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#£1 CuOEHARAY CuO/PG YK IZ AR HI & 551
Table 1

Preparation conditions of CuO/PG nanocomposites with different CuO morphologies

No. samples volume of CH,COOH / mL  heating temperature / °C

1* CuO/PG nanocomposites with flaky CuO 1 60

2# CuO/PG nanocomposites with linear CuO 0 60

3# CuO/PG nanocomposites with rod CuO 0 100

4% CuO/PG nanocomposites with spherical CuO 1 130

A BEAMA PG, LS RGNS RN S 3NN 22 N iTE2 SN IR LR TR BZS

2.3 CuOPGAPHKEEMMHIH &

B € 51 AP TSR A D i TEOK LB S 7
IYBFEE , Z 5 A CuO/PG 41K 5 & 8B (CuO/PG 44
KEAMES AP i & ok 2:98) , QR LR B BE . fF
CuO/PG 4k & A& M EHFI APIR A 5] J5 , 60 CH.ZS
T 24 h, BIF5 5] CuO/PG/AP 44K 2 Ak F .

2.4 MK FRAE

TEM 38R B H AR JEOL 28 7] 19 JEM-2100 %135 5
HL - S OB, N3 R 200 kY

0 AR 3% 5 e B (HRTEM) I3 3R JH 26 [ FEI A
Fl ) Tecnai G* F30 37 & S 1% 5 fo 7 8 608, ik
300 kV.,

SEM i 2% F H A HITACHI A 5] Y S-4800 #47
A L BB s R Rl 2~15 KV

EDS B 1S R 1k 3 & S 44 H -t SO T Al 1Y)
EDSHETGAYL , SR SiCLi) 4R M 2%

XRD M i % F far >4 PANalyrical 2% &) B9 X' Pert
Pro MPD Y X 5 £k i 514, X 5 £& 09 77 5 I5 -y CuK,
B K A=0.15406 nm, X HL o8 40 kv, U H
40 mA, KR 0.01°(20) , H i # 4 0.01°/s,
FHEVEE R 5°~80°(20) .

BET i 3 5% F] € [ Micromeritics 28 ] ASAP2020
R L 2 1 2 BT, B AR 100 °C, BRI 10 by 78
VUL =196 °CTI IS B 4 1 N TR A o 5 ik it £k, )
i Brunauer-Emmerr-Teller(BET) Jy 8 L F 1 f2

DSC il 3% % F§ METTLER TOLEDO TGA/DSC [#]
Gy B AL, 43 BT IR S 30~900 °C, T il B
20 °C-min™', B 40 mL-min™', B AL B Fg %, A
A 55 Bl 2 M o 4

3 #R5WiE

3.1 CuOHEHARH CuOPGHKESH BRI
3.1.1  AEHSR CuO By SEM 3K
R4 1 25 Al o 4 ) s N IR R R R AR AN
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1 ARFEJEHS CuO ity SEM [ i
Fig.1 SEM images of CuO with different morphologies
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B Z M CuO M # F PG L. Frlh,PG M I CuO
B A KA %2, CuO W st e b 9 4h . 5490
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PG 19 =5 [8] {57 BHL 89 52 Wi, AT 45 3 1 CuO J9KL B9
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c. 3% 4*

B2 CuOJBEHAE CuO/PG YKL A FEHY TEM P 1%
Fig.2 TEM images of CuO/PG nanocomposites with differ-

ent CuO morphologies
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Fig.3 EDS images of 1" sample
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3.1.3 CuOEH A B K CuO/PGC AKXk E & FH
XRD i

P4 & CuO/PG 94 K & & B #HY XRD it 2k 4n &1 4
fin. 41 32.8°.35.59°,38.78°.48.81°,53.52°,
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Fig.4 XRD patterns of CuO/PG nanocomposites with differ-

ent CuO morphologies
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Fig.5 BET curves of nano-CuO and CuO/PG nanocompos-
ites with different CuO morphologies
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Fig.6 Pore size distribution curves of CuO/PG nanocompos-
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£2 AEIESM YK CuO FPUF CuO/PG 9k B &4 B
L 2 T FR
Table 2

nanocomposites with different CuO morphologies

Specific surface areas of nano-CuO and CuO/PG

samples specific surface area / m?-g™'
flaky nano-CuO 44.00
linear nano-CuO 66.88
rod nano-CuO 71.84
spherical nano-CuO 97.21
1# 81.39
2# 89.25
3# 103.73
4# 115.25
AP+CuO (spherical) 3203 C
N
AP+CUO (fod) 17T
A
AP+CuO (linear) 3A27-9 c
AP+CUO (flaky) 33T
AP 3179°C 4244 °C
e A
T T T T T T T
100 200 300 400 500
temperature / °C
a. mixture of nano-CuO and AP
310.1°C
e A\
3128 C
A
W
3137 °C

2+AP A
3168 C
1+AP A
3179°C
AP A 444°C
N

100 200 300 400 500
temperature / °C

b. mixture of CuO/PG nanocomposites and AP

7 AEIES 9K CuO 5 AP R MU Fh CuO/PG 41K & & #t
kL5 AP IR AP DSC Il £k

Fig.7 DSC curves of mixture of nano-CuO and AP, and mix-

ture of CuO/PG nanocomposites and AP with different CuO

morphologies

Xt EL &l 7a FiE 7 BT LLE X6 AR T TE 55 G 94 oK
CuO FI CuO /PG HIKE G KL, CuO/PG YK 54 K}
it AP 1 1o T 3 AR TR O B R A 2, X AP VA3 A
R EAT . mE 7b AT LLE ) AP FI CuO/PG/AP
YK A RHE 244 CHH BT — S Il X
F AP iy SRR ST 7 SR B B 4R B R 1, R

CHINESE JOURNAL OF ENERGETIC MATERIALS

XU AR CuO/PG G4k 5 A5 A REXT AP 1 i 8 7 A o) 7
JLTF AW, AP & &AL (317.9 °C) fil & i
(424.4 °C) 5" A U Fl CuO/PG 94 K & A kLS
AP BIR AW ¥ O BT — A4 i i X ik B Y il
CuO/PG 4K 5 4 MR XT AP 23 it A — & (2 kA
FH AT AP (1 55 T 43 it R T 23 ik [ B 2R AT, 46 v A
M 7b HR] UL HY AMF AP 1) 55 3 43 i il #R g v, 1
T 310.1 °C, F &%, B 4"%F AP #4501 (1 4 1k
MR R, X ETHT 4 CuO ki R/, 7] DL
PG LB N4 843 A, B E & R ok, B DA AR AL
R
3.2.2 CuO/PGCHKE S BHEN AP 5 R I AL 12
S

R E 7, CuO/PG 44K & & # B XT AP #44 fift H
BB A RCR o TR R P AP A3 i s i R 3R R
ClO, 5 NH, Z [H i HL F 56 R8 1 . 7 M 1k AP $443 fif
2k R v, A U 4 T AU A 6T el T R R ) e 1Y
YER . &8 B T I, 2 {2 3k ClO, s v 7 B ik
K BRIE B W NH, R o [RIEE B PG )5 f P
AEE w05, 17153 CuO/PG A K B S M B 1 S i fiE )
HE— 2L MR, B AL R S AR

Ty — 7 T AR R Y L 2 TR S AR AR R B b
w5 LA AL PR o 76 X AP [ B ik R AT AR B R
14 B 2% TR R K, 23 7 A o 2 TS M A0, AP 43 i
T R AR R e AR o T AR ) R L (A
LA v 3 AR AR TR, A HE SR Z ) 1 £k 2 N 3E
ME It AP I # i . PG B Z 50, HH 26 i AL
KA TG PE T A £ R PG B B4 1Y S I AR
1, 15 AP 253 ik ok B A IR AL 3 AR A5 A X AP
PO it o R R B T A AR HEE F o WA BT CuO/PG 4
KA FERE AL AP B i ) JCER G 1R 8

CIO+CIO+H,0

N,0,NO,NO,

8 CuO/PGYIKE &M RHE AL AP #A43figk )5t B 4]

Fig.8 Principle diagram of the thermal decomposition of AP

catalyzed by CuO/PG nanocomposites
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PG 91K & G b BT X H 3R 47 1 3R A, HF5E 1T H X AP
o R RE RS2 A 8] T LR 4598 .

(1)1%.2% 3*F0 4*PU Fl CuO /PG 44k & & 41 k)
XY IR AR IR CBRAR G4 K CuO - SR AR 43 3]
255799 nmXx136 nm.171 nmx307 nm.12 nmX7 nm
A4 nm.,

(2) 544k CuOHi kL , CuOTE M ) CuO/PG 4l
KEAM BRI K, 17,27 37 4" B CuO/PG
gk G A AR R w4 0y 81.39 mte gy
89.25 m’+g™".103.73 m*-g” M 115.25 m*- g,

(3)CuO FEH A TR 19 CuO/PG 4 K & 4 1 k24 %t
AP 3 A B R 0 i AL RIOCR  Herh 47X AP A i A
AR J bf L A1 AP 1Y = IR 0 i i B I IR R B R
310.1 °C.
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Preparation of CuO/PG Nanocomposites and Their Effect on the Catalytic Decomposition Performance of AP

DONG Hao-xue, LI Guo-ping, ZHANG Chen-hui, LUO Yun-jun
(School of Materials and Science, Beijing Institute of Technology , Beijing100081)

Abstract: To improve the catalytic effect of nano-CuO, the CuO/PG nanocomposites of CuO morphology as flakes, lines, rods
and spheres were prepared by complex precipitation method using porous graphene (PG) as carrier. The effect of CuO/PG nano-
composites on the thermal decomposition of ammonium perchlorate (AP) was investigated by DSC and its catalytic mechanism
was analyzed. Results show that compared with the nano-CuO with the same morphology, the CuO/PG nanocomposites have
larger specific surface area and better catalytic effect on the thermal decomposition of AP. Among four kinds of CuO/PG nano-
composites, the spherical copper oxide has the smallest particle size, about 4 nm and the specific surface area of the composite
is the largest, about 115.25 m*-g™". Therefore, it has the most active catalytic sites and the best catalytic effect on the thermal de-
composition of AP, so that the high temperature exothermic decomposition peak temperature of AP decreases to 310.1 °C.

Key words: porous graphene; complex precipitation method; CuO /PG nanocomposites; ammonium perchlorate; catalysis;
decomposition
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