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ABSTRACT 

The BaTiOj powders were synthetized by the hydrothermal method in the alkaline solution 
using the TiClj and BaCl2 like precursors. The BaITi initial ratios effect on the formation of 
BaTiOj phase was investigeted versus time (at 150°C). The results showed that BaTiOj powders 
have right stoichiometric (approximate 1), homogeneous morphology and grain sizes are in the 
range of 80 - 100 nm. 

I - DAT VAN DE 

Trong nhom vat lieu fero dien, BaTiO, dugc 
quan tam nghien ciiu va sii dung trong cac 
nganh cdng nghiep dien, dien tir tit nhiiu nam 
trcr lai day. IVIpt trong nhii:ng ttng dung dang chti 
y ciia vat lieu BaTiOj dugc nghien ctiu dudi 
dang ldp mong vdi mue dich che tao tu dien 
chobd nhd may tinh (DRAIVI, FRAM va 
NVRAlVl), che tao tu dien gdm da ldp (MLC -
Multilayer Ceramic Capacitor hay MLCC -
Multilayer Ceramic Chip Capacitor), lam senso 
cam bie'n,... [1 - 3]. Cac thie't bi dien tix ngay 
cang can dugc thu ggn lai keo theo nhu cau phat 
trien nhiing cdng nghe che' tao vat lieu fero dien 
dudi dang ldp mdng cd chieu day ttr milimet tdi 
micromet. 

Vdi nhiing trien vgng nhu vay, nhieu 
phuang phap khac nhau da dugc sit dung diiu 
che BaTiOj vdi kich cd hat nhd. Mgt trong sd dd 
la phuang phap thiiy nhiet. Nhiiu cdng trinh 
nghien cim cho thay phuang phap nay cd uu 
diem: kha nang kiem soat thanh phan ty lugng 
Ba/Ti di dang qua viec thay ddi ty le dau Ba/Ti. 
Ben canh dd, la mdt phuang phap tong hgp bang 
con dudng hda hgc nen san pham thu dirge cd 
do ddng nha't vi ca thanh phan va ca'u triic, cac 

hat BaTiOj thu dugc vdi kich cd nhd han 
micromet [4 - 10]. 

Tie'p can nhung nghien ciiu lien quan tren 
the gidi, trong bai bao nay chiing tdi gidi thieu 
cac ke't qua thu dugc qua viec nghien ctiu tdng 
hgp vat lieu dang bdt BaTiO, bang phuang phap 
thiiy nhiet. 

II - THUC NGHIEM 

Cac hda chat duac sit dung de tong hgp vat 
lieu BaTiO,: BaCU.ZHjO (Prolabo, 99%), TiCl, 
(Prolabo, d = 1,2; 15% min), va KOH (Prolabo, 
85% min). 

Xac dinh pha bang nhiiu xa tia X tren thie't 
bi D 501 Bruker Siemens (ACuK„ = 1,5418 A, 
2q steps = 0,03°/step). Tinh toan thdng sd ca'u 
triic mang thuc nghiem ciia BaTiO, tit gian dd 
nhiiu xa tia X bang phan mem PowderCell. 
Phan tich nhiet vi sai tren thiet bi SETARAM 
.TG-DTA 92 (tdc do gia nhiet 5°C/phut, chen 
dung miu Pt, khi quyen khdng khi). Hinh dang 
hat BaTiO, dugc quan sat tren kinh hien vi dien 
tir quet (SEM - thiet bi Jeol JSM 6400) va kinh 
hien vi dien tit truyin qua (TEM - thie't bi Jeol 
2010 FX). Ty le Ba/Ti trong ca'u triic vat lieu 
BaTiO, dugc xac dinh bang phd huynh quang tia 
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X (Fluorescence X-ray) vdi chat chuan la hdn 
hgp oxit theo ty le mol BaOz/TiOz = 1/1. 

Ill - KET QUA VA T H A O LUAN 

1. Nghien cufu anh hudng ciia ty le Ba/Ti ban 
dau va thdi gian phan iifng len su hinh 
thanh san pham BaTiO, 

Ba ty le dau cua Ba/Ti dugc lua chon lan 
lugt la Ba/Ti = 1/1, 2/1 va 3/1. KOH dugc them 
vao hdn hap phan ilng de'n pH > 13. Hdn hgp 
phan irng dugc u nhiet d 150°C trong cac 
khoang thdi gian lan lugt la 3 gid, 7 gid va 20 
gid. San pham thu dugc vdi mdi thi nghiem sau 
khi ifcc rita, say khd dugc phan tich cac dac 
trung va ghi trong bang 1. 

• BaTiOj 

•» BaCO, 

20 25 30 35 40 45 50 55 60 65 

20i°) ™ „ ™ ™ _ 

(a) (b) 
Hinh J\ Gian dd nhiiu xa tia X (a) ciia cac miu BaTiO, (ty le ban dau Ba/Ti = 2) va anh TEM (b) 

cua miu phan irng trong 3 gid 

Bdng 1: Anh hudng ciia ty le Ba/Ti ban dau va thdi gian phan iing 
len su hinh thanh san pham BaTiO,. 

STT 

1-1 
1-2 
1-3 
2-1 
2-2 
2-3 
3-1 
3-2 
3-3 

Ty le dau 
Ba/Ti 

1 

2 

3 

Thdi gian, h 

03 
07 
20 
03 
07 
20 
03 
07 
20 

BaTiO, 
a, A 

4,028(2) 
4,020(4) 
4,022(0) 
4,030(0) 
4,026(0) 
4,019(6) 
4,027(2) 
4,043(8) 
4,019(8) 

Tap cha't 

BaCO,, (TiOj) 
BaCO,, (TiO,) 
BaCO,, (TiO,) 
BaCO,, (TiO,) 
BaCO, 
BaCO, 
BaCO, 
BaCO, 
BaCO, 

Ty le sau 
Ba/Ti 

0,66 
0,75 
0,77 
0,79 
1,01 
1,01 
0,98 
1,04 
1,05 

Tit cac gian dd nhiiu xa tia X (hinh la) ciia 
san pham, cho tha'y BaTiO, cd the thu dugc 
trong thie't bi sau 3 gid phan ilng va hinh thanh d 
dang tinh the cd ca'u triic lap phuang. Ben canh 
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dd, con cd sU xuat hien cac pic ciia tap chat 
BaCO, chie'm khoang 10 - 20% khd'i lugng. Su 
xua't hien ciia BaCO, trong siin pham cd the giai 
thich do qua trinh thuc nghiem trong khf quyen 



khdng khi, mdi trudng phan iing cd do pH cao la 
dieu kien thich hgp de hinh thanh BaCO,. 

Hang sd mang trong ca'u triic lap phuang 
cua san pham dugc tinh thdng qua phan mem 
PowderCell. Cac gia tri thu dugc cho tha'y hang 
sd mang a dao ddng trong khoang tii 4,02 de'n 
4,04 A. 

Ket qua phan tich phd huynh quang tia X 
cac san pham thu dugc cho thay: 

-H Vdi ty le ban dau Ba/Ti = 1, thdi gian 
phan ling 3, 7, 20 gid; va vdi ty le ban dau Ba/Fi 
= 2, thdi gian 3 gid, ty le sau Ba/Ti = 0,6 de'n 
0,8, nhd han so vdi gia tri 1 (ty le ca'u triic ciia 
BaTiO,), cho tha'y trong thanh phan san pham, 
hgp cha't BaTiO, thu dugc cd ty le thanh phan 
lugng Ba nhd han lugng Ti. Mat khac, nhu tren 
cac gian dd nhiiu xa tia X khdng thay cd su 
xua't hien pha tap nao khac ngoai pha BaCO,. 
Ke't hgp cac ket qua nay vdi cac gian dd nhiiu 
xa tia X cd the gia thiet rang mdt lugng du Ti 
nam trong mdt pha vd dinh hinh (hoac pha chira 
Ti cd do ke't tinh khdng cao) va nd rat khd cd the' 
xac dinh dugc tren gian dd nhiiu xa tia X. Cac 
ke't qua thu dugc tit chup anh TEM mSu (ty le 
dau Ba/Ti = 2, thdi gian phan ttng 3 gid), hinh 
lb, hoan toan phii hgp vdi gia dinh tren. Nhung 
hinh anh TEM chi ra't rd ben canh nhiing hat 
BaTiO,, cd mat cac hat vdi kich cd nanomet d 
dang vd dinh hinh giau Ti (cd the la TiOj - hinh 
lb, phan khoanh trdn). Su cd mat ciia oxit TiOj 
cung dugc tim thay trong nghien ciiu ciia nhdm 

Micheal va cdng su [8]. 

-I- Vdi cac ty le dau Ba/Ii > 2 (trii mSu 2-1), 
ty le sau Ba/Pi xa'p xi ldn han 1 (gia tri ty le 
trong ca'u triic ciia BaTiO,). Phan du vi ty le 
trong san pham vdi ty le rat nhd (0,01 - 0,05) do 
su cd mat cua BaCO,. ^u cd mat cua TiOz trong 
mSu gan nhu khdng cd. Cd the giai thich rang 
sau phan irng 7 gid thi lugng ion Bâ * cd du 
trong dung dich da dii thdi gian de phan itng he't 
vdi ion titan (mgt each tuang tu mlu 3-1). Tren 
CO sd cac ke't qua tren, chting tdi lua chgn thdi 
gian phan iing de cho cac nghien ciiu tie'p theo 
la 7 gid d 150°C; du thdi gian de tao pha BaTiO, 
cd dp ke't tinh cao. 

2. Nang cao chat lugng san pham BaTiO, 

San pham BaTiO, thu dugc bang phuang 
phap thiiy nhiet ludn cd tap chat BaCO, di citng 
do mdi trudng pH ciia phan iitig cao. Su cd mat 
ciia BaCO, trong san pham se lam giam cac tfnh 
chat cua vat lieu che' tao va anh hudng den do 
ben ciia vat lieu. Nham loai bd tap chat nay ra 
khdi BaTiO,, cd nhiiu each khac nhau nhu diing 
dung dich axit axetie loang de hda tan BaCO, 
trong qua trinh lgc rita san pham, hay thuc hien 
phan ii:ng trong mdi trudng khf tra (nita). Trong 
nghien ciru nay, chiing tdi da sir dung dung dich 
axit HCI loang de loai bd BaCO, ra khdi san 
pham sau phan ung nhu [5]. Qua trinh xir ly nay 
cho hieu qua cao vi cac pic ciia BaCO, da mat 
hoan toan tren gian dd nhiiu xa tia X (hinh 2). 
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Hinh 2: Anh hudng cua qua trinh xit ly san phlm thuy nhiet BaTiO, vdi axit HQ: 
Mau (1) chua qua xir ly; MSu (2) xir ly bang dung dich HCI loang 

267 



Han niia, khi phan tich mlu sd (2) cho thay 
san pham cd do min cao han, kich cd hat cd xu 
hudng giam nhe hay dien tfch bi mat rieng tang, 
cho tha'y sir dung HCI trong qua trinh lgc rita 
loai BaCO, cd tac dung lam phan tan hoan toan 
san pham. Phan tfch ty lugng Ba/Ti cho tha'y cd 
su giam tit 1,05 (miu chua qua xii ly) xud'ng cdn 
0,97 (miu sau xic ly). 

Mdt loat cac thi nghiem khac nhau lan lugt 
dugc thuc hien nham nghien cilu anh hudng ciia 
ty le dau Ba/Ti de'n chat lugng cud'i ciia san 
phim. Diiu kien phan iing: thdi gian 7 gid d 
nhiet do 150°C vdi cac ty le Ba/Ti lan lugt la 
1,4; 1,6; 1,8 va 2,0. Cac hdn hgp san phim sau 
phan ling diu dugc trung hda bang dung dich 

HCI loang vi mdi trudng pH trung tfnh trudc khi 
dem lgc rita loai he't ion clo. 

Ke't qua phan tfch ty lugng Ba/Ti tren bang 2 
cho tha'y ty le sau Ba/Ti xa'p xi 1 va dat dn dinh 
d gia tri 0,97 khi ty le dau Ba/Ti ldn han hoac 
bang 1,6. 

Tren cac gian dd nhiiu xa tia X thu dugc 
khdng cdn nhin thay sit xua't hien cita cac vach 
ling vdi pha BaCO, (gidi han ciia thie't bi do). 
Hinh 3a, anh chup kfnh hien vi dien tiir (SEM) va 
kinh hien vi dien tit truyin qua (TEM) cho tha'y 
cac hat cd hinh thai hgc ddng nhit, min va nhd 
vdi kfeh cd hat dao ddng trong khoang tit 80 de'n 
100 nm. 

Bdng 2: Ket qua do ty lugng Ba/Ti tren cac miu thuc nghiem dieu che' bang 
phuang phap thiiy nhiet vdi cac ty le diu Ba/Ti khac nhau 

Ty le dau Ba/Ti 

Ty le sau Ba/Ti 

1,4 

1,01 

1,6 

0,97 

1,8 

0,97 

2,0 

0,97 

(a) 

200 400 600 800 

Nhiet do (°C) 
(b) 

Hinh 3: Anh SEM (a), TEM (gdc tren) va phan tfch nhiet vi sai (b) cua mdt miu bdt BaTiO, 
(tyle Ba/Ti =1,6) 

Sir dung phd hdng ngoai IR de nghien cilu sir 
cd mat ciia CO,̂ " trong san pham va ca'u true ciia 
BaTiO, cho thay xuat hien 3 pic dac trung tuang 
ling ciia BaTiO, (547 cm"'), ion OH" hap phu 
tren be mat cac hat BaTiO, (1630 cm"') va vdi su 
cd mat lugng ve't ciia ion CO,̂ " (1748 cm"'). 

Ke't qua phan tfch nhiet vi sai san pham bdt 

BaTiO, (hinh 3b) trong khi quyen khdng khi 
cung cho tha'y tren dudng TG, khd'i lugng giam 
3,5% trong khoang tit nhiet do phdng de'n 450°C 
ling vdi su cd mat ciia nudc ha'p phu va chia 2 
giai doan: giai doan 1 itng vdi ha'p phu vat ly ciia 
nudc tren be mat hat BaTiO, tit 25°C - 150°C; 
giai doan 2 ttt 150°C - 400°C, nudc hap phu hda 
hgc hay su hinh thanh cua nhdm hidroxyl. 
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i"" IV-KET LUAN 

Nghien Cliu tdng hgp vat lieu BaTiO, vdi 
kfeh cd hat nanomet bang phuang phap thiiy 
nhiet d cac diiu kien khac nhau cho thay dieu 
kien td'i tru tai nhiet do phan ilng 150°C la: thdi 
gian phan itng 7 gid, pH > 13 va ty le diu 1,6 < 
Ba/Pi < 1,8. San phim thu dugc cd hinh thai 
hgc ddng diu, kich cd hat ddng nhit trong 
khoang 80 - 100 nm. Thanh phan ty lugng Ba/Ti 
xa'p xi 1 va thu dugc san phim cd cau triic tinh 
the lap phuang. 

Ldi cam an: Bdi bdo ndy duac hodn thdnh vdi 
sif ho tra kinh phi ciia Dai hgc Quoc gia Hd Ngi 
- De tdi md so QT-07-27. Chung toi xin cdm an 
sU CO vdn khoa hgc, do TEM, Fluorescence X-
ray tii Tie'n si S.Guillemet-Fritsch vd Gido su B. 
Durand (CIRIMATILCMIE, Universite Paul 
Sabatier, Toulouse, France). 
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