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NGHIEN CU'U, CHE TAO HE GOM AP DIEN MEM
UNG DUNG TRONG CAC DAU DO THUY AM

B Viét On®, Dung Thj Hoai Trang, Trireng Van Chreng, Lé Trin Uvén Ta,
Lé Phurdc Binh, Vi Thanh Tang=*

Ehoa Dign, Bign reva Céng nghé Var ligw, Truimg Bi hoe Khoa hor - Bai hoe Hid
E-mail- *dontesonpiy sic@email_com
o mimed huenm edin

Tom tiit. Vit lifu 3p dign trén nén PZT dwo sir dyng réng rii mong cac loa Heh kign ip dign
khac nhau, ching han b din do thiy #m. cim bicn ap suit. b uyén déng ap din va bi
bpt, bl vi cinmg s b tink chat dign mdi. sdt dign. ap dign fovet vid. Pharong phap Fiid ma
danyt 3p dyng 3 nghién o vi lisn ZAm 3P dign thuomyg Mai wén phao thiy am Difar A xiy
g thinh céng comg thire pAm ap dien mém trén nén PZT pha tap bin bep (Wb, Sb). Ach
barcmg i ti 1 ZofTi tl thanh phin bisn pha dén tmb chit cia hé pém ap dién mém PET dugc
mehien cig hé théng: ciu mac, vi ciu Toc caa vl liéy dwgc nghién cau tir ket gua phan tich
mhidn % tia X va kinh hifn vi diq'nn':ﬂ'ué'r: Tizh chit dién méi vi dp 4ién caa b gie 3p dign
PZT mém theo ti 1 Z0/Ti dupt kbdo sit wénhé do RLC-Hicki 3532 va HP4103A. Thanh phin
1l ena CHD ooy émp 6 b2 ZoTi = 5248 oo onh chat ap dign 16t hon vt e 45 duwgt s dung
mong phao thiry dm Difa. vii hé 56 Ap dign 4y = 518 pC/N. bé s lidn ket dign co k, ~ 0.66,
bé 56 phim chif co ot Qi ~ 71 va phizt da chirvén pha Curie T, > 361 *C. Vit ieu mai CH3
dugt Gng dung dé ché tao think cong bifn ti this im kisy Tonpliz hoat 460z & tin s6 thip.
Tir khon: Gaim dp dign mém, Piin da thiy am, Bién i Tamoil=.
1 GI(I THIEU
Vit lidu ip didn trén nén PET duge sie dyng rdng rii trong cac logi linh kidn p didn
khic nhan, ching han ahir du 44 thity dm, cirn bidn &p sude, b ruyln ding ip didn va b
Loc, b vi chimg sé hirm tinh chit didn méi, sdt dign, 8p didn toyde véd [1, 2] Cac du &b sidn
im v cim bidn dp dign duwec img dung wong nhidu link vwe quin s vi din sy bao glm cong
nzhidp may bay, thidt bi v tf, thim hibm & dwowe, thdm 4o ddu khi v he thing an ninh.
Trong dé, vt lidu gdm &p didn mim trén co sé PET 43 tha bt nhidu sy chi ¥ do ohife b
Curie cae, d3c tinh 3p dién o dinh va mb thinh chis 4 nghién oim nong hitn ney [2].
Trimz Byi hoc Khes hoc - Bai hoc Hiod duec liga chen chis i ¢ t3i nehisn cin khea
hoc va phat widn céng nghé clp quic gia “Nghidn olm phat mién bién or dp difn ding dé ché
tao cic thidt b sidu fn - thiy &m®™, ME ob: DTOLCOM. 1012, Myc tién cia a8 tii 13 nghisn cin,
cheé tao duge phm p dign mém mén eo si PZT co b sb &p didn dy; = 500 pC/AY, b of chupén
dbi didn eo k, - 0,60, b 36 phim chit co hpc Qu, - 75, nhiét &4 chnrvén pha Curie T. = 350
(. Ci theé nhin thily ring, cic thong sb cia i vt litn cin ché tao néy cao hom tht ci cic hi
vit lidu oha cac Hing pdm difn tr nbi tidng oén thé gidi 43 treng mad hoa she Morgan
(Anh), Hing Aspopa-3/IMA (¥es), Hing DIC (Bic) [3-3]. Thim chi cic théng sb niy con
1ém Ivoms mhém vt L dic bidt ma Hing Morgan ché tao thee dom 33t hing cia Bi quic phong
M. Nhur vy, chié tao dwec vit lidn vie phii oo T, cao vika phii o0 dyy 14, 10 ring 1a mit bai
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todn rie rit ko, Tuy nhidn, chins ta hodn todn khing o6 mdt cong thirc 3& chd tao logd vit
Liéu dp dién néy. Cong thive thanh phdn cia v Hiéu 13 g1, cac thing sé cia quy winh cong nghé
ché tao nbwr thé nio 13 nhimsz bi mét rénz cia hing sin ekt Cac hing chi dia ra cac thing
st it B co bém oha vit liéu dé chio bin ma thii. Hidme sidd quydt ola ching i 13 tip mung
nzhismn cing i m3 thanh phin, cdng nghé tir cac vt léu ap thwong mai cia mit sb Hing mén
thié giti. Bing cich ndy, ching ta méi thanh chong 13m chi duge cing thitc v3 cong nghi chi
ta0 ghm &p ditn nreng duong vl pbm thuong mai. Tied6, cac vit lidu mdd duge sir dung ché
tao thinh cic cim bidn ip didn va linh lién didn tir ime dyng vao cac Hah vic oude sbng mang
¥ nghia v nphidn cim oo bin vi imz dung.

Trong bii béo nay, chinz i rinh by mdt sd ki qua 43 e thyec hifn mong 4 thi wi
ndi dungz =i md vit lidu ghm #p dién duwpc sir dung wong phae thiry im Difar va khio sét inh
hirémz cia ti 1 ZoTi dén tinh chit oia hé gém ap dién mém PO[{ZT, Ty 2b, 55,10, Bing
thivi, chimg tdi 43 ché tao, nghién cin cc tinh chét cia cac bidn o thiy &m kiéa Tonlpiz sir
dyng it lidn s &p dign méi.

IL THI'C NGHIEM
21 Quy trinh giki mi

Qury trinh nehifn cir gidi m3 ghm ip dién sir dung tong phao tiy fm Difer ghm cac
b san

Birdre I: Lira chom vt lidu nirdc nzodi chn nghién o Tién hénh xic dinh cic thing s
vit I cor éin shu tinh chit didn med, sdt didn, dp dién cba vit Hév Phin tch ciu mic, vi cdu
trac va thimh phdn vie lida

Birdre 2 Phim tich cac sb lidgw. Sir dyng cac kifn thitc thnz hop 43 bift vé ghm ap didn,
lya chon thinh phin gém v tap chdt hop b dé thide Lip cons thirc ché tao gid dinh tht ohde

Burve 3: ¥ghidn ol ché tao thie 13 khdo sit cac tinh chit didn méi_ sit didn, &p didn cia
ghm chi o dugc.

Buedre 4 S0 sanh, dhnh pia cic rnh chdt phm ché tao theo cong thire gid dinh. Bidu chinh
v 1# Zr/Ti, nbmg 80 tap, thing sé cong nzhé va dira ta cone thic ché tao mdi. Qua winh nay
dirgre Lip lai cho dén khi ché tao duwoc vit lidu ©o tinh chit dip tng véu cln d3 ra.

2.2 Thye nghifm ché tao gim ap difn mém

Hi gém dwoc chié tgo theo phuong phip phin img pha rin ob cing e PYEL T,
Ny SheOn (x=0,54; 0,53; 0,52; 0,51; 0.50; v va = dirge chon sa0 cho t 12 phin irdm cia Nb
v 5b ghn tring vi két qui phin tich njuh quang tia X). Chimg dwec ki hidu CH1, CH?,
CH3, CH#, CHS tromg imz. Mauyén lidn ban ddn 13 cic coyt: PoO (99%4), ZrO: (9926), Tilk
(98%%), WhoO. (99.9%%) ciia hing Dasimg —-Han Quic va Sb.0y (90,9%4) cia hing Eanto -
Mhit. Hiin hop san khi nghiln min 12 gid, dugc nmg so b ta nhid 46 850 °C wong 2 giby,
sau 86 nghidn 16 gib, ép ngudi thanh nhime vién o6 dwbmg kirh 17 mm v thisu kbt tai nhidt
a0 1150 *C wong thid gian 2 g,

ISBN: 978-604-157-246-0 B
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Mit 36 gbm cia cac miu dupc x3c dinh bing phuong phap Achimedes. Clu tic cua vit
li¢u dugc nghién cim bing phuong phap nhidu xa tia X (D8 ADVANCE). Cac miu gdm dugc
t30 dién cyc bing bac va phin cyc rong diu silicon tai nhidt 46 120 °C, dién trudmg 35 KV/em
trong 20 phut Cac phé dién mdi va phd dao ddng céng hudmg duoc do tir cac hé do ty ddng
hoa RLC-HIOKI 3532. Hé sé ds; dupc do tén thiét bj YE2730A d;s meter—Sinocera.

IIL KET QUA VA THAO LUAN
3.1. Kiét qui gidi ma gém ap di¢n trong phao thiy am Difar

Trong nghién cin ndy, gbm ngoai duec sir dyng 13 gém 3p dién trong phao thiry im thu
bdi dupc trong vy dan khoan Hii Duong — 981, Diy 1a loai phao thiy am AN/SSQ-53F
(DIFAR) sin nghm hign dai logi moi dimg thi tir méy bay, do Tip dodn Under Sea Sensor Inc.
(USST) — My ché tao, hién dang duoc sir dyng trong Hii quan NATO.

Hinh 1. (a) Ank chup ngiiyén b phao rhay dm: (1) Ansen phar, (2) May thi phar; (3,4,5) Cac anten
rhu thiy Gm, (6) Bg phan an dink lumg meo tha anven thm thiiy Gm va (b) Pheo rhgy Gm Difar.

10§

w
W {

{
2|
1w {

Hinh 2. (a) Phé doo dgng cang heeamg 1heo phweamg ban kink, (b) Puwamg mé zar dign, (<) Dign dimg theo
nhiér &, (d) Pho nhiéi xa ria X va (&) Anh SEM cia gom DIFAR

ISBN: 978-604-357-246-9 9
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Phao thiry im Difar gbm 4 bifn tir ap didn. Cu teo oia bidn nr it dom gidn zém mdt
dia gdm dp didn ming dweémg kinh d, = 12 mm, chilu diy t, = 0.2 mm, dwepc gin 1én mit
ffia hop kim d= = 18 mm, chidn day t= = 0.3 mm béng epoxy tai mép bisn nEedi cis dia
ghm. By ciing chinh 13 céu tao cia bidn o sir dung dao démz wén,

Chimg t6i tién hinh khao sit mdt 56 tinh chit clha vt lign gbm 1im bidn tie. Hinh 2
I3 dhwimg trd st didn va d3c dnh chuyén pha cia vit lidtn zbm sie dung trong DIFAR. Tir
cac kit qua nghién cim tinh chit dién mai, st dién, cin mic, vi chu trac va phi clng heimg
ip dign (Hinh 2) cho thiy, gém DIFAR c6 gii trj dw = 500 pCA; T, = 325 °C, k, = 0,36,
E.= 12,56 KVicm, P, =28 10 pC/N, £ sfee = 1700 va p= 7,80 zfcm®. Vit Lida co clu tmac
tir Ziac véi thinh phin Pb{Z1e s Tiew)Os - zin bién pha hinh thii hge. Cé thié nhin xét
ring, gdm sir dynz trong phao DIFAR 13 kha d3c bidt, ching virm cé b sb ap didn dx cao
Tira co nhidt d chuyén pha T, cao. Wgodi ra, insdmg dién khing ciing cao bit thidmg, i
v vt lidn dp dién mém gi i nay chi mong khodng 3 EViom.

Bt o B e spin Dala ==

= (@) T m
n £

Hinh 2. faf Phs phén rich hugnh guang ria X (B K gua phén ich £ink fupng cir gam DIFAR

Chimz tdi tién hinh phin tich dinh lsgmz cic ngwyen t co mat rong vit lidu théng qua
phit Huinh quang tia X tai Vién Ehea hoc Vit lidu - Vién Han lim Ehoa hoc v Cong nghd
Vigr Nam. Ty 1& phin wrém cia cac nguyin th o mit mong glm DIFAR 13 Pb (61,737%4), Zr
(15,443%), Ti (6,251%), O (14,00005), Nb (0,656%%), 5b (0,230%4) va Fa (0,054%4). Tir kit qui
phin tich cho thiy, ghm DIFAR I3 ghm PZT va cb it nhdr 3 lowi tap 1a Wb, S va Fa (Hinh 3).

B dorn Zidn trong vidc phin thch diea ra cac oing thirc zi dinh, vi ndoz 83 tap Fe rfit nho
nén tam bé qua. Tap Mb hudn co hoa trj 5 va do di no 13 tap dime khi they vao v m aia (I, Ti).
B v tap Sb, vin d¥ 58 kho kisin how vi 0o ob thé oo hai béa m. Viy Sb f ndm & . Do
ban kinh jen cia Sb* 13 0.9 A nén v mit nzuyén tic no s& nim & vi m A, thay thé cho P
v trir thimh tap démo. Vi trmdme hop 13 $b** no s ndm dvi i (Zr, T, va cling imd thinh tap
Ao, Ty nhign, di 5b ndm & ¢ thi nd cing the hidn 13 tap mém va do &6 1am tang hé 56 ap
dign chs va lim gidm nhiét 83 chuyén pha Te [6]. Chi co pha tap hin hop méi Bm ting ci di
va phide 4 charydn pha T.. Vi cic p huin néi wén, chimg t5i 8¢ ol mit cing thire zi4 dinh
trong d6 Mb™ déng vai mo tap ddeo thé vio v il (21, Ti) va 5b™ 13 tap axepto ciing thié vio vi
il nay. Va ahir viy (Nb**- Sb**) ind thanh mdé cip tap biin hop khi thay vao PZT. Cong thinc
gid dinh 13 Pof(7r, iy 290, 55,]0s. Vi két qui phin tich clu mic cho thiy v co n ne
tring vii ciu mic PET52/48, nén bifn x chi chon xung quanh gis trj nay di nghidn cine 54044,

ISBN: 978-604-357-246-9 10
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53/47, 5248, 51449, 50vS0. Cac gia o y. z dugc xac dinh theo ty 1¢ phin telim cisa Nb va Sb
theo kit qua phan tich huynh quang tia X Hn luot 12 y = 0,024 mol va z=0,006 mol.
3.2 Mt sé tinh chit vit Iy ciia gbm ap di¢n mém Pb(Zr, Ti;.)s.se DanziSha.sscOs

Ph nhifu xa tia X cia cac gbm ap dién mém twong img véi thanh phin Zr/Ti khac nhau
dugc thé hign trén Hinh 4. Két qua cho thiy. the c cic thanh phin cia gém PZT mém co ciu
tmic Pevroskite tinh khiét. Khio sat 2oc 20 trong khoing 20-70° cho thiy, cac miu ddu co clu
tric tir giac rit dién hinh, v6i cac vach kép xuft hién tai v i (mg v6i goc 20 = 22°, 31°, 45°
va vach don tai 38,4° (Hinh 4(a)). Phin tich chi tiét 20 = 43-46° cho thiy, cac miu ddu co sy
tbn tai déing thid hai pha tir gidc va mat thol nrong {mg Wi sy quan sit thiy ba dinh (002),.
(200); va (200)s. Trong dé, thanh phin CHI trong img ti 1¢ Zo/Ti = 54/46 co ti 1¢ pha mit thoi
chidm wu thé va co kbuynh hudmg chryén din sang pha tir giac chidm wu thé & cac ti 3¢ Zr bé
hom (Hinh 4b).

=
3 | ® 3! ‘R - 5 i
R @ s 2Rz #A S (€)
;, Al l A A ()
TN ©
S
PR P 5 ) (b)
PaL_) 2 " M)
20 30 40 50 &0 70 430 435 440 445 450 455 460
200

200
Hinh 4. Phé nhiéu xa ia X ciia var lién gom ap dign mém CH v 1 I¢ Zv/Ti khac mhau (a) x = 56/50,
() x=31/49, () x = 3248, (dyx = 53R7, (g) x = J4M0.

L

Hinh 5. 4nh SEM caa var ligu gom ap dién mém CH vad 1 1¢ Zr/Ti khac nhav (a) x = SW50, (b)x =
IR0, (chx =528, (d) x = 53/47, () x = 54/46.
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Vi cdm tmic va hinh thai bé mar cia hé zlm CH duge nghién cim théng qua inh SEM &
Hinh 5. Anh SEM cho thdy vt liéu gim cb hat pém kha dbng dbu, bifn hat v kich tharéc hat
khoing 160 - 1,84 um.

Ehdi lremg riéng, hing sb didn méi twong 461 va nhidt 86 chuyén pha cia cac vit
ligu dwge trinh bay & Bang 1. Ca theé thiy ring khdi lwome rifnz oba phm ting dln va dat gis
i it nhdt 7,26 gfom® ime wd miu CH3 va sau dé giim nhe. Hing sé didn méi nsomg ddi cia
it lidn mong khodng tir 923 - 1776,

Bang 1. Ehai lwomg ridmg va hang 56 dign méi cima coc var i

Min CHI1 CH? CH3 CH4 CH3

pi gfem ¥ 7.76 754 786 733 7.81
el o3 1774 1609 1435 1169
T, 334 358 1 EY m

Mhiét 0 chuyin pha T oia vt lidy depc xic dinh thénz qua phép phin tch didn dme
va poc pha theo nhidt 4 tai thn sb 1 kHz. Nhidt 45 chuyén pha cha vt Yiéu ting wii t 1¢ ZoTi
dich chirvén w phia S0/50 wong khodng 3545371 °C, do cic thinh phin cia vt lidu dich
chiryén vk phia gidn Ti o6 nhidt di chuyén pha cao hon.,

=T .
L ki oE
[ U"‘ %
= = 5
i 'y a
i . _.f.'l ®y
3 | o i
§ 10 E
M- = F e
Ly . .
= ] [) " n 5 El ] 51 5

Fi&Yiemp Him lwgng Zrwong ZaT

Hinh &. () Prwomg mé sar dign caa thanh phan gam CH2 va (B) Dign rsng khang, phin cye die theg
haim i 1 W ZnT.

Pnimg i sit didn coa vie it 2ém ép dién mém CH3 duoc trinh biy & Hinh 6(a). Cac
gid mi dién indme khing va phin cwc dir cia vt lida tm dwec b dwimg md sit phy thudc thee
til 1% Zo'Ti dhepe trinh biy & Hinh 6(b). Co theé thiv rfing, hé glm o treimz didn khing E. kha
Iom trong khodng 7,21 - 12,91 KVYom va phin cye du P, trong khodng 16,10 - 32,80 pClem’.
Gia tri phin oyc dir 1m nhit 32 80 pCfem” tai thinh phin CHS, twong duong v gim DIFAR.

Hinh 7 cho thiy phi cdng hwing dao ding theo phuong bin kinh cia vit lidn gim mém
CH. Dyea vao chudn ap dién, ching ti tinh toin mit b thine 56 ap didn co bdm b cac tham sb
thu e tir phis oz hurome va kit qua tinh todn duwec winh bay & Bing 2. Kt qui cho tiy,
h¢ phm oo tinh chdt ap dién rét tbe. Fhi tang t 1 ZoTi hé sb lidn kit didn co va bi sb ap didn
oia b wir lidn tang din v3 dat gid m W nhdt dme wod o 1 5298, Niur vy, b gim PZT pha

ISBN: 978-604-357-246-9 12
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Cc3p tap phiirc (KE**-50™) vao vi tri B nbur gii dinh co hé sb ap dién cao va nhikt 44 chuyén pha
can. Hai thanh phin CH? (53/47) va CH3 (32/45) co cac tinh chit ap dign +a nhije 40 chuyén
pha cao hon so vid glm DIFA v3 cao how so wéi yéu chu ché tpo ghm mim cia B ti oha
B dyy = 500 pCAY, bé ob chuvin ddi didn eo k, - 0,60, b of phim chit eo boc Q. - 75,
nhiét 33 chyén pha Curie T, = 350 °C.

LaZ ifl} L1aZ i} L-nI £

1w - ™ -:I":_ — T :,"'_ el ,f"ill\
i
W ~
) !
10 ST -
W ' ':'iu' : FT IR
L-.z B Tis 3“:1{,. th-. T 4.-'~I'I|H= Tia ol [}
[ === P Cam 354
I-:‘| 1y Y
|-:!| w /
. ) '“H«_\ /
H a2 'Jm
£ E M 1 ED T W 1)
T i (k) Tiz u (k)

Hinh 7. Phd cgng huadng thea phuromg Bain bink cia var lign gém ap dign CH
Bing 2. M 56 mong 5o dp dién oo b,
Hi 56 lien kit digh cor Hi o ap dign (pOiN)

Min
k. ki [ dis e
CH1 057 025 -111 ELT] 57
CH? 0.63 033 -178 502 77
CH2 0.66 035 -152 518 74
CH4 056 030 -119 200 1]
CHS 054 028 -111 344 o5
DIFAR 056 - - 500 i

Whin chumg, vai o cla cac tap dédno A axepto 14 wi ngwec. Fhi ndag 4§ dién tch cia
car ion déno v axepto rong cu i perovskhte bng nhan, hidu dme it tién nhan oo th xy
ra. Chinh i vy, s thay thé kit hop giita céc ion khéng d&ng i duwec sir dung dé kidm soit
car tinh chit vt lidn. Chimg s& o6 thé bix dfip cho nhime thidy byt ¢ dién tich sinh ra khi pha
tap axepto bing cich ting luong tap ddno [6, T]. Trone nehién cin ndy, cic ion domor (96**)
va amapte {5h°*) dinpe thay thé vao cac vi ti Zo'Ti gop phin ning cao hoat tinh ip difn v theg
tinh dn #inh cla zfm p dién.

33. Ung dung vit lifn gim ap difn CH3 vao chié tyo bién tir thiy im

Trén cor 5ir b vt lidw o wu CHS, ching 15i &5 tifn hinh ché tao cic bén glm dp didn
xvin sit dymg trong du ty din new 160 ged 13 bidn o thiry 3m kidu Tonpilz. Bién ti Tonpilz
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duge sir dung phd bién nhit trong cac (mg dung SONAR. do ¢o cliu tic don gidn (Hinh 83),
hi¢u sufit cao va gia thanh thip.

Tir ciu tao cia bidn tir Tonpilz cho thiy hai khéi kim loai & phin ddu va dudi tso ra higu
{mg kep chit gip bién tir hogt ddng & thn sb thip, tir mdt vai kHz dén khoing 50 kHz Khbi
diu tidp xiic i moi tedmg truydn tid va kbdi dudi hogt ding trong khong khi. Buldng, wit
Ti¢u khéi dudi, kich thudc va dang hinh hoc 1a nhimg yéu b quan mong dé didu chinh thn 56
cua diu do. Dya trén thift kf cua dhu din nguy 161 (Hinh 8b), chimg toi ¢4 thidt ké va cbé ts0
bifn tir trén vit lidu méi CH3 (Hinh $d). Phé cing rémg theo tin sb tir 1 kHz dén 100 kHz
ciia bidn iy dugc khio sat nha én Hinh Sc, cho thiy bifn tr ¢o thn 56 cong huimg & thn 6
khoing 28 4 kHz.

n-a;.—‘m. p-z“u - ®
—— voug dbny Pudn Bati
T —'\ 1. +
12 men T MBS R OROeOORRtey X "..1!
_)_L_n/l A
Hmm 155 mm 215 mm
Loz (0) e il
| 334
106%
10t} f —N
3 284
104}

0 20 4 60 80 100
Tan 36 (kHz)

Hinh 8. (o) Cau ta0 cia bién nr Tonpil=, (b) Dan dan mgae 161 HO knén Tonpils, (€) Pho cang lneong
cia bién nir Tonpil= ché tao mén var hign CH3 va (d) Bién ri Tonpil= ché rgo tém var figu CH3.

IV.KETLUAN

Phuong phip gidi ma vit liu d3 duoc sit dyng dé gidi mi thanh cang vit lifu gbm ip
dién trén phao thiy m Difar va xiy dung cong thirc zim ap dién mém twén nén PZT pha tap
hin hop (Nb, Sb). Anh huémg cia ti b Z/Ti tyi thanh phin bién pha dén tinh chbt cua bé gém
ap dién mém PZT duoc nghién cim hé thing. Hé gbm 3p dién mém tai thanh phin i vu CH3
o tinh chét ap dién cao hom 50 Vi vit lidu 83 dugc sir dung trong ché tao bidn tir cia nudc
ngoai, wi di 2 518 pC/N, hé sb lisn kit didn co kp ~ 0,66, hé 56 phiim chdt co hoc Qa ~ 71,
nhiét 3 chuyén pha Curie Te > 361 °C. Déng thivi, bién tir thiy 3m Iséu Tonpliz duyc ché tao
thanh cong trén vit lign méd CH3 v thn 56 céng huomg 28 4 kHz. Két qui nghién cir nay mé
ra khi nang hoan toan ty khoi phuc, ché tao méd cac load ¢hu do thily im boat déng & tin sb
thip dimg trong ci linh vyc din sy va quin su.
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LOT CAM ON. Ching tdi xin chén thinh cim om B¢ ti nehisn cirn Khoa hoc va cing nghg

qubc gia “Mghién ciny, ché tao bidn tir dp ditn ims dyng tong cc thift bi thiy &m-sidu dm®,

M sh: BTBLCN.1VIE 33 b trp kinh phi ¢ theec hidn nehisn oim nay.

TAILIEU THAM KHAOQ

[1] DA Quangand L D Vuong. Jowrmal af Sciemee: Advamcad Marerials and Denvices, vel. 7. no. 2.
2022, pp. 100436(1-12).

[2] 5.Han, G Fang. ¥. 7Zim. Y. Lin. H Zhang L. Bian D. Lin. Y. Sm. L. Zhenz, B. Yang. and W
Cao. Jourral off Advamced Dielectrics, vol. 17, no. 5. 2023, pp. 2350012-2350020.

[3] Piemoelecmic ceramics, Morgan Elecmo Ceramiics, wiw morgamelac macaramics. com.

[4] CNPABOMHEIT KATATON, Aspopa-"HIMA, mucwoxcpaasa ms Barorpaga,
hrpedfavmrora-aima.ny.

[3] Seft PZT - CeramTec. hopoiferw. coramiec com.

[6] M Eimma A Ande. D Maorya and 5. Prya, "Chapter 2 - Lead Zirconate Tianae-Based
Piezoceramics.” in A anced Piecoelectric Marerials (Second Edirion), K. Uchino, Ed - Woodhead
Publishing. 2017, pp. 95-126.

[7] W.Heywang. K Lubitz. and W Wersing. Piszoelecviciyy: Evalurion and Fumre ofa Techmalagy.
2008.

ISBN: 978-604-157-246-0 15



