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2.1 EMPELENEE

JERE AL . 68 % W fiF R L Bk R U B (23 AT 4, TR FH T
BT ) 5 =K PR AR - e B AR TR R B (23 A
o, R aa el ) 5 AR (CNTs, Y|
AR UEA PR T]) 5 WA AR (20 M7 4, T BH 7 e 27 1K
FITT) 5 Tk e PR () 45 610 °C, K i% 4 4E [ P
KRARAT) ; BIEHER (d,=6 pm, iELHETHE=
98% , & MHE R I A RA W) o

LHA R RU-IV B X SR AT X (XRD, H A< B
¥ H) 5 Tecnai G2 i B i 7 B UEE (TEM, fif 227K
A2 H) 5 SDT-Q600 [f] 4 #47p Hr {X (DSC-TG, £ [
TA 7)) 5 Al DLYEAS I A% (P8 BH B TR 24 il i) o
2.2 AHMHE
2.2.1 BRAAKREHTLE

PRI 4 g CNTs jit A = U5 v, i AR AL
103U BRI IR I 160 mL, £E i A I3 e pL
OrEL 2 h AT A A B G 8 P E A, 80 TR AT
o R RR AN OKAE Al fh Ak B, 7 Bk 299 K A 3 1 5] A KR
KEREH, WAL (—OH) 2k (—COOH) 4%, —TJ5
T T AR w8 Bl 20 0K A 8 K P L 5 — T TR RE A8 TR ik
N KA IR 2 T TG 49 o L 2 T 97 2 4 oK S AL B 1Y RE
He
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2.2.2 CuO/CNTs @K ESH FHIH &

b I8 [0 Y OVE i i #5 CuO/CNTs e fE 20 .
FREL 6.039 g —/KAHERE A1 5.932 g ik R = &% , 77 %l
T 60 mL ZEAR K b, SRS FE Y R I WP A
0.02 g+ Zhe F A BB AN A 1 g CNTs, 7 73 B
10 minJg ] A 250 mL =#igeiE+, LA 1000 r - min™
T G SR B, T AR W S B L 1 miL - min”! B BE
Ik R 2 B S W 60 min, 2 B IR PRV L TR 1R OR
{8, CuO/CNTs fpfk . 25 805 bk 5050 i f& JE A
— 3, HORAE SR i B A I AR AR, B Ik mT R4
YK AL R R
2.3 MANRZHEF KSR E RN

AT BRI AT 9.2 g m s R 5 558 — 0T
RAEY MG #2321 iR almA 0.8 g M48 K H ik
B R AIKAE . CuO-CNTs 44 KR A 4 . CuO/CNTs 4
KA RA B ARG 5] Ja R ie 0y, 45 FK
BT g BE SRR AR G A 2238 H Ak, AT DL S A 2%
(552 56 WP A o O JR AR I ) I L R R B . I A%
PF: MECEE S 1 m, BESBICRTE VOB AT B RE A it R
(K ff 60°, AHAB W 1 K 43 3 2 cm) 26 25 K R
5 cm, @K 0.5 cm FFHCREE T AR

3 GRS

3.1 TEM R1E

K1 k4 K8 5 CuO/CNTs 9K &5 k1 1Y
TEM &, IWET F W K E SR L) 50 nm, KT
BOROGH HAFTEFR 3 B bE , B RE AR TE AT L. A
CuO/CNTs ) TEM 7] 15 i & 3 CuO ki1 5] 1 2%
TETR YN K A A EE , CuO Yikbi 7250 8 ~10 nm,

b. CuO/CNTs

a. CNTs
1 CNTs 5 CuO/CNTs () TEM
Fig.1 TEM images of CNTs and CuO/CNTs

3.2 XRD RfE
XK A AR L CuO/CNTs 347 XRD 43
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Br R 280k . TAEHFE 40 KV, HLJE 40 mA, 14
JWHEZ 15 ~80°, F 4 # i Jy 15° - min™' SR JH Cu #8
K, %57 (A =1.54056 A) st i<k 0Isl 2.,

CuO/CNTs

T - T T T T 7T — T T 1
20 30 40 50 60 70 80
201(°)

B2 CuO.CNTsfl CuO/CNTs fy XRD i [
Fig.2 XRD patterns of CuO, CNTs and CuO/CNTs

B2 A] 0L, a8 gk S 5 A 0 AL TE 20 S
32.740°,35. 740°,38. 920°,49. 100°,53. 640°,58. 520°,
61.720°,66. 579°,68. 259°,75. 340° &b HY B A7 4 I |, X
10 /N7 5 W 5% 1 1) &t 1T 48 2043 0 2 (110) L (002) |
(111) . (202) ., (020),(202), (113).(311),
(220) . (004 ) , ixX 5 % Ak i /) b5 #E 35 B (JCPDS65 —
2309) — E(, CNTs By FEAE 1§ 7E 20 fy 26. 460° 4b
(002) T 177 4 W6 1 44. 360° 40 (0071 ) i T8 17 5 0% .
Yk Ak F CuO/CNTs 7 20=26. 500° kb H i 7 54
PR AT ST U, T30 1] 77 ) o Bl A KA ) A B IR S5 A AT AF
15 7E 20 {4 35.660°,38.800°,49.000°,53.780°,
58.339°,61.860°,66.541°,68.360°4b H Bl 8 44 4k
i (A S 0, 10D A A 1 7 ) & CuO/CNTs (1 52 4 i
o HHRAR D =0.891/(Bcosh) , 15345 3 25 8 51
ISR A CuO Sk K/NR 12.3 nm,CNTs 52.3nm,
CuO/CNTs 61.1 nm( 1z CuO kel 8.8 nm) .
3.3 TG ##t

Wi7E T CuO/CNTs By itk ae , X262 . &
SAS T 100 mL - min”' FHE R 10°C - min™' #
KRBT, AE5RAE 3 Fis .

K 3 F0,CuO/CNTs £ 388.139 CIh5 4 &,
#) 530.29 CHIR KL 70% (M E &, i 5 Bic 7 H ik
30% 1 CuO, AT UL, il % ) CuO/CNTs 4k & & KL
FH,CuO EH AN 30% ,

3.4 BAHBMAMENEE

Fie 2.3 IR 1 IR A% 1R E AT S R K 2 kO

SR RE NI, 25 SR DL 10 K 2 RO A R AR
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B 3 CuO/CNTs [yl 4k 5 fih 4
Fig.3 TG curve of CuO/CNTs

N1 A5 M A [ 44 K B o o e SR B 0
25 % O 9 BE R R W I . CuO/CNTs > CNTs >
CuO-CNTs>CuO, FLJ7 4 B & 658 L T4 ] %
— B R E T 1 R 2, Sy 3 ML, B 4 KOk
SRIEHRE T 11.2% o TEAHR SIS S50 T, R R B 4
3 SN ) 5 v SR B RN AR R Y S e B 5 b B BE AR
Gy K, X AT R SRR A K A Ak AL
CuO-CNTsZ KR &4 .CuO /CNTs4 K & 4 ki 77

R NG PP &) Wil iy &) 4

X SR P B A SR LR A A G OO 1 aR
A A B AR AR AN AR R T IE R, B —
AR R Ty 3R XE L3S 20 23 B, AN RE U 03 S 45 LA A
P, BT AR SR e/ o BETT 2 R 9 OK A R — 4
UK MRE, I sp® Je Al My (i m] LAY 36 5 RE T 30
AT s Sz i AR R T B RS AL S £ R b
Ao P A i A RO TS N AE S T R B B A A AL
YERISE i w] LKA S, T 00 -5 BC 5, B ABRE O 2 119
KICRE R TRCOT 1o BET7 3 o 0 %01, R )
IR 57 A A K AT A1tk 4 K A 7 o A AR (EL 9 K R
TA 2y AT 2R, — 35 0 HE AL T X LA 58 43 k4, OF HLT IR )
B KA S BELEIC O 2 4, B DUR OGS AR TR T 2,
He TR 1. BET7 4, 90K 5 S AL 2 2
FRT R, — N ZE GORL TR T AR G R R R e
G PRHEAALE 5 53— T3 1, Al B AN K A8 Ak 4 RE 1 9
R 2 S50 K25 B4 5 TR e 5
G KA CuO HRRGUKE 3 ALt DO 7= 25 B 58
14 IE P R HE AL RO ™, B 4 rp AN [R] T 7 48R 58 K Bk R TE
ARMKRMBIESE T X — 4518 . ME I ZIET7 4 1AL
KERER BB, 55, U WA BE 7 4 WA BRI 20, A b it 12
By KERFR T B R, I DA e S 58 JE i 5t , A G A
P B R LB AN RS e i — P WF S 2

Table 1 Luminous intensity of the different pyrotechnics composites
No. compositions mass ratio/% OB luminous intensity /cd
1 CuO-Al-KCIO, 8/32/60 +0.0160 2880.012
2 CNTs-Al-KCIO, 8/32/60 -0.2133 3503.037
3 CuO-CNTs -Al-KCIO, 2.4/5.6/32/60 —0.1445 3323.239
4 CuO/CNTs-Al-KCIO, 2.4/5.6/32/60 —0.1445 3695.382

a. No.2 b. No.3 c. No.4
B4 R[5 R s R
Fig.4 Combustion effect of different samples
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1 .CuO/CNTs 9K 5 Ak X i U R 1 2L A 5 20 1Y
HEAAE AT G

(3) AN 290 2K B iy of v IR P 6 AR o 245 & Dl i
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Preparation of Nano-CuO /CNTs Composite and its Effect on Luminous Intensity of Pyrotechnics Composites

Containing KCIO,

BA Shu-hong, YAN Ming-hui, ZHOU Long, CHENG Xiu-lian, WANG Gui-ping, WAN Xin-guo , DU Xue-feng
(School of Equipment Engineering, Shenyang Ligong University, Shenyang 110159, China)

Abstract: To evaluate the effects of different additive on the luminous intensity of pyrotechnics composites containing KCIO, and Al
powder, the nano-CuO/CNTs composite particles were prepared by a boiling reflux precipitation method. Their structures and
performance were characterized by transmission electron microscope ( TEM), X-raydiffraction (XRD) and simultaneous DSC-TG
apparatus( DSC-TG). The luminous intensity of pyrotechnics formula with different additive was tested. Results show that the CuO
particles can be loaded on the surface of CNTs, and the average diameter of CuO/CNTs is 61.1 nm, and the size of loaded copper
oxide particles is 8.8 nm, and its loading capacity is 30%. The luminous intensity of composite formulation containing nano-CuO/
CNTs, Al and KCIO, is better than that of the other ones containing single additive. Compared to the same mass ratio mechanical
mixture formula containing CNTs, CuO, Al and KCIO,, the luminous intensity of composite formulation containing nano-CuO/CNTs
composite, Al and KCIO, is increased by 11.2% , indicating that the CuO/CNTs composite particles has stronger positive synergis-
tic catalytic effect.

Key words: physical chemistry; pyrotechnics composites; nano-CuO/CNTs composite particles; catalytic effect; luminous intensity
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