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Gom sdt dién khong chi hé 0.96(KgsNags)NbO; — 0.04LiNbO; (KNLN) pha tap ZnO di
duot ché tao theo phwong phdp gom truyén thong bang cach sir dung cac hén hep oxit va
cachonat diroc thiéu két ¢ trang thai rdan thong thirong. Anh hweng cua tap ZnO dén cau
trlic, vi cdu truc va céc tinh char dp dién ciia hé KNLN da dwoc nghién cieu. Két qua phan
tich nhiéu xg tia X cho thdy hé gom cé cdu trdc thuan perovkite véi doi xing tryc thoi tai
cac nong dé ZnO < 0.5 Y%kl Cdc két qua thwc nghiém cho thay tap ZnO da lam gia ting
tinh chat dp dién cia hé gom KNLN. Tinh chdt dp dién tot nhat ing véi mau gém c6 tap
ZnO ¢ nong dé x = 0.5 %kl (k, = 0.35, k, = 0.45, d3; = 52 pCIN, Q,, = 33).

Tir khod: Gom dp dién khong chi, Niobat Natri Liti Kali, Oxit Kem.

1. MO PAU

Nhu da biét gém ap dién trén nén chi zirconat titanat (PZT) di duoc sir dung rong rai
trong viéc san xut cac thiét bi truyén dong, cam bién, cac bién tir va trong cac thiét bj dién co
khéc vi tinh chét ap dién tét caa ching. Tuy nhién, trong cac thanh phan cia gém ap dién trén
nén PZT c6 chira mot luong chi kha Ion, chi 1a mot vat lidu co doc tinh cao va kha ning bay hoi
nhanh, nén trong qué trinh ché tao gbm, oxit chi s& giai phong vao méi truong, gay 6 nhiém va
anh huong dén sirc khoe con ngudi [1-3].

Do d6 van dé cap thiét mang tinh thoi sy trén thé gisi hién nay I1a nghién cau va tim
kiém cac hé gém 4p dién khong chira chi dé thay thé hé gém trén co s PZT trén phuong dién
co ban lan ¢ng dung caa ching. Pa c6 nhiéu hé gdm 4p dién khong chi da dugc phét hién nham
thay thé PZT trong linh vyc ung dung nhu Bari Titanat BaTiO; (BT) [4], Bismut Natri Titanat
(BigsNags)TiO; (BNT) [5] va Kali Natri Niobat (K, Na)NbO; (KNN) [6].

Trong d6, hé gém 4p dién trén co s6 KNN da dem lai mot sé dic tinh 4p dién twong ddi
t6t & 1an can bién pha hinh thai hoc va ¢ trién vong trong ng dung. Bong thoi véi mot sé bién
tinh héa hoc, hé gém s& cho két qua tot hon vé cac tinh chat dién méi, ap dién va sat dién, chang
han su két hop KNN v&i mot sé hop chat khac dé tao nén cac dung dich rin méi nhu KNN-
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LiNbOj; [7-9], KNN-LiTaOj; [10], KNN-LiShOj; [11], v.v. Trong sé céc hop chat trén, do tinh
doc cua Sb va gia thanh rat dat cua Ta, cac nghién ctru thuong tap trung vao dung dich ran (Na,
K)NbO,-LiNbO; (KNLN).

Hongliang Du va céc cong su [12] da nghién ciu anh huong cua LiNDO; I18n cau tric,
tinh chat sat dién, ap dién caa hé gém (1-x)(KosNags)NbO;—xLiNbO; va di xac dinh duoc bién
pha hinh thai hoc cua hé gbm nay nam l1an can nong do x = 0.06. Tai day gdm ¢ tinh chét tot
nhat: dg = 215pC/N, k, = 0.41, k, = 0.48, Q,, = 80. Con nhom tac gia Yiping Guo [7] lai xac
dinh duoc bién pha hinh thai hoc cua hé gom (1—x)(NagsKoes)NbOs—XLiNbO; ¢d thanh phan x
nam trong khoang 0.05 dén 0.07. Tai day tinh chat ap dién va dién co dugc ting cuong, dss €6
gia trj tir 200-235pC/N, gi tri k,: 0.38-0.44, k;: 0.44-0.48.

Dé cai thién hon nita tinh chat vat Iy caa hé gdm KNLN, mot sé cdng bb con cho thay
viéc bo sung ZnO vao gém s& lam mém hoa vat liéu din dén gia ting tinh chét dién moi, ap dién
ctia gom [13-15].

Tai khoa Vit 1y truong Pai hoc Khoa hoc Hué, nam 2015 nhém tac gia Phan Pinh Gi6
[8] dd nghién cu anh huong cua LiNbO; dén cau tric va tinh chat dién cua hé gom (1-
x)(NaosKo5)NbOzxLiNbO; (KNN-LN) (x = 0 - 0.08) va di xéc dinh duoc bién pha hinh théi
hoc cua hé gém c6 thanh phan x ~ 0.04. Tai thanh phan 0.96)(Nao sKo5)NbO5-0.04 LiNbO; gém
¢6 tinh chat dugc tang cuong so vaoi gém thuan KNN. Trén co s¢ d6, chung ti da pha tap ZnO
vao hé gbm nay voi mong mudn cac tinh chat dién cua hé gém s& duoc cai thién.

Trong bai b4o nay ching t6i trinh bay mét s6 két qua nghién cau vé anh huéng cua tap
ZnO dén cau tric va tinh chat ap dién cua hé gébm 0,96(NagsKo5)NbO;—0,04LiNbOs.

2. THUC NGHIEM

Cac mau gdm duogc ché tao ¢ cong thic hoa hoc 1a 0.96(KosNags)NbO; — 0.04LiNbO,
(KNLN) + x%kl (véi x = 0 = 0.7) duoc tong hop tir cac loai bot nhu K,CO5(99%),
Na;CO4(99%), Li,CO3(99%), Nb,0s(99.9%), ZnO(99.9%) va duogc ky hiéu nhu sau:

MO: 0.96(KosNags)NbO; — 0.04LiNbO;

M1: 0.96(KosNags)NbO; — 0.04LiNbO; + 0.1 %kl ZnO
M3: 0.96(KosNaos)NbO; — 0.04LiNbO; + 0.3 %kl ZnO
M5: 0.96(KosNags)NbO; — 0.04LiNbO; + 0.5 %kl ZnO
M7: 0.96(KosNaos)NbO; — 0.04LiNbO; + 0.7 %kl ZnO

Céc thanh phan cta bot ban dau dwgc siy & 100°C trong 2 gio. Sau d6, chiung dugc can
theo ty 1¢ mong mudn. HAn hop da dugc nghién tron bang may nghién hanh tinh PM 400/2
trong méi trudng ethanol trong 10 gio. Tiép theo, ép so bd ¢ &p luc 300 kG/ecm? thanh céc vién
c¢6 duong kinh d = 25mm, tién hanh nung so bd & nhiét do 850°C trong 2 gid. Cong doan nay
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dugc thyc hién hai lan nhu nhau nhiam tao dwoc dung dich rin nhu mong mudn. Sau do lai tiép
tuc nghién 20 gio trong mdi trudong ethanol. Str dung may ép don truc, ép bot thanh dang dia c6
duong kinh 12mm & 4p suat 1.2 T/cm?. Cac vién da dwoc ép dem nung & nhiét d6 850°C trong
30 pht va tiép tuc nang nhiét do thiéu két & 1050°C trong 2 gid. C4c mau duoc danh bong hai
mat va duoc tao dién cuc bang bac rdi phan cuc trong dau cao ap véi dién truong c& 35 -
40kV/cm, nhiét do 1a 80°C, thoi gian phéan cuc la 30 phat.

Mat d6 mau gém dugc do theo phuong phap Archimedes, pha ciu tric cia hé gbm
duoc do tir may nhiéu xa tia X trén may D8 ADVANCE va vi ciu trdc cua hé gém duoc chup
bang kinh hién vi dién tir quét HITACHI S-4800. Céc tinh chat 4p dién cua gbm duoc do bang
cach sir dung hé do tu dong héa RLC HIOKI 3532, HP 4193A.

3. KET QUA VA THAO LUAN
3.1. Anh hwéng cia ZnO dén mat d§ gém, vi clu tric va cau tric cia hé gém
Chung t6i sir dung phuong phap Archimedes dé xac dinh mat d6 gém ciia hé mau. Mau
g6ém sau khi dugc can kho (khdi lugng m;) bang can dién tir HR-200 c¢6 d6 chinh xac 10™g,

dugc can lai trong méi truong ethanol (khdi lugng 13 m,). Mat d6 gém cia miu duogc xac dinh
bai cbng thuc:

pP= mlri]lm x Dethanol (1)
2

Trong d6 Deghanot = 0.791g/cm® 14 ty trong cua ethanol.
Két qua khao sat dugc trinh bay ¢ bang 1.

Bdng 1. Gié tri trung binh mat ¢ gom cuia cac mau gém KNLN pha tap ZnO véi cac nong do khac nhau.

Mau MO M1 M3 M5 M7

Mat d§ gom p (g/cm®) 4.03 4.16 4.22 4.34 4.29

Tir bang 1, sy phu thudc ciia mat d6 gdém vao nong do ZnO cua gbm KNLN duoc chi ra
trén hinh 1. Nhu di thdy, tuong tng véi ndng do ZnO ting, mat d6 gdm ting, dat gié tri cao
nhét ng véi mau M5 (p = 4.34 g/cm®), sau d6 mat d¢ giam ung voi mau M7. Két qua trén c6
thé giai thich dua vao anh vi ciu tric (hinh 2). Tur hinh 2 cho thidy & miu MO, c4c hat to nho
khéng déu, cé nhiéu 16 héng 16n nén ty trong thap, khi ndng do ZnO ting, vi cau tric cua mau
M1 va M3 phan bb déu va xép chit hon, kich thudc hat tang, tuy nhién van con 16 hong nho.
Khi ndng d6 ZnO tang dén 0.5%KkI, vi cdu trac kha déu, hat xép chit, do d6 mau M5 c6 ty trong
I6n nhat. Khi ndng d6 ZnO ting dén 0,7% kI, mic du hat van xép chat hon so véi mau M1, M3,
nhung bét dau co sy xuat hién mot s 15 hdng, bién hat xuét hién céc vét la (kha niang 1a pha thi
hai K3LiNbgO;7 nhu gian d6 nhiéu xa tia X dé chi ra trén hinh 3) 1am cho mat d6 cia gém giam
S0 Vi mau M5.
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Hinh 1. Sy phu thuoc mat d6 gom vao nong d6 ZnO.

Hinh 2. Anh hién vi dién tir quét ctia cac mau gdm 0.96(KosNays)NbOz — 0.04LiNbO; + x %kl ZnO.

Theo cbng trinh cua tac gia Hai-Tao Li va cong su [15], khao sat vé& hé gém
Lio.06(Nao535K0.48)0.0aNDO3 — XZnO (x = 0 = 2) cho thiy twong ing vai nong d6 ZnO ting, mat
d6 cua hé gom tang tir 3.05 dén 4.43 g/cm®, néu ting x > 0.8 mol% thi mat d6 gdm giam dan. So
v6i két qua trén, két qua nghién ctru cua ching t6i vé su anh huong cua ZnO dén mat do gbm
KNLN la kha phu hop.

3.2. Anh hwéng cia nong d9 ZnO dén céu tric cia gom

Trén hinh 3 1a gian dd nhidu xa tia X cuoa cac mau gém 0.96(KgsNags)NbO; —
0.04LiNbO; + x %kl ZnO.
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Hinh 3. Gian d6 nhiéu xa tia X cua cAc mau M0, M1, M3, M5 va M7.

Gian do nhidu xa tia X cho thay cac mau c6 nong d6 x = 0, 0.1, 0.3 va 0.5%kl ZnO déu
c6 cau trdc perovskit thuan tuy, khéng c6 pha thir hai. Con mau véi x = 0.7 %kl ZnO cé thém
pha thir hai 12 KsLiNbgOy7. O gbc 20 1an cin 45.5° véi tat ca cac ndng do ZnO c6 su xuat hién

dinh kép (220)/(020) dic trung ctia cau tric dbi xing truc thoi.

3.3. Anh hwéng ciia nong d9 ZnO dén tinh chit ap dién cia hé KNLN

Trén hinh 4 va hinh 5 13 phd cong huong dao dong theo phwong radian va bé day cua

cac mau KNLN + x %kl ZnO.
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Hinh 4. Phb dao dong cong huong radian cua hé gém KNLN pha tap ZnO véi cac ndng do khéc nhau.
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Hinh 5. Ph6 dao dong cong huong theo bé day caa hé gdm KNLN pha tap ZnO véi cac nong do khac
nhau.
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Tir phd dao dong cua hinh 4 va hinh 5 ta c6 thé xac dinh dugc cac thong s6 k, va k
(bang 2), hé s6 ap dién dz; va hé sé pham chat co Q,, (bang 3).

Bang 2. Gia tri trung binh cta cac hé s6 lién két dién co kp, k;

Mau MO M1 M3 M5 M7
ko 0.25 0.27 0.31 0.35 0.24
K 0.39 0.40 0.41 0.45 0.38

Bdng 3. Bang trung binh cuia cac hé s6 ap dién ds; va hé sé pham chit co Q,,

Mau MO M1 M3 M5 M7

ds 39 46 50 52 38
Qnm 33 26 31 33 24

Trén hinh 6 va 7 1a su phu thudc cua céc théng sb 4p dién vao nong do ZnO cua hé gom
KNLN.
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Hinh 6. Sy phu thudc cta hé s6 lién két dién co kp, k; vao nong do ZnO caa gém KNLN
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Hinh 7. Sy phu thudc cua hé sé ap dién da; va hé s pham chét co Qy, vao ndng do ZnO cua gém KNLN
T hinh 6 va hinh 7 cho thdy rang, tap ZnO dé c6 tac dung 1am thay ddi cac hé sb lién
két dién co ky, ki, hé s6 ap dién da; va hé sb pham chit co Qp, ciia hé gém KNLN. Cac théng sb
ap dién nay déu dat cuc dai tai ndng d6 ZnO bang 0.5%KkI. Khi tiép tuc ting ndng d6 ZnO dén
0.7% thi cac hé sb nay déu giam. Két qua cd thé ly giai dwa vao két qua xac dinh anh huéng cua
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Zn0O dén ty trong, ciu tric va vi cau trac caa hé gdbm. Tinh chét ap dién cua hé gébm KNLN tét
nhat ang véi mau gom vaéi tap ZnO & ndng do 0.5 %kl (k, = 0.35, k, = 0.45, d3; = 52 pC/N, Qp =
33).

4. KET LUAN
Qua nghién ciu vé anh huong cia ZnO dén ciu tric va tinh chét ap dién cua gém

KNLN chung toi dat dugc mot s6 két qua nhu sau:

- Di ché tao thanh cong hé gbm 0.96(KsNag 5)NbO; — 0.04LiINbO; + X%kl ZnO (véi x =
0+0.7).

- Tap ZnO pha vao hé gém KNLN di cai thién dang ké mat d6 cua gém. Véi ndng do
0.5%kl ZnO thi mat d6 gém dat gid tri cao nht p = 4.34 g/lcm’.

- Su thay d6i nong d6 ZnO c¢6 anh huong dén ciu tric pha cia hé gébm. Vi nong do x <
0.5%kI ZnO thi hé gom c6 cau tric perovkite véi d6i xing truc thoi khong c6 pha thir hai.

- Tai mau gdm KNLN pha tap ZnO vai nong do 0.5%kl, cac thong sb ap dién dat gia tri
cuc dai (K, = 0.35, kt = 0.45, dy; = 52 pC/N, Qp = 33).
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FABRICATION AND STUDY PIEZOELECTRIC PROPERTIES OF
ZnO-DOPED KNLN LEAD-FREE CERAMICS
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The ZnO-doped 0.96(KqsNags)NbO, — 0.04LiNbO; (KNLN) piezoelectric ceramics were
prepared by conventional ceramics processes, using oxides and carbonates mixture,
sintered in the solid state. Effect of ZnO on structure, microstructure and piezoelectric
properties of KNLN ceramics were studied. The result of XRD patterns showed that the
KNLN ceramics have the perovskite structure with orthorhombic symmetry at x = 0.5 wt%
ZnO. The experimental results show that ZnO was increased piezoelectric properties of
KNLN ceramic. At ZnO content of 0.5 wt%, the piezoelectric properties of ceramics are the
best: kp = 0.35, k, = 0.45, d3; = 52 pC/N, Q = 33.

Keywords: Lead-free piezoceramics, Niobat Natri Liti Kali , Zinc Oxide.
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