TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué
Tap 22, S5 1 (2023)

NGHIEN CUU CHE TAO VA KHAO SAT MOT SO TINH CHAT VAT LY
CUA HE GOM KNN VOI CHE PO NUNG SO BO HAI BUOC

Hoang Ngoc An’, Tran Nguyén An Tuyén, Dung Thi Hoai Trang,
Lé Thi Lién Phwong, Lé Tran Uyén Ta

Khoa bién, Dién tir va Cong nghé vat liéu, Truong Dai hoc Khoa hoc, Dai hoc Hué

*Email: anngochoang97@gmail.com

Ngay nhdn bai: 20/12/2022; ngay hoan thanh phan bi¢n: 14/02/2023; ngay duyét ding: 4/4/2023
TOM TAT

Hé g6ém khong chi (Naos9Ko41)NbOs voi cac ché d nung so bd hai budc khac nhau
dugc ché tao bang phuong phdp phan ting pha rin truyén thdng. Anh huéng cta
thoi gian u trong qua trinh so b dén ciu truc, vi cdu truc va tinh chat dién cta hé
gom da duoc nghién ctu. Két qua thwc nghiém cho thdy hé gém khong chi
(Nao,59Ko,41)NbOs ché tao duoc ¢d cau truc truc thoi. Hé gdm (NaosKo41)NbOs nung
s0 b0 hai budc tai T1 =400°C 1 1,0 gio va T2 = 800°C 11 2,0 gio cho tinh chat vat ly tot
nhat: mat do gém 3,937 g/cm3; hé sd lién két dién co k= 0,37; hé sb 4p dién ds=107.

Tt khoa: 4p dién, gdm khong chi, KNN, nung so b hai budc.

1. MO PAU

Bén canh hé gom trén co sé Pb(Zr,Ti)Os (PZT) da dugc nghién ctru va trién khai
tng dung trong nhiéu thiét bj nhuw dau do sensor, bién ti siéu am... do tinh chat sét
dién, ap dién tot [1]; vat liéu gom sit dién khong chi duoc cac nha khoa hoc quan tam
nghién ctru ti nhitng nam 1990 [2,3]. Hé gdm c6 cong thirc hda hoc dang (K, Na)NbOs
(KNN) duoc biét dén la mot hop chat cua vat liéu sit dién Niobate Kali (KNbOs) va vat
liéu phan sat dién Niobate Natri (NaNbOs), c6 bién pha hinh thai hoc tng véi thanh
phan c6 ty s6 Na/K ~ 50/50. Do d6 tai thanh phan nay cac tinh chat sat dién, ap dién va
dién co cuia vat liéu 1a t6t nhat. (Nai2Ki2)NbOs cho thay tinh chat ap dién nhu sau: dss=
80 p.C/N, ky = 36-40%, Qn = 130 va Er= 290 khi duoc ché tao bang phwong phap phan
g pha ran [4].

Cac cdng b gan day cho thdy hé gdm ap dién trén co sd (K, Na)NbOs (KNN)
da dem lai mot sO dac tinh 4p dién tuong d6i tot ¢ lan can bién pha hinh thai hoc, ¢6
nhiéu trién vong trong tng dung [5]. Pong thoi véi mot s6 bién tinh hoa hoc, hé gom
sé c6 két qua t6t hon vé cac tinh chat dién méi, 4p dién va sat dién [6]. Tuy nhién, do
dac tinh hit am manh cling nhw tinh chat dé bay hoi ctia Na:0 va K20 ¢ vung nhiét d¢
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cao nén viéc ché tao vat liéu theo phuong phap truyén théng con gdp khoé khan, cac
dic trung dién ctia gdm ché tao duwoc van chua thé twong duong véi cac hé gdm trén
nén Pb. Bén canh d6, vdi dic trung ton tai chuyén pha da hinh khac hoan toan véi
nhom vat liéu chira Pb, cac nghién cttu vé quy trinh cong nghé ché tao gém trén nén
KNN duwoc cac nha khoa hoc quan tam dang ké. Trong qua trinh ché tao gém, phuong
phép, nhiét dd nung la mot trong nhiing yéu t6 anh huwong manh dén chat luong gém
[7]. Anh huong cta ché d6 nung so b hai budc dén mét so tinh chat vat 1y cia hé gom
KNN sé duoc thao luan trong bai bao nay.

2. PHUONG PHAP NGHIEN CcUU

Hé gdm (NaossKo41)NbOs (KNN) dwgc ché tao tir cac vat liéu ban dau la oxit
Nb20s va cac mudi NaCOs, K2COs (v6i d6 tinh khiét > 99%).

D& ché tao cac hé g&m (NaosKoa)NbOs viét tat 1a KNN (v6i ché dd so b hai
budc khac nhau), cac phdi liéu ban dau duoc sdy 6 150 °C trong 2 gio. Sau do, ching
dugc can theo ding ty 1é mong mudn va nghién so bd trong 2 gid bang may nghién bi
truc dang. Tiép theo, bot gdm duoc nung so bd & cac ché do so bo hai budce véi cac
khoang thoi gian t mau khac nhau.

Trong nghién ctru nay, ching toi tién hanh nung theo ché d6 so bd hai budc
trong d6 nhiét d¢ nung T: va T2 cd dinh lan luot 1a 400 °C va 800 °C; thoi gian u At
thay doi lan luot 1a (0,5; 1,0 va 1,5) gio va Atz lan luwot la (1,0; 2,0 va 3,0) gio (hinh 1).
Viéc lua chon nhiét dd nung so b Ti va T> nhu trén dua trén co s¢ tham khao cac cong
b& vé phd phéan tich nhiét TG/DTA cua hé KNN trude day tai treong Dai hoc Khoa
hoc, PHH va nhiét d6 diém ndéng chay cua K2COs va Na2COs.

Vit liéu sau khi nung so bd dwoc tiép tuc nghién trong 2 gid bang may nghién.
St dung may ép don truc, ép bot thanh dang dia cé duong kinh 12 mm & ap luc 1,5
T/cm?. Sau &6 mau duoc nung thiéu két ¢ nhiét do 1120 °C trong 2 gio. Cac mau duoc
xt ly bé mit, tao dién cuc bang bac va phan cuc trong dau cao 4p véi dién treong ap
dat co 2 kV/mm, nhiét d6 110 °C, thoi gian phan cuc 30 phut.

Nhém ching t6i da tién hanh do mat d6 cia gom bang phuong phap
Archimedes. Pha cdu truc dwgc xac dinh tir may nhiéu xa tia X (D8 ADVANCE), vi cdu
tric ctia hé gdm ciing duoc kiém tra boi kinh hién vi dién ti quét (SEM; HITACHI S-
4800). Cac tinh chat ap dién ctia hé gdm khao sat thong qua hé do tu dong héa HP
4193A va RLC Hioki 3532.
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Hinh 1. Quy trinh nung so bg truyén théng va so bd hai budec.

3.KET QUA VA THAO LUAN

Két qua khao sat cac phd nhiéu xa tia X (XRD) ctia cac hé gdm KNN nung so bd
hai budc véi cac thong sd Tr = 400 °C; T2 = 800 °C; thoi gian u At = 1,0 gio va At =2,0
gid duoc biéu dién & hinh 2. T gian d6 cho thdy mau gém KNN ché tao duoc véi ché
dd so b hai bude 6 cdu tric pha perovskite, khong c6 vét ctia pha la. O géc 20 1an can
220 va 46° ¢6 su xuat hién cac dinh nhiéu xa kép. Cuong do cta cac dinh nhiéu xa kép o
anh nhiéu xa tia X dugc xem xét chi tiét d&€ danh gia cau truc d6i xting cdc mau gdm
ché tao duoc la tryc thoi hay ti giac.
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Hinh 2. Gian d6 nhiéu xa tia X ctia hé gdm KNN nung so bd hai buéc véi cac thong s Ti =
400°C; T2 = 800°C; thoi gian i At1=1,0 gio va At2=2,0 gio tai goc 20 (a) tir 20 dén 60° va (b) lan
can 220, 46°.
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Két qua ¢ hinh 2(b) cho thdy cuong d6 ctia dinh (110) cao hon dinh (001) va dinh (220)
cao hon dinh (002) twong ting. Theo két qua nghién ctru ctia Skidmore va cac cong s,
cdc mau g&m ma chting t6i ché tao duoc c6 cau tric pha triee thoi [8].

Két qua khao sat anh hudng cua thoi gian t trong qua trinh nung so bd dén mat
dd gdm ctia hé gdm KNN duwoc biéu dién ¢ hinh 3. Két qua cho thdy khi ting thoi gian
U so bd, ban dau mat do gébm cua hé KNN gia tang va dat gia tri cuc dai (3,937 g/ cm?)
tai ché d6 nung so b vdi cac thong s6 T1 = 400°C; T2 = 800°C; thoi gian u At = 1,0 gio va
At2=2,0 gio. Sau d6, mat d6 gom giam dan khi tiép tuc tang thoi gian u trong khi nung
s0 bd. Sy giam mat do gdm khi tiép tuc tang thoi gian t trong qua trinh nung so bd ¢
thé'la do ¢ vung nhiét d6 800 °C, 1an can diém noéng chay cua hai phdi liéu ban dau la
cac mudi kim loai kiém 1am gia t&ng mitc do bay hoi ctia ching dan dén su sai khéc vé

ty 1é thanh phan hop thic godm.
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Hinh 3. Sy phu thudc ctia mat do gdbm KNN vao cac ché d6 so b hai bude khac nhau: (M1)
KNN nung so b hai buwdc tai T: = 400°C 11 0,5 gio va T2 = 800°C u 1,0 gio; (M2) KNN nung so bd
hai bwedc tai T1 =400°C 11 1,0 gio va T2 = 800°C 1 2,0 gio; (M3) KNN nung so bd hai budc tai T: =

400°C 1 1,5 gio va T> = 800°C u 3,0 gio.

Dbé khao sat tinh chat ap dién ctia hé gdm KNN, cac phé dao dong cong hudng
cta cdc mau duwoc do 6 nhiét do phong. Hinh 4 biéu dién Tan luot cac pho dao dong
cong hudng theo phuong ban kinh ctia cdc mau gdm KNN khi nung so bo hai budc véi
cac khoang thoi gian t khac nhau. Ttr ph6 dao dong, tan sd cong hwong va phan cong
hudéng cling nhu gi tri cuc dai va cue tidu ctia tong tré ctia cac mau gém da dugc xéac
dinh.
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Hinh 4. Phd dao dong cong hudong theo phuong ban kinh ctua hé gom KNN tng véi cac
ché d6 nung so b hai bude khac nhau: (M1) KNN nung so bd hai bude tai T = 400°C 1 0,5 gio
va T2 =800°C 1 1,0 gio; (M2) KNN nung so bd hai budc tai T: = 400°C 1 1,0 gio va T2 = 800°C 1

2,0 gio; (M3) KNN nung so b hai bwedc tai 71 =400°C 11 1,5 gio va Tz = 800°C u 3,0 gio.

Tt s6 liéu thu duwoc cuia cac phd cong huong, hé so lién két dién co dao dong
theo phwong ban kinh ky va hé s6 ap dién ds; duoc xac dinh théng qua chudn IREE 61
va biéu dién & bang 1.
Bang 1. Hé s0 ky va dss cua cac hé gom KNN ting véi cac ché dd nung so bd hai bude khéc nhau:
(M1) KNN nung so bo hai bwdc tai T1 = 400°C 11 0,5 gio va T2 = 800°C t 1,0 gio; (M2) KNN nung
so bd hai budc tai T: = 400°C 1 1,0 gio va T2 = 800°C 1 2,0 gio; (M3) KNN nung so bd hai bwdc tai
T1=400°C 1 1,5 gio va T2 = 800°C 1 3,0 gio.

Mau M1 M2 M3
kv 0,28 0,32 0,24
ds3 85 107 67

Ttr s6 liéu ¢ bang 1, sy phu thudc ctia hé s6 lién két dién co cua gom theo theo
thoi gian U trong qua trinh nung so bd duoc thé hién ¢ hinh 5. Két qua cho thay khi
tang thoi gian nung so b thi hé s lién két dién co ky va dss déu gia tang va dat gia tri
16n nhat tai mau M2 véi k, = 0,32; dss = 107. Sau d6 cac hé s& nay lai giam khi tiép tuc
tang thoi gian nung. Sy bién thién cua gia tri hé so lién két dién co theo phuong ban
kinh ky va hé s6 ap dién ds; cua hé gdbm KNN khi thay d6i thoi gian u trong qua trinh
nung so by cd thé'la do su thay d6i mat do gom khi thay doi thoi gian u so bo.
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Hinh 5. Su phu thudc ctia hé s6 lién két dién co ky va dss cia hé gdm KNN thiéu két 6 nhiét do
1120°C vao cac ché dd nung so bd hai bude: (M1) KNN nung so b hai budce tai Tr = 400°C t 0,5
gio va T2 =800°C 1 1,0 gio; (M2) KNN nung so b hai bwedc tai T: = 400°C 1t 1,0 gio va Tz = 800°C

12,0 gio; (M3) KNN nung so bd hai budc tai T: = 400°C a 1,5 gio va T2 = 800°C 1 3,0 gio.

So sanh vdi két qua ctia nhom tac gia Kiéu Oanh [9] ché tao vat liéu KNN véi
ch€ d9 nung so bo hai lan, hé s6 lién két dién co ky ctia hé gom KNN (M2) khi nung so
bd hai budc ting vdi cac théng s6 Ti = 400°C; T2 = 800°C; thoi gian  At1=1,0 gio va Atz =
2,0 gio c6 cao hon.

4. KET LUAN

Cac nghién ctru budc dau vé anh huong cua ché€ dd nung so bo hai budc dén
tinh chat vat ly caa hé gom trén nén KNN da duoc thuc hién. Két qua nghién ctru cho
thay ché dd nung so bd hai budc ¢ cai thién tinh chat ap dién caa hé gom KNN. Theo
doé, ching ta c6 thé giam thoi gian ché tao hé gom KNN theo phwong phap truyén
thdng bang cach thay thé& ch& d6 nung so bd hai lan bang ché d6 nung so bo hai budc.
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FABRICATING AND INVESTIGATING SOME PHYSICAL PROPERTIES OF KNN

CERAMICS WITH TWO-STEP CALCINATION
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ABSTRACT

Lead-free ceramics (NaosKo41)NbOs was synthesized by traditional solid state
reaction method with different two-step calcination. The influence of annealing
time in calcination process on the structure, microstructure and electrical
properties of the ceramics was investigated. Experimental results show that the
fabricated lead-free ceramics (NaosKos1)NbOs has orthorhombic phase.
(Naos9Ko41)NbOs ceramics synthesized by two-step calcination with first step
annealing temperature T: = 400°C and 1.0 hour annealing time; second step
annealing temperature T2 = 800°C and 2.0 hours annealing time exhibit excellent
physical properties such as a high density 3.937 g/cm3 high levels of
electromechanical coupling factors and piezoelectric constant values (k= 0.37;
ds=107).

Keywords: piezoelectric, lead free ceramics KNN, two step calcination.
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