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TOM TAT
Trong nghién ctu nay, cac khudn BisTisOn dugc téng hop bang phuong phap
mudi néng chay. Tt cac khudn BisTisOrz, chung t6i da nghién cttu ché tao gom
khong chi (1-x)Bios(Nao4Ko,1)TiOs - x(BaosuaCao156)(Zro096Tio904)Os (BNKT-BCZT, véi x
=0,0; 0,025; 0,05; 0,075 va 0,1) st dung k¥ thuat dinh hudéng. Anh hwéng ctia néng
dd BCZT dén cdu trac va ddc trung chuyén pha nhoe ctia hé gébm da duoc khao
sat. K&t qua thiec nghiém cho thay rang tat ca cac mau déu cé pha perovskit tinh
khiét v6i cdu trac pha thay doi tie cAu mat thoi (R3¢) sang cdu tric tw giac (P4bm)
trong vling néng d6 BCZT tir 0 dén 0,1 mol bang ki thuat tinh chinh Rietveld ctia
cdc mau XRD. Tai nong do x = 0,05 mol, hé gém c6 tinh chat dién moi t6t nhat: Mat
dd gdm (p) la 5,99 g/em3 (dat 99,1% gia tri ly thuyét) vdi hé s6 nén chit dat 0,98,
hang s& dién mdi anax = 6680, hing s6 dién moi tai nhiét do phong &=1323 va tan &
=0,045.

T khoa: BisTisOr2, BNKT-BCZT, G6m khong chi.

1. MO PAU

Hon 60 nam qua, vat liéu sit dién duoc nghién ctru rong rai ca vé phwong dién
nghién cttu co ban va tng dung do nhitng hiéu tng vat ly quan trong cua ching nhu
tinh sit dién, ap dién, hoa dién, hiéu tng quang phi tuyén. Cac vat liéu nay c6 kha
nang ung dung dé ché tao tu dién, bd nhé dung lugng 16n, cac bién tir siéu am cong
suat. Trong s6 cac vat liéu nay, PZT duoc quan tam hon ca do nd sé hitu cac tinh chat
ap dién tuyét voi [1-3]. Tuy nhién, viéc st dung cac vat liéu chita chi dang gay ra
nhing van dé mdi treong nghiém trong do ddc tinh ctia chi. Vi vay, viéc phat trién cac
hé vat liéu khong chi véi cac tinh chat ap dién tot d€ thay thé cho PZT dang duoc dat
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ra birc thiét. Gan day, cac vat liéu khong chi da tro thanh d6i twong nghién cttu chinh
va da cé nhiéu vat liéu duoc ché tao bao gom cac sat dién c6 ciu tric perovskite, cau
tric. V@ co ban, tinh chat 4p dién cta cac vat liéu khong chi van kém hon han so vdi
vat liéu chira chi. Hé vat liéu (Baos4sCao,156)(Zr0,096Ti0904)Os (BZT-BCT) c6 hé s6 ap dién
ds3 dat gia tri 620 pC/N khi x = 50%, cao hon ca gia tri thu dwoc trén PZT-5H. Cac tac
gia con nhan dinh, hé s6 ap dién dss cta thanh phan BZT-50BCT ¢ dang don tinh thé
hodc dinh hudng theo mot s6 phwong tinh thé xac dinh (texture) c6 thé dat gia tri 1500
pC/N. Trong céc vat liéu gdm truyén thong, cac hat dinh huwdng ngau nhién, va cac
tinh chat do dugc chinh 1a gia tri trung binh cta tat ca cac hat. Cac tinh chéat ctia gom
(da tinh thé) luén nho hon so v6i don tinh thé. Gan day, cong nghé dugc st dung dé
dinh huéng sy phét trién tinh thé ctia vat liéu (ttc 1a sy sap xép cting hudng truc tinh
thé trong cac hat theo mot dinh huwdng xac dinh) duoc goi 1a ky thuat dinh hudéng
(texturing enginering). Vi vay, cac tinh chét 4p dién cua chiang lén hon so v6i gom
truyén thong [4, 5]. Cho dén nay, ky thuat dinh huéng duoc xem 1a chia khoa d€ nang
cao cac hé so ap dién cua cac hé vat liéu khong chi [6]. Cé nhiéu phwong phap duoc
dua ra nham sap x&p trat tu cac hat trong gdm dé tir d6 kiém soét sy phat trién dinh
hudng cua chung. Co thé ké dén la phuong phap ren néng (Hot forge), dinh hudng
bang tir tredong (Magnetic orientation) va kéo tdm (Tape casting) [7]. Ngoai nhitng
phuong phép ké trén, phuwong phap phat trién hat trén co s¢ khuon dinh huedéng (TGG)
dugc sit dung nhiéu nhét vi n6 hiéu qua va khong doi hoi dau tu trang thiét bi 16n. Vi
vay, “Ché tao vd nghién citu ddc trung chuyén pha nhoe cia hé gom (1-
x)Bio5(Nao,+Ko1) TiOs - x(Baos14Cao,156) (Zr0,096Tio,004) O3” sit dung phuong phap trién hat
trén co s& khudn dinh huwdng BisTisO12. V6i muc tiéu c6 thé nghién ctru, cai thién va
nang cao hon nira cac tinh chat cta hé sat dién khong chi BNKT-BCZT.

2. THUC NGHIEM

Trong nghién cttu nay, cac khudén BisTisO12 dugc tong hop tir cac oxit Bi2Os
(99%), TiO2 (99%) bang phuwong phap mudi néng chay [8] véi sw hd tro ctia hon hop
mudi Na2COs - K2COs. Bot BisTisO12 (Hinh 1(a)) va bot (1-x)Bios(NaoaKo1)TiOs -
x(Bao,s44Cao,156) (Zroms Ti0,204)Os (BNKT-BCZT, v6i x = 0,0; 0,025; 0,05; 0,075 va 0,1) da duwoc
xac dinh trede duoc tron voi nhau va duoc nghién bi trong 20 gio trong mdi trudng
ethanol. Sau d6, bot dugce sdy kho vanung so bd ¢ 850 °C trong 2 gio d€ tao thanh hop
chat BNKT-BCZT (Hinh 1(b)). Chat két dinh (10% khdi lwong) dwoc tron véi hon hop
trén va khudy ttr trong thoi gian 1 gio (Hinh 1(c)) sao cho tao ra m¢t dung dich huyén
phu dong nhat. Sau d6, can dung dich trén cac tdm gach men hodc tdm kinh véi do day
khoang vai tram micro mét tao thanh nhitng tam mong (Hinh 1(d)). Cac mang nay
duoc dé kho ty nhién 6 nhiét do phong trong 24 gio (Hinh 1(e)). Sau d6, cac mang
dwoc cit hinh tron cé dwong kinh 12 mm (Hinh 1(f)) va duoc xép chong véi nhau
khoang 40-45 16p mang (Hinh 1(g)), sau d6 ép tao thanh vién gdm c6 d6 day khoang 2
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mm voi dueong kinh 12 mm (Hinh 1(h)). GOm dwoc thiéu két tai nhiét d6 1100 °C trong
3 gio.

GOom dinh hudng Ep vién Xép 16p Cat mang
Hinh 1. So d6 ché'tgo gdm BNKT-BCZT dinh hiwrong

Mat d6 gom ctia cdc mau duwoc xéac dinh bang phwong phap Achimedes. Sw
hinh thanh pha ctia vat liéu duoc nghién cttu bang phiong phép nhiéu xa tia X (D8
ADVANCE). Céc tinh chat dién ctia hé gdm duoc do bang hé do ti dong héa RLC
HIOKI 3532, HP 4193A.

3. KET QUA VA THAO LUAN

Nhu da trinh bay ¢ hinh 1 vé so d6 ché€ tao hé gdm khong chi dinh hudéng
BNKT-BCZT. Trong phuong phap nay, chung t6i da st dung khuon BisaTisO12 (BiT) va
bot BNKT-BCZT (Bi2Os, TiO2, ZrOz, Na2COs, K2COs BaCOsva CaCOs vdi do tinh khiét >
99,5%) lam nguyén liéu ban dau. Cac hat BNKT-BCZT sé lap day khoang trong gitra
khudn mau BisTisO12 vangan chin si sap xép sit lai ctia cac hat BiT, tkc 1a tranh s tiép
xuc truec ti€p gitra cac hat BiT véi nhau [9]. Trong quy nay can luu y la viéc bd sung cac
chat lién két d€ can mang la can thiét, tuy nhién viéc ton tai chung trong gdm anh
hwdng dén cau trac, vi cau tric va céc tinh chat cia gom. Do d6, trong qua trinh nung
thiéu két can loai bo no6 ra khoi gdbm. Theo gian d6 phan tich nhiét DTA va TGA cua
mang BNKT hinh 2, duong cong DTA c6 cac dinh hdp thu nhiét tai 69,15°C, twong ting
v6i sit bay hoi nudc (Ioai bo cac phan tir nwdc) trong mau [10], trong leong cia mau
giam khoang 0,7% khoi lwong. Vung chuyén tiép thi hai & khoang 238 °C c6 thé lién
quan dén viéc giai phong cac nhém acetyl [11], tong khéi lwong giam twong tng véi
giai doan nay khoang 5,78%. Dinh toa nhiét th ba tai 331,51°C, do su suy giam ciu
trac cac 16p mang [12]. O giai doan cudi, cac 16p mang phan hay thanh oxit carbon va
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hydrocacbon dé bay hoi ¢ nhiét d6 trén 360°C vi dinh tdéanhiét 0 432,3°C. Trong thuc
t€, viéc sit dung nhiét do khtr chat hiru co tai 432,3°C va t trong 2 gio sé khong cho
mau cé cac tinh chat nhi mong mudn. Van dé nay cé thé do khi phan tich DTA va
TGA, nhiét do duoc tang déu vdi toc dd 10°C/phut va khong cé thoi gian lvu nhiét, vi
vay voi mot khdi lwong mau nho, trong thoi gian nay phan ting tao pha da xay ra. Tuy
nhién, d6i véi khdi lrong mau 16n, véi nhiét d6 nung so bo 432,3°C trong thoi gian 2
gio 1a khong du d€ loai bo cac chat két dinh hitu co trong cdc mau. Vi vay, d& cé mau
gom voi chat lwong tot thwong chon nhiét do khir cac chat két dinh hiru co trong cac
mau 1 550°C va leu trong 2 gid. Bang 1 biéu dién cac thong s6 mang, hé s§ nén chit va
mat do ctia gdm O cac nong do khac nhau. Trong d6, hé sd nén chat (DF) duoc tinh
theo cong thire 1 [13].
Pm—pP,
DF = Tpf (1)
Trong d6, (p) la mat do ly thuyét, (pm) la mat do do thuc té, va (pg) 1a mat do
ctia gdm sau khi nung 550°C trong 2 gio va chua thiéu két.
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Hinh 2. Gidn d6 phan tich nhi¢gt DTA va TGA cua mang BNKT
Hé s6 nén chat tang khi nong 46 BCZT tang va dat gid tri cao nhat 0,97 tai nong
d6 0.05 mol, sau d6 giam dan. Hé s6 nay la nguyén nhan lam cho mat d cua gom ting
co gia trilén nhatla 5,97 g/cm3 (mat do twong d6i 99,1% gid tri ly thuyét) nhw thé hién
trong bang 1. Diéu nay la két qua ctia cac co ché gia tang mat do, va la két qua cta su
co lai do nhiét [14].
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Bdng 1. Anh hudng ctia nhiét d6 thiéu két dén hanh vi thiéu két gém

Thanh phanx  Hésonén chit  Mat dd gbm (g/cm3) Mat d6 twong doi (%)
0,00 0,97 5,94 98,5
0,025 0,91 5,88 95,9
0,050 0,98 5,97 99,1
0,075 0,97 5,94 98,8
0,100 0,96 5,89 98,3
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Hinh 3.Céc mAu XRD ctia g&m (1-x)BNKT-xBCZT véi 26 tir: (a) 20° - 65°, va (b) 44°- 48°

Bdng 2. Cac tham s& cdu triic tinh thé ctia gdm BNKT pha tap BCZT duoc tinh toan bang cach

tinh chinh Rietveld cta cdc mau XRD

a=b c Nhom a=b Nhém
Méu g6m o ° d61 RBrag ° c ( A) d61 RBrag
T T R (A) ,
g Xxung
BCZT 4,0025 4,0025 Pm3m 9,4 4,0175 3,9834 P4/mmm 9,7
BNKT 5.5009 13,5296 R3c 8,2 - - - -
BNKT-
5,4960 13,5063 R3c 8,0 - - - -
0.025BCZT
BNKT- 5,4960 13,5063 R3c 79 55154 3,8999 P4bm 7,9
0.050BCZT
BNKT-
R P4b
0.075BCZT 5,4914 13,5320 3¢ 9,8 5,5154 3,8999 m 9,5
BNKT-
5,4914 13,5320 R3c 10,3 5,5154 3,8999 P4bm 9,8
0.100BCZT
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Hinh 4. Cac mau XRD tinh ché ctia Rietveld ctia (1-x) gdm BNKT-xBCZT:
(a) BCZT; (b-f) (1-x) BNKT-xBCZT

Sw hién dién cta ca doi xting tinh thé hinh thoi (R3¢) va t& giac (P4bm) (Hinh 4)
va cac tham s8 c&u tric tinh thé ctia gdm BNKT pha tap BCZT duoc tinh toan bang
cach tinh chinh Rietveld ctia cac mau XRD (Hinh 3(a) nhu trong Bang 2.

Hinh 3 va 4 biéu dién dinh nhiéu xa 20 tir 20 dén 65° ctia gdm (1-x)BNKT-
x¥BCZT véi cac nong do BCZT khac nhau. Nhw da thay véi gom BZCT thé hién gém
hon hop cdu tric gia 1ap phuwong (Pm3m) va cdu trac t gidc (P4/mmm), dugc chiing
minh bang sy cling ton tai ctia dinh (200)pc va dinh kép (200)7/(002)7, phit hop véi két
quatruede d6 [15, 16]. Khindéng dd BCZT la 0,0 mol (chi c6 nén BNKT), gdm xuat hién
dinh don (200)r trén gian &6 nhiéu xa tia X cho thdy da c6 sy hinh thanh pha mat thoi
((R3c¢)). Cuong d¢ dinh (200)r giam dan khi tang nong d6 BCZT. Véi sy gia tang cua
ham lwong BCZT, cdu tric pha bién d6i tir cdu tric hinh thoi (R3c¢) sang cdu trac ti
gi4c (P4bm), bang chitng 1a mot dinh (200)x tach ra thanh dinh (002)r va (200)r. Hanh vi
twong tu da dwoc quan sat boi Kushvaha va cing sw [17] trong gdm (1-
x)Bio5(Nao,sKo5)05TiOs—xBaosCao1Tio9Zro10s va Pal va cing sw [18] trong gom (1-
x)(Bio,s6Lao,04)05NaosTiOs)—x(BaosoCao,10TiOs). Nhu vay khoang nong do tir 0,025 dén
0,075 mol BCZT, cac pha t giac (P4bm) va mat thoi (R3c) cung ton tai trong mau,
chiing t6 rang cac thanh phan nay nam tai bién pha hinh thai hoc (MPB). Tuy nhién,
v6i nong do BCZT 16n hon 0,075 mol, dinh don (200)r giam rat manh con cac dinh t&
giac (002)r va (200)r tang bdi ham lwgng trén 90%.

Trén hinh 5 1a su phu thudc cta hé”mg sO dién moi € va ton hao dién moi tand
vao nhiét d6 ctia cdc mau do tai tan s6 1kHz. Nhu da thdy, phd hang s§ dién méi &
khong c6 dinh cuc dai sdc nét va khi nhiét 36 T> Tm, quan hé &(T) cting khong tuan
theo dinh luat Curie-Weiss nhu thuong thay ¢ cac vat liéu sit dién binh thuong. Khi
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nong do BCZT tang dinh cuc dai cua héng sO dién moi tang va mé rong theo kiéu dac
trung chuyén pha nhoe cua céac vat liéu sit dién relaxo va co gia tri giam dan. Twong
tng voinong do BCZT tang, em tang dan va dat gia tri cuc dai 6680 tng véi nong dd
BCZT la 0,05 mol, sau d6 giam khi nong do BCZT tang.

G 7X1 0> ]me==x =0.000
s x = 0.025

@ 6X10°emmmx = 0,050
& 5y 103X 70075 ] o
C

= 4x10%
‘2 3x10°

10.48
| c

T T ’ T - T
100 200 300 400
Nhiét dé ("C)

Hinh 5. Su phu thudc cua hfing 50 dién modi va ton hao dién moi vao nhiét do

cuia cdc mau do tai tan so 1KHz

Tk Hinh 6, chung ta con c6 thé thdy, cac duwong pho chuyén pha dién moi —
nhiét do khong tuan theo dinh luat Curie - Wiess ¢ vung nhiét do trén Tm, nhung lai
tuan theo dinh ludt nay o trén nhiét d6 Burn, Ts, 16n hon nhiéu so véi Tm. Nhiét do
Burn dwoc dinh nghiala nhiét 6 ma cac viing phan cwec vimo trong vat liéu hoan toan
bién mat, vat liéu ton tai 6 trang thai thuan dién. Do thi biéu dién méi lién hé gitta
In(1/& — 1/&max) vaIn(T — Tm) (¥) dwoc mo ta trong hinh 6.
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Hinh 6. Cac ddc trung chuyén pha nhoe ctia gdm BNKT-BCZT

buong lam khdp cho thdy su phu hop kha t6t gitia s6 liéu thwe nghiém va hé
thitc (*). Gid tri y ctia tat ca cac hé mau déu nam trong khoang tir 1 dén 2 da chiing
minh mot cach 16 rang vé su chuyén pha nhoe. Diéu nay c6 thé giai thich rang cac ion
Ba?* (1,61 A), Ca?* (1,34 A), va Zr* (0,72 A) pha tap vao mang nén BNKT chting duoc
thay thé cho cac ion Bi** (1,17 A), Na* (1,39 A), K* (1,64 A) va Ti¢+ (0,61 A) [19-22], két
qua tao ra su bat trat tw trong viéc phan bd céc ion ¢ vi tri B trong cédu tric perovskite
ABO:s da hinh thanh su chuyén pha khuéch tan, ma tai d6 diém Curie dinh x& ctia cac
vung phan cyc vimd dugce phan bo thdng ké xung quanh m ot nhiét dd Tmxac dinh. Ca
nhiét d6 Ts va Tm déu gidam theo nong d6 cua BCZT tang. Ching dwoc giai thich rang
hé gdm BNKT khong pha tap c¢6 nhiét d6 Tm1a 262°C [20] trong khi hé gdbm BCZT c¢6
nhiét do Tm 1la 78°C [23] do d6 khi pha BCZT vao gdm BNKT thi nhiét d6 Tm déu giam
vi vay nhiét do Ts giam theo.

4. KETLUAN

Trong nghién cttu nay, ching t6i da nghién ctru ché tao gdm khong chi (1-
x)Bio,5(NaoKo,1)TiOs - x(BaossaCao,156)(Zro,096 Ti0,904)Os (BNKT-BCZT, véi x =0,0 - 0,1) st
dung k¥ thuat dinh huéng. Anh hiong ctia néng d6 BCZT dén ciu tric va dic trung
chuyén phanhoe ctia hé gdm da dwoc khao sat. Két qua thue nghiém cho thdy rang tat
ca cdc mau déu c6 pha perovskite tinh khiét v4i cdu tric pha thay d6i tir cAu mét thoi
sang cau truc t giac trong vung nong do BCZT ttt 0 dén 0,1 mol. Tai nong do x = 0,05
mol, hé gdm c¢ tinh chét dién mo6i tot nhat: Mat d6 gdm (p) 1a 5,99 g/cm? (dat 99,1% gid
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tri ly thuyét) véi hé s8 nén chit dat 0.98, hang s6 dién mdi smx= 6680, hiang s& dién moi
tai nhiét do phong ¢-=1323 va tan ¢ = 0.045.

LOI CAM ON

Nghién cttu nay dwoc tai tro boi Quy Phat trién khoa hoc va cong nghé Qudc
gia (NAFOSTED) trong dé tai ma s6 103.02-2017.308.
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FABRICATION AND RELAXOR FERROELECTRIC CHARACTERISTICS
OF (1-x)Bios(Naos4Ko1)TiOs - x(BaossaCao.156)(Z10.096 Ti0.904) O3 CERAMICS

Nguyen Thi Tuyet Trinh?!, Le Dai Vuong?*, Vo Thanh Tung?
1Pleiku High School, Pleiku City, Gia Lai
2Hue Industrial College
3 University of Sciences, Hue University
*Email: ledaivuonggb@gmail.com
ABSTRACT

In this study, bismuth titanate (Bis«TisO12) templates were synthesized by the
molten salt method. From this BisTisOnztemplate, we have successfully studied the
synthesis of lead-free piezoelectric (1-x)Bios(Nao.4Ko1)TiOs -
x(Bao.sssCao.156)(Zro.096Ti0904)O3 (BNKT-BCZT, x = 0.0, 0.025, 0.05, 0.075, and 0.1)
ceramics using technical orientation. The effect of BCZT contents on the structure
and the relaxor ferroelectric characteristics of the ceramics were investigated.
Experimental results show that with the increase in the BCZT content in the range
of 0 to 0.1, the phase structure of the ceramics transforms from the rhombohedral
R3c to tetragonal P4bm structure by the Rietveld refinement of XRD data. At a
concentration of x = 0.05 mol, the ceramic has the best dielectric properties; for
example, the density (p)is 5.99 g cm= (equivalent to 99,1% of the theoretical value)
with densification factor of 0.98; dielectric constant is anax = 6680, dielectric constant

is & =1323 and tan 6= 0.045 at room temperature.

Keywords:: BisTisO12, BNKT-BCZT, Lead-free ceramic.
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