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Preparation and Size Control of Spherical Cuprous Oxide
Particles by Reducing Cupric Dioxide with Glucose

WANG Yue-Jun ZHOU Kang-Gen™ JIANG Zhi-Gang
(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Monodispersed spherical Cu,0 particles were prepared by reducing Cu(OH), with glucose. The products
were characterized by XRD, SEM and Smileview software. It has been found when the reaction temperature and
glucose concentration rose, the mean grain diameter of Cu,0 was enlarged, and when NaOH concentration
decreased, the mean grain diameter of Cu,0 was reduced. The final particle density n,” was in liner relationship
with the initial reaction rate controlling factors. The effects of reaction temperature and reactant concentrations on
particle diameter of Cu,O powder were investigated and the mechanism of size control is discussed on basic

theory of crystal nucleation and growth.
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Fig.1 Typical XRD pattern of Cu,0 powder prepared

in the experiments
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Fig.2 SEM and particle size distribution images of Cu,0 particles prepared at different reaction temperature
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Table 1 Diameters of Cu,O particles prepared at different reaction temperature

Cu,0 particles Temperature / °C Mean Diameter / pm Number of particles Final particle density / m™
a 40 3.11 1.51x10" 2.52x10"
b 50 2.08 5.06x10" 8.43x10"
c 60 1.83 7.43x10" 1.23x10"
d 70 1.74 8.64x10" 1.44x10"
e 80 1.60 1.11x10" 1.85x10"
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Fig.3 SEM and particle size distribution images of Cu,O particles prepared at different glucose concentration
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Table 2 Diameters of Cu,O particles prepared at different glucose concentration

Cu,0 particles Concentration of glucose / (mol-L™)

Mean diameter / pm

Number of particles Final particle density / (1-m™)

a 1.00 1.61 1.09x10" 1.82x10"
b 1.25 1.06 3.82x10" 6.37x10"
c 1.50 0.79 9.24x10" 1.54x10"
d 2.00 0.67 1.51x10" 2.52x10"
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Fig.4 SEM and particle size distribution images of Cu,O particles prepared at different NaOH concentration
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Table 3 Diameters of Cu,O particles prepared at different NaOH concentration

Cu,0 particles Concentration of NaOH / (mol- L™

Mean Diameter / pm

Number of particles Final particle density / m™

a 2.50
b 3.13
c 3.75

1.61 1.09x10" 1.82x10"
2.08 5.06x10" 8.43x10"
3.27 1.30x10" 2.17x10"

3 STt

3.1 HESH

A R ORI SR B — R DL SOREL R
55 A URE B E LR LY 7E TRORE Ak 2 3 ] A%
Cu0 B BTG A AL H Yoe T e &R g H | &40
iR A K FE A0 Weimarn 12 WU 209N A 5 4% B B 1)
BUAZ R 5 AR KR RN TR R P
L R KL H 5 AT AR URR AR (RS B A 4 A%
B B A% 25 5 A% AR K S IURE KL AR KN
i) 4 28 1 G AR . SugimotoP17E 1% 46 fi A4 2F K i 1Y
FEAh b HES T 0 BURLRL B ] OC R 2

FRAE Sugimoto FYHES: | iz 3 2R J 5 i BT iy it
BB Oy FAEITFER,

J=Q0V o/, (3-1)

B ) 455 IR (1 i ¢ b AR ABURL % B R Uk
I

n.==Q0V /v, 3-2)
KE-1)5@-2)H,J B I R R
A (s, Qy A U 7 T Ak 4 R
(kmol - m=+s™"), 7E [f] — 44 5 (4 56487 (19 UAZ 3, Q, 7T 9
AR IR TE E W5V, R b A EE JRAR AR (m? - kmol )5
Vo N BAZ ] ) 5 R AR R () ;0= Ol B 6 b AR
URLE B (™), v, R A% B A% 1 AR BT 38 A Kk
F(m*s™), HRXGE-1)5XE-2)n 5, ZH# R ] 5 Q,
JIE P R AR L n 2 WS Q IIE L H S v,
BUR L

MHR P8 Weimarn 2 0] | i A% 09 74 FRLAE K R m]
HI R

DA(c—c)

YT s
K (3-3)T v 2 f % R B AR K 3 28 (kmol -s7'); D J2
PHREGA EMZHRER (n?);6 /& B Ay
B2 0 JEEBE (m) ¢ R ¢, 43 ) A B 1) 52 B v 2 R
fi#% BE (kmol - m~), AR (3-3) T 1, A% IR B AR K
S DLt R B (c—c ) R B R R 1Y | IR B 5 35 o A
RPN B AR R,

(3-3)

i g — P PR R K e S S AR R p
il 5 1 AR A S 58 36 UE 22 Sugimoto 15 H ¥ BT
R A Q) KAEARMET | A% R ] S AH R K A AR
b, 20(3-3) i b A A AR B KK Bl TR 3R (e —c)
H 7 A AR E 1, BT LAl A 1 A RSP A K
v ANEBEE Qo MR AR T R A28 4K Q0 5 v A8 FAH
ST, AESER Qo T AE A R 7 P I R
A AR P AR AT P T 0, EEZ B R P
TR et ResZm LT AR AR B O RE AR
RS o FEARREA R 3-2 AT I
n= 5 Q) BEMERR,
32 AXWHEEEZRSH

ARG, A A R Cu(OH), 2E B Cu,0 113&
B o3 R 3 S Ak2E RNt A (1) Cu(OH), % % A
Cu®;(2) Cu® ¢ # A M 38 J5L % Cu*;(3) Cu*5 OH-J2
B A U2 T ) Cu,0, HH AR R 0 IR 8% =
AT Cut A 25 3 AR Cu,0 45 i 72 19 7
JoE A BE25 T, A S50 T 2 4% 1Y) TR 3R X R I 3
UV T 47 HC 1 R 1) 52 WD RE 43 551 208 A 3 Cur i L
TR 0y F Cu,0 MR FUE 324 K H0R o, TR
M f5e 2 JURE 56 BE L OREAN 3K n DA Cu,0 UKL 1Y
KR

(1) N3 B B Cu(OH), MO i R Cu Y
W R DL R Cut R R P i 3 HIGH i 0, 5
v Jif i B2 B T e ] I G ELR B X Cut A HIGE
SRR S ) 38 H LU X SR SR R A )N | Q) 1 1Y BT
KT v, FTLL, BEE BN R 32 |, 44 2 b B0k 2%
BE n R UKL o B0, BT AR 779 Cu0 (4L
W

(2) Fifi 2 ] 2 Bl Tk 32 0 185 K, Cu B 3 R 2
PR, Cur i HEZ 3 Q) BT 5 U B IR 2R 10 G 2 [ B 484
K, TS T Cut e R T O 2 v 3,
SRR R T R A ORL S B 0, HEK P Cu0 1Y
IR YN

(3) WEE D AU R R, KR pH (IS K
H A — R E T Cu(OH), 13 B B H 4L, pH H
(4 T RIS T U B Cu VR BB, DT i Cu+ 40 T 2



12 W SR v TR )8

TR 5SS B A 5 SRR 46 A S B HORE JEE 47 Al WF

2411

i AR G Cur 2 R Q, B, 5 Rl pH
ETF R T Cu0 MR R IEAL, TR T
Culi] A% R T I HLUTVE 0 K X HE | B SR
Pl BE ) T | MR 2 b B BORLE B = BN 7

Y Cu,O TR A A AR 1 K

W AR S 6 45 5% ) DR 3R A A 5 0T R 1) e 4 AR
B ne TS SR NE S s BLE TR
KUk 4 Fin,

1w T B ©
a < c
254
~ 15 151
7 . 7 204 T
g . g g
S 10 SR ’ ERU
8\4- ’ 8\+ 101 8\+
] ) < s 5
- 5 1
0 T T T T T 0 T T T T 0 T T T
30 40 50 60 70 80 90 0.0 0.5 1.0 1.5 2.0 2.5 2.0 2.5 3.0 3.5 4.0
Temperature / 'C Concentration of glucose / (mol-L™) Concentration of NaOH / (mol-L™)
(a) T-n.”; (b) Glucose-n.”; (c) NaOH-n,”
F5  #5mER S R WOR L n,” IR IERLS
Fig.5 Linear relationship between influence factors and n,”
R4 BXMERSREFTNEE - WEEXRUS
Table 4 Fitting of linear relationship between influence factors and n.”
Influence Factors Fitting Equations k R’
Temperature y=3.79x10"x-1.15x10" 4x10" 0.972 8
Glucose Concentration y=2.4x10"x-2.24x10" 2x10" 0.984 9
NaOH Concentration y=—1.28x10"x+4.97x10" -10" 0.984 4
H 52 50 45 52 W) DR 3R A8 A 9 00 7 1) e U4 R R 0 8 A X S TR A A R R S KT 0 A A T

JE n ARG S5 R AT LA ) ALk n 5
I B2 S AR e R S5 0 e S T R A D R
KR, G R P U] T ARSI Pl S
O 90 A5 T A R ) 78 A K S I S 4 ) I8 R
TR HCME BE AR s S TR AR R ST BT e
AT, P AR SEE R ] Cur i 4n R Q) X Sz
FAF B EACECN BUR, T Cu0 A% B X R AR
KR p WAL/ T Qp, % n,” SRR
AR RIER R

4 & B

FHA %) B IR J5 Cu(OH), il #5158 2] 1 kL AR T 45 |
B RIFIERIE Cu,0 AR . FEEHFLR T RN
JE | HEIAES NaOH (18 FEXT Cu,0 kLR £2
R A ISR B S W A NS SRt/ R DS
R, 4500 .

(1) Fifi & S 07 Uk B2 B o AW M B 0 T, IR R
LRI E > SORIECE n 350, PR UPRAR R
K B % NaOH A B0k B2 1 38 K | 5 2 0k %5 3
n SERECE n W PR R K

(2) TEADIFE T, A 5250 rp i B 5 SN 80m

PERE RS2 IR | 4% o AR AL /N T Qy, B A WURL %
= SHEEMANRNEUEHLRR,

(3) 2 i X 5 PN R G e A UKL T e AL
FORFRIAT MY WA SRR Pl R oR R S
AR ME R Cu,0 BURKLAR JEAT BUIN , A7 B T
Cuw,O MURL T 7 1o 7 R AR A2

SE k.

[1] Akimoto K, Ishizuka S, Yanagita M, et al. Solar Energy, 2006,
80(6):715-722

[2] Nian J N, Hu C C, Teng H S. Int. J. Hydrogen Energy, 2008,
33(12):2897-2903

[3] Kakuta S, Abe T K. Solid State Sci., 2009,11(8):1465-1469

[4] YAN Li-Li(IF) B Bl), WANG Yan(E#), XIONG Liang-Bin

(f& R t), et al. Chinese J. Inorg. Chem. (Wuji Huaxue

Xuebao), 2009,25(11):1960-1964

SHANG Tong-Ming (1 i W), GUAN Ming-Yun (X W =),

SUN Jian-Hua(#h #48), et al. Chinese J. Inorg. Chem.(Wuji

Huaxue Xuebao), 2010,26(7):1294-1298

[6] HU Min-Yi(W1 8 2), XU Rui(#& #t), WANG Chong-Guo(E
£ [E), et al. J Funct. Mater. (Gongneng Cailiao), 2007,38

[5]



2412 M

i

#

E ¢

%
¥

(10):1577-1579

[7] ZHANG Wei(5KH%), XU Xiao-Qing(¥F /M), GUO Cheng-Yu
(58K HE), et al. J Qinhai Normal Univ. (Qinghai Shifan
Daxue Xuebao), 2004(3):53-56

[8] BAI Zhen-Hai(#1#% %), LUO Bin-Hui(% £ #), JIN Xiao-
Hong (42 B¢ ). Powder Metall. Mater. Sci. Engi. (Fenmo
Yejin Cailiao Kexue Yu Gongcheng), 2001,6(4):28-29

[9] LI Xiao-Qin(Z B #), FANG Tao(77 %), LUO Yong-Song(%¥
JKHYY, et al. Chemistry (Huaxue Tongbao), 2006,69(4):290-
293

[10]Yang H M, Ouyang J, Tang A D, et al. Mater. Res. Bull.,
2006,41(7):1310-1318

[11]Zhang X J, Cui Z L. Mater. Sci. Eng. B, 2009,162(2):82-86

[12]Liang Z H, Zhu Y J. Mater. Lett., 2005,59(19/20):2423-2425

[13]ZHAO Hua-Tao(& % %), WANG Dong(EH), ZHANG Lan-
Yue (5K H %), et al. Chinese J. Inorg. Chem.(Wuji Huaxue
Xuebao), 2009,25(1):142-146

[14]Cao Y, Wang Y J, Zhou K G, et al. Trans. Nonferrous Met.
Soc. China, 2009,20(1):216-221

[15)JIANG Zhi-Gang(# & MI), WANG Yue-Jun(ZE & &), ZHOU
Kang-Gen(Ji € #R). Develop. Appl. Mater.(Cailiao Kaifa Yu

Yingyong), 2010(6):17-

[16]Wu Z C, Shao M W, Zhang W, et al. J. Cryst. Growth, 2004,
260(3/4):490-493

[17]ZHAT Mu-Heng(# 554 ), ZHANG Wen-Min(5K 3CH0), ZHEN
Wei-Wei(X8 15 80, et al. Chem. World(Huaxue Shijie), 2000
(12):632-634

[18]ZHANG Wei(3k)H), GUO You-Jing(3841#), FAN Yan-Qing
(JEHETF), et al. J. Yunnan Univ.(Yunnan Daxue Xuebao),
2005,27(3):136-139

[19]JHUO Jian-Zhen (% #4%), WEI Ming-Zhen (%L 8 £1), WEN
Shu-Lin(l B #K). Inorg. Chem. Ind.(Wujiyan Gongye), 2007,
39(7):30-35

[20]ZHOU Zu-Kang(JA#H5E), GU Ti-Ren(J 1% A ), MA Ji-Ming
(B Z25). Fundamentals of Colloidal Chemistry(B AR 5 3
#4). Beijing: Peking University Press, 1989.

[21]Sugimoto T. Monodispersed Particles. Amsterdam: Elsevier
Science B.V., 2001.

[22]Sugimoto T, Shiba F, Sekiguchi T, et al. Colloids Surfaces
A: Physicochem. Eng. Aspects, 2000,164:183-203

[23]Sugimoto T, Shiba F. Colloids Surfaces A: Physicochem.
Eng. Aspects, 2000,164:205-215



