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TOM TAT

Céc hé vat liéu NaosKoa1NbOs va (NaossKo41Lio04)(Nb1-0,06-xS006Tax)Os véi x = 0,05;
0,1 va 0,15 duwoc ché tao bang phuong phap phan ting pha ran truyén théng. Tap
Ta, v6i cdc nong d6 khac nhau, khi di vao mang nén da lam thay déi cau truc vat
liéu va 6n dinh sy phat trién cd hat ctia gom. Két qua 1a mét sd tinh chat vat ly ctia
gom trén co s KNN duoc cai thién. Hé gom (Nao,s5Ko,41Li0,04) (Nb1-0,06xS0,06 Tax)Os vOi

x=0,1 cho thdy tinh chat 4p dién tot hon ca véi mat dd gdm dat 4.42 g/cm?, hé s6
lién két dién co ky= 0,39 va hé s8 das = 94 pC/N.

Tw khéa: gom khong chi, ap dién, KNN, Ta.

1. MO PAU

Hé gdm Pb(ZrossTi047)Os (PZT) voi nhitng ddc trung sit dién, ap dién wu viét da
va dang dugc tng dung trong nhiéu thiét bi thu phat nhu dau do sensor, bién ti siéu
am... [1,2]. Tuy nhién, PbO trong thanh phan hgp thiic gom PZT bay hoi mot phan
trong qua trinh ché tao c6 dgc tinh, gay 6 nhiém méi truong. Do d6, viéc phat trién hé
g6m khong chi véi cac tinh chat sit dién, ap dién tdt c6 thé thay thé cho hé gdm c6 chi
danh dwgc nhiéu quan tam tir cac nha khoa hoc vat liéu [3,4].

Mot trong nhiing vat liéu gom sat dién khong chi dién hinh 1a KNN, mét hop
chat ctia vat liéu sit dién Niobate Kali (KNbOs) va phan sit dién Niobate Natri
(NaNbOQ:s), c6 bién pha hinh thai hoc ting v6i thanh phan c6 ty s6 Na/K ~ 50/50. Do d6
tai thanh phan nay cac tinh chat sat dién, 4p dién va dién co ctia vat liéu 1a tSt nhat.

35



Anh hwong cia tap Ta dén tinh chat ap dién cia hé gom trén co sé KNN

Céc cong b gan day cho thdy hé gom ap dién trén co so (K,Na)NbOs (KNN) da dem
lai mét s déc tinh 4p dién twong ddi tot ¢ lan can bién pha hinh thai hoc, c6 nhiéu
trién vong trong tng dung [5, 6]. Pong thoi véi mot s6 bién tinh hda hoc, hé gom sé ¢
két qua tot hon vé cac tinh chat dién moi, ap dién va sat dién [7]. Tuy nhién, cac ddc
trung dién moi va ap dién caa KNN thuan twong doi thap (dss ~ 90 pC/N) so vdi vat
liéu PZT. Thé nén mong mudn thay thé vat liéu PZT bz‘?mg hé godm khong chi KNN
trong cac ting dung cong nghieép gap kho khan. Do do, cac nghién ctru danh gia vai tro
cua cac tap chat dén cdu trtc, vi cdu tric cing nhu cac dic trung dién cta vat liéu
thuan KNN nhdm tim kiém kha ning nang cao dic trung dién ctia gdm trén co so
KNN la thait su can thiét.

Hau hét cac cong trinh nghién cttu déu cho rang Li *, Sb> va Ta* la nhiing yéu
t0 pha tap hang dau [6-10], c6 kha nang dich chuyén nhanh bién pha tryc thoi-tit giac
(O - T) vé lan can nhiét d¢ phong, dan dén gia tri ky va dss tang lén do cac moment
ludng cuc c6 thé quay dé dang hon khi c&u triic pha mét n dinh [8]. O budc khoi dau
trén co s& tham khao cac cong bd trude day, tac dong cua tap Ta dén cdu truc, vi cdu
truc va ddc trung 4p dién ctia hé gom trén co sé KNN khi ¢ dinh nong d¢ tap Li va Sb
duwoc quan tam khao sat. Do d9, trong bai bdo nay chiung toi tap trung nghién cttu
“Anh huéng ctia tap Ta dén tinh chit 4p dién ctia hé gdm trén co so KNN”.

2. THUC NGHIEM

Gom duoc lga chon nghién citu b céng thic hodéa hoc nhu sau:
(Nao,55Ko,41Li0,04)(Nb1-0,06:xS0,06 Tax)Os (v6i x = 0,05; 0,1 va 0,15). Bén canh d6, ching t6i tién
hanh ché tao hé g&m thuan véi cong thitc NaossKoaNbOs nham so sanh sy thay ddi vé
cdu truc va ddc trung dién ciia KNN khi khong va ¢ pha tap. Cac phdi liéu ban dau la
lan lwot la cac oxit Nb20s, Sb20s, Ta20s va cac mudi NaCOs, K2COs,Li2COs, (vdi db tinh
khiét > 99%).

Vit liéu sau khi nung so bd dwgc ti€p tuc nghién trong 2 gio. Sau do, chung
duoc can theo ding ty 1é mong mudn va nghién so bd bang may nghién hoat dong
theo co ché co xat véi tdc dd 100 vong/ phut trong 2 gid trong dung mai ethanol. Hon
hop bot sau d6 duegc say kho, ép dinh hinh bang khudn hinh tru véi ap luc 500 kg/ cm?
va tién hanh nung so b ¢ nhiét d6 850 °C trong 2 gio.

Vit liéu sau khi nung so bd duoc tiép tuc nghién trong 2 gio. May nghién st
dung mdy ép don truc, ép bot thanh dang dia co duong kinh 12 mm ¢ 4p lwec 1,0 T/cm?2
Sau d6 mau dwoc nung thiéu két & nhiét d6 1100 °C trong 2 gid vdi tdc do gia nhiét 5
oC/ phut. Cac mau duwoc xtt Iy bé mit d&€ dam bao dd nhin béng va tinh song phang
cta hai bé mat gom trude khi phu dién cuc be‘“mg bac. Sau d6, gdm dwgc phan cuc
trong dau cao 4p bang cach 4p dit dién truong mot chidu c& 2 kV/mm, 1én hai bé mét
gom O nhiét d6 110 °C trong khoang 30 phut.
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Nhém ching t6i da tién hanh do mat do cta gom bﬁng phuwong phap
Archimedes. Pha cdu tric dugc xdc dinh bang méay nhiéu xa tia X (XRD) (D8
ADVANCE), vi cdu truc cua hé gébm ciing dwoc kiém tra boi kinh hién vi dién tr quét
(SEM; HITACHI S-4800). Tinh chat ap dién cua hé gdm duoc khao sat thong qua phd
cong huong ghi nhan tir hé do ti dong hoa HP 4193A va RLC Hioki 3532.

3. KET QUA VA THAO LUAN

Két qua khdo sdt cdc phd nhifu xa tia X (XRD) ctua cdc hé gdm
(Nao55Ko,41Li0,04)(Nb1-0,06-4S0,06 Tax)Os vdi x = 0; 0,05; 0,1 va 0,15 va Naos9Koa1NbOs (KNN
thuan) duoc biéu dién & hinh 1a. Hinh 1b 1a pho nhiéu xa tia X ctia cac hé vat liéu trén

tng voi goc 20 tir 20 © dén 60 ©.

0,15 JL Lo A 0.15
0,10 j Aoa A 0,10
0,05 o 0,05
KNN KNN
10 20 30 40 50 80 70 80 20 30 40 50 80

(a) (b)
Hinh 1. Gian d6 nhiéu xa tia X ctia cac hé gdm Naos9Ko4NbO3 (KNN thuan) va
(Naos5Ko,41Li0,04)(Nb1-0,06-+S0,06 Tax)Os vdi (a) 260 =10+ 80, (b) 260 =20 © + 60 °.

Gian d6 nhiéu xa tia X duoc bidu dién 6 hinh 1 cho thdy hé gom KNN thuan
duoc ché tao cd cau trac truc thoi ddc trung boi dinh nhiéu xa kép tng vai goc 26 lan
can 22 ©, 32 © va 46 © [7], khong ton tai pha thit hai. Trong khi d6, phd nhiéu xa ctia cac
hé KNN pha tap cho thdy su thay doi ro nét vé hinh dang cac dinh nhiéu xa & cac goc
20 =46°, 53 °, va 58 °. Sy phan tach ctua cac dinh nhiéu xa kép tro nén kém ro rang. Bén
canh d6 méi twong quan vé cuong dd dinh nhiéu xa gitra hai dinh trong moi dinh kép
cling thay d6i. Qua d6, c6 thé nhan dinh réng cac tap da di vao cau trac cia mang nén
KNN lam thay d6i cau truc va vi cdu trac cua vat liéu.
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Hinh 2. Sy phu thudc ctia mat d¢ gom trén co so KNN vao noéng do pha tap Ta.
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Két qua khao sat mat do gom ctia hé gdm trén co s KNN pha tap dwoc biéu
dién & hinh 2. D6 thi hinh 2 cho thay khi dwa tap Ta vao hé gom trén co sé KNN mat
dd gom cuia hé da duoc cai thién dang ké. Ban dau mat d¢ gdm cua hé trén co s¢ KNN
tang khi nong do tap Ta tang va dat gia tri cao nhat (4,42 g/ cm?) tai nong dd x=0,1. Sau
d6, mat d6 gdm giam dan khi ndong do Ta tié€p tuc tang.

Anh hién vi dién t&r quét (SEM, hinh 3) cho th&y cac hat g&m KNN sau thiéu két
hau hét c6 dang tit gidc vdi bién hat ro rang. Tuy nhién, kich thwdc cac hat gom khong
dong déu, gitra cac hat con ton tai cc 16 x3p. Vi sy tham gia ctia dong thoi ctia cac tap
Li, Sb va Ta kich thuwdc cac hat gdm trd nén dong déu hon, bién hat ro rang va s6 luong
cac 16 x3p giam.

IMS-NKL 5.0kV 5.2mm x20.0k SE(M) 2.00um [ IMS-NKL 5.0kV 4.8mm x20.0k SE(M)

Hinh 3. Anh hién vi dién tir quét (SEM) ctia cac hé gdm (a) NaossKoa1NbOs va
(Nao,55Ko,41Li0,04)(Nb1-0,064S0,06 Tax)Os v6i (b) x = 0,05; (c) x=0,1 va (d) x =0,15.

Két qua nay cé thé duoc ly giai la do sy ¢6 mat cta tap Li dong vai tro chat
chay lam giam thiéu sy ton tai ctia cac 16 x&p. Dong thoi cac tap Sb va Ta ciing c6 thé
tac dong dén tinh dong déu trong qua trinh phat trién kich thudc hat ctia gom [7]. Két
qua danh gia vi cdu tric khd phu hop véi két qua thu duoc tir phd nhidu xa tia X va
mat do gom.

D€ danh gia tinh chat 4p dién ctia hé gdm trén co s KNN, cac phd dao dong
cong huong theo phuong ban kinh khi tan so thay doi ctia cac hé da dugc do ¢ nhiét
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dd phong. Tir cac phd dao dong, cac thong sd ap dién ctia cdc mau da dwoc xac dinh
thong qua chuén IREE.
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Hinh 4. Pho dao dong cong huong theo phuong radian ctia cac hé godm (a) NaossKo41NbOs va
(Nao55Ko,41Li0,04)(Nb1-0,06-+S0,06 Tax)Os vdi (b) x = 0,05; (c) x=0,1 va (d) x =0,15.

Cac gid tri cta hé s6 lién két dién co ky va hé s6 ap dién dss ctia hé gom KNN
thuan va KNN pha tap khi nong d tap Ta thay ddi dwoc biéu dién & bang 1.

Bang 1. Hé s0 ky va dss cta cac hé gom trén nén KNN.

Théng s6 ap KNN (Nao,55Ko,41Li0,04) (Nb1-0,06-+S0,06 Tax) O3
dién x=0,05 x=0,1 x=0,15
ky 0,22 0,26 0,39 0,31
dss 54 75 94 69
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Hinh 5. Sy phu thudc ctia hé s6 ky va dss gdbm KNN vao sy pha tap Ta.

Két qua thu duoc tir bang 1 va d6 thi ¢ hinh 5 cho thay quy luat bién thién cua
hé sd ky va ds; ctia gdm KNN duwdi tac ddng ctia cdc dong pha tap Li, Sb va Ta. Thuc
nghiém cho thay cac thong s ap dién cua gom KNN la ky va dss dwoc cai thién ro khi
pha tap. Su bién d6i tinh chat 4p dién ctia gom trén co s& KNN c6 thé duoc ly giai do
sw thay d6i cua cdu trac va vi cau truc dudi tac dong cua cac tap nhw da trinh bay &
trén. Bén canh do, cac phd cong hudng dao dong theo phuong ban kinh cua cac gom 6
hinh 4 cho thay cac cdc dong pha tap c6 thé lam giam gia tri Zmin vOn rat cao c& 2000 Q
ctia hé KNN thuin, dan dén su cai thién tri s6 ctia hé so lién két dién co k.

K&t qua thuc nghiém ciing chi ra rang ban dau cac gia tri ky va dss ¢ xu hudng
tang khi tang nong do tap Ta. Gia tri cuc dai ctia cac thong s6 ap dién lan luot la ky =
0,39 va dss = 94 pC/ N ting véi nong d6 Ta pha tap la 0.1; sau d6 giam khi tiép tuc ting
nong do Ta. Quy luat thay ddi cua cac thong s6 ap dién theo nong do tap Ta duoc du
doan la lién quan dén sy thay d6i cau tric pha khi Ta di vao cdu triic mang nén.

4. KET LUAN

Anh hudng ctia nong dd Ta dén tinh chat vat ly ctia hé gdm trén co so KNN da
dwgc nghién ctru bude dau. Su c6 mét ctia cac dong pha tap trong mang nén lam thay
dodi cdu truc pha truc thoi cua gom thuan KNN dong thoi lam 6n dinh sy phat trién c&
hat ctia gom. Do d6 gdm KNN pha tap c6 ddc trung ap dién tot hon. Két qua nghién
ctu cling cho thay dac trung dién cua gom trén co s6 KNN thay doi dang ké khi nong
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dd tap Ta thay di. Nhitng nghién cttu tiép theo nham xéac dinh nong dd tap Ta t3i vu

cho hé gém trén co s& KNN can duoc thuc hién.

[1].

[2].

13].

[4].

[5].

[6].

[7].
8].
[9]-

[10].

TAI LIEU THAM KHAO

Xu, Y. (1991). Ferroelectric Materials and Their Applications. North-Holland, Amsterdam-
London-NewYork-Tokyo.

Hamidreza Hoshyarmanesh, Nafiseh Ebrahimi, Amir Jafari, Parisa Hoshyarmanesh,
Minjae Kim and Hyung-Ho Park, (2019). PZT/PZT and PZT/BiT Composite Piezo-Sensors
in Aerospace SHM Applications: Photochemical Metal Organic + Infiltration Deposition
and Characterization. Sensors, 19, 13.

Zhang, Z., Wu, P., Chen, L., & Wang, J. (2010). Systematic Variations in Structural and
Electronic Properties of BiFeOs by A-site Substitution. Applied Physics Letters, 96, 012905-3.

Tabuchi, K., Nagata, H., & Takenaka, T. (2013). Fabrication and Electrical Properties of
Potassium Excess and Poor (Bi12K12)TiOs Ceramics. Journal of The Ceramic Society of Japan,
121, 623-626.

P. D. Gio, N. D. Phong (2015). Effects of LiF on the Structure and Electrical Properties of
(Naos2Ko.435Li0.045)Nbo.s7Sbo.osTaosOs  Lead-Free Piezoelectric Ceramics Sintered at Low
Temperatures. Journal of Materials Science and Chemical Engineering, 3, 13-20.

Mallika Bhattacharyya (2011). Some studies of lead free KNN — LN ceramics. Master’s thesis
of science in physics, department of physics national institute of technology rourkela, 769008.

Wu. ], Tao. H., et al (2015).. X. RSC Adv., 5, 14575.
Zhao, Y., Huang, R, Liu, R,, et al (2013). Ceram. Int., 39, 425.

Skidmore, T., et al (2008). Phase Development During Mixed- Oxide Processing of a [Na o5
K 05 NbO:s Jix — [LiTaOs Jx Powder. Key Engineering Materials, High-Performance Ceramics
V,1886-9, 368-372

Phan Dinh Gio, Van Thi Bich Thuy (2016). Structure and Physical Properties of ZnO-Doped
KNLN Lead-Free Piezoelectric Ceramics. Composite Materials. 1 (1), 12-18.

41



Anh hwong cia tap Ta dén tinh chat ap dién cia hé gom trén co sé KNN

EFFECT OF Ta DOPING ON PIEZOELECTRIC PROPERTIES
OF BASED KNN CERAMIC
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ABSTRACT

Ceramic systems of Naos9Ko41NbOs and (Naoss5Ko41Lio04)(Nb1-0,06-xSo0sTax)Os with x
=0,05; 0,1 and 0,15 were fabricated using solid state reaction method. The Ta
dopant, entering the original lattice of KNN with different concentrations, has
changed the material structure and stabilized the growth of ceramic grains. As a
result, some physical properties of based KNN ceramic were improved.
(Nao.ssKo.41Lio.0s) (Nb1o.osxSeosTax) Os with x = 0.1 showed the best piezoelectric
property with density =4.42 g/ cm?, kp = 0.39 and dss = 94 pC/N.

Keywords: Lead-free piezoelectric ceramics, Piezoelectric properties, KNN, Ta.
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nghiép ctt nhan nganh Vat ly Chat ran tai Truong Dai hoc Tong hop Hué.
Nam 2004, 6ng t6t nghiép thac si chuyén nganh Vat Iy Chat rén. Nam
2009, 6ng t&t nghiép tién si chuyén nganh Vat ly Chat ran tai Belarus.
Nam 2015, 6ng duoc phong ham PGS va hién nay la Hiéu treéng Truong
Dai hoc Khoa hoc, Pai hoc Hué.

Linh vwc nghién ciru: Vat liéu ap dién, ky thuat siéu am, mo phong ly

thuyét, ky thuat vi xtt ly va ting dung, xtx ly tin hiéu s6...
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