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Preparation of ZnTiO3; ceramic compound

and study of its structural properties
Farah Al- Tadmouri * Abla Al-Zoubi 2
Master's Student in dense Matter Physics at-Baath
university, Syria.
2Dr.in Optoelectronics-faculty of science at -Baath
university.

Abstract:

The ZnTiO5 ceramic compound was prepared from the raw
oxides using the solid state reaction method that based on annealing
of the solid reactants to produce complex solid compounds from
simple oxides. The structural properties of the raw ZnO and TiO,
oxides that used in preparing of the ZnTi0O; compound were also
studied using X-ray diffraction, which is a technique used in
crystallography to determine the crystal structure of the materials.

The samples were annealed at different temperatures in the
rang (700-1000)°C for 6h. The XRD results of the prepared
samples at 700 °C showed the presence of Zn,Ti;Og compound that
crystalizes in the cubic phase, in addition to some peaks that belong
to the raw materials.

It was found that when the samples were annealed at the

temperature of 800 °C, the peaks belong to the raw materials
disappeared and peaks belong to the ZnTiO; compound with
hexagonal and cubic phases appeared, in addition to some peaks
that belong to Zn,Ti;0g compound. The results showed that the
optimum temperature for the synthesis of the ZnTi0O5; compound is
900 °C with its hexagonal and cubic phases. A phase transition had
occurred at 1000 °C from ZnTi0O; compound to Zn, TiO, compound
and rutile titanium dioxide.
The crystal lattice constants of the ZnTiO; compound at 900 °C,
were calculated. For the cubic phase, the average crystal lattice
constant was a = 8.368°A4, and for the hexagonal phase, a = b =
5.094°A and ¢ = 13.588°A.

Keywords: soild-sate reaction-thermal annealing-lattice constants-
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30 40 50 60 70 80

.800 °C 4s,0 die Galdl) (Sall Al daiY) zpadl Cada (7) JSaN
(26 — 5 (39 — 0190) Amayall Clladl pe Al 22y (7) JSEN (e Jandls
=Sall skl 35as ZNTiO; Syall 335l JCPDS cilasbeall &y & 1500)
CulSy dpaSall Al 385 )by A ZNTiO; el Hhie G daad &0 L uladl;
.(211)(440) (220) (311) (400) (511) : V) saill e
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b ba JS xie 2l W) e d Ayl Sligieall G ) Glea
Aol ASL i ad et 8 5 o(1) Asbaddly el gy (sl Slasil,
Al Al (8 dpyy Chisied) o adl Gy s dad e 308V La
dearas Aears 20°0e 38 2 (6) Jsaall cpw - (4) 2Bl dpasal) 45500
(2S ZnTi0; Sl
(6) Jsad

26° deqi (CA) | dearg®A)( | a(®4) | (hkl)
30.552 3.394 3.429 8.312 (211)
35.354 2.945 2.972 8.328 (220)
41.660 2.604 2.534 8.638 (311)
50.357 2.102 2.101 8.406 (400)
67.555 1.608 1.617 8.357 (511)
73748 | 1490 | 1485 | 8429 | (440)

a=8412°A

(6) Jsxall

zhaV) il Jealall Z L) dais Lmapal) 28lad) o e Lygnall d 2 Calias
Culi) Adans ol Al o amg L SuE)) JLd1 (e s axdiuall Sleadl e gy 3l
) dpmaall Al 8 Al (e dnf 0sSa = 8412°4 4 Ayl Ayl
.a = 8.408°4 iyl (39 — 0190)

Gl Al Al a5l A ZNTi03 Syl she GIF waad 5 LS
.(104) (110)(202) (116)(018)(300) : V) sill e

ik hd JS izl W) e d Al Slisiadl gy aad) Gl Liad
o 33EYL € 5@ Aol AL Culd ol et 5 S e (1) Aabeall aladiiuly
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Al Ll sl Aysll) L) s 3 dpygey Slisival) G 3l Jany Cun d o

ZnTi0; Syl la G35 degras Aears 260° o S o (7) saadl oy
.L?_M\M\

(7) s
20° 1 d.y(°A) | degrg(CA) |2 (°A) | c(PA) | (hKD)
38.56 2.71 2.709 - [13.730 | (104)
41.362 | 2.533 2539 | 5065 | - | (110)
50.755 | 2.089 2.087 - 12,909 | (202)
63.249 | 1.706 1.715 - | 13.784 | (116)
66.96 | 1.623 1.621 - | 13.948 | (018)
74.454 | 1.480 1478 | 5121 | - |(300)
a=b=5.093°A ¢ =13.593°4

(26- pmapal) Ailadl e Ay gusnall dyyslll A0l il Adansgl) all 43)ae
Culgl hangl) ail) (8) Jsaall Cw 2[27,28] dalall Jlee¥) (any aes 1500)

Agalall JleeY1 any oo L lie s &y sunall ) l) A0

c(°4)
13.593

13.92

13.91
14.0234

(8) dsaal

b(°A)
5.093

5.078

5.074
5.1456
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a(®A)
5.093

5.078
5.074

5.1456

alall Janl

Jaad) 138
431L,1126-1500

[27]
[28]




Intensity (a.u)
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:900°C 5 a2 Lalall Aall Ayl 422V 7z el (il (8) SN

— 900°C I

o
— ~
e
~ -
)
=)
<
N
©
—
e
=)
N
8 o
S
o
A
T T T T T T T T T T
30 40 50 60 70 80

20
- 900°C 5l 4nyd aie Lalall Al L) 2 7 1ad) Caida (8) JSal

) 258 A il sl LY o dlsn (g 2Ll g (B) S (0 Lo
@l (oSl Gyshall gl Bapa 4 seka ) A8LLY L ZNTi0; Syl
J<E) e s o L(55.749°-57.865°-58.782°) Lisill xie iSyall 1 (g
OSar Mlls Zn,Tis0p SHall o 30Y) anlsY) 1) asad sl 3 395 (8)
@2 Sal ayshy ZnTi0; «SHa) e Jseanll Jia¥) o Al o2 o) il

ol 2l

J)L‘:‘"‘ ‘..53\ ZTlTi03 “—‘S)"“ﬂ dcard) dcalJ 26° e S ?:‘5 (9) JJJ%A\ O
Azl Al
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(9) dsad

20° dcq (°A) dgrq(CA) a(°A) (hkl)
35.368 2.943 2.972 8.325 (220)
41.66 | 2514 2,534 8.339 (311)
50.363 2.101 2.101 8.406 (400)
55.749 1.912 1.928 8.336 (331)
58.782 1.822 1.834 8.349 (421)
62.756 1.717 1.715 8.413 (422)
67.55 1.608 1.617 8.357 (511)
73859 | 1.488 1.485 8.418 (440)

a =8.368°A

Sl e Ay g skl Al il Al Aadll Clus 5 of 2
.(39-0190) 48 dyns sl il

sty A ZnTi05 S ,all Aearas deqrs20° e DS ol (10) Jeaadl G

odawd ) 3y
(10) Jsaal)

26° dcgl (CA) dcgrd (°A) a (OA) c(°A) (hkl)
3854 | 2710 2.728 E 13.737 | (104)
41.358 2.533 2.539 5.066 - (110)
50.749 2.087 2.096 = 12.918 (202)
57.865 1.849 1.859 - 13.564 (024)
63.273 1.705 1.712 - 13.775 (116)
66.98 1.621 1.618 - 13.944 (018)
74.46 1.478 1.465 5.121 - (300)

a =b =5.094°4 ¢ =13.588 °A

108




AUy el b 2022 e 14 ssdl 44 daal) Cad) dasly Alaa

Al s (e Lo A Ll i Ayl ASEN) Cugl il Adasgl) adl) Gl 5
(26 — 1500) A jyall 28Ual 8 Gy suenal) 4y L)

.1000°C 5y days die Lalall Al Apiad) 221 2l Cada (9) IS0 oy

—— 1000°C

(311)
(511)
(440)

E)
&
2>
‘n <)
- (\l
9 Q)
£

=)

—

Nl

T T T T T T T T T
30 40 50 60 70 80

20

.1000°C )l Aoy die Liakal) Aipall dyipuad) 2231 2 lpadl Cala (9) Jsa
Gl A ZnTi0; «SHad) e gysh Jsad Gaa il (9) JSall (ga Laadls
Sle Zn,Ti0, Syall e s <l Lrutile assbd) sl Al Zn, TiO,
Ohe oibis (220)(311)(222)(400)(422)(511)(440) V) saal

.(110) (101)(211) : ) s=il e culS rutile assbl sl L
O oy (4) AR alasiuly Zn,Ti0, Syall Ayl 4l s Glua
.a = 8402 °A sl 4
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sl A Zn,Ti0, <SHall degrg s deqrs 260° 0o pIS ol (11) Jsall cpw

AgaaSe Ay By
(11) Jsaad
26° Int% dcal(oA) dcard (OA) a(oA) (hkl)
35.155 39.1 2.961 2.985 8.377 | (220)
41.425 100 2.528 2.545 8.388 | (311)
43.270 6.1 2.425 2.437 8.404 | (222)
50.420 13.8 2.099 2.110 8.400 | (400)
62.795 12.3 1.716 1.723 8.411| (422)
67.073 28.5 1.618 1.625 8.413 | (511)
73.88 31.8 1.488 1.492 8.419 | (440)
a=28.402°A

Fdym aelill Hhall degena ) Z0,Ti0, wS)all LSl Al o

Al g ZNpTi0, SHall dgsld) Al Culsh o 4jlie (12) Joaad) Co
[28] (calall Janlly dpnanyall

(12) Jsaad
a (°A) alad) el
8.402 Jand) 138
8.456 drapal) ABlayl)
8.48 [28] (alal) Janl
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A de galdl ZnTi0; oSyl Jediyly cluall aaa clua -3-5
:900°C

day e Al ZnTi0; Sl Jldly Gluall aaa sl 3
CSall s oy oaSe (& sl Jseanll JiaY) 3)hal) daps L35S 900°C
:[29] 4a¥) adtally Williamson—Hall Jsa— ¢ sealis 3ipkh alasiul,

B + 4¢ tanf (5)

" D cosH
aalll (gsbany <l ik s & b Agsly 6 5 Aeatiunal) Al At Ange skt A Cun

s
0Ll sakaall 305l Caalia die (il B
1) sl e (5) Aabeall asifi sale) Say
A
BcosO = D + 4¢ sinf (6)

il auy Glal) aang JlaaY) paadl (6) Aobeall axdis of (Sa
4 sinf AN Bcosh @il Skl

Syl 4 5inf ANy Beosh Dyl Sl Jsial) (10) JRa) o
xSl oy5hay umadl) ZnTi0,
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Equation y=a+b*
6.0x10° - \r/ev:sisih:m Sum of " V;l.zlgzggia - B .
S [
e Value Standard Error Llnear Flt
Intercept 0.0056 6.81388E-5
50X10'3 - B Slope -6.43268E-4 3.64453E-5
4.0x10° -\.\.\.’\‘—\.\.
D
0 -3
O 3.0x10™ +
[&]
Q.
2.0x10°°
1.0x10°
0.0 T T T T T T T T T T T T T
1.2 14 1.6 1.8 2.0 2.2 2.4
4sin6

900°C 4aydl xie AWl ZnTi03 Syl 4 sinf Y Beosf < (10) J
s 228l o5k

ZnTi03 Syl 4 sinf N Beosh iyl ALl sl (11) JSa
L;u\.l.uj\ yjlag )-\AMS\
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Equation y=a+ b;‘x ™ E
3 | |weignt No Weighting : )
8.0x10 gsjgueaslsmof 6.51956E-6 Linear Fit
Value Standard Error
11e Intercept 0.00446 0.00217
Slope -1.54053E-4 0.00114
6.0x10° "
3 - . .
S 4.0x10° 1 -
=X
u
u
2.0x10° A
0.0 —
1.2 14 1.6 18 2.0 2.2 24 2.6
4sin®

900°C dayll vie (aldl ZnTi05 «Syall 4 5inf AN Beosf s (11) J<al
o duall ) slay

oo i) Clual (11) 5 (10) ol & clilanall dladl) 5Skaall aladin) &

Sl sk ZnTi0; Syl & Jnitly D ilyad) pas G JS o8 (13)

ol
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(13) Jsaall
ex107* D (nm) InTiO; <Syall
6.43 32 oSl skl
-1.54 40 olaud) gkl

vie ST ) 43,8 J81 4l Jlei¥ly Sl clandl skl Gilis ana of Jaadl
38 B)hal) da
ralalitiud) -6

deld) calall gllaal) dih aladiuly ZnTi0; oSyl glihal & .1

GAY) Fhhal e 15)aal doaidial) Lulaiy) 46K cld (Llal) Alal)
Adalid)l 3ulSY) jumas 8 deadi)

g5 Al Al 38y eliy Zn0 ¢lijl 2wl o) XRD il cuy .2
sl ol sl Lay pBIMC Al desenall iy WUrtzite
(14.\amd) Gl de sendl) ) sty dae Lyl dyysld) Al i

JWS) S5 1385 Zn0, TiO, AV 2l a5a3 skl agay Jaadly ol .3
Glels 6 3ad 900 C° 3yl dap vie ZnTi0zSdll ¢ lihal ke
g kD Bl 3)hall da )y 4y

Lails ZnTi0; <Sall s sk o Jyand) o ol 4l gilill cuell .4

Tas oadaudly anSal) (sl aalsi

&) 1000 C° sl dap e ZnTi0; Sl ok Jyai Cis .5
. Tutile-Ti0, assbial) 2wl 3l Zn, Ti0, S

Ji JaiNly ST ZNTi05 SHall adasdl Hohall iyl aas ol 2ay .6
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cgSall o5k (S jall 4
gl =7

Alaall g AT @l K Je g AY) Dl cus 4y .1
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