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Research Topic: Synthesis and Electrical Properties of 0.65PMN-0.35PZ Ceramics
Prepared via Combustion Technique

Researcher: Assist. Prof. Dr.Theerachai Bongkarn

ABSTRACT

In this study, the effects of calcinations temperature (700-1000°C for 2 h) and sintering
temperature (1000-1300°C for 2 h) on the phase formation, microstructure and
electrical properties of the 0.65PMN-0.35PZ (PMT-PZ) ceramics were investigated.
These ceramics were prepared by combustion technique. Glycine was used as fuel to
reduce the reaction temperature. The differential thermal analysis (DTA) and the
thermo gravimetric analysis (TG) were used to evaluate the optimum condition for
calcination. The crystal structure, microstructure, density and electrical properties of
the powders and ceramics were studied. The pure pseudo-cubic perovskite phase of
PMN-PZ powders was obtained by the sample calcined at 850°C for 2 h. The XRD
results corresponded with DTA-TG results investigation. The morphology of the PMN-
PZ powders showed an almost-spherical shape and the average particle size
increased from 0.16 to 1.62 pm when increased calcinations temperature from 700 to
1000°C. The PMN-PZ ceramics exhibited the pure pseudo-cubic perovskite phase in
the sample sintered at the temperature lower than 1200°C. The second phases of
Pb,Nb,O; and MgO were found in the samples sintered at the temperatures higher
than 1200°C. The grain morphology of PMN-PZ ceramics exhibited an almost spherical
morphology. When sintering increased, the average grain size increased from 0.46 to
2.36 pm. The density, linear shrinkage and maximum dielectric constant of PMN-PZ
ceramics increased with increasing sintering temperatures up to 1200°C and then
decreased. The sample sintered at 1200°C for 2 h obtained the highest density,
highest linear shrinkage and highest dielectric constant at T. of 7.76 g/cmSI 11.86%
and 20052, respectively. The ds; was 95 pC/N and the P, £, and Ry, (using electric
flied at 40 kV) were 24.27 pC/cmZ, 3.49 kV/cm and 0.90, respectively.
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dle C Ae (capacitance) Smisniflu gaesntrelaad (C/7) sisa yiazn ()

Voltage ﬁChargE+q1W
differenceV +‘++ *_'I"_"tl’f“:]: . T
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/ T oy R, N / Area A
Capacitor =2 Ch 4
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DN 9 ﬁ?kﬁvﬂszfﬂuﬂummu [34]
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_&.g.4 (11)
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ten 9 azmunabs uwlninefguydendannluledidninsesdauiulscaiialdaniu

9997 WA nNTLaad Y

N3

nMsfumeiiuuaniucaadiia

nsTumad (sintering) B N1szuauNITNINANTaUATN LiaynAlR AN saEag
Wuseiuetvauga Tnenlassasrsudniflusasuds Avmuintannnisindeutinouns
anwouz pine o) idnazifinauluszduaesesmen nafiauszidenseiudenaiainlfssu
= < d" S DU ﬂi’lv ' o L3 a’: =
NANNWINUNGITVUASIRANIUAARS HanaNHa1aazna1lfdin sfumefiin vuieda

o o o . A v p o 4
nTNIaagnIuNatssndnaynIare iy Insatdanisuaiorasasdlsznauiiideses

el

as

= o 2 = = 2 o = 14 ar d‘ o g dl S
Aamaudananisiiulalifeaiu Tnainsairaiussiudaussszudsoyniaiiagfinfuy

J 3 o ] 1 = - ﬁi 1 o dy b )| 2
TnINRaunegssndnsaaan mauiiiinantugl llililaseaieqania
o . : . C— a &b
nlszneudiaenisBiainiziuaaunsising q Sauusifludiunilarasduneunisiumefiedu



14

ar [ o = s‘an; & d” An [ dy = v
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Horizontal section

¥ Movement of
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Centrifugal
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Rotation of the grinding bowl
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s = ] = & ar 5
Lmzlmmanmuqumnssumwml'aﬁlLmum@uuaunu‘lﬂ (cascading) [37]
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N193LASIEMBIAANTaURELATAY Differential Thermal Analysis (DTA)
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anamaziindnisfinBinnasdaatnean 12 mg iy 43 mg qoumgll
nsifimjisaniai (Dehydration) Az 45°C 1ummzﬁgmmﬁﬁLﬁmmnmﬂﬂﬁﬂuuﬂm
N9NANd ( Recrystallisation) Gaiudios 5°C wenaninsiinBunnaefae il
FulEne e ugae ludouresauineynin (Particle Size) NsamWNY (Packing ) uay
ALY ( Density ) 98962819 Hnasea Aranamisalunistia Anssaw (Thermal
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snmwaadendahiiadudrdnylunsimiiaszndneadaszuiia (Solid — Gas
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Conductivity) Inéthzeiu anssiaating mem@Lﬂuma‘ﬁﬁaalunn’ﬂmmugﬁfﬂmmswmam
ms@anms‘%qﬁqamﬂs‘zmmﬁﬂﬂzjmﬂmmmmﬁ@umm Base line zgiiun ( Alumina )
L‘ﬂuﬁ'ﬁQﬁ‘ﬁﬂﬂ"ﬁtﬂt&ﬂﬂﬁﬂﬁﬁ uananniatl fused quartz , glass beads 38 liquid paraffin
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MW7 uaasradiaseiiilunsi DTA, TG, DTG 199U Kaolin Peak figouuqi
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ANTRUINENRININANsReuuRITANETI9HEN Spinel ez MW 18 WAAINARLATIZ 184
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Spinel fianumyii 990°C
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Thermo gravimetric Analysis (TGA)
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130 Polystyrens
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0 300 600

¢ Ay v a PR
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m‘a‘@mLﬂ‘i‘wﬁmﬁmﬂﬂkuum’aﬁ»‘iamn‘ﬁ (X-Ray Diffractometer)

o A A oa Fo, bl Wio : . S 5
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- - &
3. Wanwneeiulassairandn viseluanasesarsfaanisliinatianisiaaaiuy
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Crystal atoms
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Banauni1sian aun1saeauusn’ (Bragg's equation) deiitlsvianiunn damsy
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1919 ENTIUDNN LSS EMI LA RSO AN TBIET TTT0 °] audluszlagiatiannlunas
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Aanmsauilgugil (primary electron) anNUUAINILHABLANATaU (electron gun) Ay
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(Multi Channel Analyzer, MCA)
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N15SUIAINRUILUY (Density)
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W, fAa wminuitaraadiuenu duiseniuniuy
A oy e -3 ny = ] [~1 o
An  umvinuisrsstuaniluzeswa dmaeilundy
daunisuaanuvinaestnsman lunsdiinsBanashuiueuvasresudeng
1) arwnsamldiann
py=GIV (20)
Tna® G e wsangsiiaduiuaeawds nisadunin) wldarniminaes
Fusnluaanadaudioiimingesduenluresseanan
v da o Buansresresudiiquasiuseanas mdbenilugnuiaiiaufiumg
v
A1nFUNTIUA NN LUUANYINS (relative density): p, ] 11 ANNTDANU UM IR

d
ANNANNIIN (21)

P
%) =| —~ [x100
p, (%) (pme 1)

d‘ ' i o & = ' | &
dia p, An AdAon vl mludyng Bnbeniluladiiue
3
p, A A umnwiveesdung dndedluinfudegnundiinuniung

p, A ArAwmswiungehivieethinfudegnunAiisuding



=
UNY 3
ABANAUNITINE

AN g lun1snaaas
1 aneenlad (PbO) ALV 99%

uunilidesluimsn (Mg(NO,),6H,0) AINLEENS 99%

B

. lwlewdeneenlad (Nb,0,) Ao EgYE 99%
viaflaillanlnaanlas (zi0,) Aananitans 99%

. lnadu (C,H,NO,)

e, S Mo 1O

Q179818101484 (Ethanol absolution) AIMNFENE 99.7%

aunsaildlumsiaieasns

1. wisesfauuuay@an satorius AG GOTTINGEN type Fabr-Nr (RouAunag
N9 BLaNNTDTNEA) I%fﬁ"ama'lﬁimnﬂ?iqm'l,aitﬁu 310 nfu TneliANaziaem 0.001
Ny

2. Havarsuasiifia Memmert DOGO57 Model 100 gl lun1saugeqn 200
ANANLTALTEA

3. nsetleananafin i lunnsnansnsindasndiuefuasittlngin sy
ANAUEINATY 10 [IURLIAT AINGY 10.7 [URWAS

4. Waundatnananiiduiugudnatnlszinn 7 faamng (4w 250
1in)
Lﬂ%qmﬁmmunﬂﬂaﬂLmtuzgﬂu'aa (Ball milling)
Hot plate d1ufuldlunasniWignssswmeaan
Magnetic slirrer @1M3UAUAT LT

oumAnans

L L N D O

fninasaum 1000 99
10. WA (Punch and die) Wlunsdugiligsiin
1. nseaevaes (Foil)

A o = o °s & = or o
12. isnsdnlalasandwiuiugihasiin dauseiuligegn 1000 Kglom®



45

13, WA Eurotherm grumaiigegalunisiin 1700 asriaaifed
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