 5™, H,
4. Li  Na . PO
4 5% Cu0,-SiO,

Table 4 Catalytic performance of 5% CuO ,~SiO, catalysts modified with different alkali metal ions for the epoxidation of propylene by oxygen

Selectivity (%)

Catalyst Conversion (%) -
PO Acrokin Others? CO,
5% Cu0 +Si0, 10 0.5 16 3.2 80
Li"-5% Cu0,-Si0,( L/ Cu= 0. 2) 7.1 5.7 10 3.1 81
Na-5% Cu0,-Si0,(Na/Cu= 0. 2) 5.1 14 7.9 1.3 77
K™-5% Cu0 -Si0,(K/ Cu= 0. 2) 4.0 27 3.4 0.5 70
Rb"-5% Cu0,-Si0,( R/ Cu= 0. 2) 4.5 19 3.1 0.7 77
Cs 5% Cu0,-Si0,(Cs/ Cu= 0. 2) 4.3 25 2.9 0.7 71

Reaction conditions: W=10.2 g T=275 C, F=60 mV/min,

« Others= acetaldenyde * propanal, acetone aliyl alcohol.

p(C3He)=2. 53 kPa, p(0,)=98 8 kPa.



864

29

02\~Cox +H,0

epoxidation over K*-Cu!

0,

CO, +H0

Oy O 0
\)J\,/v 5 O

Scheme 5 Possible reaction wutes for propylene epoxidation

by O; over copper-based catalysts

L. 7 mmol/ (h°g). » Ha
Cu ’ ’
I I
Cu Cu Cu
. Cul
0>.
( 6).
5 K"-5% CuO,- Si0,(K/ Cu= 0. 2)
Table 5 Effect of pretreatment on catalytic performance of
the K *S%CHOX*SiOZ(K/ Cu=0. 2) catalyst for
C;H¢ epoxidation by O,
P Conversion PO selectivity PO)/ Vb
retreatment %) %) r mmo g
O, He* 0.48 30 0.58
H," 1.6 26 1.7
H,-N,O° 2.0 25 2.0

Reaction conditions: W=0.2 g, F=60 ml/ min, p(C5H¢)
=507 kPa p(0,)=50.7 kPa T=275 C.

*Treatment in O containing He flow (p(0,) =38 4 kPa) at
550 C for 1 h.

b Reduction by H,-containing He flow (p (Hy)=16. 9 kPa) at
300 C for 1 h.

“Oxidation of the catalyst prereduced with H, by N0
(p(Nx0)=16.9 kP)a at 300 C,

0,
Ot

+ I . CHg+ 0, LI . \ ! ” .
K'-Cu 0,-SiO, K'-CuO,-Si0, K'-Cu"0,-Si0,
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LA\
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Scheme 6 Possible reaction mechanism for propylkne epoxidation
by 0, over K "-Cu0 ,-Si0, catalyst
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