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Waste water
treatment

Antibacterial

b a8 50 U il o s ¢ hase
an ol ) Jlie glsie 4 a8 ) 8 ealdinl 3 5e
53— s 3 (s 8 S ) s
4\.&&.’1‘) GLA_).S_}JJ dacsiuy aiile GY gasa
cAdndi (Sl o (Glarw cLM._\_u? 4\.&@3&)\3
e slasaiad pals G‘ﬁ\:ﬂ_‘.} A a cd)L\_a
S g Sn ( Rajanm slaiss )
500 3l ) (sl 5 L s S ¢ lbar
alBe )0 ol pogSle [VO-YA] 2l s aldiul
Lo S5 anan il s Sl ja il 3
Iy P e
Glad S caan e (i agd ) aS S g il
@U_m N Sala .[V‘f‘] 255l sle g
Galu ) el aiile g ) g Sy ¢ SG
4 «_1\35‘3_;4 Lg\_ﬁe)s c)..:ml_.fi (O3 yred (gl
(Ol (il 58 (5 55 (5 58 02 s () 5ie
c@l_}_)ﬁl_m_..a Lg\_ﬁdl.n_)q c‘_;\i';}_m Lg\_ﬁjl.n..g
O =i 4 ‘é_ﬁ)g\qsq BN g\a_'u QLA:;_; Al
a8l sl bl i joea 1S gdcn i
5 e 2 ale 5 5ol Gl ) st sl
il aad ial s S g ) laa S Ly
Lan s (gt 3l i cal il A‘)ﬁﬁ\
el el Gladia ¢ ol Sy Ko 25
Jes 4 s A sladsba s 5 dalila
o3&l 3 g0 land Caa gl Gl A 5 s adal
st s s G [FYTY] 35 E e 5

sewlar WS T

Nanoparticles
Application

lv
|

Nutrient
Delivery

Reduce
Pesticides
Drugs
Delivery

Cancer
Therapy

[\V]d&a\g&ﬁ J.\Q\JSJSU s AS Y IS

3 AL ) & 6 g Gl gl el 3 gl lae o
(59 o Ol 3 il 4y () sie Ll (g yiaga ) 4S
t\)_'\‘.[\é] d gl o HL) ?H“:"‘“ 9 U‘ﬂ ™ Slda
G se Calide al s Ly g 318 Gl )3 9l Calis
Lg\od‘):\_uag&ud_).l_)ls&\)d).\\_\_)\ t}uﬂ”ﬁa&u
Mgl i B0 2 bt e Mhaayle
Sy 03 Al 2wl D3 gl ales ) alalin
sty gl dadsle Jlubs (MR 1l
Gl Adai diile cwdige WIS L 5o (i
Y P] 0 i el (S <l 38 (o lulas
il pal s dada aq syl il 3l 5 [V
5 S )l el gl Sl 2 J Sk
O '[YA_Y \] 3 .‘\Jgu‘“ salat ) u—“‘mﬁ"‘
2uS) (e 53 (ZN0O) 50 2 s 3l Dl A 5l
3R S ) (S s oal Slam sl 8 sl
Sl il are o 4y Gl 3 66 5 ey
O [Y7] adlce culin pal & 5 asme i)
et U a4 5 el (0l ) o B0 2 03l
5035 Jolad il o Ly )8 50 Sh a5
—dus aden Sl gl S (gl o gaanie slais )
(s 5 (sl gal 5 San ¢ gardl g sus ¢ 3
t\)_\\ AR JJ‘\S PTG S Lﬁj\ﬁ@w
SYV] ol oad sala Ll eale i sla g )

AR
5ol s ol a4y eale () i Ggldie a5
a1 ol (9 g1 g 201la alid g Lﬁ\-“g;j.-!j
Loyl b st Csd el g )lh S UV s




|SCowliliad

95U (y025]

Ul 2! 59l

Al

jid g Slias 6 louk (ncow) i Jlw (@b slos

B 3 a L Ll (S (S 3 Ly S e i
50yl ialiae (aalS ) )3 6 mrdans o )il
Jlnd sla ASe dlaad g4l il 3al Ledl Jalas
AaS adin ) e ) a8 gl Cl 3 g5 oa ab )
L\_&gﬁ 6‘;1.9 a}}&t:\é)léa cL_a.u::J.ia,_:M PPN
N e = E P PP
JUie Ol e 43 [0F] aulla Jha)sa s sial )
s (5.5 €] a5 gaal 5l 4S 0303 Lk Clagat
&)1 (rGO/ZN0) 4—idly LS 2 S| ol , 8
Q\J.ﬁyl—iu‘\_ual&a BN YyY Fg71 abj_J) C'_\;\S‘)}a
Al e Yoo Fgl e ol palls 55 2
Lacy ) 52alS 53 Gl 4 ja b T S dlaad (ines
.[A\G] Q\u\ﬂé\.}d}é@.}dﬂ.}u Yoo )\MU
el il a4 (gl Jh s 50 2aS) K 5k 4y
Lg‘)JJ,i Jual_u d‘J\JL:\A.A Jwéjbod R _[00]
ol s 2l e Sl s bl Yy e (S
s se suai boale ol (lard 5 (S8
A it Al a8 5 Calide 4 ) ol ge i
4 O e oaba ol 80 la S5 ates )
DJJAA&”JJMQ._L‘JA. ‘Y\_.\‘EJLA:\_&}‘)N\
Cripad 23S o LS WL (6 )55 sl 5 s
353 3 ey )5 L galadari el (55 23S
Cudld & YL a8 Juanl wolE L 3/3 ev
48 2l Yo SOl 5 Sl olaly cd
I 4] Sl 038 Jaa 3y Sy edle S an )
sladdad 54yt 5 claldas ) (s ks o
AAEL 1) ) waS) Al ol S (xS
Gl i amdu 5 S Sl Al gl
iga 5SS psle 53 Ol - slas K
NP T ER R PV,

> Specific capacitance
& cycling stability
" Rock salt, wurtzite and zinc blende
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! Optoelectronic

2 Lithium-ion batteries

¥ Great hypothetical capacity
* Supercapacitors
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! Nanorods, Nanoneedles, Nanohelixes,
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% Dandelions

4 Snow- flakes

® Coniferous urchin-like structures
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. Sensitivity Limit of Detection Linear Range Response
Electrode Material (/2 . uM~1.cm~2) (M) (M) Time (s)
Mano-nails of ZnO - 0.2 0.1-1.2 <h
Nanowires of Zn0 with - 0.0847 0.5-1.2 <5
high aspect ratio
Nanorods of Zn0 4176 22 0.2-2.0 <10
Hierarchical micro/
nanostructures of ZnO 0.51 0.25 0.8-200 <3
Nanorods of Zn0/FTO 0.44 5157 - <10
ZnO nanoreds/ alloy 448 0.2 - <B
Zn0 nanorods/Single )
walled carbon nanotube 0.1 0.17 0.5-50
Reduced graphene
oxide/ZnO-Au 5.54 0.018 0.05-5 <3
Cetyl pyridine )
chloride/ZnO 0172 24 1000—60,000
Zn0-1/Au/ gold electrode 1.70 0.25 0.5-251 <3
Zn-2/ Au/ gold electrode 2.97 017 201-851 <3
In0-3/Au/ gold electrode 1.25 0.08 101-851 <3
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¥ Hydroquinone
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Nanocadzarbent Preparation method Shape & size of the Specific Optimized pammeter & Removal efficiency (RE} Adsorpton
naneadsorbent ::::::2 ,  Concofmel  Adorbent oH Time  Temp.  RE (%) ;Jap‘mt-"' (mg/
@ solution (mg/L) dose (z/1) (min) ()
Cadmdumn (Cd™ ) lons remeval
Z0 NPz Modifled zol-gel - 815 50 0.04 7 120 - 119.75 (Exp.)
method 2174 (Th)
Pracipitation method Mearly spherical & 26 — 100 0.0005 55 120 30 - 90.64 (Exp.)
nm 387 (Th)
Pracipiation method Irregular (Rod) & - 20-200 2 - 60 - a2 a3
95-450 nm
Serni gmulsynmem Quasi-zpherical & 6.2 701.88 100 2 7 120 30 85.63 156.74
nm
‘Commereial Eod like & 25 nm 3Lz 100 2 6 180 25 - 119.1
ZIn0 namochests Thermal ztirring Namochess & ~10om - 2 1 5 60 25 - o7.36
method thick
ZnD hollow micro/ Modified hydrothermal Spherical & 5-20 pm - 1000 0.5 6 25 - a5
nanozpheres method
Hierarchically azsambled Hydrothermal method Azcembled 15.75 200 0.25 4-3 o0 30 a1 14725
mesoporous Znd nanorods mesoporous Zod
manorods
Self-aggregated spherical Soft chemical route at 100-600 nm sphere 75 47.16 (Hg™), 5 - 1440 25 7 -
Zn0 NPs low temparature made of ~20 nm 420 (Pb™)47.8
eryztal (€™, 19.6
(AFF), 28.83
(Cu™), 2513
(Ni*), 15.75
(Co™)
Ca~doped ZnO NPz Sol-gel method Approx. sphere & - 25150 0.4 {[Ca]/ 7 1440 25 - 56.53
30-70 nm [Zn] = 0.03)
Ga-doped Zn0 NPs Sal-gel method Spherical & 42 nm - 25-150 0.4 ([Ca)/ 5 1440 25 - 28.33 (Bxp.)
[Za] = 0.01) 66.36 (Th)
In-doped Zn0 NPs Sal-gel mathad Cylindrical & D = - - 0M[n]/[Zn] 6 720 - - 36
14-20 nm = 0.00)
L= 20-30 om
Pure ZnO and 500, doped 5ol gel methad Spherical - - - - 60 - 99.63
In0 NPz (Agglomerated) & ([Sn0=]/
~30 nm [Zol=0.04)
Mezoporous Znd and ‘5ol-gel mathod pm sized sucture 120 10 134 i} a0 30 - 643
Ti04&Zn0 monoliths 332 736
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/Abstract \

Zinc oxide nanomaterials are non-toxic, environmentally friendly,
biodegradable, inexpensive and readily available. This nanomaterial has special
physical, chemical, optical and electrical properties. It also has various
synthesis methods, which can modify the produced nanoparticles with organic,
polymeric and metallic materials according to the required application and
purpose, and improve their properties and compatibility, and can be used for
various applications, including medicine and engineering. In addition, it has
various structures or shapes at the nanoscale and can be produced in one, two
or three dimensions as nano. All these features have led to the use of these
nanomaterials in improving the properties of materials and various applications
such as plastic and rubber materials, food and health, pharmaceutical and
medical, paint, construction and many other applications. Therefore, this article
briefly discusses the engineering or non-biological applications of zinc oxide
nanoparticles such as applications in polymer industries, paper, sensors,
catalyst manufacturing, heavy metal adsorption, and oil industries.

Keywords: Zinc oxide nanoparticles, Non-biological applications, Polymer
industries, Sensors, Catalyst, Paper
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