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Fig.2 SEM images of the precursors aging at different time
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Fig.3 TEM images of the precursors aging at different time

2.1.4 CuO HJ TEM 5347

P 4 S % BT VE TR AN IR A R AR I 1] 2%
Tl CuO 1Y TEM &1, & 4 B 9K 1A R A i
il A 1 CuO RLAR KNI B I RAS KL 5 117 40K 4
BRAk 3 h &0 Tl £ B CuO RiAR 538 5) R IR
EERIE s TSRIA RS 5 h 504 F #il & 1 CuO ki ¥
PR SR A 5 AR ARBR AL 7 h 254 T il 45 /9 CuO H
THORBRAI, TR R S rh 29 K A AR

(a) 0 h;(b) 3 h;(e) 5h;(d) (e) 7h
K4 AREIFRACHE R R A DUk
#1444 CuO 19 TEM &
Fig.4 TEM images of CuO aging at different time
synthesized by direct precipitation method
Fh LR AR A R m] T, SR 1 B HE DUVE 5 9K i
YRAARRAL 3 h Z5F T il fAN K CuO AR E/INH AR
2.2 EHEEEMRETEENE Cuo LR
PR B DURE IR TSR A PRAL 3 h 2647 1l
IR CuO S PRI & K CuO,

2.2.1 XRD 9%

(&1 5 S22k FH B3 TUE 15 RN PR 10 i 15 o 4 A
KFER A XRD B, E S v LA H IR k6
IR AR RE S LE 20 i 32.5° .35, 5° . 38.7° 48.7°,
53.5°.58.3°.61.6°.66.3° ) 68. 2°4b 44547 HH I )45
TEAT G 0, HL 43 S %6 B F CuO [ (110) | (11-1) |
(111) . (20-2) . (020) . (202) . (11-3) . (31-1) F0
(220) fHHT, J& TR b B2, JCIR IR B AR A iy 25
fn B AAE B R = . S bR vE R R R B UOUE
P CuO (11-1) FhTH W B S b (111) A AT 06
5, U ELEDTTE A5 1Y CuO FE(11-1) FhEA
PEOUCECW . PR TTVETE T /Y CuO (111) i 1 1 Y]
W (11-1) &b T 5 350 W19 5 5 11 45 1) CuO 7
(111) fhm BA PR, ST EMH L, A
PEDUIE LN & ) CuO FE AL A XRD FFAF 15 BT 5 | TF
75, %M CuO MY R

* PDF No.48-1548

. . K T. .+ T bt |
0 10 20 30 40 50 60 70 80 90
20/(°)

B5  CuO BSARM X GTEATHE
Figd XRD patterns of the CuO powders

A Scherrer 2328 AT LLTTE 40 K A REE i 3 B
T T 1 2 R RS D

D =KA/(B,,,cos8) , (1)
A . K 5 Scherrer ﬁﬁ,K =0.89;A HERE X 2k
B B 0. 152 4 nmj; B, AL 3 B4 04 1Y) 2 =
ERE , WL A ;0 AT S Xt o (R A 5 A

H (1) TR B B DE L H 4 1 CuO 1y-F-
B RS R 14,2 nm, PR DTTE L ] £ /9 CuO 1Y
YRR ST 6.9 nm,
2.2.2 TEM R1E

&1 6 J22K FH B TUE I A PRE T UE 125 1l 45 1 44
K CuO 19 TEM B R, B4 L2 X 1 SAED &,
M 6 (a) At EHEDEE S 4 K CuO HERTE
WKL | S-SR Z R 25 nm, & 5 A5 0T 1 ok
RSFATHL, CuO 9K T2 th 24 i brd a ., AR P
Kl 6 (a) i I f0 SAED 83154 4 & it fa] B5
2.619 A 1.938 A F 1.491 A 43 WX 48K CuO 1Y
(11-1) ((202) FI(11-3) FhTE, 5 XRD 0 B 45 SR AH



4. % W% #% #F  Explosive Materials

5544 B2 W)

5o AEL6(b) AT LA, PR LI %l 45 79 CuO
YRR AL A BRI, SRR 28 6 nm, X 5 E 5
f B2 SR RS — 38, R CuO G4 KR /2 H
B SRR G, T EL CuO 40Kk PRI B I AT A
ks, B 6(b) f7 MR SAED EI3H5E 1k 1y
Al ] #E2. 367 A 1.710 A (1.379 A 435X CuO
fI(111) ((020) FI(11-3) AT, 5 XRD 23 B 45 R AH
o

SRs0g < ;g
(a) FLZUUER 5 (b) PRIEDIHE M
K6 BEHEDIEEMPGE I LS %
#9°K CuO B9 TEM FI SAED [
Fig.6 TEM and SAED images of the CuO nanoparticles

prepared by direct and quick precipitation methods
2.2.3 SEM &r#fr

P 7 250 5 R T P A 0 38 0 i 48 4 K CuO Y
SEM [T, TR MR BAT AR g 14 2 THIRE, Pl

A CuO HRREIE SR TARAE B AR BRI IA

a) BLHEIIVEY: ; (b) PREIYE Y
B 7 BT AR E s 45
gk CuO H SEM fI& F
Fig7  SEM images of the CuO nanoparticles prepared
by direct and quick precipitation methods
3 4k CuO ROTERLHLIE
TELHEUTVE TR Febs T B AR IR A b 35 224 7 B ] il 5 2
RS BRI /N AN K AT IR AA (R AR IS ] KK, AN
FTF HTSRAAR A 285 it AN 1] F 22 BT AT H 5 R AL []
KA, Fr ORI 21808 K KSR GOBORL ) | SR 5 7E =
TSR T BT IR, o3 A5 21 45 i R 9 oK
CuO, FERAMET  Bbe A F Tl £ 25 & B s 1R 44
KIBURE A58 o R B Ui A 25 (o A K b SR 4 |
KK,
fif PR BT B, 2R EE R 115 °C I A DLTE
7 NaOH , X B K& OH ™5 Co®* 7E SR 1 A
i, HGERE Sy o BE PR, R R AT D AR KA CuO i
¥, TR AR AE 1 /0 B CH,COOH B AT LA R b A1

il Cu(CH,CO00), + H,0 JKfi# , A ikt ml LU il 44

K CuO BRI R KR, BT LA 3 AR CuO 0RL/ N

i H oA, R, S TRETIRE AR L, DT

LA HIANK CuO 45 (R IR

4 Hig

1) SR JH B BEETORE I , R 117 9K AR B A A T3] o 8]
F CuO KR MFRAESE R AT, K AT SR AR AL 3 b
il & AR CuO KRB NI HA 5],

2) W AR UTVE I (HTARARRRAL 3 h) AP T
VEE T A YK CuO By AR AT 1, 35 74 i ] 25 5 125 Ji
oG FER Al B HARDUEE T 1Y CuO 44K
WORLT-PIRAR 298 25 nm PO DTTE 1 %5 19 CuO
YUK PR YRR Z R 6 nm, T HAMRHIA], PR
DUEE R AR CuO o TR/ A 1 5) B
AT HARALIE h A IS, T 52 B T 7E AL
A T FEGK CuO (87 L& BEA BHI T & 5
W

& £ x

[1] Singh D P, Ali N. Synthesis of TiO, and CuO nanotubes
and nanowires [ J ]. Science of Advanced Materials,
2010,2(3) :295-335.

[2] Anandana S, Yang S. Emergent methods to synthesize
and characterize semiconductor CuO nanoparticles with
various morphologies-an overview[ J]. Journal of Experi-
mental Nanoscience, 2007 ,2(1-2) :23-56.

[3] MacDonald A H. Superconductivity: copper oxides get
charged up[J]. Nature, 2001,414(22) :409-410.

[4] 206, WARSR, e, 5. YIREAEERNTYKE
st A B &5 (1], FHOBFS AR, 2003 (17) 14445,
49.

Li Guang, Feng Weijun, Li Ximeng,et al. Preparation of

nanopowder CuQ using high intensity ultrasonic field[ J].

Materials Review, 2003 (17) :44-45 ,49.

[5] Cao Guozhong. Nanostructures and nanomaterials: syn-
thesis, properties, and applications[ M]. London; Impe-
rial College Press, 2004.

(6] UEAR, XUSIE, PRI, 55, 40K CuO Bl & S XS
RDX JA 0 fif 5 vk B9 2w [ ], #E k52K, 2001, 22
(3) :254-257.

Hong Weiliang, Liu Jianhong, Chen Pei,et al. Synthesis

of nanometer-CuO powder and its effect on thermal

decomposition characteristics of RDX [ J]. Journal of

Propulsion Technology, 2001,22(3) :254-257.

(7] BMER, RFEK, BRUE, 4. CuO/CNTs il # K
X RUHE Af R 0 R 58 O ARE A AR T [ 0], K 25 2 41
2010,33(6) :83-86.

Hong Weiliang, Zhu Xiuying, Zhao Fengqi,et al. Prepa-

ration of CuO/CNTs and its combustion catalytic activity

on double-base propellant[ J]. Chinese Journal of Explo-



2015 44 H

o TRALEEFER K CuO B 22 4 ©5-

(8]

(9]

[10]

(11]

(12]

[13]

[14]

[15]

[16]

sives & Propellants, 2010,33(6) :83-86.

Song M, Park S, Alamgir ' M, et al. Nanostructured
electrodes for lithium-ion and lithium-air batteries: the
latest developments, challenges, and perspectives [ J ].
Materials Science and Engineering: R : Reports, 2011,72

(11):203-252.

Xu Linping, Sithambaram S, Zhang Yashan, et al. Novel
urchin-like CuO synthesized by a facile reflux method
with efficient olefin epoxidation catalytic performance[ J].
Chemical of Materials, 2009,21(7) ;1253-1259.

Zhou Kebin, Wang Ruipu, Xu Boging, et al. Synthe-

sis, characterization and catalytic properties of CuO

nanocrystals with various shapes [ J]. Nanotechnology,
2006,17(15) :3939-3943.

Zhang Qiaobao, Zhang Kaili, Xu Daguo, et al. CuO

nanostructures; synthesis, characterization, growth

mechanisms, fundamental properties and applications
[J]. Progress in Materials Science, 2014, 60; 208-

337.

Jiang Xuchuan, Herricks T, Xia Younan. CuO nanowires
can be synthesized by heating copper substrates in air
[J]. Nano Letters, 2002,2(12) :1333-1338.

Zhao Yan, Zhao Jingzhe, Li Yunling, et al. Room tem-

perature synthesis of 2D CuO nanoleaves in aqueous

solution[ J]. Nanotechnology, 2011,22 (11) ;:115604-

115612.

Volanti D P, Keyson D, Cavalcante L' S, et al. Synthe-

sis and characterization of CuO flower-nanostructure pro-

cessing by a domestic hydrothermal microwave [ J ].

Journal of Alloys and Compounds, 2008,459 (1-2):

537-542.

Zhu Junwu, Li Dan, Chen Haiqun, et al. Highly
dispersed CuO nanoparticles prepared by a novel quick-
precipitation method [ J ]. Materials Letters, 2004, 58
(26) :3324-3327.

Mg, HER. A UURE R B A K S A5 A B

[17]

[18]

[19]

[20]

[21]

HAEREARAELT]. AU B4R, 2001,16(6) :1207-
1210.

Li Dongmei, Xia Xi. Preparation of nanophase CuO
composite powder and its electrochemical behavior[ J].
Journal of Inorganic Materials, 2001, 16 (6) . 1207-
1210.

Kida T, Oka T, Nagano M, et al. Synthesis and applica-
tion of stable copper oxide nanoparticle suspensions for

nanoparticulate film fabrication [ J ]. Journal of the

American Ceramic Society, 2007,90(1) ;107-110.
ERE, KN, BHE, 5 RE-EEES RN
KEAMRBIOFFE[J]. A=W 504, 2010,22
(3) :328-330.
Gong Liangyu, Zhu Fenghua,

Synthesis of nano-sized CuO spheres by immersing-

Cao Yanxia, et al.

annealing technique[ J]. Chemical Research and Appli-
cation, 2010, 22(3) . 328-330.

A, e, kAL, . I % Zno |
CuO A BB T ()], PHILIT G 0 1 SR 2
W, 2000,36(4) :46-49.

Cui Ruomei, Pang Hailong, Zhang Wenli,et al. Prepa-
ration of ultrafine particles of ZnO and CuO in micro-
emulsion[ J|. Journal of Northwest Normal University;
Natural Science, 2000,36(4) :46-49.

BHRTIE, £, E3RT, . RS AT Ak
Hil& gk CuO iR [J]. DIRER K, 2003,34(6):
723-724,727.

Li Dongsheng, Wang Wenliang, Wang Yaoyu, et al.
Study on the nano-CuO powder made form the precursor
synthesized by solid state reaction at room temperature
[J]. Journal of Functional Materials, 2003,34 (6):
723-724,727.

Pelletier V, Bhattacharyya S, Knoke I, et al. Copper
azide confined inside templated carbon nanotubes[ ] ].
Advanced Functional Materials, 2010,20 ( 18) :3168-
3174.

Synthesis of CuO Nanoparticles Used to Fill Microchannels Easily

LI Minghui, HU Yan, GUO Rui, SHENG Ruiqi, YE Yinghua, WU Lizhi
School of Chemical Engineering, Nanjing University of Science and Technology (Jiangsu Nanjing, 210094 )

[ ABSTRACT]

CuO nanoparticles easily filled in microchannels were successfully prepared by means of direct precipi-

tation with copper sulfate as the starting material and sodium carbonate as the precipitant, and quick precipitation with cop-

per acetate as the starting material and sodium hydroxide as the precipitant, respectively. The crystal structure, micro mor-

phology and particle size of the samples were characterized by XRD, SEM, TEM and SAED. Results show that the micro

mo. olo and the particle size ot the samples prepare irect precipitation are attectec the aging time. e average
rphology and the particle size of th ples prepared by di precipitati ffected by the aging ti Th g

diameter of CuO nanoparticles synthesized by direct precipitation with the aging time of three hours was about 25 nm, and

that synthesized by quick precipitation was about 6 nm. Compared with direct precipitation, finer and better-distributed

CuO nanoparticles could be prepared by quick precipitation.
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microchannels fill; CuO nanoparticles; precipitation; synthesize



