SO 195 9 LSl p porlid wsSt (59938 (ow gy
S9. wwS | (S S

g Yl [

Tauds suaal jala (sl ou Suls Jusladl

355y oSS ¢ i 5 (526 035 o pwlige 09,5

Jl lisia lodinj g3 03,5 S g 43,5 4 peammin flo S s > 4 590 A ST 1008
S iSyigi 5 G125 0SS (slbibn oSty ST ool s fod
o ST Sl ol (T102) il b ST 29 58] 3G o b din 15 398 o 030iza )

U&u J&?’u‘//}éja)j)!’/bngA:.ﬁa(/{;TioszijJ) fj / :'/0/_._))&:4..«(.3" N&d&jJ

. F o o 2 Z
ha)@.&!j)//.ﬁwjz:;)/jx‘;}){M.(/é/;;g/t;)u/{}éjJﬁS[wﬁJx&jL?JwJ;dQ

WUghme OB M gs =
oo 1 FO°C (clos s oy i Sllae b (35 S oy W 3 5 Yo i S U g
Mgo piosre>l old Sy S
’ Glizes (Brlo Juclowl @)
Sy olbols Iie 5 iulisl el 6 liie TiOr Jliie 216l b 5 355, 0 (o) ST oo ... T
EPLPTIR LA KN g

FTiOr | 55439 sl Ol jleslu 1 b oe i iy 5 ol bl Coamw
5 2 (P9 7 28 w2 BY Pe=A 5P = T GmY SR ¢ o S
_ & _ gy lie £95 T
TiOz | s8] jldis  iulibl b oS of 4 “ [y s/t e STl R S
2 (9581 e L5 b S ol 5 4 it o dbls (g o STl s sSed PG PO st S
=

SoiST o0 T 5 SiSTl g3 ol ol il celTiOs s s .ol o 2lS” 4ils iy

S ST S S5 <ol TiO2 iy o ys ¥ O39581 bk g s 5 Olin 40 09 ST

VYD) 1 gl Ll
PYAP-Y QY & S sl L LS
= . .S ” .
S Gl F 4 ¥ ldie jl eay ST S ST M ldis g 1 Foe a4 FAY e ldis I ol 144 525 0L
‘!"_;jj-éo«..(/bg"}:g/‘;)QG:J/MJJﬂK-aéﬂK}y%"'UM’L(J-‘;JJdu

TiO: o)’.!j/‘.ﬁ'//vj.‘é > 0 u}:“’b/oj(’d[’ %}MJBLJ@JP} ;j:’.<y>})/4f/) aj/ub'/‘g .U/}I'

1 SUS Y3 3y e piwd
www.JICERS.ir
18k s é.a.)l.'a'

VCee/eV/-5

238 03l S

otz oSS g ol oo jlé iy o JEo il ST i) ST (el oLl )
Ry b

VE--/-9/1V

DOR: 20.1001.1.17353351.1400.17.0.4.3

dovdo —

P05 i v g Sg Sl ilalad g5l S S s 5 5k Jdd 4 YL (CPY) (23,35 oy s b 6 xSl 60 e
Sl YL (20,08 (s LCP blge £o5 i diiiwd dagi 3y50 Y Win  Siolpw (slo 3B aile (655l 0,80 (slapiinsw
BB Y cd )b g S Slg 8 osy ple 9 4 OP oy o)l Sl 4l ColSiogyy dlge ) il odd (Syxe g drw gy

5
g
I
&
§
‘@
8
£
2
£
3
<
8
a

ol 0 (y0)|355 CP |5 IBLC o0y s dueanST o Li, Ti b o g0 S dunST ailo (60lg0 )3 g o0 0015 e (IBLCY)
2 CP by e 95 gl (EPDDY) 00 (099580 e (sl badpd (g e S0 y8Iie g 322 pjlSie S 13
Copd Mg Lol 93 (59) ST (slaSiol o )3 a5 Cwl 04l ()5)155 (i o ol 045 (B yma ND g In b ol g3 TiO2

I¥=V] ol IBLC p3lKe Ju> 4y cduoy oo Vo© jlado 4 a8 YU 23,38
o gtz 315 23le U 559liSS ) (oslemnr )3 398 uboline 5,3 9 (6599 (S pSU Bl yhows ol > 2 (ZNO) (59, ST

! colossal dielectric permittivity
2 internal barrier layer capacitance (IBLC) of Schottky barriers.
3 electron-pinned defect dipole mechanism

[ DOR: 20.1001.1.17353351.1400.17.0.4.3 ]

Yd

10 GG P a)laid 1V 2)9s Ol Srslyw aslibad



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.4.3
https://jicers.ir/article-1-403-en.html

B

[ Downloaded from jicers.ir on 2026-05-27 |

R: 20.1001.1.17353351.1400.17.0.4.3 ]

by (b Jshas g5l ¢ 5y g cchlis (glabluy o }8 (sl S o it elyglo dns] (slaorimd L] dmalils
PT3535 o8Il 9300 9 (S5 o a5 7Sk A5 Dlge )3 iz w2

595 d ST il olgd o V539381l olis | laSialpo )3 0329 & Slgo (polgd yuid 9 d9st2 sl @y Lo, S S
29380 3lge bawgs Wl o gyl o (S0 Sl 595 iile

9 SoySlles b (ials 4 o ZnO Jldlw )3 pg S Cgd jy—idn K35 ()15 (Al)Se 5 Sl bl <)) 5 S
OIS g5 (oo &S 15 S gl 031l Sl 4y oo ZnO JS s )3 po)S 2 399 9o o] S Slces BT 38
2938 3l ool | 3U V] Dgu <SG xSl 6> BT iul58] o G pisTlen b jd il el aeis pd 9 S o o 1y ba laded
ST a3 iz o0 9 S pSUlied ol Glj1 ) oo oo by SluySToad (w0 )0 ZNO Cilises olg e By iy yS
TAL s 00l o iy )87 (539381 51 oolaiaw] b Laasly o3l yiul38l &y G Sl en ol po iol581 s ZnO G sl g0
ol Hhde s sy Zn0 K xSl olss o (LinAW)ZN1yO cuS 5 b pornag)] g muid 92 (wwy 4 (a5 5
ol jlade b digs Sy lgis 4y (Lio.033,Alo.067)ZN0990 uS 55 g 39y 00 s a8l sl (sl 339381 jlade &y aisly S Sl g0
YU J&s sbol Jds 4 Pr s sd (sladiges 13 Zn0 S piSdlen <ol jd (ials [A] s i)l58 (ASY) YU S sl
09515 4 s (MY AY P Sog38l elad o390 58,5 Jud 4 Zn0 (655l 4 ;> 0l dlou] (25,5 4 Zn0O aSd )3 Cogus
IV o] 25 031> G (+/VF A) Zn2+

S gl > 4 255 431 ZnO Sialiw 2l 2 (TI02) posliss duaaST (33981 38U oy &0yl (3005
Y o) oot polia pohaie cpl 4 1 ol g8l lyie 4 poslis e8] (+IVE A) ZNB gy glad @ (+IVE A) Ti# Koo
0Pl Jold i (ol (( By Bl g ans o ) b riged 9 A5 0393381 ZN0 gy 4 TiO2 (59 4oy
8,5 )18 addllas 550 Slislursy ) 9 S ySle

5?20 eIl ¥

2> Sye €855 ) pols e ST 5l 390 5 (VAT ogls a2 )3 L S po €815 ) (g9 S ST 56 3 5l adllas (] 5
b Cawd polaie 405 BLS1ZNO 4 TiO2 g do > ¥ 5 ) o /B polie ad o3l | adgl slgo (lgie 4y (/AT Lools
535 3l 03,8 jadly e b ol T Bl 1190 4 0l (g5 gy b ealitis] (sl o)l Dliwsl | SIS boglse 4
Bl |l TOL (9,0 4 55 Sl 5 ) 4 V0 139 2 dslS (g i b g 20 (oo 0 b ey B by lisogll sladlsls
P aolegd s id jlan .cd)S )8 aidd 1 5ed YO+ Caopu b il Clw] lles cod celo ¥ St 4 ¢ A
5 bglbe C8l5Sy o 4 odiges pls plSoxinl gy pslate & JSU iy by ez (59 20 0 Jlaie b Jol>
Ymm s j0 Cwulbes g AW mm Glad b S Saind sladiged agd slp Yoo MPa )Luid 5 0)50m0 SO oy g, 5]
Sl cslo ¥ cas 4 bd cpl 0 g @yly> ¥ oC/min 20 &yl csjuw LY+°C glod U lal pb sladiged .o odlaiw |
el ¥ Ose dy lod ol )3 9 <yly> WW0+°C (clos 50 °C/min 23 &yl ey b dald] jd 08,5 )13 Cons pl)] z9)5
SBe s Gl bes b dgg sled lgie 4 0nd (6,8 o3l I Lull o Led cpl sl S5 4 Y Ll atily &5
(XRD) X axis | yolys 08w d 3l oolasiw | b oads pond ASTMC-373 5yl | ol | wiseuds )| 5gy 5l o0l | b ladiges
S pSUled el e S ool ndiges (o5 3BT V/OFY A zg0 Jobo b Cu- ka giaiis Asenware AW-XDM 300 J
S Sllied (oled (605 ojlul gly .l (6.8 o3l 5T sled )> OCT1010 Juo LCR-meter olKiws jl odliiwl b adiges
S9rS GgSan 980 o 3 jl ladiged Juslo ) (o s slp W08 (51539 S 0)8 e 2 b Ladiged o il 5
A5 oalatwl (FE-SEM, model 450 FEG, FEI QUANTA) _iyg,

- g li—Y

Gl ol 05 03 9] Caliseo ladiges (gl o JBo dopd g b J556 dopd (g yals JEs 4 bgrye gl V g 5

1K€e0 9By P o)ladd 1V o)9s o\Q\ Sl



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.4.3
https://jicers.ir/article-1-403-en.html

A <

Dy Aled adiged Cuw lo s sniad li s &S Caw 1 (6568 JBs ao 0 A 5l YL ladiged dad oo 5 JBS o
el Cawd 4 2o )3 S5l jieS ladiges olod p 3 5L s jlade

adiged (oo JB w00 5 5L S5 w00 (5,0 JBs 4 bg e i )y

5L Jsdss as e % (ot ALl Sy (g/em?) ol arcusls S 5
I AAY DIOVY ZnO
< /fY ANz BIOYY ZnO+ 0.5 wt% TiO»
Ans aAlY IR ZnO+ 1 wt% TiO2
. AA/A NI N Zn0O+ 2 wt% TiO2

S m3 o Ui ,TIO2 Siglite Ao yd (sl ol (B> 5 (sadines 4 bgyye uSol anil ol clagSI Y S
3L e 5L Bllao PBBMG (4138 055 5 JUsS13Sn sl b uliing 210 &y bigyyo 0ad plulis 5 (Lol
odalin 55 (6,500 (=58 Sy TiO2 33938 (g9l sladiges golos )V S 3.k [V)] Aiiws JCPDS No 36-1451
S5 by Sy ol Ab Gasuie BT L ol 4l ial38l oS 56 Sy opl s TiO2 Hlude i3l b g oo
$blgj o 4 Sy patse olols V JSG ) akius JCPDS No 00-019-1483 35 b x> yo (595l b ssllas ZN2TiOs
A)Ti 3555 o5 S Elad 4 &S Canl ol LB ZNO & CadTiOz o5 )l (g5l slodisad ) 5 by (3,8
Conl gl TIO2 Sjg Mo pd ¥ (59l diges )3 obuls (liee V] 395 oo bgsye (+/VF A) Zn?* Sgs glad & Conas (+/VF
ALyt 496 5B ke 5l (8L J35)S > 4 Sy e oS

—~
=  «:ZmTiO4 ZnO+ 2 wt% TiO2
SN

~

o~
-
-
~

| W% TiOs

— (101)

Q)
L]

(100)
— (002)
L (102)
. (110)
S (103)
(200)
(201)
(004)
(202)

ZnO+ 1 wt% TiO:2

l \ | M W YO

; LL

)

1

1

3 .
ZnO+0.5 ZnO+ 0.5 wt% TiO2
wt% TiO:z

. L [ I T

/;\ Zno /é\ Lu B \ . ZnO

35 36 37 30 40 50 60 70 80
2Theta (°) 2 Theta (°)

Intensity (a.u.)

TiO2 Sglicce oy (g5l ZNO Ladigos 45 bgs o XRD (clagSIl -\ IS

cpolai Gdb Db pomalio Y IS )0 TiO2 wldie duo )3 (g5l ZNO adigel Con Sl pdaw 4y bgypo SEM yglas
9y A ST Seal s Sl o3l iz w0 5 998 (00 ZNO sladily (55939890 > (6 Kol 3yt 4y yote TiO2 (539381
LaalS TiO2 (53438 Jlade )38l b (6o dow ST Siolyus Lo 53y iy o3lul .o | 4Bl alS TiO2 (53438 jgia> 4
258 aS) Sl g pSsle 4 orie aib lajye S o8 clbl JEalS B )b Sl Wl e L B935S b sy
Ao o )0 (59 AT Kol puw iy by 51 TIO2 335381 SEM yyglas &y g5 b VYAV Lo aily )y jbidlus oy ol dons
ZnoTiOs 46l 51 TiO2 53938 (col> (cladiges ;5 b o)Ll (g5 LT 15 a8 g5 lod cawl 03,5 (cpSols g i
Wl glajye 3 65 )3 4 blod gl (lajl Yoone 29 ooy (39381 ke al33I b 5 (pl ke & 0 osaliia

1Eee oy P oyladd 1V ojps olad



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.4.3
https://jicers.ir/article-1-403-en.html

B

Solyly SO b il &l ol rals dos (o g il slae S ials Gl wild glaie 0 (68 S L g Wy
oasuh o > S5 5l b b sy SO pSTled Sl il 5y il ol By |l ol S piSTlen oled 40 pres
ol ohg a SO uSlied (olgs bl el Blg o (ol Golatio pa b calisee G Sl 6 sl Sialy s (5 &S S

VO] 0 b laBay (58 a b Hlesd o 4 S xSl

WA \
<) L \ . ! I
E ENRY 2~ io aal 18Ul i S A N N

KYKY-EMBOOOF/CRL-IUST Mag: 2000 87.4 pm | 655 pm KYKY-EMBO0OF/CRL-IUST Mag: 2000 87.4pm | 655 um
202108.28 SE/" HV:1SKY  WD: 11.56 mm F— 20 pm ——i [ 2021.08.28 SE-  HV:1SKY  WD: 10.86 mm =P

L . MO0 -5 S\ . -
KYKY-EMBO0OF/CRL-TUST 29: ¢ 87.4'4m | 65.5 pm
2021.08.28 SE % o 20 pn —

cTiO2 0oy + /0 gyl (@ ¢35, w1 (A CuSlis s SEM jyglas - ¥ S
TiO2 ao,0 ¥ sol> (5 5 TiO2 woyo V (g5l> (7

[ Downloaded from jicers.ir on 2026-05-27 ]

295 5> .l 00 039 TiO2 o yd /0 (gol> (69 donsST Aiged (¢ puic LT i o2 g pdaw jI SEM pguas ¥ IS5 )
059 4 gl Al yw lajye > yidis (69,5 ol Cpl .ol sdalive LB 5, JSG (69,5 ol diges oyl pdaw ;I SEM
Loy Ti (59938) qajg wCow] oads olwlis Zn, O, Ti polie @jef MAP (¢ paic jJUT 13 05,05 eso dild s abl&s Joce
U3 Y s p glise dlats 93 I EDS jJUT .59 (oo odaliin yidiw (9,5 bl o o Jlaie g cow | 816 &g &
$5)5 bl [l 3505 (615 dom (g en 9 S | glite aaj b IS (55,5 bl 5 o Lie ol a3 jlai jl S ans s
b 5 6y dS] Koy (ol 15y @lo Wil oo il gblis e 1 pose b a3l 6 itan alBl 6 S

g (g al b

R: 20.1001.1.17353351.1400.17.0.4.3 ]

1Eee olunyG ¥ oyladd 1V o)9s ol Saslpw aal



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.4.3
https://jicers.ir/article-1-403-en.html

[ Downloaded from jicers.ir on 2026-05-27 |

[ DOR: 20.1001.1.17353351.1400.17.0.4.3 ]

gy clia [T

€00 GG P a)lah 1V 2)gs ol Saslyn aslibos

R S00254-4-0606-1-0.50 27

Element Atom %]
(8] 5111
7n 40.64
Ti 8.25
7] n
‘ A /\
4 5 6 7 8 0

7 (‘I\(‘" \ T 1.00 * CRL-SO0254-4 0606200 58 276
6 @ Element Atom | %]

° (0} 57.42
S

Zn 30.12
4 Ti 12.46
3 n W n
n
2
|
1 A |
0 1 A%=edl sl ittty | St sag st e D
1 2 3 4 5 6 7 8 9 10

Energy [keV]

Energy [keV]

TiO2 aopd +/0 (591> (55, duST digas (g pare LT piz o8 § mhaws 5ISEM 5005 -Y S0

B 35y e udlS )3 0dga5e 3 ol (g5 031l TiO2 cglato o )3 (g5l (sadiges S Sl n ol wlyons QI S
Sl baigel 4y bgyye uilS )3 L S SN0 colb Wl jloges & F IS Lo oo sl ]y BU1 slod jd 5,0 LS V.-
ol8y8 x>  TiO2 Hlade cans p (69) danST S SN0 Colb Clyuss i o a3 o Ll J sy 1) TiO2 duo )0 ¥
D35 o Sygo Liubad (lapusilSe Gyl 5l o SUlied dlge 5 shadgy LS o | odd 039 gz ¥ UK )3 glate
oS8 4 (St Sl (lapunsilSo sl atid (2Lad)h g (J5se (G2 ¢ 9y ol by oladyd sl pailSlo o
s Jlas] give b Sinlon | 395 (slandad e 15155 (o lnodabsd 51 (50 YUy (glapilS 3 50 35 Jlasl oo
P i g cewl 13555 K00 Gl wdlSo & cuws olad (b ibed o e deded ol g 5 o Jled e plpls s
SO SUligd ol Hlade o oluad Hb el s Jlad pe s 4 YU sl yilS )8 0 o s Jlad ol sla il 8

Y4



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.4.3
https://jicers.ir/article-1-403-en.html

B

[ Downloaded from jicers.ir on 2026-05-27 |

R: 20.1001.1.17353351.1400.17.0.4.3 ]

Ol el 539 oo (5, dn TS0 S0 o il 4y 2ieTiO (938 cotal s 5 4 gl b [IY] Wb o ShlS
S pSlied ol jd s Lials aoy Y @ /0 5 TIO2 Hlade (iuli8l b &S ol 465 4y CanlTiO2 jlade dy diwly conds &
F Ve ol (Jle lsie 4 cal aly 35 S led a6 oIl iS5 4 (2R e 298 0 o lie
(Uials ol YO 5g0) Wb o Lials FAY e YVAPAY - Jlide 5l (69 dumnST <SG iUl 6> <ol Ti02 (Sjg do 0 ¥ (5093381 b
G2l (2Rl pln VY 3905) 8l LV Fe e & YAV« « e ) g9y 38T S pSllied ol 5p20lS Vee (iS58 50
G5 (o2 JBU Sl 3929 5 ySo g8 &l ojlail &) Wl o TiO2 (53933 9l > 53 59y S ST S ylied ol Jluda 5
OBl 555k aSs > (Sl ol bis (gl (g; ST 4D 2 Zn® gl 4 Ti* clayg (30l 150 050 00
Goob L )0 Zn2 e 93 iSOl Ti* g0 93 5 Gl 0 il o ylS slaas) aoles 130515 3959 ¥ 9 ) dloleo 40
s ¥ dllao )3 23,5 oo )18 4Sud 53 (ks G Do & GFeST Sy (Sl Qi Bais (gl Sl cpl )3 9358
555 31 39 o ol 45 3 (53 (88 I sl Sy (Ko st bk sl Sl il 3 9 el 005l ]
5 oS bl 5 sl JB sl o3Il g 3Se s Jds 4 ¥ (Sl 5 sy 09l JB sl sl Jlel ST (55,0
4 O My slop 3oy Wlgi oo g5, (988 JB Sl cus jpa > B L o WG o 60k 4D ) a8 A

IV] 09 S isUled ol il a4y oo g il aily die 58U aily (gbajpe 4Y 5 Sles D 039

. Zno . (X} . n
T102 — TlZn + len + 00 (\)
. ZZnO . oo n
TIOZ e TlZn + VZn + 200 (Y)
9000
250000 - |
sof | | =0
1 In0+2 wt% Ti02 —A—Zn0+0.5 wt% TiO,
™y T 200000 - —o—ZnO+1 wt% TiO,
T 6000 v o —¥—Zn0+2 wt% TiO,
! ]
L 4 150000 -
™ a
3 ¥ >
?1. e 1 100000
] ol | ]
2000 - \w 50000 | = =
VY —y—y—y - = R =~ 4 B
1000 - .
! ! ! ! ! ! 0 -_hﬁv h o v Y y \
0 20000 40000 60000 80000 100000 0 20000 40000 60000 80000 100000
(5 8) ol 5 (58) oL
200000
180000 -
160000 -
140000 -
] 120000 -
% 100000 |
4 60000 |-
40000
20000 |-
0+
0.0 0.5 1.0 15 20
TiO, —ij9 woys

39 20,0 Y (gol> wiged (gl GuilS 8 LSS STl gs ol Ol s (0 e milS 3 L ladigas SO Sl g0 ol s (I -F S
Dglaie GwilS 8w o TiO2 Jads e 3 ZN0 S Sl gs ol &l s (z 9 TIO2

:_%
5
:|

10 UG P o)laid 1V 28)9s OlR Sae



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.4.3
https://jicers.ir/article-1-403-en.html

A <

03y9] 35,molS Voo Wil )3 13 00 (65 05l TiO2 53938] Jlade s ZNO S5 iUl ed B il pois & IS 5
Ol S ls 8 )3 &S (ol WS 431 (VL Hle S Sl B jlude ¢392 bl jhond J> 2 (55 ST cansl 05
dgu oo odaliio B sla JSG )3 a5 465 lea [VF] Cuslodd (5155 59y dumST (gl Voo dgan Sl g0 M ludo
s & ol )So3 gl B 3580 (59 M| Syl B ke )3 (6 pRodizx WS 4 i TiO2 (339331
DY A b0 aoles YU 55 o] S xSlies AT )l (6 5VL o xSl cob lade S5 i8Il ed Kol yis (389 Jgone
a8l suad il gy domST SO Sle col lade ba ag38l jeas 0 aly i S aSUligd ol puls a5 WS ylen

5 335 53 (53 ) 43 o a8 S Sl OV ] 2aS S SUgs €l L adigad ) 3 5

20

—
h
I

S s g0
-
=
I

8
I 62 54
0.5 1.0 2.0

Tiozq—UJ A

0.0

TiO2 o33l Jaike o 5 ZNO S Sl 1 &l i -0 S

& 5 oxd ¥

Wl g9y S| Seslp il (ol 2 (S 203 ¥ gV er/0 plie )3) TiO2 (53938l U ()2 4 35 ) 5
Seolpw )0 walBU g a9l 51 dbul el Sj5 o jd /0 o5 Hlade > > TiO2 o938l by oyl adllas ol poli .ui
o)l 50,8 Wy (6o 3 53 TiO2 (53938 j92 > 13 (g9) o ST Solp HLBLw oy i o D S2l5S (65, S
i TiOz 3g58l o Liulj3l b 392 005 (59 dpenS] Saslys ntils 15 ) glo TIO2 5338l bty el yialS lnals
b ojlul @ g 1) TiO2 (339381 joa > 5 S sl el o Sl (nl ibioo (B8 g9y dpn ST Syl ol
I G I B> (15 2 (00 ]33 § So S

&=y

[1] H. V. S. Pessoni, P. Banerjee, A. Franco, "Colossal dielectric permittivity in Co-doped ZnO ceramics
prepared by a pressure-less sintering method", Physical Chemistry Chemical Physics, 2018, 20 [45]
28712-28719.

[2] D. Huang, L. Zhifu, L. Yongxiang, L. Yun, "Colossal permittivity and dielectric relaxation of (Li, In) Co-
doped ZnO ceramics", Journal of Alloys and Compounds, 2017, 698, 200-206.
[3] R.L.D.S.e Silva, P. Banerjee, A.F. Junior, "Functional properties of donor-and acceptor-co-doped high

dielectric constant zinc oxide ceramics", Physical Chemistry Chemical Physics, 2019, 21 [18] 9456-9464.
[4] Y.J. Lin, J.S. Huang, H.C. Chang, C.Y. Chuang, M.H. Lin, "Effects of the addition of graphene on the
defect-related photoluminescent and electrical properties of n-type ZnO thin films," Journal of
Luminescence, 2021,118599.
[5] A.M. Eyvaraghi, E Mohammadi, N. Manavizadeh, E. Nadimi, L. Ma'mani, F.A. Broumand, M.A. Zeidabadi,

€00 G P a)ladd 1V 2)gs ol dp



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.4.3
https://jicers.ir/article-1-403-en.html

L

(6]
(7]
(8]

(9]
[10]

(11]

[12]
(13]
(14]

[ Downloaded from jicers.ir on 2026-05-27 |

R: 20.1001.1.17353351.1400.17.0.4.3 ]

Yl \

"Experimental and density functional theory computational studies on highly sensitive ethanol gas sensor
based on Au-decorated ZnO nanoparticles,” Thin Solid Films, 2021, 139014.

S. Boulahlib, K. Dib, M. Ozacar, Y. Bessekhouad, "Optical, dielectric, and transport properties of Ag-doped
ZnO prepared by Aloe Vera assisted method," Optical Materials, 2021, 113, 110889.

O. Gurbiz, M. Okutan, "Structural, electrical, and dielectric properties of Cr doped ZnO thin films: Role of
Cr concentration," Applied Surface Science, 2016, 387, 1211-1218.

J. J. Tian, H. Tian, Y.H. Xu, Y.J. Feng, H.L. He, "Nonlinear electrical properties and dielectric properties of
ZnO ceramics doped with - K2CO3", Journal of Materials Science: Materials in Electronics, 2019, 30 [14]
13768-13773.

D. Huang, W.L. Li, Z.F. Liu, Y.Z. Li, C. Ton-that, "Electron-pinned defect dipoles in (Li, Al) co-doped ZnO
ceramics with colossal dielectric permittivity", Journal of Materials Chemistry A, 2020, 8[9] 4764-4774.

N. Bhakta, A. Bandyopadhyay, A. Bajorek, P.K. Chakrabarti, "Microstructural analysis, dielectric properties
and room temperature magnetic ordering of Pr-doped ZnO nanoparticles”, Applied Physics A, 2019, 125
[12] 1-12.

Jr.A. Franco, H. V. S. Pessoni, "Enhanced dielectric constant of Co-doped ZnO nanoparticulate powders,"
Physica B: Physics of Condensed Matter, 2015, 476, 12—18.

M. N. Rahaman, Ceramic Processing and Sintering, New York: Marcel Dekker, 1995.

M. Barsoum, M.W. Barsoum, Fundamentals of Ceramics, CRC press, 2002.

M. Mazhdi, M.J. Tafreshi, "Gadolinium doping affecting on structural, magnetic and dielectric properties of
ZnO nanoparticles," Applied Physics A, 2020, 126 [4] 1-8.

10 UG P o)laid 1V 28)9s OlR Sae

1



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.4.3
https://jicers.ir/article-1-403-en.html

1Eee oy P oyladd 1V ojps olad

Investigation of Titanium Oxide Additive on the

Microstructure and Dielectric Properties of Zinc Oxide

Ismail Sadeghi Deh Chenari, Hajar Ahmadimoghadam™

Department of Materials Engineering, Faculty of Engineering, Shahrekord University,

Shahrekord, Iran
* hajar.ahmadi@sku.ac.ir

Abstract: Zinc oxide (ZnO) is widely used in various fields such as electronic devices,
converters, varistors, catalysts, photoelectric devices, and piezoelectric application due to its
unique properties. In the present study, the effect of titanium oxide (TiO2) additive on the
properties of ZnO ceramic was studied. 0.5, 1 and 2 wt% of TiO2 were added to ZnO and
various properties of ZnO ceramic including density, phase behavior, dielectric properties
and microstructure were investigated. The obtained samples had a high relative density and
about 98% of the theoretical density. The results of X-ray diffraction (XRD) showed that
TiO: additive leads to the formation of a secondary phase of Zn,TiO4 in ZnO ceramic and
with increasing the amount of TiOz, the amount of impurity phase increases and the peaks
move to lower angles. TiO2 additive considerably reduced the dielectric constant and the
dielectric loss of ZnO ceramic. With addition of 2 wt% TiOz, the dielectric constant of ZnO
was decreased from 48200 to 1400 and the dielectric loss of ZnO was decreased from 20 to
5.4, measured at 100 kHz. The results of microstructure study showed that TiO2 additive will
have a significant effect on the microstructure of ZnO ceramic, so that with increasing the
amount of TiOz additive, grain growth decreases. The reduction in the constant dielectric of
ZnO ceramic can be attributed to the smaller grain size, the existence of the impurity phase
and the defect of the cation vacancy in the presence of TiO> additive.

Keywords: Zinc oxide, Titanium oxide, Density, Phase behavior, Dielectric constant,
Microstructure.
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