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TolRom, 2.0 MO AEE 180°ColA 2 h T A1 o Hof A3HES 99.5%E E5 T UTh H& F=
0.25 Myl = LT v]ik-g- BaCO;¢t PNES TiO, S d 5= giglor, o] muks EAEL 112004
BaTi,0s5 AIAA E-ER EABISILE 58 U545 34 BaTio, £2°] =7 Fobslom, 242 Ba/Ti vl

T 19 I 2.0 M o4 EEellAE= 180°C, 2 h BF-olA] Ba/Ti Hl+&= 1+0.005 ]3It}

Abstract — Hydrothermal synthesis was conducted with starting material as Barium hydroxide and hydrous titania
(TiO,xH,0) to obtain barium titanate fine Powder. The conversion, crystal structure and properties of as-prepared pow-
der were investigated according to reaction temperature, time and concentration. The effect of variables on conversion
was in order of time < temperature < concentration and the maximum conversion reached to 99.5% in the case of hydro-
thermal synthesis at 180 °C for 2 h with 2.0 M reactant concentration. At low concentration such as 0.25 M, formation of
unreacted BaCOj; and TiO, was not inevitable at even high reaction temperature and these components converted into
BaTi,0s at high temperature and remained as impurity. As concentration of reactant increased, the size of as-synthe-
sized BaTiO; powder deceased and Ba/Ti molar ratio approached into 1, showing Ba/Ti ratio of 1+0.005 for reaction at
180 °C for 2 h with 2.0 M concentration.
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Fig. 1. Conversion according to reaction time, temperature and reac-
tant concentration.
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Table 1. Reaction condition at different molar concentration
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Fig. 2. XRD patterns according to reactant concentration and degree
of fill at 180 °C and 2 h reaction.

Concentration [M] Volume of water [ml]

Degree of fill [%]

pH of solution [-] Conversion at 180 °C and 2h reaction [%]

0.25 375 81
1.0 200 49
2.0 200 56
2.5 200 60

12.6 96.88
12.8 98.87
12.9 99.39
13.1 99.56

Table 2. Conversion according to degree of fill for reaction with 2.0 M concentration

Concentration [M] Temperature [°C] Time [min] Water volume [ml] Degree of fill [%)] Conversion [%]
289.3 80 99.37
2.0 180 120 216.9 60 99.39
144.6 40 99.41
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Fig. 3. TG and DSC curves of the hydrothermal BaTiO; crystallites

synthesized from 0.25M TiO,-xH,0 and Ba(OH),-8H,0O at
80 °C for (a) 5 min, (b) 15 min, (c) 30 min respectively.
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BaCO; + 2TiO, — BaTi,O5 + CO, at 1,200~1,300 °C 3)
BaTi,0; + Ti,0 — BaTi,O5 at 1,375 °C, 1 h water quenching (4)
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3L 90 °Collrl= S, 158 AlE7F €8] 854 Jevt 2 &
sk om, o= 7] AlEE0] TURES] 71 RESAIRE AlE 3L
& HEE- Alm ol Blal mRkg- BaCOy7t o] A Ele] 2 3)el 2
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Fig. 4. DSC curves of the hydrothermal BaTiO; synthesized from
0.25 M TiO, xH,0 and Ba(OH),-8H,0 at various tempera-
tures for S min respectively, (a) 80 °C, (b) 90 °C, (c) 120 °C, (d)
150 °C, (e) 180 °C, and (f) 210 °C.

Korean Chem. Eng. Res., Vol. 45, No. 5, October, 2007



452 ulAg

ot

=1 PN

o

Table 3. Reaction pathway and crystal system of Ba-Ti binary oxides in JCPDS

Chemical formula Reaction pathway/condition/authority Crystal system JCPDS No./Color
Ti tetraisopropoxide + Ba hydroxide
BaTiO, — BaTiO, — BaTiO; at 800 °C cubic a:4.031 31-0174
cubic metastable tetragonal stable
- - 5
BaTiO, BaTiO, - BaliO;at 120°C tetragonal a:3.994, c:4.038 05-0626 colorless
tetragonal cubic
BaO-TiO, BaO + TiO, — BaO - TiO, (BaTiO5) at 300 °C, 1,000 °C 42-0457
. .~ 1,150°C o . hexagonal .
BaTiO; BaTiO, m quenching in water — BaTiO; 2:5.72481, ¢:13.9673 34-0129 light gray
BaTiO; + BaCO; — Ba,TiO, + CO, heat treatment monoclinic
Ba,TiO, 800 °C for 19 h, 1,000 °C for 140 h 10,5496, b:7.6735. ¢:6.1147 35-0813 yellowish gray
1525 °C for 37 h, 1,480 °C for 24 h o > >
. . . o orthorhombic
Ba,TiO, 2Ba0 + TiO, — Ba, TiO, at 800 °C 27,6514, b:10.5502, ¢:6.1069 38-1481 colorless
. . . o o monoclinic
BaTi,Os BaCO, + 2TiO, — BaTi,O5 + CO, at 1,200 °C, 1,300 °C 2:9.41, b:3.94, ¢:16.89 08-0368
. . . . o . monoclinic ] .
BaTi,O; BaTiO; + TiO, > BaTi,O; at 1,375 °C 1 h water quenching 2:16.9140, b:3.9345, ¢:9.4122 34-0133 light gray
A o] EgHe|o] HolA] eFAF 1,000~1,200 em™9] FF] AE-L TiOel
3 - .
100 T A B S QlE JAE(16017] el Tioy7F EAs= AS &
. ) T \‘ Q1gk 4= Qlu}, &t 850 cmlol] EAISR= 2R ¥ H= BaCO,9 W
2wl el \ %3k 971011} ©1A] BaTiO, 23210 £514 Ej5k walth. FTLIR
c i - -
- N Asjolln] ok 5 Qo] e Lok e WA §HE A
2 | O TN 2ol BNES BaCOy9} IOk 1 FHrslo] Sl ol mlukg:
i ] e Vil - - . —
£« s 22 o] 18 aha Al 244 BaTi,057} AREE Zolth. whg
e 20 ARI] FKEGS vNES BAS] V)= A giksh]
HE BaTiO; 54 V1A% 2371 wet wde] 7h= 2l 2018 5
£ ‘: Qhek. ol NES-2IE, ARE F71) wke Aakao] F7hel F1elsih,
(]
g 2 SHAIRE 210 °C, 120 mind] RESZANAE w9 BaCO5$} TiO,
Ll ) =y = & o L
£ mEaco, P} BT 2 EATE AL S 9o, 02025 M FER W
atice OH" _Surtace OHF A2 7% Al A5kgo] 98%= WA @] W] gl £4)

T T T T T T T
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Fig. 5. FT-IR spectra of BaTiO; synthesized from 0.25 M TiO,-xH,0
and Ba(OH),- 8H,0 at various temperatures and time respec-
tively, (a) 80 °C, 5 min, (b) 150 °C, 5 min (c) 210 °C, 5 min,
and (d) 210 °C, 120 min.

3 AL 1,300~1,400 °CE 44 A o] §-g7dei7t b 1 &2
2] Ba/Ti B 1 ofsl7) 5, &4 A $d 22 n]akg- BaCO,8}
TiOE th 8k ks Zlolth 4 3y 2] () Esto]
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AR, ARFA, F4 9 54E Table 300 22oF, Fzlak3ict.
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o] 4] BaTiO,2] fingerprint absorption[14]2} O octahedra deformation
mode[ 1515 27} HS & 4= 2t} 1,300 em%E 1,750 em™'7b
A 9] Y2 933 BaCO,%} TiO, ¥ 4 927} T3 E Zo=,
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9] ITREE 7= Whd 210 °CollA] $3 3t 22te] 749 70~240 nm
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oA 97 nm® FAFCHE 129 nmE v S718EE & Qlvk 1
2t FUsE Z2elx] BETZNE ARkel Fdds Bl 257F
150 °CellA] 210 °CE= F7Feell whet 742} 92.7, 933, 99.6 nm=
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Fig. 6. Particle size distribution of BaTiO; synthesized at various temper-
atures for 2 h with 0.25 M reactant respectively, (a) 150 °C, (b)
180 °C, and (c) 210 °C.
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Fig. 7. Ba/Ti molar ratio of as-synthesized powder according to reac-
tion time, temperature and concentration.
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