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NGHIEN CUU VA CHE TAO GOM SAT DIEN PZT53/47
BANG PHUGNG PHAP HOA HOQC CAI TIEN
Huynh Duy Nhan
Truong Dai hoc Thi. Dédu Mot

TOM TAT
Bai bdo nay trinh bay vé cdc két qud nghién ciiu ché tao gém sdt dien PZT53/47 cé
cong thiic héa hoc Pb(Zr,Ti;.)O3 bing phuong phdp héa hoc cdi tién. Bot PZT duoc tong
hop theo phuong phdp cé truyén, nung so bo tai 850°C trong thoi gian 4 gio. Bét nung so bo

duoc hoa tan trong axit HNOs lodng thuc hién trong 1o vi séng véi thoi gian ngdn. Hon hop
duoc cho két tua trong méi truong NH,OH loang (PH = 9-10), tia duoc nung tai 700°C
trong 2 gio. Két quad thu duoc bot gbm sdt dién cé cdu tric va vi cdu triic dong déu, siéu
min, kich thuéc hat ti 80nm dén 100nm. Sau dé, bét duoc ép thanh méu va nung thiéu két
6 cac nhiét do 950, 1000, 1050 va 1100°C trong 3 gid tao thanh gém khoi. Tinh chdt sdt

dién cua gom ciung da duoc nghiéen ciiu.

T khéa: PZT, héa hoc cdi tién, vi séng, sdt dién, gom khoi

1. Pat van dé

Trong mot vai nam trd lai day, gom
oxit c¢6 cAu trac nand ngay cang thu hat
dugc su quan tdm vi ching c6 cdc tinh chat
khéac biét so véi cac vat lieu co cau trac
micrd. Phuong phép truyén théng khong
con phut hgp véi yéu cau clia qué trinh téng
hgp vat liéu nay. Cac phuong phap héa hoc

ngay cang dugc st dung nhiéu hon dé ché

tao vat liéu, v6i uu diém téng hop & nhiét
do thap, va c6 thé diéu khién dugc su phat
trién kich thuéc hat.

Phuong phap sol — gel truyén thong da
dugc Ging dung dé ché tao cac vat lieu PZT,
PLZT, PbTiO; dang gom ciing nhu mang
moéng [2]. Phuong phap sol — gel st dung &
day ciing rat da dang, diéu kién téng hop (ti
lé axit: M™, @ PH, thanh phan dung dich..)
rat khac nhau. D& ch& tao PbTiOs nhiéu tac
giad da st dung nguyén liéu xudt phat la
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Pb(NO3), TiCl, Tai nhiét do 30°C, PH : 8 -
10.8, PbTiO; da hinh thanh. Mot s6 tac gia
khac dung phuong phap Pechini ché tao
PLZT tu ciac nguyén lieu PbO, LayOs,
ZrOCl,.8H,0, Ti[O(CH3)CHsl, va axit citric.

Poi v6i vat lieu sit dién Pb(Zr,Ti;-)0s
[PZT] va PZT pha tap, vidn dé khé khan
nhat 12 trong thanh phan vat liéu c6 chda
TiO, rat khoé tan trong modi trudng HNOs.
Nam 1999, nhém tic gia E.B.Araujo va
J.A.Eiras da dé xuit ché tao cac dung dinh
PZT xuat phat tir bot gom sau khi da nung
s¢ bd. Tuy nhién, do st dung phuong phap
nung néng thong thudng nén khong thé
hoa tan hoan toan PZT trong moi trudng
HNOs; loang [3, 4].

Nhu ching ta da biét, dic trung noi bat
nhiat cla su nung néng vi séng la nung
nong thé tich, né khéc v6i nung néng thong
thudng ma & dé nhiét phai khuéch tan tu
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bé mat chia vat lieu. Véi co ché nung néng
thé tich, vat liéu c6 thé hap thu nang luong
vi séng truc ti€p tir bén trong va bién doi
n6 thanh nhiét. Pic trung d6 dan dén
nhiing thuan lgi khi st dung vi séng dé gia
cong vat liéu. Vi séng da dugc st dung mot
cach thanh cong trong mot s¢ linh vuc nhu:
nung so bd cao su, thit lon mudi xong khéi
truéc khi nau, say kho bot... Vi séng dugc s
dung nhu modt co ché nung néng cé tiém
nang dé thay thé modt vai phuong phap
nung néng thong thuong. Chinh nhiing dng
dung tiém nang dé thu hit ngay cang nhiéu
hon nhiing nghién ctu trong linh vuc nay.

Nam 1999, nhém tac gia A.Fini va
A.Breccia, thudc truong Pai hoc Bologna —
Y, da trinh bay mot béo cdo tdng quan vé
két qua st dung vi séng trong linh vuc héa
hoc vat litu. Bang cach st dung 1o vi séng
tan so 2,45 GHz (buéc song 12,23 cm), cong
suit tir 6 dén 700 W, hau hét cac phan tng
héa hoc khé thuc hién déu dién ra mot cach
triet d&, nhanh chéng sau khi xtr 1i vi séng
trong thoi gian 5 phat. Cling vao nam nay,
Koos Jansen cing da danh gia tinh hiéu
qua caa viéc st dung 1o vi séng trong viéc
ché& tao vat liéu ray phan tit (Zeolite).

Trén co sG cdc phan tich néi trén,
ching t6i dit vdn dé nghién cdu ché
tao dung dich cia PZT trong HNO; véi
su hd trg cha vi séng, tu dé thu dugc
bot gém siéu min, c6 do sach cao va ché
tao thanh cong gom sit dién.

2. Vat liéu va phuong phap
nghién ciu

2.1. Vat liéu

Vat liéu nghién ciu gom céac oxit PbO,
TiOg, ZrO; c6 d0 sach 99.8%, dung dich
HNO; NH,OH, nudc cat va gidy quy dé kiém
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kiém tra do PH.

2.2. Phuong phap nghién ciu

2.2.1. Xay dung hé xt li vat lieu bing
Vi séng

Vi séng 1la mot ki thuat cdp nhiét
bang viéc tao dao dong phan ti ¢ toc do
rat cao, kha nang cdp nhiét nhanh va
dong nhat, giong nhu qua trinh thay
nhiét ¢ nhiét do cao. Pay 1a su két hop
cua qud trinh nung néng thong thudng do
su chuyén déi ning luong séng siéu cao
tan thanh nhiét va nhiét do su co xat cda
cdc phan ti. Qua trinh cdp nhiét dugc
thuc hién ngay bén trong mau. Véi 1o vi
séng tan s6 2,45 GHz, trong 1 giay céc
phin ti nudc quay theo truong va co xat
vao nhau 2,45 ti 1an, do vay, luong nhiét
sinh ra rat 16n va dong déu [1].

Ching téi st dung lo vi séng NE-
5670, cong sudt vi séng 500 W, tan so
2,45 GHz da qua st dung dé thiét ké&
thanh cdc thiét bi chuyén dung cho céc
muc dich nghién cttu ché& tao vat liéu.
Thiét bi xit 1i vi séng nhiét do thap duoc
md ta trén hinh 1.

1. Mdy khudy tu.

2. Binh phdn ung.

3. Ong héi luu.

4. Nguobn phdt vi séng
5. Cdp nhiét dién.

6. Nuédce lam lanh.

Hinh 1. Hé xu li vi séng nhiét dé thap
2.2.2 Ché tao méau

MAu nghién ciiu c6 cong thic tong quat 1a:



Pb(Zr( 55T 47)03 (PZT53/47). Céac hop chat
phoi lidu PbO, ZrO,, TiO; va luong PbO bo
sung 1a 10 % wt mol. Mau dugc tron,
nghién va nung so bd tai nhiét do 850°C
trong thoi gian 2 gio.

Boét nung so bé ¢ 850°C trong 2 gio

v
Dung dich HNO;

A 4

Xu li vi séng

\ 4

Dung dich NH,OH
(PH = 9 + 10)

A 4

Sdy kho tiia va nung &
700 °C trong 2 gio

A 4

Ep méu va nung thiéu két
950, 1000, 1050, 1100 °C

Hinh 2. So d6 ché tao méu

Bot sau khi nung so bo dugc dua vao
binh chita dung dich HNO; loang, ti 1é: 1
axit/9 nu6c cit. X li dung dich néi trén
trong 10 vi séng 500 W, tan s¢ 2.45 GHz, &
ché& dp Medium trong thoi gian 15 phat, bot
gdm tan hoan toan va dung dich tré nén
trong suot. Tir dung dich nay, ching ta thu
hoi lai bot gém bing cach st dung phuong
phap dong két tha véi tac nhan 1a NH,OH
nhu md ta & hinh 2. Bot sau khi thu hoi, siy
kho va G ¢ 700°C trong 2 gio, sau do6 ép
thanh mAiu va nung thiéu két, x(r li va phu
dién cuc tao thanh mau khéi. Bang phuong
phép nay, ching toi cling da ché tao dugc cac
vat lieu PZT, PLZT, PZT-PMN... ¢6 cfu tric

nano.
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2.2.3 Phuong phap do

Hinh 3 do DTA/TGA phéan tich su tao
thanh phén dGng trong cac khoang nhiét do.
Hinh 4 1a gidn d6 nhiéu xa tia X ctia bot
gom sau khi thu hdi. Hinh 5 14 &nh FESEM
cua bot thu duge sau khi loc tha va t 700°C
trong 2 gio. Hinh 6 do pho EDS xac dinh
dd sach va thanh phan khoi luong cha céc
nguyén to trong vat liu. P& nghién ciu
tinh chat sit dién, mau dugc nghién ctu
trén mach Sawyer — Tower k&t néi v6i dao
dong ki s6 Tektronix TDS 1012B ghép ndi
v6i may tinh hinh 7.

3. Két qua va thao luan

Hinh 3 1a gidn d6 DTA/TGA cla vat
liéu. Trén dudng cong DTA cho thay dinh
thu nhiét tai 116,81°C lién quan t6i phan
ting khit gbc phic, su bay hoi NOx. P9 suy
giam khoi lugng tuong dng la 10,31 %.
Két qua nay ching té chi hydroxit, titan
hydréxit va zicon hydréxit da dugc tao
thanh nhu mong dgi, su suy gidm khoi
luong dan dén su phan li ctia hon hgp Pb,
Ti va Zr.

Experiment: MauA Crucible:PT 10041
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Figure:
051052008 _ Procedure: 30----> 1000C (10 C.min-1) (Zone 2)
T T T

Peak 367.68°C

Hinh 3. Gidn d6 DTA/TGA ciia bot u 6
700 °C - 2gio
Cac dinh thu nhiét trén duong cong
DTA biéu dién trén hinh 3 tai 367,68°C
chimg t6 lién quan t6i viec bit dau tao
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thanh PZT, khong c¢6 phan ung trung gian
va lam suy gidm khoi lugng 1,24 % trén
duong cong TGA.

Trén dudng cong DTA cho thiy trong
khoéng nhiét do tir 367,68°C d&n gan 700°C
chinh la ving xdy ra phan dGng tao thanh
PZT. Nhu vay dé phan tng tao pha PZT
hoan chinh, nhiét do G phai chon tir 700°C
trd 1én. Piéu nay duoc khang dinh bang gian
do nhiéu xa tia X (hinh 4)

Lin(cps)

Lin(cps)

20 - Scale

Hinh 4. Gidn dé nhiéu xq tia X ctia bot
g6m PZT53/47 ché tao bdng phuong phdp
héa hoc cdi tién: (a) & & nhiét dé 600°C — 2

gio; (b) i & nhiet do 700°C — 2 gio

Hinh 4a cho th4y, khi nung so bo &
nhiét d6 600°C trong 2 gio vat liéu chua
tao pha hoan toan, van con mot s6 pha la
tai cdc vi tri goc 24,5°% 27,1° va 34,2°.
Hinh 4b cho thay, v6i miu nung tai nhiét
do 700°C trong 2 gio bot da tao pha hoan
chinh. Viéc tach d6i ctia ciac vach nhiéu
xa tai céc vi tri 21,7°% 31,2° va 44,5° ciing
nhu su chéng chap cha cdc vach dai,
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chiing t6 ton tai dong thoi hai pha td gidc
va méat thoi. PAy cling chinh la dic trung
clia vat liéu PZT c6 thanh phan nam tai
bién pha hinh thai hoc. Nhu vay dé bot
PZT tao pha c6 cau tric perovskite hoan
chinh, nhiét do
700°C trd lén.

nung sd bd phai chon tu

IMS x80.0k SE(M) 6/12/2008

Hinh 5. Anh FESEM ctia bot PZT53 /47
ché tao bang phuong phdp lai héa hoc, U
700°C trong 2 gio

Tu anh FESEM (hinh 5) cho thay cac
hat phat trién kh4 déng déu, kich hat nho
hon 100nm. Bot ché tao bang phuong phap
trén déu c6 tinh k&t hop cao, day ciing
chinh 134 modt ddu hiéu dic trung cha vat
litu c¢6 cdu tric nand. Nhu vay, biang
phuong phap héa hoc céi tién ching toi da
ché& tao dugc vat lieu PZT c6 kich thu6c hat
nano.

Dé danh gia do sach va thanh phan cac
nguyén t0 hoa hoc trong heé vat liéu
PZT53/47, ching toi tién hanh phan tich pho
EDS (Energy Dispersive Spectrumeter).

Phé EDS (hinh 6) cho thay, su khong
c6 mat ctia cdc nguyén t6 khdc ngoai céc
nguyén t& cta hé PZT. Diéu nay ching t6
hé vat liéu ché& tao bing phuong phap
nay la hoan toan sach.
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Hinh 6. Phé EDS ciia bot PZT53 /47 ché
tao bing phuong phdp héa hoc cdi tién, i
700°C trong 2 gio

Bdng 1a. Phdan tram khéi luong cdc
nguyén té trong hé PZT(53/47)+10 % wt
PbO do tir thuc nghiém

Ngrg’en Khi lugng (%) Ng“(f;)“ tu
OK 21.38 69.83
TiK 6.58 7.18
ZrL, 15.02 8.60
PbM 57.03 14.38
Téng 100.00 100.00
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Hinh 7. Puong tré sdt dién ciia cdc mdu
M700 - 950, M700 — 1000, M700 — 1050,
M700 - 1100 lédn luot duoc nung thiéu két
theo cdc nhiét dé 950, 1000, 1050, 110°C
trong 3 gio
Bdng 2. Cdc théng sé sdt dién phéan cuc du
P, va dién truong khdng E. cia gém

Bang 1b. Phdn tram khoi luong cdc nguyén
t6 trong hé PZT53/47+10 % wt PbO tinh tu
i thuyét

Nguyén to Khoi lugng (5)
OK 14.0349
TiK 6.2768
ZrL 13.4795
PbM 66.209
Téng 100.00

Tu bang la va bang 1b, so sanh giiia
tinh toan 1i thuyét va thuc nghiém cho thay
nguyén t6 O du trong qua trinh ché tao,
nguyén t6 Pb bi thiéu di do qua trinh bay
hoi khi nung. Anh huéng ctia su thay déi
nay lam dich chuyén chat it ti s¢ Zr/Ti.

Dé do tinh chat sit dién, ching toi dung
mach Sawyer — Tower va dao dong ky ki
thuat s6 Tektronic TDS 1012B ghép néi vé6i
may tinh do duong tré sat dién (hinh 7).

Wi Nhigt d9 va thoi P, E,
gian thigu k&t | (uC/cm?) | (kV/cm)

M700 — 950 950°C — 3 giv 17 24

M700 — 1000 | 1000°C - 3 giv 26 22

M700 - 1050 | 1050°C — 3 gi0 32 17

M700 - 1100 | 1100°C — 3 gi0 47 11

Bang 2 cho thay phan cuc P, tang dan
tir 17 pC/em® dén 47 puC/em? theo nhiét do
thiéu két, trong khi d6 dién truong khang
giam dan tir 24 kV/em dén 11 kV/em. Mau
ch& tao c6 tinh sit dién kha tot, phu hop
v6i cac cong trinh da duge cong bo.

4. Két luan

Tu 1o vi séng dan dung NE-5670, cong
sudt vi song 500 W, tan s6 2,45 GHz, da
thiét k& hoan thién thié€t bi chuyén dung
hd trg cho viéc nghién ctu ché tao vat
lidu. Xuat phat tir bot gdm PZT, da nghién
ctu ché tao dugc dung dich PZT trong moi
truong HNO; hoan toan trong subt v6i su

27



Journal of Thu Dau Mot university, N°1(3) — 2012

hd trg cia vi séng. Pa ché tao dugc bot  phat trién huéng nghién ciu ché& tao cac
gdm c6 cau trac va vi cdu tric kha dong  vat lidu khéc, cac loai bdt gom cé clu tric
déu, kich thuéc hat cia bot gom thu dugc  nand. Trong thoi gian dén, ching toi tiép
nhé hon 100nm. T bot gdm nay ching toi tuc nghién ctiu phat trién cong nghé nay
ché& tao thanh cong gém PZT53/47 c6 tinh  dé ché tao cédc loai mang moéng PZT,
sat dién tot, phan cuc du dat duoc P, = 47  PLZT, vat liéu Multiferroic, mang méng
pnC/em® va dién truong khang E. = 24  héa dién PLZT pha tap.
kV/em. Két qua nghién ctu nay 1a co sé dé
*
INVESTEGATION AND PREPARATION OF FERROELECTRIC PZT53/47
CERAMIC BY MODIFIED CHEMICAL METHOD

Huynh Duy Nhan
Thu Dau Mot University

ABSTRACT

This paper presents of investigative results prepared of PZT53/47 ferroelectric ceramics,
that has chemical formular Pb(Zrys3Ti947)03 by modified chemical method. The PZT powders
were synthetized by traditional method, pre-calcination at 850 °C for 4h. The calcined powders
were dissolved by using dilute HNO3 with the microwave oven in short time. The mixtures were
precipitated in dilute NH,OH (PH = 9 + 10), the precipitation has been calcinated at 700 °C for
2h. the results were obtained ferroelectric ceramic powders have uniform structure and
microstructure, supersmooth, the particle’s size from 80nm to 100nm. After that, the powders
were pressed form sample and sintered at 950, 1000, 1050, 1100 °C for 3h to form bulk ceramic.
The ferroelectric properties of PZT53 /47 ceramic also have been investigated.

Keywords: PZT, modified chemical method, microwave, ferroelectric, bulk ceramics.
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