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Abstract

Project Code : MRG4880117
Project Title : Processing and Properties Evaluation of (Na, K )NbO, -based Lead

Free Piezoelectric Materials

Investigator : Dr. Pornsuda Bomlai
E-mail Address : ppornsuda@yahoo.com !la% pornsuda.b@psu.ac.th
Project Period : 2 years (1 June 2005 — 31 May 2007)

In this research, the processing and properties of (Na,_ K )NbO, -based lead free
piezoelectric materials were studied. This project can be divided into 2 sections which are 1)
preparation and characterization of (Na,_K )NbO, powders and 2) preparation and characterization of
(Na, K )NbO, ceramics with different dopants.

The first part of the project, (Na, K )NbO, powders with x = 0.2, 0.4, 0.5, 0.6 and 0.8 were
prepared at different calcinations temperature and dwell time using conventional mixed oxide method
and characterized by TG-DTA, XRD and SEM techniques. The calcination condition and K,CO,
content (x) were found to have a pronounced effect on the phase formation and powder morphology
of the calcined sodium-potassium niobate powders. An orthorhombic XRD pattern, consistent with
single-phase (Nal_xKx)NbO3, was obtained after calcination at 900 °C for 6 h for x = 0.5 and 2 h for x
= 0.2 and 0.8. Introducing 5 mol % excess Na,CO, and K,CO, to the (Na, K, )NbO, starting mixture
allowed milder calcination conditions to be used, for example 800 °C for 2 h with a large cuboid
shape around 1 pm.

The second part of the project, (Na, K )NbO, ceramics with x =0.2, 0.4, 0.5, 0.6 and 0.8 and
(Na, K, )NbO, ceramics with different dopants such as alkali carbonates — excess (0.00 — 0.05 mole),
LiTaO, (0.00 — 0.10 mole), BaTiO, (0.00 — 0.10 mole) and 0.05LiTaO,-LiSbO, (0.00 — 0.10 mole)
were prepared at different sintering temperature. It was noted that physical properties, phase
formation, microstructure and electrical properties were found to depend significantly on sintering

temperature, K,CO, content (x), type and amount of dopants.

Keywords : Lead-free piezoelectric materials, Sodium-potassium niobate, Electrical properties, Phase

formation, Morphology evolution.
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x = 0.6; 2Na,CO, (s) + 3K,CO, (s) + 5Nb,0, (s) 10(Na, K, NbO, (s) + 5CO, (g)  (2.4)

x =0.8; Na,CO, (s) + 4K,CO, (s) + 5Nb,0, (s)  —> 10(Na,,K  NbO, (s) + 5CO, (g)  (2.5)
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thermogravimetric and differential thermal analysis (TG-DTA) ﬁw%’ayja TG-DTA #launls
] a o o 4 :/l 1 1 o '
Uszneumsidenyrgamgldmsuwuaalel iniumisaswavaivazlsznm 5 niunld
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Tudeozgiiuadwdnivluwmaalond  Tasmsulsarguugiivaznanlumsuaaland  Tae
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gaungil 900 °C wugmdunawy 6 waz 10 ¥ ue (Tasurudaimswuna lniianyus
1A Y =~ A S g 2 = o w & Y
wuRedtugl 2.3 Wisaanlasunanin 120 Wi Wy 360 Wi 600 WIH mwdIAY) 1o 1A

'
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d o o Y :/l o 4
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9
dmSuasAI9819 (Na, K, JNbO, (x = 0.5) TdAnuidniwavesmsavasasduilszman
4 1 a a v g/ @
MIVBIUAAIUIAY (Na,COMay K,CO,) Tuilsua 0, 0.01, 0.03 uaz 0.05 Tua Tassasimtingls
k4 v v 9 '
asduana ldawaumsaia 2.3 mimiuiulsna K,Co, 1az Na,Co, 961982 0.01, 0.03
1 a lyl r( 1 o Y = ] = (% [
wag 0.05 Tua wazuilsmgargiunaa ks lugaa 600 — 950 °C Tagl¥I5Msn3 suBAEINUNY
n3diveeesaIoe1ei llinsiAn Na,Co, 1oz K,COo, daunu asiinaiuids
3 ) o ' A s 9 a a 9
nniwmhasaredirmumswaa laniudy  lileaseaeuwgdnssumaiamanie
a o [ A d
mAtln XRD 1azAsIv@euanyaz3li1aasuu1nued01n1naIenaniqans sauoanaso UL

@99N319 (Scanning electron microscopy, SEM) Fe51wazidearznanluiate 2.3
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.
»
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2.2.2 M3A38MBIAN (Na, K )NDO,
Tudunouiiimsitelasmaimeasdiod s a1 x @19 wag (Na, K, )NbO, fiiende
A a 1 A
13190 NUAAE) AD
) ¢ 1 - °

- msaedutlszmnasvoamnyye TudSua 0, 0.01, 0.03 vaz 0.05 Tua lagAiui
INIANDIN AU 2.3

- LiTaO, lutlSunar 0.0, 0.02, 0.05, 0.06 taz 0.10 Tua Tasmsseensalesasiaau (1-y)
(Na, K, JNbO, — yLiTaO, (y = 0.0, 0.02, 0.05, 0.06 L1aZ 0.10)

- BaTiO, Tuil51a1 0.0, 0.02, 0.04, 0.06 uaz 0.10 Tua TaeMsFeansareoaTIdIU (1-2)
(Na, K, JNbO, — zBaTiO, (z= 0.0, 0.02, 0.04, 0.06 11az 0.10)

- LiTa0, 13121 0.05 Twa uag Lisbo, Tui3unal 0.0, 0.02, 0.04, 0.06 taz 0.10 Tua Tag
MIFIEIAIEATIEIU (0.95n)  (Na, K, )NbO, — 0.05LiTaO, — n LiSbO,

(n=0.0, 0.02, 0.04, 0.06 L0z 0.10)

TagMsAsouws NS UNNMINI UK (Na,_K N0, aismsnnanuudiluriade

Ul P a ° I o 9 A A
2.2.1 uazwuna lsingavgi 900 °C lua 2 3 Tua (ea3u (Na, K, JNbO, Ndiy K,CO, 1ag
Na,CO, drunuiium 0.05 Tua naga13d10819N0A 8 LiTa0, Usum 0.05 Tua 1ag LiSbo,

a

a P o I o Qa/l ]
Tuaf5ua 0.0-0.10 Tua szwuaa laninguvgd 800 °C Wunat 2 $21u9) 1miuhens (Na,.
{ 4 o oy o
KONbO, rumsuna laniudqllualdaziBeadiensn  uazgaimin  (Na_K)NbO, uaz
A a 1 A o 9y A 1 vy o = 9 ax A @
M3eriaa1 aundnu lanngasinan B3dmuu dhldveasaunuuilendreisifead
= I o o q ¥ Y Y a 9 S
mamseuraiiuna 24 Fllueswea Mldudaazualiazides waudie Pva Alinnw
c;y v 3 { . 4 [} o Qy ' 4 09/’ °
Wududooaz 3 Tasthminduasdamition (binder) 1otelioaTuLIdN8TY 9 10tTUti 11
o 4 4 [ a { [y Y I 4 Qy {
avugldrenioda lalasaniianuau 2 au unawnu 3 i (3 2.4-2.5) e ldFuaund
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anvazduudunan (disk) hduanulinadesludieezgiivmda 1dnezgliuauaiuas
Qy [ ) o Y 1 { a 0911 4
nauduuuvesFuu awdaslugl 2.6 (Gwsumsdredni@uasasdulszinnmsuoua

A 3 1 a 4 @ 1
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e

(% 1

a 1 4 { a a 1 4 I
Heezgiu  Usingiulewigurgiigaiuasailediunams Inwerioaninmsszmensiiiule
v k4
A 1d limidu S lulaemswuuunavasdtedeatonsezgiiun  udnildnglu

a o a 1 [ o @
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A

2 S o A = . 1 o
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[ Y [ 1
(Na, K )NbO,laz  (Na, K, JNbO, Midedrea1sestaaies  niuiuasiini ladiunile
4 ] § o o 4
as1vdeu Inseadnganindienied SEM uazdiuiitiaeiimndadionszanitees 400, 800
v Y
waz 1200 e ldRmniSeuldszuvuazmasnnurunlszina 1 mm mnduii liasieaey
Y v
awfaneamenw i UsinanhminiigymelUvaum n131aaa (shrinkage) HAZAMUHUILILIY
) [ vAa Qy a 4 o o :J’ ad

(density) drwsvautianma i Fuauasiinidudaudlnzgnididiannia (lectrode) Ao
9 a AAa 3 9 a Y o A a ° 3 =
MIMANIEY AFMITeIuveuwsn ndnh liwmnigargll 625 °C Wunanu 10 Wi

4
AedATIMsVL/aueIgUNgil 5°C Aouil

A [ a o v W Qy ra 4
51 2.5 1n50900 laTasand msusazuau luninus
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500 60 U
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@ a ] a | o
51 2.8 umudsmsFunes Tugagamvail 1,000 — 1,200 °C iflunaiu 2 ¥ Tuq
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2.3 ﬂ]iﬂﬁ']‘i]ﬁi’)ﬂﬁ1§$§hi’)ﬂ'1ﬁ
2.3.1 msm’maequﬁnsiamNmm%’aummmwam’fwmﬂﬁﬂ Thermogravimetric and
differential thermal analysis (TG-DTA)
a o dy Y o a 9 1 o’A s
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9 a =\ = 09/’ [ dy
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[ J
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1. dmeansanedn niewsiinfidmumsdarnmiwdl vssyaslundudmsoldanedi
(sample holder) Tagl#rvesensdIod9oglusz iAo N uAUIHILITTYEIA 0619

2. Mmsaes lasragoudaniod XRD Tasldanuadng 30 kv uaznszua lnii 20

Y o o =R

E4 1
mA  uanihmstiuinygy 20 eenulugivedinma@euny  (diffraction  pattern) aAg

¥ o d

ANuFNRUTIEHINMANUT YRS sFonFiuLyL 20

) i o v . s {
3. vy 20 7 1A UIUNIAT d-spacing 9INAUBILDING AWAUNITT 2.6

2dsin® = nA (2.6)
Tagn d Ao MILYZHNITEHINITZUI (d-spacing)
A 1 d‘ [TAR= 4 o o (%
A AD  AIANNEIAAUVRITIAIENT (~ 1.5406 A dwmsuiih
NOWLAY)
A 4
0 A9 YUURIMVINN

o 1 . 1 1 o o~ o
4. 1A d-spacing M3AMN 20 tazAIANMTUYRSITONGN & lhfisuiudeyalundy
¢ g : [ 1 4 a
JCPDS Fuilugrudoyaniasgrunernudoya XRD veed13lsznoua1e moasivaeumsng

wlavesasnlods

Y [ 4 4
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Powdered
sample

7 ~ X-ray
T source

—~/ X-ray detector

51 2.10 3y 26 N1d0NmsasvdeUAIIRIDEIRIBMATIA XRD [35]

[y a da
233 M3asIvFeUFugIMINGAz]AI 31990019 I8NA0IYANI IAUDIANATOUILUADY
1319 (Scanning Electron Microscopy, SEM)
dmsudnpazglin . e msnszaedlveseymanay InseasganInuears 1N
= Y a £ [ [l A [ 4
wsonla gnasivdeulagmailn SEM ¥anannsues SEM lTagde Ao aelunedind (column)
A = 1 o a ad £ o Y A J ad
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qy { ad { a o
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] [ a [ I o I
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lungea FITUADUNMIATINAITAIDI TR
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Y
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Y 4 Y v
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HumanuagoaiINuns099anI 1 lsund@dunaiulssua 30 W1 URINY afIn

windsaniinlivgaeenlinniasdiedn vazenBludeon viiilunar 12 $1Tus ek
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2.3.5.1 auinladtannan
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F v
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