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Derjaguin-Landau-Verwey-Overbeek theory

Derjaguin, B.; Landau, L. (1941), “Theory of the stability of strongly charged lyophobic sols
and of the adhesion of strongly charged particles in solutions of electrolytes”, Acta Physico

Chemica URSS 14. 633.
Verwey, E. J. W.; Overbeek, J. Th. G. (1948), Theory of the stability of lyophobic colloids,
Amsterdam: Elsevier.
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|Hardy—5chulze Rule

= Flocculationis controlled by the valency of the counter-ion (added
electrolyte with charge opposite that of the particle surface)

= Fewer 3+ ions than 2+ than 1+ ions are needed to cancel out colloid
charge on negatively charged colloid > more compact counter-ion
cloud (the critical coagulation concentration is lower for 3+ than 2+)
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TiO2: E.A. Barringer and H.K. Bowen: J. Am. Ceram. Soc. 67 (1984) C-113.
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@ Gel-Sol process
Titanium(I'V) 1sopropoxide (TIPO)  [mioc,H,),]
<— Triethanolamine (TEOA) [N(C,H,0H),]

TIPO:TEOA =12
([TTPO], = 0.25 mol dnr?)

Y /C2H4O\ _OH,C,~
NTGHO Ti— OHC, N CHO - Ti OHC, N
Stable complex C,H,0 | S OHC,
C,H,OH
<—H,0 (+HClO, or + NaOH)

Istaging (100°C, 1 day) Y
Ti(OH), gel

2nd aging (140°C, 3 days) l Pt deposition
TiO, (anatase) )fPhotocatalyst
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@ Concentration changes of TiO,, Ti(OH),, and supernatant Ti** ions
during the 2nd aging (pH = 10)

S
o
\

o
\

Concentration (mol dm'3)

| Tion), |
i _Supernatant Ti** jons
0e LT NPV WU NV UUOR S T S enennkanandenns@ye
0 12 18 24
Time (h)

Phase transformation:  Ti(OH), —— TiO,
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BaTiO,, SrTiO,
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Synthesis method of BaTiO,/SrTiO, fine particles

Ti[OCH(CH3)2]4 gel-sol method
N(CH2CH20H), ]
(solution-A) Ba/Sr(OH)2 - 8H20
«—— de-carbonated water —
Stock solution solution-C
(solution-B) ( ) —
| B cssie
gel formation S3assases
stirring:10 min
aging: 1h :
(solution-D)
|
Aging (250 °C for 3 hours) ~
}

BaTiO3/SrTiO3 fine particles Schematic drawing of

reaction vessel
(autoclave)
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Cubic BaTiO,
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AFETEMLL BT02 T%&&  BTO3

BT01 (High Purity Chemicals)  (Wako Pure Chemicals)

200 nm




XRD

a. BT01 |
A A A
g b. BT02 A | A
; A %A
= |
L :
S |
Q |
k= |
£ |
c. BT03 |
_A A A
BaTiO; (cub., J¢PD.S 31-174) | | |
BaTiO; (tet., JCPDS 5-0626) I |
: Al ]
10 20 30 40 50
20/degree
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TG curves in Ar
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; -3 [ Heatingrate:-——-—————————— e P

5 °C/min, in argon
atmosphere
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0 100 200 300 400 500 600 700 800 900 1000
Temperature/°C
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Cubic SrTiO,

200 nm

SR-02 mHErAm SR-03

. =

The particle size of SR-01 is
smaller than 40 nm.
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XRD

a. SR-01

b. SR-02 A ﬂ A A | k
c. SR-03 A J L A J | L

SrTiO; (Cub., JCPDS 35-734) |

Intensity/a.u.

10 20 30 40 50 60
20/degree

.=

. A cubic SrTiO; phase was founded in initial
BT BRLE materials .
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TG curves in Ar

o1 Carbonat
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°\\° 5| -0.90
()
e
84 SR-01 only
o contents 3.9 % of
Al adsorbed water
- -6.73
= Samples: SrTIO, and 2.83 % of
8 | Heating rate:
5 °C/min, in argon
atmosphere OH groups.
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0 250 500 750 1000
Temperature/C
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