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Tém tit. G8m ap dién Pb(ZrosTio8)0970Nbo,021SbosOs (PZTNS) durgc ché tao bang phuong phap phan
tng pha rin. Anh huéng ctia nhiét d6 thiéu két dén cau tric, vi cdu triac va mot s§ tinh chét vat ly cta
g6m PZTNS duoc khao st trong bai bao nay. Cu tric va vi cau tric ctia gm dugc nghién ctru bang
gian do nhiéu xa tia X va anh hién vi dién t quét; tinh chat dién mdi va ap dién duoc khao sat thong
qua thiét bi RLC Hioki 3532 va Impedance HP 4193A; tinh chat sit dién duoc xac dinh bé“mg phuong
phép Sawyer-Tower. Céc mau gom sau khi ché tao duoc thiéu két ¢ 1050, 1100, 1150 va 1200 °C trong 2
gid. K&t qua nghién ctru cho thdy rang tit ca cac mau gém déu c6 cau tric perovskit dién hinh. O nhiét
do thiéu két t6i wu 1a 1100 °C trong 2 gio, gébm thu duoc cd cdu tric kha dong déu, cac hat xép chit vao
nhau va c6 cac thong sd t6i wu: khéi luong riéng dat 7,82 g/cm?; hé s6 ap dién dss c6 gia tri 508 pC/N; hé
s0 lién két dién co kp va ke ¢ gid tri lan luot 1a 0,64 va 0,53; hé s6 pham chat co hoc Om la 85. Véi nhiing
két qua dat duoc, gom ap dién PZTNS la vat liéu tiém ning cho cac tng dung trong cac thiét bi siéu
am va thuly am trong tuong lai.
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Abstract. Pb(Zro52Ti0.48)0970Nb0.024Sbo.00sO3 (PZTNS) piezoelectric ceramics were fabricated with the
conventional solid-state reaction method. In this paper, the effects of sintering temperatures on the
structure, microstructure, and physical properties of PZTNS ceramics were investigated. Crystal
structure and microstructure were analysed by means of X-ray diffraction and scanning electron
microscopy. Dielectric and piezoelectric properties were measured with a Hioki 3532 RLC meter and
an HP 4193A impedance analyser, while ferroelectric properties were characterised with the Sawyer-
Tower method. The ceramics were sintered at 1050, 1100, 1150, and 1200 °C for 2 h. The results show
that all samples exhibited a typical perovskite structure. At the optimal sintering temperature of
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1100 °C and sintering time of 2 h, the ceramics displayed a relatively uniform microstructure with
densely packed grains and achieved optimal properties: a density of 7.82 g/cm? a piezoelectric
coefficient dss of 508 pC/N, electromechanical coupling factors kp and kt of 0.64 and 0.53, respectively,
and a mechanical quality factor Qm of 85. With these characteristic parameters, PZTNS ceramics are
promising candidates for future ultrasonic and hydroacoustic device applications.

Keywords: PZTNS ceramics, ferroelectric, piezoelectric, sintering temperature

1 Mo dau

Trong nhitng nam gan day, vat liéu ap dién
khong chi da thu hat sy quan tdm cta cac nha
khoa hoc trong va ngoai nudc do yéu cau han ché
stt dung cac nguyén t6 doc hai ddi voi moi truong
va stec khoe con nguoi. Nhiéu hé vat liéu trén nén
KNN  ((KNa)NbOs) [1, 2] va BNKT
(Bi(Nai«Tix)Os) [3, 4] da duwoc nghién ctu nham
thay thé cac vat liéu 4p dién truyén théng trén nén
chi. Mac du dat duoc nhiéu két qua kha quan
nhung cac vat liéu khong chi van con c6 mot sd
han ché vé hé s ap dién, d0 6n dinh nhiét va kha
nang tmg dung thuc tién so véi vat liéu chira chi.
Vi vay, cac vat liéu ap dién trén nén chi dic biét 1a
hé PZT van gitt vai trd quan trong nho c6 tinh
chat ap dién vuot trdi va hiéu sudt hoat dong cao.
Vat liéu ap dién trén nén chi (PZT) duoc tng
dung rdng rai trong cac bo chuyén déi [5, 6], bo
truyén dong [7, 8] va cac thiét bi siéu am [9, 10] vi
né 6 cac hidu ung 4p dién, sit dién va quang
dién ddc trung. Hon nita, vat liéu PZT véi cau
truc perovskit ddc biét do kha nang chuyén doi
gitta pha mét thoi va pha titr giac lam cho né co6
nhitng tinh chat n6i troi hon. Cac tinh chat dién
cua gom trén nén PZT c6 thé duoc cai thién hon
nita d¢ ddp tng yéu cau vé tng dung béang cach
thay d6i thanh phéan cua n6 thong qua viéc pha
cac loai tap vao vat liéu trén nén PZT tai vi tri A
va B [11]. Cac nghién cttu cho thay rang khi pha
cac loai tap “cting” vao vat liéu PZT thi gom thu
duoc c6 nhiét do Tc cao nhung hé sd 4p dién dss lai
thap; nguoc lai, gdm pha tap “mém” ¢ dss cao
nhung T. lai thdp. Do d6, viéc tim ra gom dong
thoi c6 hé s ap dién cao va nhiét do Tc cao dap

tng yéu cau ung dung la van dé hét stic can thiét.
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Mot s6 cong trinh nghién ctru ctia cac nha khoa
hoc cho thay rang viéc dong pha tap vao vat liéu
trén nén PZT sé cai thién duoc tinh chat 4p dién
va nhiét d6 Tc cua gom. Hé gdm ap dién
[Pbo,995S10,02][ (Zr+Ti1-x)0,975Al000sNbo02]Os ¢b hé sd ap
dién dss = 494 pC/N, hé s6 lién két dién co kp = 0,66
va Te= 343 °C [12]. Khi dong pha tap Nb va Sb vao
vat liéu trén nén PZT, gdm thu duoc c6 hé s6 ap
dién dss = 554 pC/N, hé s6 kp = 0,645 va hé s pham
chat Qm = 540 [13].

Mit khéc, trong qud trinh ché tao gom,
nhiéu théng s6 c6 thé anh huong dén cdu trac, vi
cau trac cting nhu mot s6 tinh chat vat 1y cta gom
nhu nhiét d¢ thiéu két, thoi gian u thiéu két, thoi
gian phan cuc, nhiét d6 phan cuc va dién trueong
phan cuc. Ching toi nhan thay rang, trong s8 d9,
nhiét d6 thiéu két la mot thong s6 rat quan trong.
O nhiét do thiéu két t8i wu, gém tao ra c6 khdi
lwong riéng cao, cau trac 6n dinh, dong nhat, dan

dén tinh chat ap dién, sat dién dwoc cai thién.

Trong bai bao nay, chung tdi dong pha tap
Nb va Sb vao vat liéu trén nén PZT vdi muc dich
tao ra gom co hé s6 ap dién cting nhw nhiét do T.
cao va tap trung nghién cttu anh hwéng ctia nhiét
do6 thiéu két dén cdu tric, vi cdu trac cung mot s6
tinh chat vat ly cua gom ap dién trén co so PZT
doéng pha tap Nb va Sb. Hy vong gom ap dién tao
ra & nhiét do thiéu két tdi vu cd céc tinh chat dién
dac trung dap tng yéu cau tng dung cho cac

thiét bi siéu am va thuy &m trong tuong lai.

2 Thuc nghiém

GOm 4p dién duogc ché tao theo cong thiic
chung la Pb(Zros2Ti048)0,970Nbo,0245bo,00sOs (PZTNS)



Tap chi Khoa hoc Pai hoc Hué: Khoa hoc Ty nhién
Tap 135,56 1C, 119-128, 2026

pISSN 1859-1388
elSSN 2615-9678

béng phuong phap phan tng pha ran. Nguyén
liéu ban dau 1a cac oxit PbO, ZrOz, TiOz, Nb20s va
Sb20s véi d6 tinh khiét 99,8% ctia hang Daejung,
Han Qudc, dugc can theo hgp thirc mong mudn
va nghién trén véi ethanol trong 20 gid bang may
nghién bi nang lugng cao. Hon hop bot duoc say
khod va ép nung so b & 850 °C trong 2 gio. Mau
sau khi so by dwgc nghién lan hai véi ethanol
trong 20 gio, sau d6 say khod va ép nung thiéu két.
Mau duoc ép véi khuon cé duong kinh 13 mm
duéi ap lwc nén 1000 kg/cm? va thiéu két ¢ 1050,
1100, 1150 va 1200 °C trong 2 gio (twong tng voi
cac ky hiéu mau M1050, M1100, M1150 va
M1200).

Khéi luong riéng cua gom dugce xac dinh
bang phuong phép Archimedes. Cau tric va vi
c&u triic dwgc phan tich bang nhiéu xa tia X (XRD)
va anh hién vi dién te quét (SEM). Céc tinh chat
dién moi va ap dién dwoc khao sat béng thiét bi
RLC HIOKI 3532 va Impedance HP 4193A. Cac
tinh chat sit dién dwoc dénh gid thong qua viéc
do duong tré sat dién bang phuong phap Sawyer-

Tower.

3 K&t qua va thao luin

3.1 Khdi lugng riéng ctia gom

Khoi lugng riéng ctia cac mau PZTNS duoc
xac dinh bang phuong phap Archimedes. Su phu
thudc cua khoi luong riéng ctia gdm vao nhiét do
thiéu két ctia cac mau g&m khi thiéu két & 1050,
1100, 1150 va 1200 °C trong 2 gio dwgc md ta trén
Hinh 1.

K&t qua nghién cttu cho thdy rang khi ting
dan nhiét d6 thiéu két tir 1050 dén 1200 °C, khéi
lwong riéng ctia cac mau gém PZTNS tang dan va
dat gia tri 16n nhat khi thiéu két tai 1100 °C Gng
vai gia tri la 7,82 g/cm3, khi tiép tuc tang nhiét do
thiéu két trén 1100 °C thi khoi lugng riéng cua
gom giam dan. Diéu nay c6 thé la do khdi luong
riéng cua gom ban dau tang theo nhiét d¢ do qua

trinh khuéch tan vat chat lam tang do xép chat va
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giam s6 luong 15 trong. Tuy nhién, khi nhiét do
nung vuot qua nhiét do toi wu, khoi luong riéng
ctia g&m bat dau giam do hién tuong bay hoi PbO
xay ra manh ¢ nhiét d6 cao. Su mat thanh phan
PbO lam xuat hién cac 16 khuyét chi va lam ting
s6 luong 16 trong trong vat liéu. Dong thoi, su
phat trién cd hat & nhiét d6 cao c6 thé lam cac 15
trong bi gitr lai bén trong hat lam giam dd xép
chit cia gém. Qua trinh nay dan dén su gia ting
15 trong va lam cho khoi luwong riéng cua vat liéu
giam dan theo nhiét d¢ thiéu két. Két qua nay
twong dong voi nghién ctu cta Boutarfaia va
cong su [14]. Nhém tac gia ciing cho réng khdi
lwong riéng ctia gdm dat gia tri cuc dai ¢ nhiét do
to1 wu va giam khi nhiét d¢ ti€p tuc tang do téc do

bay hoi PbO 16n hon t6c d6 tai ngung tu.
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Hinh 1. Sy phu thudc vé khoi luwong riéng cta cac mau
gom PZTNS vao nhiét d¢ thiéu két

3.2  Ciu tric va vi cau triac

C4u trac tinh thé cua vat liéu dugc phan
tich théng qua gian d6 nhiéu xa tia X do trén thiét
bi D8-Advanced BRUKER AXS. Gian d6 nhiéu xa
clia cdc mau gom PZTNS thiéu két ¢ cac nhiét do
khac nhau duogc trinh bay trén Hinh 2.

Giadn d6 nhiéu xa cho thay tat ca cdc mau
gom PZTNS déu co6 cau truc perovskit dién hinh
trong khoang goc 20 tir 20 dén 70°. Cac dinh dac
trung ctia pha perovskit van dugc duy tri khi ting
nhiét d nung; diéu nay cho thdy Nb va Sb da hoa

tan hoan toan vao mang tinh thé ma khong lam
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phd huy cdu trac chinh. Tuy nhién, su xudt hién
pha la trong cdu trtc khi thiéu két & nhiét do trén
1100 °C 1a do s bay hoi ctia PbO hodc su mat can
bang thanh phan. Diéu nay tuong dong véi két
qua cua Mahajan va cong su; nhom tac gia cling
cho rf?mg khi thiéu két & nhiét d cao, khoi luwgng
riéng ctia gdm giam do su bay hoi cta chi, dan
dén sy hinh thanh cdc pha khong mong muén

trong ciu trac cua gdm [15].

NS ——1050°
o ——1100°

Cudng dé dinh ( dvtd)

Hinh 2. Gian d6 nhiéu xa cia gdm PZTNS 6 cac nhiét
dd khac nhau

Anh huong cua nhiét d6 thiéu két dén vi
cdu truc ctia cac mau gém PZTNS duoc trinh bay
trén Hinh 3.

Hinh 3. Anh SEM ctia cdc mau g&m PZTNS thiéu két &
cac nhiét d6 khac nhau

Anh SEM cho thdy khi ting nhiét do tir
1050 dén 1150 °C, kich thuwdc hat tang dan va cdu
truc gom tro nén dong déu, xép chat hon. Khi
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thiéu két ¢ nhiét do trén 1100 °C, hién tuwong phat
trién ¢& hat bit dau xuAt hién, lam mét s8 hat 16n
1én bat thuong do d6 xudt hién cac 16 trdng bén
trong cau truc. Két qua nay hoan toan tuwong dong
v6i két qua nghién ctru vé khdi luong riéng va cau
truc cta gom; khi thiéu két ¢ nhiét do trén
1100 °C, trong thanh phan gém cd sy xudt hién

cua pha la va khdi luwong riéng ctia gdm giam dan.

Ttr anh SEM, chung t6i tinh kich thwdc hat
trung binh cta cdc mau gém PZTNS va su phu
thudc ctia kich thudc hat vao nhiét dd thiéu két
ctia cAc mau gom dugc trinh bay trén Hinh 4. Do
thi cho thay rang khi nhiét d6 thiéu két tang thi
kich thudc hat ting dan. Kich thudc hat trung
binh ctia cic mau gém cé gid tri ndm trong
khoang tir 1,09 um dén 2,06 um. Diéu nay co thé
la do qua trinh khuéch tan vat chat va sy phat
trién ¢& hat dién ra manh khi nhiét do tang. O
nhiét d§ cao, nhiét nang cung cdp cho cac ion
trong mang tinh thé tang, lam cho t6c d6 khuéch
tdn qua bién hat tang 1én. Qu4 trinh nay dan dén
su dich chuyén bién hat va phat trién kich thudc
hat. Mahajan va cong su ciing cho ring kich thudc
cua hat gom tang khi nhiét do thiéu két tang [15].
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Hinh 4. Anh hudng cua nhiét d6 thiéu két dén kich
thudce hat

Tt nhitng két qua nghién cttu ban dau vé
anh huong cua nhiét do thiéu két dén cau truc, vi
cau trac va khoi luong riéng cua gém, ching toi
du doan nhiét do thiéu két t6i wu cho hé gom trén
nén PZT pha tap Nb va Sb 1a 1100 °C. Tu do,
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ching toi ti€p tuc khao sat anh hudng cua nhiét
do6 thiéu két dén tinh chét dién moi, ap dién va sht
dién ctia hé gdm PZTNS.

3.3  Tinh chat dién mé6i
Héng s0 dién moi tai nhiét d¢ phong duoc
xac dinh theo cong thikc:

_ go-t
T C,..S

&

trong d6 t 1a bé day mau; S 1a dién tich ctia mau;
Cs la dién dung; e = 8,86.10-2 F/m. Gia tri dién
dung Cs cia mau duoc do trén thiét bi HIOKI
3235-50 LCR tai tan s6 1 kHz. Sy phu thudc cua
hang s6 dién mdi vao nhiét do thiéu két cta cac
mau gdm PZTNS & nhiét d6 phong dwoc trinh
bay trén Hinh 5.

1050 1100 1150 1200
Nhiét d6 (°C)

Hinh 5. Hing s8 dién moi ctia cdc mau gdm M1050,
M1100, M1150 va M1200 tai nhiét d phong

Gid tri hang s6 dién mdi cta gdm PZTNS
tai nhiét d6 phong nam trong khoang tir 1657 dén
1913. Khi nhiét d¢ thiéu két tang dan, hé“mg sO
dién mdi tang theo nhiét do thiéu két va dat gia tri
16n nhat tai 1100 °C voi gia tri twong tng la 1913.
Khi tiép tuc ting nhiét do trén 1100 °C thi héng s&
dién moi giam dan. Trong gom ap dién nén PZT,

cac ion Nb5 va Sb* thay thé vao vi tri B trong cau
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truc perovskit lam thay ddi su phan bd dién tich
va khuyét tat trong mang tinh thé. Sw pha tap Nb
6 tac dung lam giam ham luong 16 khuyét oxy,
tit d6 tang kha nang dich chuyén vach domen
dwdi tac dung cua dién trueong. Su két hop gitra
cau truc perovskit 6n dinh, khéi luong riéng cta
gom cao va kha nang chuyén dong domen t6t lam
cho hang s§ dién moi & nhiét d6 phong ting 1én
dang ké. Tuy nhién, néu nhiét d6 nung qua cao,
s phat trién cd hat va bay hoi PbO cé thé lam
ting s8 luwong 16 trong va hinh thanh pha phy,
lam cho héng s6 dién moi giam trd lai. Su cai
thién vé tinh chat dién moi lién quan dén do linh
doéng cua cac vach domen ciing nhu sy thay déi
vé khoi lugng riéng gém ctia gom PZTNS tuwong

te nhu két qua caa mot so tac gia [16, 17].

3.4  Tinh chit 4p dién

D€ nghién cttu anh hwong cua nhiét do
thiéu két dén tinh chat 4p dién cta cdc mau gdm
PZTNS, chung tdi tién hanh khao sat phd cong
hwong dao dong theo phuong ban kinh va theo
phuong bé day cta cdc mau nhu md ta trén Hinh
6 va Hinh 7.

Tt pho cdng huong dao dong theo phuong
ban kinh va theo phuong bé day cua cdc mau gdm
PZTNS theo cdc nhiét d6 thiéu két khic nhau,
ching t6i xac dinh duoc tong tro Z ting voi tan s6
cong huwong va phan cong hwdéng. Trén co cd cac
chuén ap dién IRE 61 va IRE 87, hé s lién két dién
co trung binh theo phwong ban kinh kp va phuong
bé day kt da dugc xdc dinh. Chang toi cling da xac
dinh duwogc hé s 4p dién trung binh dss va hé s6
phdm chat trung binh Qm ctia cdc mau gdm
PZTNS nhu trinh bay trong Bang 1 va sy phu
thudc ctia chuing vao nhiét d¢ thiéu két dugc trinh
bay trén Hinh 8 va Hinh 9
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Bang 1. M6t s6 thong s6 4p dién cua gébm PZTNS theo
nhiét d6 thiéu két

MAu kp ki ds3 (pC/N) Qm
M1050 0,60 0,47 466 79
M1100 0,64 0,53 508 85
M1150 0,62 0,48 483 82
M1200 0,59 0,45 448 75

D6 thi trén Hinh 8 va Hinh 9 cho thdy ring
hé so lién két dién co kp, hé sO lién két dién co k,
hé s6 4p dién dss va hé s6 pham chat Qm thay doi
theo nhiét do thiéu két. Khi tang nhiét d¢ thiéu
két ttr 1050 dén 1100 °C, cac hé sb kp, ki, dss va Om
téng theo nhiét do thiéu két va dat gia tri cuc dai

060
2064 -
o ku 27
E 0634 "% 068
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g L0.52%
c 0614 =
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© 060{ W L0 48'Q
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Hinh 8. Sy phu thudc ctia hé s6 lién két dién co kp va k
vao nhiét dd thidu két cia cdc mau gom PZTNS

3.5 Tinh chat sit dién

Anh huong ctia nhiét d¢ thiéu két dén tinh
chat sit dién ctia cac mau gdm PZTNS khao sat
bang phuong phdp mach Sawyer-Tower. Hinh
anh duong tré sat dién ctia cac mau gom theo cac
nhiét d6 khac nhau duwgc mo ta trén Hinh 10. Tk
duong tré, gia tri ca do phan cuc du Pr va dién
treong khang E. dugc xac dinh va sy phu thudc
cua chung vao nhiét d¢ thiéu két dwgc trinh bay
trén Hinh 11.

Két qua cho thay rang khi nhiét do thiéu
két tang ttr 1050 dén 1100 °C, d6 phan cuc du P:
clia cdc mau taing va dat gid tri 16n nhét tai
1100 °C trong khi d6 dién trwong khang E. lai
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tai 1100 °C twong tng véi cac gia tri la 0,64, 0,53,
508 pC/N va 85. Khi tiép tuc tdng nhiét do thiéu
két thi gid tri ctia chung giam déan. Khi nhiét d6
thiéu két tang dén 1100 °C, kich thuwdc hat tang va
d6 khit chat cua gobm duoc cai thién lam giam do
x0p va tang kha ndng phan cuc ctua vat liéu. Su
pha tap giup cdc vdch ddomen dich chuyén dé
dang hon dwéi tac dung cua dién treong ngoai,
do d6 lam tdng d6 phan cwc du va nang cao hé s6
ap dién cua godm. Gia tri hé s0 ap dién cua gom
dang nghién cttu cao hon gia tri hé sd 4p dién cua
Zhou va cong su. Nhém téc gia cho rang gém ap
dién Pb(Sb12N12)-PbTiOs-PbZrOs c6 hé s ap dién
dss voi gia tri ¢ 449 pC/N [18].

90
510

Z 500 .
Eg_ 500 85 oF
= 490 E
5 ] 3]
2 480 L 80 e
@ 470 < | =a
o # _g_
& 460 L75 g
ki) ] «@-
(3_ 450 N L
I 440 70

1050 1100 1150 1200
Nhiét d6 (°C)

Hinh 9. Sy phu thudc ctia hé s6 4p dién dss va Qm vao
nhiét d6 thiéu két ctia cdc mau gom PZTNS

giam va c6 gia tri nhoé nhat, véi cac gia tri tuong
tng la 23,8 uC/cm? va 7,22 kV/cm. Khi nhiét do
thiéu két tang dan thi d¢ phan cuc du giam dan
va dién truong khang tang dan. Sy pha tap Nb va
Sb vao nén PZT lam thay do6i trang thai khuyét tat
va su chuyén dong ctia vach domen. Nb> la pha
tap donor nén lam giam ham lwong 16 khuyét oxy
trong mang tinh thé, tir d6 giam sy ghim git vach
démen va gitp domen dao chiéu dé dang hon
dudi tac dung cua dién trieong ngoai. Vi vay, do
phén cuc du P tang 1én khi nhiét d¢ thiéu két dat
gid tri t6i wu do cdu truc tréd nén khit chdt, kich
thwdc hat ting va kha nang dinh hueéng domen
tot hon. Bong thoi, su giam ghim gitt ddmen lam

dién truong khang E. giam vi qua trinh dao chiéu
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phan cuc xay ra dé hon. Khi nhiét do thiéu két
qua cao, hién twgng bay hoi PbO va phét trién c&
hat lam ting do x6p va tao pha phy, dan dén
giam d6 phan cwc dw va lam cho dién truong
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khang tang tro lai do sy can tré chuyén dong cua
vach domen. Mahmoud va cong su cling cong bo

cac két qua tuong tu [19].
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Hinh 11. Sy phu thudc vao nhiét d6 thiéu két cua do
phén cuc du va dién truong khang ctia gom PZTNS

D€ ¢6 cai nhin tong quan hon vé cac tinh
chidt cua gdm PZTNS trong nghién ctru nay,
ching t6i tién hanh so sanh mot sd thong s cta
ching véi cac thong s6 cua mot s6 nghién ctiu
khac trén nén gom PZT nhu hé goém
0,06Pb(Zro53Ti047)Os  —  0.04Pb(Ni1sSb23)Os  +
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1,5 mol% Nb20s (PZT-PNS) [19]; 0,1% kI Sb20s +
0,3% kI MnCOs + (Pbo,92Sr0,08)(Zr0,533T10,443Nbo,024)Os
(PSZTN) [13]; Pbo9Nbo,o2[(Snoz0Zr0,70)0,52Ti0,48]0,9803
+ Sb ( PNSZT) [20]; Pb(Mn1/3Sb2/)005Zr:TiyOs
(PMS-PZT) [21]; xPb(Sb12Nb1/2)Os(1-
X)Pb(Zro54Ti046)O3 (PSN-PZT) [18] va duwoc liét ké
trong Bang 2.

Bang 2. So sanh mot s6 thong s6 ap dién cta cac hé
gom trén nén PZT

GOm kp d(pC/N)  Om  Tailiéu
PZTNS 0,64 508 85  Baibao
PZT-PNS - 452 - [19]
PSZTN 0,64 554 - [13]
PNSZT 0,63 530 [20]
PMS-PZT 0,57 330 [21]
PSN-PZT 0,69 449 65 [18]
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Nhu vay, anh hudng ctia nhiét d6 thiéu két
dén khoi lugng riéng ctia gom, cdu truc, vi cdu
tric va mot so tinh chét vat ly cua gdm PZTNS da
duoc khao sat. Tt cac két qua nghién cttu, ching
toi két luan réng nhiét d6 thiéu két t6i wu cho hé
gom trén nén PZT dong pha tap Nb va Sb la
1100 °C. Tai nhiét dd nay, gdm thu dwgc cd cac

théng s6 t6i wu.

4 Kétluan

GOom ap dién Pb(ZrosTioas)osnNbowsSboosOs
dugc ché tao thanh céng bing phuong phéap
truyén thong. Gom PZTNS thu duoc c6 cau trtc
perovskit dién hinh. Khi thiéu két tai 1100 °C,
gom ché€ tao c6 cac thong sd t6i uwu, khoi luong
riéng cua gom co gia tri 7,82 g/cm3; hé so lién két
dién co kp va ke ¢ gia tri teong tng la 0,64 va 0,53;
hé s6 ap dién ds va hé sd pham chédt Qm ¢ gia tri
Tan luot 1a 508 pC/N va 85; gia tri cta hing s&
dién moi tai nhiét d6 phong la 1913; d6 phan cuc
du Pr va dién trwong khang Ec c6 gia tri tuong
tng la 23,8 uC/em? va 7,22 kV/em. Véi cac tinh
chat dic trung nay, chiing t6i hy vong rdng gém
PZTNS dép tng yéu cau tng dung cho cac thiét

bi siéu am va thiy am trong tuong lai.
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Tai liéu tham khao

1. Chaliha C, Singh HS, Kumar P, Maisnam M. Lead-
free KNN-based ceramics for electrocaloric and
pyroelectric applications. Ceramics International.
2026;52(10, Part A):14706-22.

2. Vuong LD, Cuong NX, Lich NQ, Nhat ND, Hieu
LD, Nha VQ, et al. The effect of BaZrOs content on

DOI: 10.26459 /hueunijns.v135i1C.8265

10.

11.

12.

the structure, microstructure, and electrical
properties of (K, Na) NbOs based lead-free
ceramics. Applied Physics A. 2025;131(5):383.

Niu J, Wei Y, Deng Y, Jin C, Guan C, Dong S, et al.
Record high-temperature piezoelectric performance
in BNKT-based local
heterostructure design. Journal of Materials Science
& Technology. 2026;271:147-56.

single crystals via

Hu Y, Zhang H, Wang Z, Shen ], Zhou ], Chen W.
Ferroelectric-order-dominated doping effects in Fe,
Nb co-doped Bii2(NaosKo2)12TiOs
ceramics. Ceramics International. 2026;52(10, Part
A):14853-8.

piezoelectric

Huang J, Yao M, Yao X. A novel approach to
improving the electromechanical properties of
PZT-based piezoelectric ceramics via a grain
coating modification strategy.
International. 2021;47(11):16294-302.

Ceramics

Chamankar N, Khajavi R, Yousefi AA, Rashidi A,
Golestanifard F. A flexible piezoelectric pressure
sensor based on PVDF nanocomposite fibers doped
with PZT particles for
applications.

2020;46(12):19669-81.

energy harvesting

Ceramics International.

Kim E-J, Lee T-G, Kim DS, Kim S-W, Yee Y-J, Han
SH, et al. Textured Pb(Zr,Ti)Os -
Pb[(Zn,Ni)1sNb23]Os multilayer ceramics and their
application to piezoelectric actuators. Applied
Materials Today. 2020;20:100695.

Hou L, Huan Y, Zheng M, Liu Y, Wang C, Wang X,
et al. 3D vertically aligned microchannel structure
to enhance piezoelectric energy harvesting
performance of PZT/PVDF and CNTs piezoelectric
composites. Journal of Materiomics.
2024;10(5):1063-70.

Lee HJ, Zhang S, Luo J, Shrout TR. Thickness-
dependent properties of relaxor - PbTiOs
ferroelectrics for ultrasonic transducers. Advanced
Functional Materials. 2010,;20(18):3154-62.

Li R, Zeng Y, Sun X-x, Li C, Li R, Zheng T, et al.
Multidimensional synergy-induced high
piezoelectricity and reliability KNN piezoceramics
for high-frequency ultrasonic transducers. Science
China Materials. 2023;66(2):686-95.

Uchino K, editor. Advanced Piezoelectric Materials
(Second Edition). Kidlington: Woodhead
Publishing; 2017.

Heywang W, Lubitz K, Wersing W, editors.
Piezoelectricity: Evolution and Future of a

127



Dung Thi Hoai Trang va CS.

13.

14.

15.

16.

17.

128

Technology. Berlin, Heidelberg: Springer-Verlag;
2008.

Fei X, Lin X, Wang C, Li W, Yu F, Yang C, et al.
Sb20s-modified lead zirconate titanate piezoelectric
ceramics with enhancing piezoelectricity and low

loss. Journal of the American Ceramic Society.
2023;106(1):501-12.

Boutarfaia A. Investigations of co-existence region
in lead zirconate-titanate solid solutions: X-ray
diffraction  studies.
2000;26(6):583-7.

Ceramics  International.

Mabhajan S, Thakur O, Prakash C. Effect of sintering
temperature on structural and piezoelectric
properties of PNN-PZT ceramics. Defence Science

Journal. 2007;57(1):23-28.

Vuong LD, Van Thinh N, On DV, Tung VT.
Improved piezoelectric properties of the Fex0s-
modified 0.97PSLZT - (0.03—x)BMT - xPMS for
high-power piezoelectric applications. Journal of
in  Electronics.

Materials Science: Materials

2025;36(4):284.

Yang C, Du ], Chen Y, Li Y, Yan ], Wang L, et al.
Effect of Zr/Ti Ratio on the Structure and Electrical
Properties of 0.7PbZr:Tir-Os 0.3Pb(ZnuaNbes)Os Piezoelectric

18.

19.

20.

21.

Ceramics. Journal of Electronic Materials.

2024,53(5):2275-86.

Zhuo Z, Ling Z, Liu Y. Phase composition and
piezoelectric properties of Pb (Sb12Nbi/2)-PbTiOs—
PbZrOs ceramics. Journal of Materials Science:
Materials in Electronics. 2018;29(11):9524-30.

Mahmoud M, Gao X, Xie X, Xie A, Tian A, Jiang X,
et al. Enhanced ferroelectric and piezoelectric
response in Nb doped PZT-PNS ceramics near the
MPB for ultrasonic applications.

International. 2026;52(12, Part A):19214-24.

Ceramics

Yan Y, Zhang D, Zhang M, Liu Y, Zhao M, Li Z.
Influence of Sb doping on structure, domain size,
and piezoelectric properties of
Pbo.99Nbo.02[ (Sno30Zro.70)052Ti0.48]0.0803 ceramics.
Ceramics International. 2020;46(11, Part B):19639-
45.

Li R, Zhou Z, Shen Z, Li Y, Xia X, Shi X, et al. The
influence of Zr/Ti variation and defect dipoles on
the piezoelectric properties of PMS-PZT ceramics.
Journal of Materials

Electronics. 2025;36(8):492.

Science: Materials in



