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Soo Jin Cho

Department of Materials Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

ZnO nanoparticles were synthesized by aqueous preparation routes of a
precipitation and a hydrothermal process. In the processes, the powders were
formed by mixing aqueous solutions of Zn-nitrate hexahydrate (Zn(NO,), 6H,O)
with NaOH aqueous solution under controlled reaction conditions such as
Zn-precursor concentration, reaction pH and temperature. Single ZnO phase has
been obtained under low Zn-precursor concentration, high reaction pH and high
temperature. The synthesized particles exhibited flakes (plates), multipods or rods
morphologies and the crystallite sizes and shapes would be efficiently
controllable by changing the processing parameters. The hydrothermal method
showed advantageous features over the precipitation process, allowing the
precipitates of single ZnO phase with higher crystallinity at relatively low
temperatures below 100C wunder a wider pH range for the Zn-precursor

concentration of 0.1~1.0 M.
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The nano-array of the vertically aligned rod-like particles grown on ZnO
coated glass-substrates was obtained via hydrothermal process. ZnO thin film
coatings were prepared on the glass substrates using a MOD dip-coating method
with zinc chloride dihydrate as starting material and 2-ethylhexanol as solvent.
ZnO nanorods were synthesized on the seeded substrates by hydrothermal
method at 80°C wusing zinc-nitrate hexahydrate as a Zn source and sodium
hydroxide as a mineralizer. Under the hydrothermal condition, the rod-like
nanocrystals were easily attaching on the already ZnO seeded (coated) glass
surface. It has been shown that the hydrothermal synthesis parameters are key
factors in the nucleation and growth of ZnO crystallites. By controlling of
hydrothermal parameters, the ZnO particulate morphology could be -easily
tailored. Rod-shaped ZnO arrays on the glass substrates consisted of elongated
crystals having 6-fold symmetry were predominantly developed at high

Zn-precursor concentration in the pH range 7~11.
KEY WORDS: Zinc oxide; Zinc oxide nanorods; Precipitation; Hydrothermal

method.
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2.1 Zinc Oxide (ZnO)
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¥ 1 ZnO properties

AR = Hexagonal wurtzite
AR G4 a=3243 A, c=5.195 A, §=1.602, Zn-0=1.94 A
AR Zn=133 A, 0=0.66 A
o] 217 Zn*"=070 A, O*"=1.32 A
BApeg 81.38 g/mol

U5 5.675 g/cm®

4 2000°C

s34 1720°C

|3 = 0.42 mg/100 ml (17.8C)
LRSS 3.2 eV
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2211 71’} & 35 (Inert Gas Condensation method; IGC)
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2221 F A" (Precipitation method)
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21 (1), Q= 24 &L=4o] zinc chloride(ZnCl,), zinc acetat (Zn(Ac),)

= B4 dE Sof Yepd Aolw, ® 2& 2

ZnCl, + 2NaOH -~ Zn(OH), + 2NaCl -~ ZnO + H,0 + 2NaCl
1)

Zn(Ac), +2NaOH ~ Zn(OH), + 2NaAc ~ ZnO + H,O + 2NaAc
@)
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¥ 2 Hydrothermal methods
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2222 &-Z'4(Sol-Gel method)
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19 4 Sol-gel process.
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2.3 MOD™ (Metal-Organic Decomposition method)
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¥ 3 Characteristics between sol-gel and MOD method

Method
Sol-Gel MOD
Properties

a5hH kg

- 7h-8l (Hydrolysis) =d7 v

M-OR + H,0 M-OH - F &3l (Pyrolysis)
Reaction + ROH | M(OR) MO or MCO,

- S -3 (Condensation) MO + MCO; M-O-M

M-OH + HO-M + CO,

— M-O-M + H,O
- 7k ZE7F A
F71=¢ d&si7t
Required dojrfof 3 i
golafok 3
factors - HAkEo H%O] _
- AFA S| SeE=TE Aok
SolsloF &
. 9lErn)< - dEI>0 (LEZ Q)
Characteristics
e CIE S el o@ A W

_18_
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3. A @YY

AAY 9% ZnO &Y A

SE4Q Zn-Y(source)>E Zn-nitrate hexahydrate(Zn(NO,), 6H,0)E At
23921 A2(RT; Room temperature)ol A 5750l &3 AA Z+7F 0.1, 0.3,
05 % 1.0 MY F8&dS =T oW Zn-nitrate hexahydrate®] ZHti -&3j
=710 M F2Zela, 01 M of o) sl dHzo] #&0] wof &40
ol ¢x B ATA & WS 01~1.0 M2 H3ISth oA Fuid &
o] 12 M NaOH &5 3] ¥o] pHE 7914 11 Atol2 =H 3 & o]
TAEAES F2lA 100C7HA Z 2XolAl 1A F 7HEeiTh ol 2A

A}
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X 4 The experimental conditions of ZnO powder synthesis

Experimental condition

Experimental parameters Precipitation Hydrothermal
method method
Zn concentration 01 ~10M 01 ~10M
Reaction pH 7~ 11 7~ 11
Synthesis temperature RT ~ 100C 50 ~ 100C
Reaction time 1h 1h
pH control
1.2 M 12 M
(NaOH concentration)
Drying RT, 24 h RT, 24 h

Collection @ kmou
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Gas
Out

Out

@ Process controller @ Motor

@ Heating vessel @ Teflon vessel
® Thermocouple @ Impeller

@ (Gas nozzle I Pressure gauge
@ Pressure relief valve @ Vent valve

19 5 Hydrothermal synthesis system.
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o] o mAE FAEL AA Ve F-d Z@20)ol WE XRD I3 =
S & A4t Scherrer 2(Dea(U74)= 0.9 A/(B COSO): A714 A X-Ad9] It
Zolal BE ez A4td w7EE(FWHM; Full width at half maximum)
oz AAsAT

19 6 (a) Dip-coating by MOD process, (b) Resultant ZnO film on a
slide glass prepared at 550°C.
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Hydrothermal Zn0 nanorod
Growth arrays

Glass substrate Seeding
{ZnO thin film)

% 7 Schematic representation of the experimental process for the

ZnO nanorods arrays jown on the seeded glass substrates.
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138 8 XRD patterns of ZnO particles prepared via simple
precipitation process at RT, (a) pH 7 (b) pH 11, under different

Zn-precursor concentrations of 0.1, 0.5 and 1.0 M

(@ : ZnO * : Zn(OH),).
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1% 9 XRD patterns of ZnO particles prepared by the hydrothermal

process at different temperatures with Zn-precursor of 0.5 M and pH 7

(@ : ZnO * : Zn(OH),).
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1% 10 XRD patterns of ZnO particles prepared by the

precipitation (P) and hydrothermal (H) process at pH 7 and

different temperatures with different Zn-precursor concentrations:

(@) 0.3 M (P), (b) 0.3 M (H) (@ : ZnO * : Zn(OH),).

_30_

Collection @ kmou



AAW 2 FARAES o) Do ool Y XRD 4 B4 A¥E Ev)
£ 7Zn %%, % pH ¥ FHLE0 B2 700 WY 4 4 ARE 19 12
o therich

FAYAEL o85G W 03 M olshe] zn =S| FP, e pHolAE
g el znO T ARl sl 1eol Basgou, pHb Eobel

2
wel 1 FAE7F 3438 ZAsHA Ao 12(b). He FAT 2 12
T571¢E o) &ste FEFAHAMNE A Zn FE FIHoA 80T ol 7+d
A G e ZnOE E4A @& F YU AAHAAE ZnO T FE &
7] JJHYY 1.0 M2 Zn F=NAE pH 7, 100Cols =doA ©d 4 &
A F ATk ol F FARMe Hiw A= I¥ 120 74 Zn TEE &
= 2 pHel wW& A¥A(ZnOH), — ZnO)°l W 7|72 FA}IL F
FEFAHANA pHoll mE 2™y & 717 pHI/F okl wet A
HEG A 44 ZnO BY 45 45 F ASS Hola o

_31_

Collection @ kmou



W 100°C
. 70°C
*
. ; eeef RT

Intensity(cps)

@ 190°C
5
2
a 80°C
@
]
=
70°C
50°C
20 30 40 __ s0 e 70 80
20 deg.

1% 11 XRD patterns of ZnO particles prepared by the
precipitation (P) and hydrothermal (H) process at pH 7 and

different temperatures with different Zn-precursor concentrations:

(@) 1.0 M (P) (b) 1.0 M (H) (e : ZnO * : Zn(OH),).
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% 12 Phase formation as a function of pH and temperature

relevant to the Zn-precursor concentrations: (a) precipitaion (b)

hydrothermal process.
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19 14 Phase formation for the simple precipitation and hydrothermal
process as a function of Zn-precursor concentration and reaction pH at RT,

80T and 100T.
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500 nm

19 15 SEM morphologies of ZnO particles prepared by the precipitation
process, with different Zn-precursor concentrations and reaction pH:
(@) 0.1 M-pH 7 at RT (b) 0.1 M-pH 7 at 50C (c) 0.1 M-pH 11 at RT

(d) 0.5 M-pH 11 at RT.
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19 16 SEM morphologies of ZnO particles prepared by the hydrothermal

process, with different Zn-precursor concentrations and reaction pH:

(a) 0.1 M-pH 7 (b) 0.1 M-pH 11 (c) 0.5 M-pH 7 (d) 0.5 M-pH 11.
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19 17 SEM morphologies of ZnO particles prepared by the simple

precipitation (P) and hydrothermal (H) process at 80C, with different
Zn-precursor concentrations and reaction pH: (a) 0.1 M-pH 7 (H), (b) 1.0
M-pH 7 (H), (c) 0.1 M-pH 11 (P), (d) 0.1 M-pH 11 (H).
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(b)

Intensityicps)

26 deg.

19 18 (a) SEM micrograph (b) XRD pattern of ZnO thin films coated on
glass substrates by the MOD process.
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19 19 SEM micrographs of ZnO particles (p) and arrays (A) grown on

the glass substrates prepared by the hydrothermal process at 80C, with
different Zn-precursor concentrations and reaction pH: (a) 0.1 M-pH 11 (p),
(b) 0.1 M-pH 11 (A), (c) 0.3 M-pH 7 (p), (d) 0.3 M-pH 7 (A), (e) 0.5 M-pH

f) 0.5 M- _
P py 11 (p), () 0.5 M-pH 11 (A)
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