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# E. H% 4 FE-20000(PEG-20000), ¥ Z —W—20000/F bt ], LA Zn(OH), 2 H1 Zn(NH3),2*
SORTHRAA, 75 200 CIRIKIGME T RV 4 h, S8k, TS, 193] ZnO Fumk k. P9 A4 B3 X HEATH X
(XRDYEATYIAA AT F1HE B BABE (SEM)RLE ST fL 7 BABHTEM)WI ZnO FESRFIR/DN. GEREW, A=y
JETIST7 A, & KB B T A ) ZnO TRAREE G A, ZH B A5 40 (9 B T A R ) S A8 o K A R R4
BIREAFIES. 0.5~4.0 pm ST HIH %, ZnO S5 A RAAEI ] R4, i H A i R s, A K
HR 1) g ¢ BIE 1), 4% B0 i DL —RE R B it o s S Sl 2K [E) OB K BRI 4 R A B SR AT B & B A BT — E 2
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1 W&

FURT, P BRI A e 1% 2L
R RRLRT MBS 6. B ZnO J&—FhiL s
K ALK B R DO RETCHL™ i, & BT AR TR
BT LA R AP B, anJosE MR R POt
Fera s WSO SR AN RE DA%, ARG aiE . R/
ATES AT FERB AL B % R PERE ZnO #RHIES — 2D,
MNATER A 2 BT i s R R TE S i ZnO, Wl
VR AR S B A, A AR
ANARRL BRIRL BERIR. BHIR. BARE S FIES
ZnO Wi, Sl JLAE, AATIITA6TE B0 B SR AR AR IR il 45
R Tr kS % TS Z 5 IR ZnO B, il
F TR EAT KGRI, PG RABERETY o
EOA, KRR A ATE AR IR A E R RS A K
A ARTES KANEDG RN, Sikselr. POk W
AU, AL LI O E N, FIHELRL =
WEAE K PR IGE R IE AI AL, P2 HER ZnO A A4
Ko, HAT AR SCHRARIE. 2T Zn(NHa),™ A i K44
Hl# AR ZnO. I ARG AR AR I, T
Pl TRiAR 0.5~4.0 um. JESIAEIERAELEE,
SPELF, X ZnO FITESRERT T TAE RAZH M.

2.1 SN RAHE
235104 5 F1 10 mol/L ) NaOH %5 0.5 mol/L [

Ig¥5 BHA: 2005-06-07, f&E HHEH: 2005-10-13
EEWHE: HxAREBEEEE I H @' : 50174015)

XEHS: 1009-606X(2006)02—-0215-04

Zn(AC), WS ABUR S, AR AR Zn(OH),>
WOKAA. RS /KCK 0.5 mol/L ) Zn(AC), i %
pH=14, 3% Zn(NHa),*" Fi 914

Fri 1 g PEG-20000 %1 4 mL /K1, Fe4rid
W, FEIINFIAR AL 752 A NN 0.4 mL PRk,
AR, TR INFIAR B.

¥ 5 mL Zn(OH), 5% Zn(NH,), > Hi 3K 44 5 55 mL 7%
KRS, RIGHIRINAMAR, 78 EA G 100
mL RV MR AT, 75 200°C /Y 4 h )5,
HARVA B == R 2R e K Sl 280K %
WP IG, 90 CHLE FEZAE T 4 h, &5138] ZnO fil
A .

LL'5 mol/L i) NaOH % 5 0.5 mol/L f#] Zn(AC),
WHOR A, A Zn(OH)  RTIRAAE, TR TR A4 &
A, RINVSEEE SR FER A BL 5 mol/L )
NaOH ¥ 5 0.5 mol/L (1) Zn(AC), Wil A, &
Zn(OH),” ATIRAR, FEIRABRINFIAR B, &N 5EH)H 13
=Y FER Ag; B 10 mol/L 1) NaOH ¥ 0.5
mol/L ] Zn(AC), i &, #1#% Zn(OH)” FT g4k,
MR IR R B, V565 545 207~ 0 R Ass
JHIE /KK 0.5 mol/L (1) Zn(AC), M 4 pH 14, %
Zn(NHa) 2 T 944, A INFAR B, RIVIEHEE
13BN = A Ay
2.2 SN SRIE

ZnO TR AR ] H A 3 2% DIMAX-RB 4 [13) X
SHERATHHSOEAT YA 0T, 1ER Cu Ko #ESF. HHA
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SSX-550 14 Hi 7 MBI (SEM). 7% PHILIS EM 420
F ST BB (TEM)BLIN ZnO FEZATK /N,

3 HR5iW®

3.1 F{LEERY XRD 247
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Fig.1 XRD patterns of ZnO synthesized under
different conditions

Sample A3
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TR R AR, TSI HARBE, ZnO AR R II &5
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3.2 S 1L5ERY SEM F0 TEM 2 4F

200°C F, Zn(OH),” 7E/K¥ 75 PEG-20000 14 %
M 4 h, 733 0.5~1.0 pm MITEIR ZnO #ESL ALKl
2(a)]. HHE 2(b)i) TEM Ef§FE h, {64k ZnO 150k 2
B, SURMANIM, 5 XRD 418, RahAK
Bk ¢ fnEm. B 2(b)@as, BRIk SIRE, TR
EWPIR. AL PEG-20000 #7300 0.4 mL ¥R
fi, 193] 1.0~2.5 um ALK ZnO FEi Ay, ZnO T
I3 KR W R S AAEHER[E 2(c)]. 7F PEG—-20000 5 FF
R EIVERTR, ZnO R IR 20 B LEAE S A R
JE [ 2(c),(d)]. LA_EMFF ZnO i 5 Zhang 25 K Gao
2G0VR Wang 5125145 (1 ZnO AL, FEdh Ay S50
EEFRSAFIIARIR ZnO R/, ERER A R LE B
R SCERIRIE IR ZnO /. B AT IR A& Zn(OH),2 11
BB 5 H 5 mol/L 250 10 mol/L,  Fh 4:R bk 2B K
RE S i, ARAF SN, NIk 3~4 um[ & 2(e)]. K 2(f)
(1] TEM EG2oR, 4Rkt ZnO i (R i A 2,
HARAN, KA. #5700 Zn(NH,), 2 A AT IRAR, 5
I REANRE AR, K/NAE 2~3 um 2[RI 2(g), (h)].
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Sample A4

2 1eIk ZnO fEANF W A AF R I M A E S SEM A1 TEM 1815
Fig.2 SEM and TEM images of ZnO nanocrystals synthesized under different conditions
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Bl 3 B A W 1.5 h (f 8L A5 SEM KR
Fig.3 SEM image of typical morphology of sample A,
(reacting 1.5 h)
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LR ZnO, L fh 0k BRI . R4 BURSEAN )
JES.

(2) ZnO HEE A FH Y © Fl1 1 1) A= K 1D S0 A 20
B it DA bR B 0 D R R AR KO IR

S XL

[1]1Li Z Q, Xu X L, Yang Z Z, et al. Investigation on the Preparation of
Nanometer Sized ZnO with Special Morphology and Their
UV-absorbing Properties [J]. Guangzhou Chemical, 1998, 3: 37-44.

[21 XT3, wmiaTh, HERER, 4. W TRBUES B B S IA
EEK S5 RR R [9]. k244N, 2000, 11: 46-48.

[3] Wang Z, Qian X F, Yin J. Aqueous Solution Fabrication of
Large-scale Arrayed Obelisk-like Zinc Oxide Nanorods with High
Efficiency [J]. J. Solid State Chem., 2004, 177: 2144-2149.

[4] Zheng C, Zhi W S, Shou X, et al. A Novel and Simple Growth Route
towards Ultra-fine ZnO Nanowires [J]. J. Cryst. Growth, 2004, 265:
482-486.

[5] Pan Z W, Dai Z R. Nanobels of Semiconducting Oxides [J]. Science,
2001, 291(5510): 1947-1949.

[6] Dai Y, Zhang Y. Structure and Mechanism of High-quality
Tetrapod-like ZnO Whiskers [J]. J. Univ. Sci. Technol. Beijing, 2002,
24(2): 200-202.

[7] Zhang J, Sun L D, Yin J L. Control of ZnO Morphology via a Simple
Solution Route [J]. Chem. Mater., 2002, 14: 4172-4177.

[8] BEIRE. WALEEFT n(OH)/n@Zn®"%t 44k B SR 52 m [J]. K4
1k T, 2005, 22(4): 253-255.

[9] Gao X D, Li X M, Yu W D. Synthesis and Characterization of
Flowerlike ZnO Nanostructures via an Ethylenediamine-meditated
Solution Route [J]. J. Solid State Chem., 2005, 178: 1139-1144.

[10] Zhang H, Yang D R, Ji Y J, et al. Low Temperature Synthesis of
Flowerlike ZnO Nanostructures by Cetyltrimethylammonium
Bromide-assisted Hydrothermal Process [J]. J. Phys. Chem., 2004,
108(1): 3955-3958.

[11] XN, ey, 70, A RERBERNA T2 SR A FE gL K
ERMBTAL (). MPRIRREE TREER, 2005, 23(1): 109-111.

[12] Wang W W, Zhu Y J. Shape-controlled Synthesis of Zinc Oxide by
Microwave Heating Using an Imidazolium Salt [J]. Inorg. Chem.
Commun., 2004, 7: 1003-1005.

[13] sk, FLILE, Wik, 5. PEG SBhEALEEgn AR 1 K HG2
% [J]. th2-24R, 2004, 62(17): 1658-1662.



218 U = I %6 %

Synthesis and Controlled Growth of Flowerlike ZnO Nanocrystals

ZHANG Yan-hui*?, TIAN Yan-wen!, SHAO Zhong-cai®, LI Hui-li*

(1. School of Materials & Metallurgy, Northeastern University, Shenyang, Liaoning 110004, China;
2. Department of Chemical Engineering, North China University, Taiyuan, Shanxi 030051, China;
3. Faculty of Environment and Chemical Engineering, Shenyang Ligong University, Shenyang, Liaoning 110168, China)

Abstract: PEG-20000, PEG-20000/hexahydrobenzene were used as additives, different alkalinities of Zn(OH),>™ or Zn(NH3).>" as
reaction precursors, reacting 4 h under hydrothermal condition 200 ‘C, and ZnO crystallite powder could be obtained after washing and
drying. The as-synthesized ZnO crystals were characterized by X-ray diffraction (XRD) and scanning electron microscopy (SEM) and
transmission electron microscopy (TEM). The results showed that the products belonged to hexagonal crystals. And the products were
flowerlike ZnO aggregates composed of nano rodlike monocrystals. The monocrystals consisted of the aggregates grew to different
morphologies such as robust, tapered and clustered under different reaction conditions. The aggregates could be synthesized controllably
in the range of 0.5~4.0 um. ZnO aggregates were not assembled by monocrystals simply, but consisted of monocrystal branches. The
growing orientation of monocrystal was c¢ axial positive direction. The monocrystals grew like-concentrically taking the middle section
of a columnar monocrystal as the normal. The study results could provide a certain reference for synthesizing metal oxides with
controlled morphology.

Key words: ZnO; hydrothermal synthesis; controlled growth; flower-like nanocrystals



