ROy dnchary b Lr ¥ v VW R VNREY

"

Hydrothermal Synthesis of ZnO

HARUNA Tsah MUIAMMAD MustaphnK panje, ABUBAKAR Sadid, MOHAMMED Isah

ICimpn und KASIM Uthman Isnh

y Minna, .

Department of Physics, Federal University of Technolog
I’ M. I3 04, Minna, Niger State. Nigeria.

Corresponding email: kasim309@futninna.cding

Abstract
This paper outlines explicit highlights of hydrothermal synthesis of zinc oxide nanoparticles.

e Irothermal synthesis permits control of the ZnO nanostuctural morphology and nanoparticle siz€

snee the synthesis factors can be fluctuated (o influence these features. In this survey, the

/,'w/;wllu'/‘mu/ svnthesis factors and their effects on the /m,-/,‘c,,/u/g properties are unraveled.
S ’ . 3 1. .
Kevwords = Hydrothermal, synthesis, ZnQ), Sintering temperature.

. Introduction

The investigation of materials on nano-scale has turned out to be central in scicnce and innovation as

decrease in a material's size brings forth novel electrical, mechanical, chemical, optical propertics

coming about because of surface and quantum confinement [1, 2].

7n0 is a compound semiconductor (transparent (0 visible light) with a wide band-gap of 3.37¢V and
high exciton restricting vitality of 60 meV [2, 3]. Synthesis of ZnO thin films had begun during the
1960s when ZnO materials were connected in sensors, transducers and as photocatalysts [1]. ZnO
nanaostructures have various innovative applications in optoclectronics, surface acoustic wave
channels or filters, photonic crystals, photodetectors, light radiating diodes, photodiodes, gas sensors,

optical modulator waveguides, solar cells [4, 5] and varistors [1, 3, 6].

Nanomaterials are typically classilied into three groups: 0-dimensional, 1-dimensional, and 2-
dimensional. 0-dimensional nanostructures, referred to as quantum dots or nanoparticles with an
aspect ratio near unity, have been extensively used in biological applications [7, 8]. 2- dimensional

nanomaterials, such as thin films, have also been widely used as optical coatings, corrosion
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2. Bawic synthetic approaches and growth mechanisms
[he synthetx techniques used for the synthesis of Zn() are broadiv divided nto three types chemical

mologcal, and physical methods [ 14].

In the physical (also called pascous phase [6]) method, physical forces are v Ived i the attractos
& Y .
{ napostructures| 1 5] This methoe

of nanoscale particles and formation of large, stable, well-detmes
iy

Js uses gascous environment in closed chambers with high temperatures rom 500
carry out the synthesis s examples inc ludecollodal  dispersion method.  vapor
{‘1:.1 & tramspont (whxh

of synthe:

400 C Lo

condensation, .uumphnm gl}\l.’l”h’.lliﬂl‘a_ “h_\‘s‘,(\t% fragmentation. vapoul
growths), physical vapour depositon

apour solid (VS) and vapour hquid solid (VLS) ¢
(P D), chemical vapour deposition (CVD), metal organic chemical vapour depo ition (MOCYD),
microwave assisted thermal decomposition and

g ludes

thermal oxidation of pure zine and condensaton

many others are expensive and complicated [1]

Biosynthesis of nanoparticles iINPs) is an approach of synthesiswhich uses microorganisms and
plants for the formation of ZnO NP5 having biomedical applications. This approach is an
environment-friend [y, cost- effectine, biocompatible. safe. green approach [16] Green synthesis can
be carried out through plants, bacteria, fungi. algae et [hey allow large scale production of ZnO)

l‘\:l)s fﬂ:c v‘v

Scanned with CamScanner



i %
t
¥ ’
"
& "
i
T
i
LK
.
¢

2§ Jam

i
i
¥
%
”
¢
'
»i sal
§ i
; H
&l‘4
i
" I
i ’
i s f3
1 gz ¢
-
L LR 1§ f
{ v
+ 9
!
o 11Kt
‘: ¢ g
i s
Y .
4 A i
-
s THCA
E.

i
'd‘ "-\.(‘l .-"(]Ilu
s 1 ~ . L 4

i
)
!
i
{
. Tl
i
' {
L
3 |
!
' st TRE
TRl a4 § YRAR:
s o}
1
TR
sl lorelng
¢
i
{
:
§
i ‘
j
(ol
it '.,"l
¢ ’
R
’ " il
i H JiI N4 (|
: 13
i M
r.
14, 44 o (1 Bttt
¢ ¢ |
A
g T L '
y T T ”iih‘.,
) | L b ‘
g i ciped 42 4
£ J i, 45 - g
]
it
{ gl il ]
$ /[ T J
' i
by TR
$ o b N
f
! i $ <

Scanned with CamScanner



sugges oted that Na'is attracted by the Ol around the nanocrystal and Torms o virtual capping layer;

thus. inhibiting the nanocrystal growth,
7t 4 2001 —— Zn(O1 (1)
Z0(OH)2 + 201 «=— | Zn(O1n]* (2)
[Zn(OH)a]* == Zn02*" + 210 (3)
Zn02*" + Hi0 —— Zn0 + 2011"(4)

Zn0 + OH™ «—=— ZnOOH" (5)

¢

The main reactions involved in the growth are illustrated in the above cquations [6, 9].

3.2 Growth mediated by hexamethylenctetramine (HMTA) aqueous solution

The most commonly used chemical agents in the existing literature for the hydrothermal synthesis of

ZnO nanoparticles are Zn(NO3)z and HMTA. In this case, Zn(NO3)2 provides Zn®'" ions required for
building up ZnO nanowires. When HTMA (a nonionic cyclic tertiary amine [9]) and Zn(NO3)2 are

chosen as precursor, the chemical reactions can be summarized in the following cquations [24].

(CH2)6Ny + 6H20™— 6HC1—|0 + 4NH; (1)
NH; +H,0—— NHat +OH™(2)

20H +Zn*'— Zn(OH)2(3)

Zn(OH)? = ZnO + H20 (4)

H-0 molecules in the solution, not at all like for the instance of alkali-mediated growth, provides and

gives O ions. [t has been recommended that HMTA amid the ZnO nanowire growth goes about as

a bidentate Lewis base that directs and extends two Zn?* ions and furthermore goes about as a frail
base and pH buffer. Contingent upon the given pH and temperature, 7Zn*'can exist in a progression

n be ramcd by lhc lack of hydration of these intermediates [6]. On the

Aty

’ llcl period, the Zn°" ions in the .lrmn”uncnl will
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p,,::‘,p‘p_mg out rapidly because ofthe high pH condition. and. along these lines. Zn>" would contribute
o the Zn() nanowire development and in the

forbid further development of the ZnO nanowires [25]. In this manner. the

long run outcome in the guick utilization of the

g W
e i

supplement and
” ¥

comergence of OH- ought 1o be controlled in the solution to keep up low supersaturation Jevels amid

the entire nanowire development process [24].
Table 1.0: Summary of hy drothermal method of obtaining Zinc Oxide with different
morphologies and sizes

Reference

I S Precursors . Synthesis conditions | Properties and applications |
| |
| | Nitrate.ethylene reaction ( flower Spm and rods [26] _T
glycol. NaOH temperature: 180 °C ‘1
T—_Z | Acetate dihydrate. reaction sphere Sum and nanorods [27]
ethylene glycol | temperature:160 °C
3 " Acetate dihydrate. | reaction sphere S5um and (28]
| | ethy lene glycol tem;i\;rgI(Lge: nanocrystallites 10 nm
| |
! |
T4 | Acetate dihydrate. | reaction sphere0. 12 pm and ovoids [29]
| | temperature:
5 : ethylene glycol 160 °C 10 nm
= (30]
particle morphology: bullet-
like (100-200 nm). rod-like
(100-200 nm), sheet (50-200
nm). polyhedron (20000
nm). crushed stone-like (50—
200 nm) : J
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the prevursoers [ST]. Varving the time of reaction influenices the Aiaeme
particle such that the diameter increases with increase in reac »
which heating s ramped up directiy influence the §imetes of +
Ihe reachion temperature guarantees that a Zn0) phase 1 formed chane me fron .
o 3D as reaction temperature 1s increased from 90-100 °C_ and from 120-160 "C and then feam 18

200 °C [50]. A high temperature and heating canse merease m the sverase dumeter of |

syithesized Zn0) nanoparticle [50, 51

lable 2.0 Modification Methods of Zine Oxide
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N Conclusion

Ihis sunves paper posrays ZnO hydrothermal santhesis for ZnO nanoparticle development and
formation stilizing diverse zine salts and alali solutions, its focal points over different other methods
and its characterization technigues. The hydrothermal symthesis technique s condial. costless
srightforwand and etlfective and it has gotten expandad consideration bevause of the extreme

ctilization of Zal e research and industny boldine 0 its remarkable highlights. A blend of zine

ptecedent for hydrothermal synthesisc In
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refined the as-combned Zn() nanoparticles to wanted prerequisite.
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