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A1 1) &R —K, JFEE Ut 4 g
B A BB TOK SREBE S 3 K, 1E 40
CRFTHE12 h, 70 C T4 48 h, 75500 C T Eke
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112 =tk TRV IRy vk il 45 0 ik OB
ByARFE G (ARIC S SA) v, B I AGS RSl . fiF iR
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FRHEALF.

1.3 FHEREXFIRRLE

FHTEE 478 AXS A H] D8 ADVANCE X £k
TESHAGHEAT XRD P, W3 25 F 2 : Cu Ka 2K
P8, R 30 KV, B HLGE 20 mA, T AT
10° ~80°; FiZ&[E Quantachrome 7\ H] NOVA 2000e
e TH AR5 L BRI B 4T BET Jl3; TEM i
{8 [ 26 [E FEI 2\ &) Y Tecnai-G220-TWIN #Y 7% 5}
TR X AT RE T I 2 4 [ A ve 8 v
QUANTAX ZFIREFEAXHEATAM 5 s HISE [E Thermo
Fisher Scientific 2\ ] Nicolet 6700 FT-IR Y8 B i 4%
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Fig. 1 XRD patterns of sample S-20 and 1-20
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Fig.2 FT-IR spectra of S-20 and 1-20 samples

ML AN e I an i 2 Fir 7R, BE &y S-20 AT 1-20 7
1100, 800, 470 em™ Ab#RA Mg , 435 i o 7
Si0, Hr Si-O-Si 1Y J2 X Fk A 48 4k 3l . X FR Al 46 9% 5
AR AR EhE LAY 5 76 1 640 em™ [FE H LAY
W2 i U Sy W% 9 7K 1425 i A2 S5 7E 3 480 em™ Al
940 cm™ BHIT HH BRI T Si-OH. (1972 3 i
I, EBHRESh S-20 1 1-20 #E S5 MEsENE, ELEE
fi 1-20 Hh A F9-OH 1L S-20 £, #RIK T & A &
ZIY Si-OH A T4 @m ", fis ALy
fek BRI AR L 3 50 20 BICA B TR 57 5 A
T4 THiE LT BE.

JEUE 3 R 355 12 20 ) ol 45 PO R i S-20 i1 1-20
Wz o AR A 2 A1 3 T 7. A4l TUPAC SR 45

1-20
AAAAAA k‘i’&‘*“‘““
250 | ‘ R
TN) P A
> & S-20
5 200 A 4°c 0 0 00 g o000 ceecees’
< , et
: agser®
5 P
2 150+ oot
A
2 &
=
> 100 ?t
1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

Relative pressure/(P/P,)

Pl 3 S-20 A1 1-20 A ih 9 N, 0% B RE R 1 2K
Fig. 3 Nitrogen adsorption-desorption isotherm of

sample S-20 and 1-20
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Table 1 Specific surface area, pore size, pore

volume of composite silica aerogels

BET/ Pore size Pore volume
Sample
(m* - g™) /(nm) /(em’ - g™)
S-10 492 2.78 0.35
S-20 420 2.56 0.31
S-40 371 2.38 0.26
S-60 316 2.25 0.23
I-10 589 3.32 0.49
1-20 509 3.30 0.42
1-40 431 3.29 0.33
1-60 339 3.31 0.26
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Fig. 4 TEM images and EDS images of sample (a) S-20; (b) I-20
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Fig. 6 Nitrogen adsorption-desorption isotherm of the

samples prepared by impregnation method at

differernt mass of Ce-Mn/SiO,
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Si0, By g LBARIY , Flif AL W7 rt TBE I L 18
iR ATIY S, RLRAREUIN. e EATAL, )R
Bl I A IR F] 40% , i <) A AL T IR 1848 ]
B, kTR, i d AL, R B AR A
IR E 60% I, Flid B ALY SR AR K HO R A
R, HAERER B EorAi A2, (R IF I 284K
ZRES B FLIE. gt Al 12 Ce-Mn/SiO, )5
i H/N T 20% 21 20% I, il A AL RURLE N, 1
SRR SR SLIE R AT, 2 Ce-Mn/SiO, 54 L
KT 20% I, Sk Js AL D) ik T i RO,
KA A AR B, R 3t 52w e BRI 45
PERE.
2.3 EEENX ST

SR P 325 VIR 58 05 ] 46 T i) S-101, S-20
S-40 . S-60 F1 1-10, 1-20, 1-40, 1-60 L)} &4l ik < %k
JBE(SA), ST % 0. 5% Pd J5 TR
B A AL G DPC S, 3943 ) DPC L
ANBEFESS RN 2 Frn. 4P REBEWRBUERE
AR AR S I A 2 P AL 77 A9 S AL PR BE A T A2
%, Pd/SA AL 2] DPC RN 2.57% .

R 2 RALE, RIREMGELTE DPC i
Table 2 DPC yields of catalysts prepared by the methods of

in-situ and impregnation methods

Sample Yield of DPC Selectivity
/% /%

Pd/S-10 4.37 99.17
Pd/S-20 6.31 99.21
Pd/S-40 5.63 99.25
Pd/S-60 4.26 99.19
Pd/1-10 10.28 99.31
Pd/1-20 21.58 99.27
Pd/1-40 18.63 99.25
Pd/1-60 15.74 99.29

Pd/SA 2.57 99.25

A A I A 4 SRR P PA/S-20 HEALTE
e, DPC %N 6. 31%, Pd/S-60 7§ P f AL,
DPC U 4.26% , J5U v il 48 A 4 AL 70 i 1k 1
PRI, DPC = RAR LA . 2 IR i
T BRI BT 5 A, FLIE A AR, 3 Ak

A L S T ARIFLAAR B N, A SRR} i e A
PR LGS 5 TR A b 3 7R e R i A R R
i A TE R AR Lo A R385, kAR B R
%, AR L AR 22, 5 RIES A — 3L

RBEA R 4 A 1-10, 1-20, 1-40 | 1-60
T FAARTR N F U i 1h B ik I — 2R T 1Y)
R H, DPC it 4y ]k 10. 28% . 21. 58% .
19.63% |, 15.74% . i35 [ il £ i 20 <CBE e
FLIE R, PIA BOR R BRI FLIAREL, A
PEFRIRAE T4 TR A5 5 T LA A BRI 2R T S
B2 Si-OH, 54 A AL W0 RE S & 7 Bl 25
TR L, RPRAREUIN, LR LA B 1 A AT
MR EAL RS TR RIS A B IR — 2K TR
N, — 40 F DPC 23 F W)= A R Rl A — 7 F
PA* i SRR Pd°, iR Sk 1 o 42 ) Byl 7 S Ak
BRIEAL RO AR e PA” 2 PA™ LA W4 I Al
o O DI [ A5k g e e 1 AR A SRR R, (kT
TR A AL PR BE 19 32 5. 24 Ce-Mn/SiO, Jii & L
10% F120% i, 4l 4 8 A e 2R b ORFs i B
BISIor 0, MR S B 2 AL A Ak A Bl
FAEAC N Fr gk b 17, B % Ce-Mn/SiO, J5i bt L
(3 INE] 20% LA 1B, Gy 1-40 1 1-60 545 1
Gl 4 B AR AR R, B R R I
FEFLIE, HRE AL RBL AR, S EOE
S B ) BSEAS R TR ) R RS A0 7 0 P JBE B,
T oAb rERE. AR Bkl & 4 ML
H Pd/1-20 S 3R H A AR TS 1, DPC I E
21.58%.
2.4 UFINEGEE

RIRA Yt ug, BRI CBEPES 3 K
J& T4, #£300 C T Rbe3 h e 2 SEs, 3 )
EIE FH P AL AR P RB AN 3 TR,

R 3 ELF PA/1-20 ESERRIELERE
Table 3 Catalytic activities of the Pd/I-20 used for three times

Yield of DPC Selectivity
Sample
/% /%
1-20-1 21.58 99.27
1-20-2 20.83 99.25
1-20-3 19.57 99.28

M3 R, A A ) R R O R
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i, DPC AISCRIEA TR, BEFRIERRRFRIE 99% LU
b, RUEARIA B AR E . I TAEAERAA
LS H AT AT RE U SF N R, 2 2L DPC
IBCFRFEAR

3 &g

Sy . B A& 1) 52 6l e/ e S
SERER AR, 1 XRD, FT-IR, BET, TEM ., EDS
ERAE BARATE PN 25 S R, SR FH IR A7 3 ol %
RASERALE S NIRIG, &R AR E
et B, 19 20 BRI 1 2R Pd AR
T AR B A AL SE L G 8 DPC )iz, DPC i
Fh AR 6.31% . B RTEE R TR AT i
T, W R anl %, At A, risak
REE ARG AALERR %, £ C4E %
U Pl P BRI R e R T B FLAR B A TR i, 4
J& AR T BN B 50, 24 Ce-Mn/SiO, Jii
R 20% B AR B0 E A KL 2K Pd fEfL AT
BRI TS, DPC Wik 5 21. 58% , dHE1k
5 99.27%.
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Preparation of Cerium-Manganese Composite Aerogel Supports
and the Application in the Synthesis of Diphenyl Carbonate

HONG Chao, XU Chao, SU Wei, LU Qing-yang, PENG Meng, YUAN Hua"

(Key Laboratory for Green Chemical Process of Ministry of Education, School of chemistry and
Environmental Engineering, Wuhan Institute of Technology, Wuhan 430074, China)

Abstract; Cerium-manganese composite silica aerogel carriers were prepared by in-situ synthesis and impregnation
methods respectively. The samples were characterized by XRD, FT-IR, BET, TEM and EDS methods. The results
showed that cerium-manganese oxide particles in silica aerogel carriers prepared by impregnation were in nano-size
and those composite carriers remained intact pore. The catalytic performance for corresponding palladium-supported
catalysts were investigated on the synthetic reaction of dipenyl carbonate by catalytic oxidation of phenol. The cata-
lytic activity of Pd/20% ( Ce+Mn)-SiO, under impregnation was much higher, over which the single pass yield of
DPC reached 21.58% with selectivity above 99.27% under a totalpressure of 5 MPa at 75 °C for 6 h.

Key words: silica aerogels; cerium-manganese composite oxide; catalytic oxidation; diphenyl carbonate



