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ABSTRACT

The BaTiO; powders were synthetized by the hydrothermal method in the alkaline solution
using the TiCl; and BaCl, like precursors. The BalTi initial ratios effect on the formation of
BaTiO; phase was investigeted versus time (at 15001C). The results showed that BaTiO; powders
have right stoichiometric (approximate 1), homogeneous morphology and grain sizes are in the

range of 80 - 100 nm.

- DAT VAN BE

Trong nhém vat liéu fero dién, BaTiO; duoc
quan tam nghién ctu va st dung trong cic
nganh cong nghiép dién, dién tr tir nhiéu nam
trd lai day. Mot trong nhitng ting dung dang chui
y cta vat lieu BaTiO; dugc nghién ciu dudi
dang 16p moéng v6i muc dich ché€ tao tu dién
chobd nhé mdy tinh (DRAM, FRAM va
NVRAM), ch€ tao tu dién gém da 16p (MLC -
Multilayer Ceramic Capacitor hay MLCC -
Multilayer Ceramic Chip Capacitor), lam senso
cam bién,[] [1 - 3]. Céc thiét bi dién tt ngay
cang can duoc thu gon lai kéo theo nhu cau phét
trién nhitng cong nghé ché tao vat liéu fero dién
duéi dang 16p mong c6 chiéu day tir milimet t6i
micromet.

V6i nhitng trién vong nhu vay, nhiéu
phuong phéap khic nhau da duoc st dung diéu
ché BaTiO; v6i kich ¢& hat nhd. Mot trong s6 do
la phuong phdp thay nhiét. Nhi€u cong trinh
nghién ctiu cho thady phuong phap nay cé uu
diém: kha nang kiém sodt thanh phén ty luong
Ba/Ti dé dang qua viéc thay déi ty 1& dau Ba/Ti.
Bén canh d6, 1a mot phuong phdp tong hgp bang
con dudong héa hoc nén san phdm thu dugc c6
do doéng nhat vé ca thanh phan va cau tric, cic
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hat BaTiO; thu dugc véi kich ¢& nho hon
micromet [4 - 10].

Ti€p can nhitng nghién ctu lién quan trén
th& gidi, trong bai bdo nay ching toi giGi thiéu
céc két qua thu dugc qua viéc nghién citu tong
hop vat liéu dang bot BaTiO; bang phuong phép
thay nhiét.

II - THUC NGHIEM

Ciéc hoa chat duoc st dung dé tong hop vat
lieu BaTiO;: BaCl,.2H,0O (Prolabo, 99%), TiCl,
(Prolabo, d = 1,2; 15% min), va KOH (Prolabo,
85% min).

Xéc dinh pha bang nhiéu xa tia X trén thiét
bi D 501 Bruker Siemens (ACuK, = 1,5418 A,
2q steps = 0,030 /step). Tinh todn thong s6 cau
tric mang thuc nghiém cua BaTiO; tir gian do
nhiéu xa tia X bing phidn mém PowderCell.
Phan tich nhiét vi sai trén thi€t bi SETARAM
TG-DTA 92 (t6c do gia nhiét 5[C/phit, chén
dung méu Pt, khi quyén khong khi). Hinh dang
hat BaTiO, dugc quan sat trén kinh hién vi dién
t quét (SEM - thiét bi Jeol JSM 6400) va kinh
hién vi dién tir truyén qua (TEM - thiét bi Jeol
2010 FX). Ty 1é Ba/Ti trong céu tric vat liéu
BaTiO; duoc xé4c dinh bang phé huynh quang tia



X (Fluorescence X-ray) véi chat chudn 1a hén
hop oxit theo ty 1&é mol BaO,/TiO, = 1/1.

11 - KET QUA VA THAO LUAN
1. Nghién ctru anh hudng cua ty 1¢ Ba/Ti ban

dau va thoi gian phan tng lén su hinh
thanh san phiam BaTiO,

Ba ty 1é dau cta Ba/Ti duoc lua chon lan
lugt 1a Ba/Ti = 1/1, 2/1 va 3/1. KOH dugc thém
vao hén hgp phan tng dén pH > 13. Hon hop
phan tWng dugc 0 nhiét & 1500)C trong céc
khoang thoi gian lan lugt 1a 3 gio, 7 gio va 20
gid. San phdm thu dugc v6i méi thi nghiém sau
khi loc rita, sdy kho duogc phan tich cdac dac
trung va ghi trong bang 1.

T T T T T T T

Ba/Ti=2

Q BaTiO3
v BaCO3

Cuodng do (a.u)

(a)

(b)
Hinh I: Gian d6 nhiéu xa tia X (a) clia cic mau BaTiO; (ty 1¢ ban dau Ba/Ti = 2) va anh TEM (b)
ctia mau phan ung trong 3 gio

Bdng 1: Anh huéng clia ty 1& Ba/Ti ban ddu va thoi gian phén tng
lén su hinh thanh san phdm BaTiOs;.

STT T%f[?iau Thosi gian, h BZ’T}% Tap chit T%fﬂ?f“
11 03 4028(2) | BaCO,, (TiO,) 0.66
12 1 07 4.020(4) | BaCO,, (TiO,) 0.75
13 20 4.022(0) | BaCO,, (TiO,) 0.77
21 03 403000) | BaCO,, (TiO,) 0.79
22 2 07 4026(0) | BaCO, 1.01
2.3 20 4.019(6) | BaCO, 1.01
31 03 4,027(2) | BaCO, 0,93
32 3 07 4.043(3) | BaCO, 1,04
33 20 4019(8) | BaCO; 1.05

Tur cdc gian d6 nhiéu xa tia X (hinh la) cta
san phidm, cho thdy BaTiO; c6 thé thu duoc
trong thiét bi sau 3 gio phan Gng va hinh thanh &
dang tinh thé c6 ciu tric lap phuong. Bén canh

do, con c¢6 su xudt hién cic pic cua tap chat
BaCO; chiém khoéang 10 - 20% khdi lugng. Su
xudt hién clia BaCO; trong san pham c6 thé gidi
thich do qua trinh thuc nghiém trong khi quyén
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khong khi, moi truong phan tng c¢6 do pH cao la
diéu kién thich hgp dé hinh thanh BaCO;.

Héang s6 mang trong cau tric lap phuong
ctia san phdm duoc tinh thong qua phin mém
PowderCell. Céc gid tri thu dugc cho thdy hing
s0 mang a dao dong trong khoang tir 4,02 dén
4,04 A.

Két qua phan tich phdé huynh quang tia X
céc san pham thu dugc cho thay:

+ Véi ty 1& ban dau Ba/Ti = 1, thoi gian
phan tng 3, 7, 20 gi0; va vdi ty 1é ban dau Ba/Ti
= 2, thoi gian 3 gio, ty 1& sau Ba/Ti = 0,6 dén
0,8, nho hon so véi gia tri 1 (ty 1& cdu tric cua
BaTiO,), cho thdy trong thanh phan san phim,
hop chét BaTiO; thu dugc c6 ty 1é thanh phan
lugng Ba nhd hon lugng Ti. Mit khac, nhu trén
céc gian d6 nhiéu xa tia X khong thdy cé su
xudt hién pha tap nao khac ngoai pha BaCO;.
Keét hop cac két qua nay véi cac gian d6 nhiéu
xa tia X c6 thé gia thiét rang mot luong du Ti
nam trong mot pha vo dinh hinh (hodc pha chita
Ti ¢6 do két tinh khong cao) va né rat khé co thé
xéac dinh dugc trén gian d6 nhiéu xa tia X. Cic
két qua thu dugc tir chup anh TEM mau (ty 1é
dau Ba/Ti = 2, thoi gian phan ung 3 gi®), hinh
1b, hoan toan phu hop véi gia dinh trén. Nhiing
hinh anh TEM chi rat r6 bén canh nhiing hat
BaTiO;, ¢6 mit cdc hat véi kich ¢ nanomet &
dang vo dinh hinh giau Ti (c6 thé 1a TiO, - hinh
1b, phan khoanh tron). Su ¢c6 mat cta oxit TiO,
cling dugc tim thay trong nghién ctiu cia nhém

Micheal va cong su [8].

+ Vi cac ty 1é dau Ba/Ti > 2 (trir mau 2-1),
ty 1é sau Ba/Ti xap xi 16n hon 1 (gid tri ty 1&
trong cdu tric cta BaTiO;). Phan du vé ty 1é
trong san phdm véi ty 1é rat nho (0,01 — 0,05)
do su c¢6 mit ciia BaCO;. Su c6 mat cta TiO,
trong mau gin nhu khong c6. C6 thé giai thich
rang sau phan ting 7 gid thi luong ion Ba* c6 du
trong dung dich da di thoi gian dé phan tng hét
v6i ion titan (mot cach twong tu mau 3-1). Trén
co sO cac két qua trén, ching toi Iua chon thoi
gian phéan tng dé cho cédc nghién ciu ti€p theo
la 7 gid & 15000C; du thoi gian dé tao pha
BaTiO, c6 do két tinh cao.

2. Nang cao chat luong san pham BaTiO,

Sén phdm BaTiO; thu dugc béing phuong
phap thiy nhiét luon cé tap chit BaCO; di cung
do moi trudong pH cua phan ung cao. Su ¢ mat
ctia BaCO, trong san pham s& lam gidm cdc tinh
chét cha vat liéu ché€ tao va anh hudng dén do
bén cua vat liéu. Nham loai bo tap chét nay ra
khoi BaTiO;, c6 nhiéu cich khac nhau nhu ding
dung dich axit axetic lodng dé hoa tan BaCO,
trong qud trinh loc rira san phdm, hay thuc hién
phan tng trong moi truong khi tro (nito). Trong
nghién ciiu ndy, ching t6i da stt dung dung dich
axit HCI loang dé loai bd BaCO, ra khoi san
pham sau phén ting nhu [5]. Qu4 trinh xir Iy ndy
cho hiéu qua cao vi cic pic ciia BaCO; da mat
hoan toan trén gian do6 nhiéu xa tia X (hinh 2).

(110) 1

Cuong do (a.u)

T T T

* BaCO,

20 25 30 35

4 45 50 55 60

Hinh 2: Anh hudng cla qué trinh xir Iy san pham thiy nhiét BaTiO, véi axit HCI:
Mau (1) chua qua xtr 1y; Mau (2) xtr Iy bang dung dich HCI loang
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Hon nita, khi phan tich mau s6 (2) cho thay
san phdm c6 do min cao hon, kich ¢& hat ¢6 xu
hudng giam nhe hay dién tich bé mat riéng tang,
cho thdy st dung HCI trong qué trinh loc ria
loai BaCO; c6 tac dung lam phan tidn hoan toan
san pham. Phan tich ty lugng Ba/Ti cho thay c6
su giam tlr 1,05 (mau chua qua x{ 1y) xuéng con
0,97 (mau sau xt 1y).

Mot loat céac thi nghiém khac nhau 1an luot
dugc thuc hién nhdm nghién cdu anh hudng cua
ty 1&é dau Ba/Ti dén chat lugng cudi cua san
phidm. Diéu kién phan dng: thoi gian 7 gio &
nhiét do 1501C véi céc ty 1é Ba/Ti lan luot 1a
1,4; 1,6; 1,8 va 2,0. Cac hén hop sdn pham sau
phan tng déu dugc trung hoa bing dung dich

HClI lodng vé moi trudong pH trung tinh trude khi
dem loc rira loai hét ion clo.

Két qua phan tich ty lugng Ba/Ti trén bang 2
cho thay ty 1¢ sau Ba/Ti xdp xi 1 va dat én dinh
& gid tri 0,97 khi ty 1& dau Ba/Ti 16n hon hoac
bang 1,6.

Trén céc gian d6 nhiéu xa tia X thu duoc
khong con nhin thdy su xudt hién cta cac vach
ung vGi pha BaCO; (giGi han cta thiét bi do).
Hinh 3a, anh chup kinh hién vi dién tir (SEM) va
kinh hién vi dién t& truyén qua (TEM) cho thay
cdc hat c6 hinh thdi hoc déng nhat, min va nho
v6i kich c& hat dao dong trong khoang tir 80 dén
100 nm.

Bdng 2: Két qua do ty luong Ba/Ti trén cdc mau thuc nghiém diéu ché bang
phuong phdp thiy nhiét véi cac ty 1é dau Ba/Ti khac nhau

Ty 1é dau Ba/Ti 1.4 1,6 1,8 2,0
Ty 1¢ sau Ba/Ti 1,01 0,97 0,97 0,97
; 12
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Hinh 3: Anh SEM (a), TEM (gbc trén) va phan tich nhiét vi sai (b) cia mot mau bot BaTiO;
(ty 1¢ Ba/Ti = 1,6)

Str dung phé héng ngoai IR dé nghién citu su
c6 mat ctia CO5> trong sin phdm va cau triic clia
BaTiO; cho thdy xudt hién 3 pic dac trung tuong
tng cta BaTiO; (547 cm™), ion OH hédp phu
trén bé mit cdc hat BaTiO; (1630 cm™) va v6i su
c6 mat luong vét ctia ion CO,* (1748 cm™).

K&t qua phan tich nhiét vi sai sin pham bot

BaTiO; (hinh 3b) trong khi quyén khong khi
cling cho thdy trén duong TG, khoi lugng giam
3,5% trong khoang tir nhiét do phong dén
45071C tng véi su ¢ mat cta nudc hip phu va
chia 2 giai doan: giai doan 1 tng véi hip phu vat
1y ctia nudc trén bé mat hat BaTiO; tir 2501C -
15001C; giai doan 2 tir 150°C - 400°C, nudc hap
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phu héa hoc hay sy hinh thanh cua nhém
hidroxyl.
IV - KET LUAN

Nghién ciu téng hop vat liéu BaTiO; véi
kich ¢& hat nanomet bang phuong phép thuy
nhiét & cac diéu kién khdc nhau cho thdy diéu
kién t6i vu tai nhiét do phan tng 1500/C la: thoi
gian phan tng 7 gio, pH > 13 va ty 1é dau 1,6 <
Ba/Ti < 1,8. San phidm thu dugc cé hinh thai
hoc dong déu, kich c& hat dong nhat trong
khoang 80 - 100 nm. Thanh phan ty lugng Ba/Ti
x4p xi 1 va thu duoc san phdm c6 cdu tric tinh
thé 1ap phuong.

Loi cam on: Bai bdo nay duoc hoan thanh voi
sut ho tro kinh phi ciia Dai hoc Quoc gia Ha Noi
- Dé tai md s6 QT-07-27. Chiing toi xin cdm on
sy ¢d van khoa hoc, do TEM, Fluorescence X-
ray tiw Tién st S.Guillemet-Fritsch va Gido su B.
Durand (CIRIMAT/LCMIE, Universit¢ Paul
Sabatier, Toulouse, France).
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