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TOM TAT

Bai bdo trinh bdy két qua nghién ciru ché tao va tinh chat dién méi, sat dién, dp dién
cua gém sat dién Pb(Zrys:5Tiy,175) 03 (viét tat PZT 82,5/1 7,5) pha tap Cr**. Mau dwoc ché tao
bdng cong nghé gom truyén thong két hop nghién lan mét trén mdy nghién hanh tinh PM 400/2
cdc oxyt ban dau va bot PZT sau khi nung so' bg véi cde nong dé khdc nhau ciia Cr,Oj cing voi
xit Iy bang séng siéu dm cong sudt & moi truong ethanol thay nghién lan hai. Két qud nghién
citu cho thay tong hop gom bang cdi tién nhuw trén la c6 hiéu qua va chi tén mét nira thoi gian.
Cdc mdu thu dwoc déu c6 cdu triic perovskite thuan tiy va pha mdt thoi; mdt dg gom p= 7,22 -
7,48 glem’: hé s6 pham chit co hoc Q,, = 32 - 306, hang sé dién méi ti doi /sy = 343 - 690; hé
6 lién két dién co theo dao dong ban kinh k, = 0,11 - 0,22; hé s6 lién két dién co dao dong theo
chiéu day k, = 0,11 - 0,23, hé s6 ton hao dién méi tg65< 0,21.

1. Mé dau

Trong nhimg nam gan day, da c6 mot sd cong trinh cong bd [5-21, 23-25] cho
thiy, trong ving giau Zr va Ti ctia gian d6 PZT [3], gbm sat dién trén co s& PZT khong
nhitng c6 tinh chét sét dién tot, ma con ton tai hiéu ung hda dién rat manh. Bai nay dé
cap dén két qua nghién ctu ché tao va cac tinh chit dién moi, sét dién, ap dién cua gém
PZT 82,5/17,5 (trong ving giau Zr) pha tap Cr’". Muc dich bai béo 1 trinh bay cac két
qua nghién ctru anh hudng néng do Cr’" dén tinh chat dién moi, st dién, ap dién cua
gbém (1-x) PZT 82,5/17,5 —x Cr,O5 va chon ndng d6 Cr’" tdi uu nhim thu dugce gbm sét
dién c6 hang sd dién moi ti d6i e/go va ton hao dién moi tgd thap nhat dap tng cho
nghién ciru ché tao gbm hoa dién giai doan ké tiép.

2. Thue nghiém

G6m duge ché tao theo cong nghé truyén thong [1] két hop nghién nang luong
co cao [6] va xtr 1y bang siéu 4m cong sudt [2] v6i cong thirc: (1-x)[Pb(Zrp 825Tig,175)O3]
- X(Cr03). Trong do6: x = 0; 0,5; 0,75; 1; 1,25; 1,50; 2 % mol.
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Nguyén liéu ban dau 1a cac oxyt: PbO (99%), ZrO, (Merck), TiO, (Merck),
Cr,03 (99%). Mau duoc ché tao theo hai giai doan. Giai doan 1: cac oxyt (PbO, ZrO,,
TiO,) duoc nghién tron va nung so bo 8500C, u trong 2 gio dé ché tao bot PZT. Giai
doan 2: bot PZT duoc nghién tron voi Cr,O5 voi cac néng d6 khac nhau. Viéc nghién
tron ca 2 lan trén déu thuc hién trén may nghién hanh tinh PM 400/2 theo ché do nghién
dao 100 vong/phut trong 8 gid. Sau d6, hdn hop duge nung so bd lan nira dé tao hop
thirc. Budc nghién tron 1an hai chung t6i str dung mdy siéu 4m cong suat 150W chiéu
vao dung dich hdn hop ethanol — bot PZT + Cr’" (sau khi dd nung so bd 1an hai) vé6i thoi
gian 40 phit. Sau khi siy kho, chung duoc ép thanh cac mau dang dia duong kinh 12
mm, voi ap luc 1 tén/cmz, nung thiéu két nhiét do IISOOC, u trong 2 gio.

Dién cuc Ag dugc tao bang phuong phap quét mot 16p nhii chira AgO 18n bé mait
mau va d6t nong dé bay hoi cac dung méi. Mau duwoc phan cuc ¢ dién truong
30KV/cm & nhiét 6 120°C trong dau silicon v6i thoi gian phéan cuc 1a 15 phit.

Thanh phan pha va ciu trac gdbm duoc xac dinh bang phuong phap nhiéu xa tia
X trén may D8 Advance Bruker. Cac tinh chét dién moi, ap dién tai nhi¢t dd phong duoc
tinh théng qua cac két qua phép do tré khang Z theo tan sb trén may Agilent 4196B.
Céac duong tré st dién duoc quan sat va do dac bang mach Sawyer-Tower két hop véi
dao dong ky s6 TDS 1012B.

3. Két qua va thao luin
3.1. Tinh chit sit dién, dién moi

3.1.1. Puong tré sdt dién

Pr MO
Pr M1
Pr M2
Pr M3
Pr M4
Pr M5
Pr M6

Ec(kV/cm)

-40

Hinh 1. Puong tré ciia cdc méu tir MO dén M6
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Ttr hinh 1 cho thdy, dang cac duong tré dd dat bao hoa, E. thay dbi khong 16n
14m va mau MO c6 E. nhé nhat, nhung P, giam nhiéu khi ndng d6 Cr’” ting. Cac duong
tré c6 dang chit nhat, nhung E. ting manh va P, giam nhiéu khi ting ndng d6 Cr’* khong
dap ung cho ché tao cac bd nhd sét dién.

Ti sb P/E. 1a 16n thuong thiy ¢ pha mit thoi, tuy nhién, khi ting ndng do tap
Cr’* thi ti s§ nay giam din va tai ndng d6 Cr’" x= 2% mol thi ti s6 P,/E. gin bang 1.
Cr''" da lam giam (do Cr’" 1a tap cung) do linh dong cua cac vach domen, giam ning
luong ton hao dién méi (dién tich duong tré sit dién giam dan trong ving ndng do tap
khéo sat). Hé qua 1a tén hao niang luong dién moi giam khi nong d6 Cr’* ting va c6 gia
tri nho nhat tai néng dd x = 2% mol. C6 thé théy su phu thudc nay ¢ bang 1.

Bang 1. Sy phu thuéc cua E. va P, theo néng do cr’*

Mau MO M1 M2 M3 M4 M5 M6
E.(kV/cm) 9,5 11,8 12,2 12,7 11,5 11,8 12,4
P(uC/em?®) | 30,4 29,6 23,8 23,5 20,0 18,4 11,9

Diéu nay c6 thé 1y giai nhu sau: Cr’™ 14 tap cimg va c6 ban kinh ion bé hon Zr*
va Ti*" (Re=0,64 A; Rz=0,79 A; R1;=0,68 A[3]) va do am dién tuong (mg bing cla
chung bang 1,66; 1,33; 1,54 [4]), c6 thé noi gan tuong dwong nhau, nén Cr’'co thé thay
thé vao vi tri cua 7t hodc Ti* . Khi do, néng do crt thay thé co do linh dong 16n hon
dan dén kha nang phan cyc tu phat ciia vét liéu 16n hon va 1am giam ning luong ton hao
dién méi trong ving ndng d6 Cr’" khao sat.

Bang 2. Su phu thudc ciia &'y va tgd theo nong dé C>*

Mau MO M1 M2 M3 M4 M5 M6
&/g0 690 565 493 461 343 439 439
Tgd(.10-2) 11 12 11 9 3 8 9

3.1.2. Tinh chat dién méi

Hing s6 dién moi ti dbi e/eo theo ndng do Cr’* dugc tinh tir phép do trén may
Agilent 4196B tai tan s 100KHz & nhiét d6 phong, duoc biéu dién & bang 2. Hang s6
dién moi ti ddi &/gg giam dan va dat cuc tiéu tai néng doé tap x = 1,25% mol.
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Hinh 2. D6 thi biéu dién su phu thugc €/g theo no”‘ng do cr*t

Hinh 3 1a d0 thi biéu dién su phy thudc hé sé ton hao tgd tai tin sb 1 KHz &
nhiét do phong theo ndng d6 tap Cr’". Chung ta ciing thy rang tgd giam dan va dat gia
tri thép nhét tai néng do tap x =1,25% mol, tuong tu nhu héng s6 dién méi e/gy. Diéu
d6 cho thiy tap Cr’* ¢6 cac dic trung cia tap ctng [3].

Tt céc khao sat thuc nghiém cho théy réng, tai néng do x = 1,25 % mol vat liéu
gém st dién PZT 82,5/17,5 — Ccr't o E. ¢/, tgd nho nhét.
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Hinh 3. b6 thi biéu dién hé 56 tén hao tgo theo néng do tap Cr’tai 1 KHz
152



Tuong Gmg voi nong dd ndy céac tinh chat dién moi cua vat liéu gdm /ey = 343;
tgd = 0,21. Cac gia tri nay dap ung cho tng dung hi¢u ung hoa dién cua vat li€u [7].
Pay 1a thanh phan gdém s& dugc chon dé nghién ctru hiéu ing hoa dién va thir nghiém
ung dung.

Ung véi nong dd trén, cau triic va vi cau triac ctia gom cho thay ¢ hinh 4 va 5.
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Hinh 4. Gidn dé nhiéu xa tia X ctia mau M4 (Xc,j’+ = 1,25 % mol)
" - = b ‘ -

Hinh 5. Anh hién vi dién tr quét SEM cua mau M4 (Xe,”" = 1,25 % mol).
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Trén gian d6 nhidu xa tia X ctua mau M4 (hinh 4), cho thdy cé ciu tric
perovskite thuan tay va pha mat thoi duoc thé hién rd qua sy ton tai cac diém. Diéu nay
cho théy tap Cr’" d3 hoa tan hoan toan vao mang tinh thé. Tir anh SEM (hinh 5) thay
r?mg & mau M4 cac hat gém c6 dang gﬁn nhu mit thoi va bi bién dang nhe.

3.2. Tinh chit dp dién

Béng 3 1a két qua vé khdi lugng riéng, hé sd lién két dién co dao dong theo ban
kinh ky, h¢ s6 lién két dién co dao dong theo chiéu day k;, dién dung C tai tan s6 100
KHz, hr:ing sb dién méi ti doi e/go, hé sb phém chét co hoc Qm k31, Y, hé s6 dan hoi sy,
S, hé s6 ap dién d3i, g31, W, hﬁng s6 tan s dao dong theo chiéu day Ni, héng s6 tan sd
dao dong theo ban kinh N,,.

Bang 3. Mot s6 théng sé dp dién vt liéu gom hoa dién MO-M6

. D Y.10" | $,.10" | 55.10™ | d3y.10" | g3y.107
Mau 3 kp kt Qm k31 N 5 5
(g/em’) (N/m? | m¥N) | m*N) | (m/V) |(Vm/N)

MO | 7,48 | 0,19 | 0,19 | 306 | 0,02 | 10,40 0,97 -3,04 513 8,40

M1 7,28 | 0,19 | 0,19 | 92 | 0,02 | 8,80 1,14 -3,24 5,22 10,43

M2 | 722 | 0,22 | 0,23 | 32 | 0,03 | 8,65 1,16 -3,19 6,83 15,66

M3 725 | 0,12 | 0,12 | 264 | 0,01 | 8,75 1,14 -3,50 1,84 4,50

M4 | 7,28 | 0,13 | 0,13 | 147 | 0,01 | 7,96 1,26 -3,82 1,85 6,10

M5 7,29 | 0,14 | 0,14 | 167 | 0,01 | 8,04 1,24 -3,50 2,73 7,03

M6 | 7,48 | 0,11 | 0,11 | 235 | 0,01 | 9,72 1,03 -2,96 1,60 3,26

Twr bang 3 cho théy rﬁng hé $6 dién co kp ki , ki déu kha thép va hi¢u ung ap
dién twong ddi yéu ¢ ving giau Zr.

4. Két luan

a. Tir cac két qua da khao sat trén, c6 thé thdy rang khi pha Cr’" vao gém PZT
82,5/17,5, tap Cr’" da hoa tan hoan toan vao mang tinh thé. Tap Cr't thé hién 1a tap
cing, no6 thay vao vi tri Ti*" hoac Vol trong mang tinh thé lam cho mdt sb tinh chat gém
nhu: hﬁng s6 dién moi, hé sb ton hao dién méi, tinh chét sét dién, ap dién, hé ) phém
chét co hoc, phan cuc du, truong dién khang déu c6 nhiéu thay doi.

b. Nong do tdi wu cta gdm c6 tgd va /g, dat gia tri thip nhat 1a x = 1,25% mol
Cr’". Tai ndng d6 nay cac tinh chit dién méi déu co cac gia tri dap tng cho ng dung
hiéu tng hda dién cua vat li¢u.

c. Tai x = 1,25% mol crt vat liéu gém c6 cac dac trung nhu sau: &/gp= 343;
tgd=0,21; P,=20 uC/cmz; Ec=11,5 KV/em; k= 0,13; k= 0,13; k3= 0,01; Q= 147.
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d. Hiéu ung 4p dién khong manh (cac hé sé lién két dién co déu nho). Tap Cr'*
da co tac dong 1am cho cac duong tré déu c6 dang hinh chir nhat, nhung phan cuc du
twong P; kha nho, con truong dién khang E. lai kha 16n khi ndng do Cr’* ting khong
phu hop cho vi¢c ung dung ché tao cac bd nhd sét dién.

e. So sanh véi cong nghé gém truyén thdng, viéc cai tién cong nghé bang cach
két hop nghién ning luong co cao va xir 1y bang song siéu am cong suat & moi truong
ethanol d3 tao ra gdm c6 nhiéu phim chat tot hon nhu: mat d6 gdm kha cao, duong tré
sat dién co dang chir nhat, thoi gian ché tao mau nhanh hon. Pic biét, viéc xt ly bﬁng
song siéu am cong suit, theo ching t6i 14 ¢6 hiéu qua. Boi vi trong mdi truong 1ong (&
day 1a ethanol) khi dugc chiéu siéu 4m cong suat du 10n s& tao ra hiéu ung sinh 16 héng
(cavitation effect) hinh thanh cac bot khi voi ap suat 16n, nhiét d6 cao 1am cho cac phan
g hoa hoc khong thé xay ra trong diéu kién thudng, s& dé dang thyc hién trong diéu
kién nay [22].

Tuy nhién, thoi gian xu 1y bing séng siéu am ciing nhu thoi gian nghién trén
may nghién hanh tinh di sir dung 1a t6i wu chua va anh huong nhu thé nao dén céc tinh
chat vat 1y ciia gdm con 13 van d& can phai nghién ctru tiép tuc.

TAI LIEU THAM KHAO

1. Truong Vin Chwong. Ché tao va nghién ciru tinh chdt vat Iy cia gom dp dién hé
PbTiO; pha tap La, Mn, Ludn dan Tién si Vit ly. Vién Khoa hoc Vit li€u — Trung tam
Khoa hoc Ty nhién va Cong nghé Quéc gia, 2001.

2. Truwong Vin Chuong, Lé Quang Tién Diing, Nguyén Ngoc Khoa Truong, Nguyén Vin
Nghia, Phdt trién cong nghé siéu am — vi song — thiy nhiét tai Truong Pai hoc khoa
hoc Hué. Thong tin khoa hoc trudng sb XV (10/2008).

3. Yuhuan Xu. Ferroelectric Materials and their applications. North — Holland-
Amsterdam-London -Newyork- Tokyo.,1991.

4. Huynh Bé. Bang tudn hodn cdc nguyén t6 héa hoc. Tai liéu cap nhat theo chuong trinh
nude ngoai (2006). Nha XB Dai hoc Qudc Gia TP. HCM.

5. Inotek. Piezo and Pyroelectric Properties of PZT films for Mocrosensor and Actuators.

6. A.M.Moisin, A.L.Dumitru, E.Andrunescu, C.Ghitulica. Studies on PZT-Nb modified

piezoelectric materials. Journal of optoelectronics and advanced materials, Vol.8, No 2,
April 2006, 553-554.

7. Whatmore R. W., Molter O. and Shaw C. P. “Electric properties of Sb and Cr- doped
PbZrO3-PbTiO3-PbMgl/3Nb2/303 ceramics”. Journal of the European Ceramic
Society, 2002.

155



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Xianlin Dong, Seiji Kojima, Dieletric and resonance frequency investigations of phase
transitions in Nb — doped PZT95/5 and 75/25 ceramics. Condensed Matter (No 11),
(1997), 171 - 177.

S.K.Pandey, Shive Kumar, S.N. Chatterjee, Upendra Kumar, Chandra Prakash,
RatnamalaChatterjee,T.C. Goel, Groth and characterization of Sm3+ - substituted PZT
thin films. PhysicsB 338, (2007), 404-411.

R.Zachariasz, A.Zarycka, J.Ilczuk. Determination of the lead titanate zirconate phase
diagram by the measurements of the internal friction and Young's modulus. Materials
Science — Poland (Vol 25, No 3), (2007), 781-789.

Xianlin Dong, Seiji Kojima. Anomalies in elastic properties of FR(LT)-FR(HT) phase
transition in PZT(Nb)75/25 ceramics. Journal of the Korean Physical Society (Vol 32),
(1998), S1019-S1021.

N.Cereceda, B.Noheda, J.A.Gonzalo. Investigation of the character of the phase
transitions in Nb doped Zr- rich PZT by pyroelectric and dielectric measurements..
Journal of the European Ceramic Society 19, (1999), 1201 — 1206.

N.Cereceda, B.Noheda, J.A.Gonzalo. Specific heat, charge release and dielectric
constant of PZT ceramics. Journal of the Korean Physical Society (Vol 32), (1998),
S241-S243.

B.Noheda, N.Duan, N.Cereceda, J.A.Gonzalo, Pyroelectric charge release in
rhombohedral PZT.”. Journal of the Korean Physical Society (Vol 32), (1998), S256-
S259.

N. Duan, N. Cereceda, B. Noheda, J.R. Fernandez-del-Castillo, J.A. Gonzalo. Energy
conversion with Zr-rich lead zirconate/titanate ceramics. American Institute of
ceramics, (13), (1997), 1786-1788.

N.Duan, DaZhi Sun, X. Dong, Dawei Yu, Yongling Wang. Investigation on the FR(LT)-
FR(HT) pyroelectric phase transition behavior of PZT multi-composition ferroelectric
ceramics. Journal of the Korean Physical Society (Vol 32), (1998), S1176-S1177.

F. Cordero, F. Craciun, C. Galassi. Low temperature phase transformations of PbZrl-
xTixO3 in the morphotropic phase boundary region. The American Physical Society,
(PRL98), (2007), 1-4.

B.Noheda, D.E.Cox, and G.Shirane, R.Guo, B.Jones, and L.E.Cross. Stability of the
monoclinic phase in the ferroelectric perovskite PbZr1-xTixO3. The American Physical
Society 63, (2000), 1-9.

Da Zhi Sun, Shen Wei Lin. Relationship between the pyroeletric ceramics and their
structural parameters. Journal of the Korean Physical Society (Vol 32), (1998), S205-
S207.

156



20.

21.

22.

23.

24.

25.

Dhananjai Pandey, Akhilesh Kumar, Singgi Baik. Stability of ferroic phases in the
highly piezoeletric PbZr1-xTixO3 ceramics. Feature articles (A64), (2008), 192-203.

B.Noheda, J.A.Gonzalo, M. Hagen. “Pulsed neutron diffraction study of Zr-rich PZT.”.
Journal of Physics: Condensed Matter, 1998.

Kenneth.S. Sulick. The Chemical and Physical Effects of Ultrasond, University of
[linois-Champaign, USA.

Phan Dinh Gio, Vo Duy Dan. Some dielectric, piezoelectric, pyroelectric properties of
the PLZT ceramics on the PbZrO3 - rich side. Third International Conference on
Inorganic Meterials. Steigenberger Hotel, Konstantz, Germany, 7-10, 2003.

Phan Dinh Gid, Lé Tran Uyén Ta, Nguyén Dinh Nhat Phudc, V6 Duy Dan, Nghién
ctru cdc tinh chat vat Iy cua vat lieu hoa dién PZT-PMN. (2007). Ky yéu Hoi nghi Vat
1y chét ran toan qudc lan thir 6, Ba Ria-Viing Tau,Viét Nam.

Vo Duy Dan, Le Tran Uyen Tu, Nguyen Thi Thanh Binh. Ferroelectric phase
transitions in the system PZT-PMN at Zr rich side. Proceed. of APCTP — ASEAN
Workshop on Advanced Materials Science and Nanotechnology (4th iWONN), 442-
445, September 15-20, 2008, Nha Trang, Vietnam.

STUDY ON PHYSICAL PROPERTIES AND THE FABRIFICATION OF THE
Pb(Zr s25Tip,175)03 DOPED WITH Cr’ FERROELECTRIC CERAMICS

Nguyen Duy Anh Tuan
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Truong Van Chuong, Vo Duy Dan, Le Quang Tien Dung
College of Sciences, Hue University

SUMMARY

In the paper, results from experiments in the study of dielectric, ferroelectric,

piezoelectric properties and the fabrification of the Pb(Zrys:sTiy175)O3(PZT 82,5/17,5) doped

with Cr’" are presented. The samples were fabricated by the well-known traditional technology

combined with milling in the PM 400/2 plannetary mill, processed by high power ultrasonic

ultrasound in stead of the second milling before sintering. The experimental results indicated

that such improvements of technology are effective and take less time. All samples are of the

ABQOjs perovskite structure and quaisicubic phase. The parameters of samples are: p= 7,22-7,48
glem’; Q= 32- 306; &gy = 343-690; k, = 0,11- 0,22; k, = 0,11- 0,23; tg5<0,21.
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