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Fig. 1. Small angle X-ray diffraction measurement of syn-

thesized ordered mesoporous carbon and its template silica.
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Fig. 2. Scanning electron microscopy and electron diffrac-

tion spectroscopy measurement of synthesized ordered

mesoporous carbon and its template silica.
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Fig. 3. High resolution transmission electron microscopy measurement of synthesized ordered mesoporous carbon and its template

silica.
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Fig. 4. N, adsorption and desorption measurement of synthesized ordered mesoporous carbon, its template silica and CuO@SBA-

15 composite materials with the CuO weight content of 1%, 1.5%, 2% (STP, standard temperature and pressure).
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Fig. 5. Positron annihilation lifetime spectrum of the nor-
malized peak of synthesized ordered mesoporous carbon and
its template silica, the time value of each channel (time/ch)
is 50.3 ps.
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{HZ, W IEH I A a5 45 2] 1) P34 LR
A AT Ny BB /BRI 25 51, 168 CuO X3k
TEFLIA KN EREE o-P IR AEAE —E ML 22 PR K BK
N I, 7 BAKAT RE 2 T CuO BURLXS o-Ps 1Y
A2 TSN AL R/ N [ 5 R 1Y) (A
HHE, B CuO B8 03 K3 6%, EAH
B3 HavfE s 7.9 ns FFE 3.8 ns, X AJHEE
T CuOikI7E SBA-15 i N HEFL, T30 SBA-
15 FEJR FP A FLR ST B g, 1233,

100

80

60

40 +

Lifetimes/ns

20

25

20

15

Intensity /%

10 |

CuO content/%

6 AR CuO B4 CuO@SBA-15 & A 41 K o
Ps % 75, Ta MHEGRIE I3, 14 W7AE1L

Fig. 6. Variation of 73, 74, I3, I4 with the weight con-
tent of CuO in CuO@SBA-15 components.

o-Ps FEAK ) R AT ZFP el g, anfe#k, /i
o-Ps 557G E W i AL 24485 6 343 IR A R K i
B, AT LLSEL o-Ps AR, ok, KR5S
AR A TT BB XS HL (8 2R TR A A — 2 B4
YERT, BRSPS B o-Ps TE B A 25 1R300, &
2 o-Ps SRIERFEAR. 55— Fhnl B i f 7 35 4
FEAEE R W A e, i — 2 51 o-Ps Fi i
i p-Ps. iX—id B2 T3 o-Ps A Fls B (1 R
fik. PR, A IE B 388 8 5 i 0 e 23 SR A7, A
SCTCEEIFBH o-Ps JEI R 134,

B, A0 CuO@SBA-15 58 &k 8L R i
77 28 s sk, 4533 S S50 CuO Fim
YA R Z . IE T R, BER CuO By
R, SSHON 0.514 FREE 0.487. T S S8

— 5 p-Ps MRS —, S SEINEL, &
W] CuO@SBA-15 & & #H ki il 3R 1Y 58
BTRREESE, #H2RH CuO TETHEY R o-Ps TE A
FEFE— 5 B2 oy . LT 15 CuO/SBA-
15 S MR i 1 B LR B A AR A2 A
AR R FNEE 130

0.52
®S
(J
0.51
© 0.50 F
0.49 -
0.48 L . . . . . .
0 1 2 3 4 5 6

CuO content/%

Kl 7 A CuO Fiid /3 $) CuO@SBA-15 Z 4 M ki S
SRR

Fig. 7. Variation of S parameter with the weight content
of CuO in CuO@SBA-15 components.

PR A 27 W KON AE B o-Ps T8 T8 38 38 Ao
(o-Ps FnEIEL) MAELAT LIFIR Ny
)\O-PS - )‘S-Ps + k [M] ) (2)

Horp, MR 25 R B, 5078 mol /g, BIAS
R I E SBA-15 B MR BE; M) p R ANFETE
TB2E 25N TE LT o-Ps (T8 0k 58 22 & DU S Hy,
TFAR IR IRV () Sy A E. (8] 8 T A Hd
ATV — 5 TG, G MR
(8.76 & 0.47) x 10% s=1, Rl A, 18 Z I KAV 1) [T
IO AL k.

0.06 -

0.05

0.04 -

0.03

Aa(1/74)/ns1

0.02

[ ]
0.01 |

o 1 2 3 4 5 o
CuO content/%

K8 RIF CuO &4 5 CuO@SBA-15 & & 41 KL

A (1/7q) AL

Fig. 8. Variation of A4 (1/74) with the weight content of

CuO in CuO@SBA-15 components.
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5 R KW, CuO@SBA-15 54 & # kL h CuO
T TEYIXT o-Ps A7 7R SR ZUAY S IRt 2235 4
JETEIERT S SR FEARHERR T B AEA
TR R T REVE. ATA5 Y o-Ps A3 iy b Hoai B
fiJE CuO X o-Ps A2 HEIRIAE 1R 115 N,
W B / G BERI T CuO@SBA-15 & A4 kHY) -3
fLARBESH CuO i/ B s R/, e T2
o-Ps Zgfiir S LR BEREAIR Y 75— AR,

3.5.2  OMC/SBA-15 #= OMC@SBA-15 £
SMAERFTREIFFER

E 95 OMC/SBA-15 fll OMC@SBA-15 &
BT o-Ps Fifiw rs, T4, 75, T4 B OMC T4y
BRI R, Hodrs, = IR B L &
OMC@SBA-15 Z & M EHIRZE R, 5, 71 R [
FHIR A ¥l £ OMC/SBA-15 8 4 A1k iR 45
.M OMC 5 SBA-15 IRGIEE M EE, o-Ps
M FF 4 a3 5 IR AR | X E R R
OMC HA ML 33, s 400 20% 1 OMC /-
ALO; B A MR S5 A 2.9%102 S/mP, H
T RRXELEATAT T 2L 22 AR IR AL, R’
T LR R Ps AATE SR U AR JCRNAR 1B 500
Ko OMC (s b, BDE s i FIE R R, i
% OMC/SBA-15 il OMC@SBA-15 &l ALY
o-Ps IRMESE A SBA-15 H 47N A 18 - 18 1 &
BEIE N, W% 3 Fan o B o-Ps 7 k- Uk 7] 2
B SICFLIA PN 2. R, OMC/SBA-15 K& OMC
@SBA-15 H155 3 Fam oy K/ MEE.

FEFFT OMC 5 SBA-15 B4 B, = fl 7}
B OMC it /Al K 20 b, DhEARTR A
121 % 9 OMC/SBA-15 & & AR A1, 24 OMC
JEET BN 0% 8K F] 8 % B, XK i 7y AR
B 5 AN 106.0 ns TR 10.4 ns, X —45 5 BIR 2
I OMC TG PERLSY % Ps FORE TN [RIRs, 2%
B Ny MR /iR M Ze 25 5, 18804 P A fLAR AL 7
LSRR 2928 3.3 nm Al 7.5 nm,
M4l SBA-15, 0.1%, 0.5%, 1% F1 2% OMC/SBA-
15 52 A AR IE B -1 A DU A 21 0 FL AR 43
Sk 7.2 nm, 3.8 nm, 2.4 nm, 1.9 nm 1 1.7 nm.
PRI 2 R — 2PN E S M B h kA T
TR MALFPRR, FEOE fL T 77 i
GRS 22 /N, i 9 i, B OMC it
BB K, 74 7E OMC 480N 2% W4k
BB B, 55 —Fr B, 24 OMC Ji s 43 BUIKF 2%

ff, 71 B 106.0 ns 2RI P2 18.1 ns, 5 B & ik
87.9 ns. 2 BB, OMC R E 80 T 2%, 74
2T 18.1 ns f& R 10.4 ns, TFRIEE{H 7.7 ns.
TP B B o AN T] T [ R 3R B Ps 78 OMC-
SBA-15 E A MBI K AT HES OMC A4k
AKX

120 120

100

80

60

T3, Ta/NS
T4, Ti/NS

40

20

01238 45678
OMC content/%

9 R OMC S & 4> %t B9 OMC/ SBA-15, OMC@
SBA-15 & & ¥ Bt o-Ps H i 13, 14, T4, T4 BYARAE, Horp
T3, T4 NIR B I A % OMC@SBA-15 & 4 #1813
R, 7, Ty A REAHTR A 4 OMC/SBA-15 & & M EHY
pUFRwAES

Fig. 9. Variation of 73, 74, 74, 7, parameter with the
weight content of OMC in OMC/SBA-15 and OMC@SBA-
15 components. 73, 74 for the results of OMC@SBA-
15 component synthesized by impregnation method, TP’) . T4

for that of OMC/SBA-15 component synthesized by solid

state method.

1798 5 4 70 1 45 9 OMC@SBA-15 B &4+
R EE TR 1A [ A s 32 A 1 A R
AL I 9 Bz, 2% OMC Ji 2 BN 0% 3k
3] 8%, MIX K F A ma IRBH WM 106.0 ns FREE
0 ns. {HARER ML, 24 OMC 5 7 8k 3] 4%
i, OMC@SBA-15 & &A1 BH X 4 K A5 4w o3
7y S FON 5 B LR 0. S Rk — 2 UE S 4y
FRCE AL 2 T A 15 4 B 43 OMC X Ps AF 48R 51
PR K AR, 3% AT g A2 TR it e A A% OMC
TE SBA-15 FLAAH 7531 5 AR (1) 431

X L T A 7k i & B OMC-SBA & & 41 KL,
mE 9 iR, AR N 2 £ OMC/SBA-15 &
WARHAEE 4 F54r 74 FEPIA B B iy B R 44K T
REITE % OMC@SBA-15 B4 4K 0l 2
iR, SEM 2 A SCHl A5 i OMC B0k hy Sk =
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9%, MKl 3 FIE 4 i s PERE S i AR N,
W RFF / R B St SR 3 B AR SCHfil £ 1) SBA-15 LR
295 7—8 nm. I, BRG] OMC/SBA-
15 E A # R OMC Bk JC ik E A SBA-15 AL
N, HEEAEE SBA-15 itk 5 ks =2 ] HE
TR B . R I R ki & 1 OMC@SBA-
15 B AR R4y OMC T4 % Hb A B7E A FL—
AALREREIRGORFLIE N, L, BBUHE A SIS
) OMC@SBA-15 & & # B} i 593 4 771 OMC X
o-Ps MR I ABRT 5, P& i T OMC #E4r
fL SBA-15 H4r ks

10 J& OMC/SBA-15, OMC@SBA-15 &4
MR o-Ps 3 EE I3, Iy, Iy, Ij B OMC Jitt
SRR C R, Hh I, Lo R BHEH RS &
OMC@SBA-15 & G A BHIRZE R, 15, 1) 2 [
FHIR A ¥l £ OMC/SBA-15 & 4 Mk iR 45
R I, LRI, I ARG iR A ar A2 e,
Wk o3 A PASBY B X A B R 45 1 OMC/
SBA-15 Z & F kL, 45 1 BrEsh, T4 28.9% 2 8
TRER 12.9%, 1M 1500 B8R 1.2% Pt K3
7.3%. FEE 2 BB, I, 12.9% FREE 5.3%,
I 7.3% 218K 2 10.3%. 15 Tot 8 75 12 1 4%

30 b eIy 130
ol3
[ A

25t o1y 425

I3, I;/%
I, I'h/%

0123845678
OMC content/%

E 10  A[E OMC i 454 OMC/SBA-15, OMC@SBA-
155 & MR 0-Ps BAIRIE Ts, 1o, T, I, 0754k, Foh
I3, Is Tl 4 OMC@SBA-15 & & b1k Il i
S50L, IL, I, AR A 756 % OMC/SBA-15 G H R 1Y
45 R

Fig. 10. Variation of the intensity of o-Ps lifetime I3, I4,
14, Ij parameter with the weight content of OMC in
OMC/SBA-15 and OMC@SBA-15 components. I3, I4 for
the results of OMC@SBA-15 component synthesized by im-
pregnation method, If, Ij for that of OMC/SBA-15 com-

ponent synthesized by solid state method.

1) OMC@SBA-15 E5 MR, BR T2 2 BBy
3 Ak i Iy, 55 AR SO il 45 1) OMC/SBA-
15 B AMEEERILT—20 56 1 BB, L 28.9%
SR RR R 4.1%, 100 I3 W) 3R 1.2% Prsiib R
F| 3.8%. FEHS 2 BB, LBk 4.1% T2 0, 1fif
I3 3.8% BRI E 1.0%. L H1 I OMC 5
HIE R R, X AT e H T PATFIT &3
TN TR L5 B B OMC i 40 B 38 Kk
7y Ml 7y B 2EEIBEED, SR FFadl oy Iob A —
TAr X I AT BTk, DTS20 I A3 K. 55 DU 75 i i
JE Iy RN T 25 SR AR S A HCAE LT 2 T8 A 365 4 B
OMC Xt Ps i A7 TER RS 1200

ARk, BRI N 51 o-Ps %
B o (0-Ps 75 i (1 18] %50 ) 4 28 Ak Al L3 5
(2) XFR. B 11 5 OMC/SBA-15, OMC@SBA-
15 AR A (1/7,), Ny (1/71) i OMC Jii i
YRR AR AL, N 11 BR, BRE A AR T

0.070

0.056

0.042 |

Ag/ns—1

0.028 f b

0.014
[ ]

0 0.4 0.8 1.2 1.6 2.0
OMC content/%

Ay/ns—1

(.) lj5 3j0 415 6j0 7j5
OMC content/%

11 R[F OMC B8 OMC/SBA-15, OMC@SBA-
15 EEMET Ny (1/74), Ny (1/75) MZERL, Fh Ay (1/74)
R B R 4 OMC@SBA-15 & A #1 R 1 I3 25 5L,
Xy (1/74) b BRI 43 35 6 4 OMC/SBA-15 5 4 b bk 9
MR &

Fig. 11. Variation of the intensity of o-Ps lifetime A4 (1/74),
X, (1/7}) parameter with the weight content of OMC in
OMC/SBA-15 and OMC@SBA-15 components. Mg (1/74)
or the results of OMC@SBA-15 component synthesized by
impregnation method, X} (1/7)) for that of OMC/SBA-

15 component synthesized by solid state method.
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Bl H— R A BTG, T HERE 1S
2 (2) 2 5z 3 Ak RS HA R A
OMC-SBA-15 & & #HEHH OMC [T i 43 88 1 e B
[M] 34574 mol/gBl. 24 OMC i i i A 4k T
2% I}, RIS A R [ A SOz i 6 OMC/SBA-
15, OMC@SBA-15 &5 WAk SN 3 35 45 Ky 53
51k (2.394 0.44) x 107 71T (2.28+0.19) x 107 571,
2 OMC & 50 B0 T 2% I, [ A S ik i %
OMC /SBA-15 S A MR S 8 35 5 ko IR R
(6.65 4+ 0.94) x 10% s=1. AN 11 fras, WAL 3 Fh e
o A AL, B TR L 25 OMC@SBA-15 &
G b RE Y B N S 3 H B T R RNk A
OMC/SBA-15 A PR PIA™BIY B 1) 5 0 3 38
., Bl OMC@SBA-15 £ &ML OMC @ mixt
o-Ps JE 155 T 1) A7 3 DRI 1 F 35007 AH X3

& 12 4y OMC/SBA-15 Al OMC@SBA-15 &
G A RErh 22388 JiE 58 S S' 4L OMC Jit & 41
AR fL, Hrh S iRt s ki & OMC@SBA-
15 Z A PPRH IS, S, 1S Ry [EAHTR A 2 i &
OMC/SBA-15 & MPRH AL R . S 1S 1748
65 ik Faw i A8 AL, o T LARE 53 P~ By
Bt XA SO 3 % OMC/SBA-15 2 A 41K
F—BrBL, S'H 0.520 U T E 0.504. 5 —Hr
B, S'H1 0.504 B N FEE 0.499. TiXFIR BT
Bl % OMC@SBA-15 A Mk}, H—BrBt, St
0.505 2 i T 2 0.495, 55 BB, SH 0.495 %
Wi T FEZ 0.480. HH T p-Ps [ 815 0] 223 8 i 5 i
By oLk, [ B o-Ps p= A4 R & p-Ps #Y 3 4%, AL,
S ZHIH Ps B AN AH B S 1, 2 YA ¢
(). —IEBL T, I o-Ps #0 B A K A 4
HE L5 LB, W OMC/SBA-15 1 OMC
@SBA-15 R it F7 i (0 0 R R ELR A K T
A Ty RN 1. FrLA, BFARESD S S4L
HBAEAE WA B I, T 23 S8 ) D A A5 i 43 75 il
7y R AL [RAE 2

AR, OMC, CuO JH MY X i T R B
BSTE BAA FERR A SE . ANl 12 FoR, AT
2414 OMC/SBA-15, OMC@SBA-15 & & 4 ¥l
H S SEREARL, (R S FREECRE TS, Ui
Bl OMC 5 o-Ps [8] (A BLAE FI A
N TSR . o-Ps A HREAR AT BEJE B Tk 220 K
s PR B e, X T A e, BIERS o-
Ps W 235450 1 p-Ps, MG — M B IAENTREPE A

Bh, H AT B 2 2B p-Ps MR IS K.
KA p-Ps Al & 5 F 8 i 847, p-Ps (19 FHE B
Ry 22 ) JRE T DT AR I, IS B S B8
(4 k. {H )2, 7E OMC/SBA-15, OMC@SBA-15
AR, ZBLEEE OMC B $ib K, S
SRR B WD X —ZEW o-Ps FH Al
S BE (R BAIN A TE F BERGAs  Ji 1A, AR KT e 2
FALZABE KNS 10

0-521 10.510

0.51
140.507

©n 0.50 | N
10.504

0.49
10.501

0.48

. . . . . . . . ,10.498

0 1 2 3 4 5 6 7 8
OMC content/%

F 12 A[FE OMC F4r 5 OMC/SBA-15, OMC@SBA-
I E GBS S SHI B, Hb S R B Lk
il # OMC@SBA-15 & 5 B KL B i 45 21, 1M 57 o 5] AH
kil 45 OMC/SBA-15 & 4 bR B33 45 51

Fig. 12. Variation of the intensity of o-Ps lifetime S, S’
parameter with the weight content of OMC in OMC/SBA-
15 and OMC@SBA-15 components. S or the results of
OMC@SBA-15 synthesized by impregnation method, S’
for that of OMC/SBA-15 synthesized by solid state method.

4 % i

WA AERR 1 45 1A P LA bk SBA-
15 M LAHCWAAR A OMC. /M X BHRRTET . 25>
HEI7 5 E - 30 SRR N W2 S /I o A5 D 3T B 2
RSt S HASR — A bk B A P LG5, HHAP
BIFLAR 30 7.3 nm 1 3.3 nm. TE4ER ik
B, K A A2 T ik 118 ns, H5R ik 33%.
T 1F FL 38 0 45 SR % ILAE OMC A1k} AR A
FEA T A B o, HUAR 3 5 i 0 B 5 B AN
1.42%. B CuO & OMC Ji i 5k, OMC/
SBA-15, OMC@SBA-15 K CuO@SBA-15 Z &
B o-Ps i 7, MUHSREE 1, S80I T
F7 i Th K F AT 1B D AT R R AR S A
OMC, CuO *f HL - 2 AT BRI A TRk 2
RN, MK T s B sk D Ul BTG P 5 CuO,
OMC Xf Ps fF7E285 1B &0 . (R, 1F HL T i ik
MK 45 B % B OMC/SBA-15, OMC@SBA-15 &
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B 0-Ps Ffir 2 I AN R AR A . [5AH
F2 45 B OMC/SBA-15 B &4 B f o-Ps T
BOR ] W 2% AU G, H SNy 3R 0 52
(2.3940.44) x 107 571 /(6.65+£0.94) x 10° s~1 . [fjiZ 5
B 45 19 OMC@SBA-15 & CuO@SBA-15 & &
TARE SR B 3 R R AR — SR UG, RO
HRE B 2N (2.28 £0.19) x 107 s~HF1 (8.76+
0.47) x 10° s=1. Z553RH, OMC X o-Ps [RFEREN
F CuO, HIRBIH LS OMC X o-Ps FFE
TG T AR SR ¥ . R, CuO@SBA-15 &
GBI Ny MR /iR 45 2R rh LR R CuO
SECFE A ARG RO DN, 8 T A A i AR g
S WS PR AL R 1y 22 Ak 2238 19 Jre 5 3k A5 21 1Y)
S ZHON T — I HUESE TGP B CuO, OMC X
o-Ps HYEE 1ER0 .

ASCEE R R A HIC RN Ps 1YIE S T
BAETEAR AR RN 12800, R, W PR 2
— R Z LR LBR 2548 1A R E

S7% 30k
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Chemical quenching of positronium in OMC/SBA-15,
OMC@SBA-15 and CuO@SBA-15 catalysts”
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Abstract

Owing to highly ordered two-dimensional hexagonal structure, large surface area, variable pore size, high
thermal stability and especially the electron delocalization energy determined by its frame structure, SBA-15
catalysts have received more and more researchers’ attention. By using the structure-directing agent of P123
and the silicon source of TEOS, we synthesize ordered mesoporous silica SBA-15. At the same time, ordered
mesoporous carbon OMC is succefully synthesized with the template of SBA-15. The small angle X-ray
diffraction, high resolution transmission electron microscopy and N, adsorption-desorption measurements are
conducted to verify the highly ordered pore structure and relatively high specific surface area of SBA-15 and
OMC, and their average pore radius are about 7.5 nm and 3.3 nm, respectively. Positron lifetime spectrum of
SBA-15 catalyst is composed of two longer lifetimes and two shorter lifetimes: two longer lifetimes 75 and 74
are the annihilation in micropore and large pore of positronium (Ps), are 7.5 ns and 106 ns. However, there is
nearly no longer lifetime component in OMC, which indicates that there might exist the quenching or inhibiting
of positronium by carbon material. To verify this guess, we synthesize the catalysts of OMC/SBA-15,
OMC@SBA-15 and CuO@SBA-15 by the solid state reaction and the impregnation filling method. With the
increasing of OMC and CuO content, both the o-Ps lifetime 74 and its intensity I, of these three compounds
decrease. The annihilation rate of o-Ps lifetime varying with OMC and CuO content can be better fitted by one
or two straight lines, The values of reaction rate constant K in OMC/SBA-15, OMC@SBA-15 and CuO@SBA-15
are (2.394 0.44) x 107 s™' /(6.65 4+ 0.94) x 10°s™', (2.28 £ 0.19) x 107 s™', and (8.76 & 0.47) x 10° s™', respectively.
Therefore, our results indicate that there are quenching effect and inhibition effect among the carbon, the CuO
and the positronium, which lead 74 and Ijto decrease, and positronium is also a probe for detecting the pore

structure of porous material.

Keywords: positron annihilation spectrum, ordered mesoporous material, positronium, chemical quenching
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