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Fe203 2.2 TiOz(I’Ut”E) 3.0
Cu,O 2.2 TiO,(anatase) 3.2
IN,O3 2.5 SrT|03 3.2
WO; 2.7 Zn0O <3.3
FesTiO3 <2.8 BaTiO3 3.3
PbO 2.8 CaTiOs3 3.4
V205 2.8 KTaO3; 3.5
FeTiO; 2.8 SnoO; 3.6
Bi203 2.8 ZrO, 5.0
Nb,O3 3.0
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SENclves of sulfurization ofiN®s
Loy Vders with S5
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Heating rate: 1°C/min
Gas flow rate:
CSy: 5 miimin
[ Ng 50 mimin T
Sample:
—a. ST01
| —b. Dried ST01
—c. Anatase
—d. Rutile

[ e. Ti(OH) 4
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TiO,-ST01

: N2 gas cylinder

. Mass or float flowmeter
. CS, bubbler

. Stopcocks

: Gas mixer

. Resistance furnace

. Quartz tube

: Crucible

: Thermocouple

: Bubbler

To vacuum pump

1
2
3
4
5
6
7
8
9
0
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Intensity (a.u.)

TiO; XRD




Wave length, nm




TiO,(a) :
100 TiO,(a) 745 8.4

150 TiO,(a) 780 6.8
200 TiO,(a) 743 8.8
250 TiO,(a) 833 9.5
300 TiO,(a) 637 8.5
350 TiO,(a) 516 4.3

400 TiO,(a) 595 0.0
TiO,(a) TiS,
TiO,(a) TiS,
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X gy = 33eV Band gap energy = 0.3 eV
Absorb thevisible light

yosition of t Dissolvein water by
vater by irradiation of light
ight irradiation

oSt

= Partially sulfurized SrTiO,:

—— "~ It could be chemically stable

and enhance the photocatalytic
activity of SrTiO4
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Sr'r]Of_;--;' aneparticles (SR=01) were prepared by
SEIEgEl method .
OEI)); "Were mixed with: tri-ethanol amine (0.05:0.1) and

IeIRtained for 24 hours in argon atmosphere. De-carbonated water
\j\jr\r;\_fa of dedl to complete 100 ml (stock solution).

5,8 g of Sr(OH), 8H,0 were dissolved in 10ml H,O and mixed with
= *-‘E'ZE' {Fof stock solution.

; e formed gel was heated in autoclave at 250 for 3hrs.

= 'The powders were obtained after rinsing with water ultrasonically
- —and centrlfugal separation.

The powders were dried at R.T. for 1d.

Commercial SrTiO; were obtained from Wako
Pure Chemical Co. Ltd. (SR-02) and High Purity
Chemicals Co. Ltd. (SR-03).
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Theparticlesize of SR-01 is
smaller than 40 nm.
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SrTiO; (Cub., JCPDS 35-734)

30 40
20/degree

= ==
A cubic SrTiO, phase was founded in initial

materials.
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CURVES of Initial materals, =
[fatmospnere

SR-01 only
contents 3.9 % of

adsor bed water
Samples: SrTiO, e and 283 00 Of

Heating rate:

5 °C/min, in argon O H gr ou pS

atmosphere

500
Temperature/°C
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CUrVES Of sulfurization IES,,

30

.#

N N
o [3,}

Weight change/%

SR-01 startsto
sulfurize at 280

¥SR-02 and SR-03 start to
sulfurize at 550 °C

500
Temperature/°C

v
SR-01 issulfurized at lower temperaturesthan
SR-02 and SR-03



SITiO; (Cub., JCPDS 35-734)

20/degree

T m—— .
A hexagonal Sr, . TIS, phase was founded asfinal

product in SR-02.
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DaRBIpatterns for sulfurize

d_SR-03,..

Srq.45TiS3 (JCPDS 49-1367)

SITiO; (Cub., JCPDS 35-734)

30
20 /degree

1L

A hexagonal Sr, ..TiS; phase was also founded as
final product in SR-03.



Satterns for Sulfurized SREOT

e.1000 °C
d.750 °C ‘. ‘: :Jl
A
c. 650 °C
A

b. 550 °C

o\

a. As-prepared SR-01

3
O
>
=
72)
c
O
"
f=

Sry.15TiS3 (Hex., JCPDS 49-1 3|s7) |

SrTiO3z (Cub., JCPDS 35-734)

10 20 30
20/degree

1 L

However, a hexagonal Sr, .TiS,, phasewas
founded in SR-01.




Sulfurizations

'SR-02 and SR-03
Between 550 and 950 °C the sulfurization of SrTiO, is carried

on
SrTiO, - Sr; 15TiS;

SR-01
At temperature below 180 °C is produced the desorption of
water.

Between 180 and 280°C, the adsorption of CS, on SrTiO,
surface occurs.

Between 280 and 850°C, SrTiO, is sulfurized.

At higher temperatures, the decomposition of obtained
Sr, ,:TiS; is produced .

SrTiO3 - Sr1_15TiS3 - Sr11.15TiS3—X




SrTiO5 nanoparticles was sulfurized at low

temperatures in comparison with
commercial powders.

The sulfurization behavior of SR-01 could be
summarized as follows: Evaporation of water,
adsorption of CS,, sulfurization of SrTiO5 and
decomposition of Sr; ;5TiS;.
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prelectric material.

SU Jogr ed catalyst for CO, reforming and
gzl al oxidation of CH, at hlgher temperatures.

Ca ajyst for processing of hazard pollutants by

i ——
—

: -_;r:—-' n-thermal plasma reactors.

———

_,#.“'T—Iowever BaTiO; is unknown photocatalyst due
I'}; ~ to High band energy of 3.27 eV (378 nm).

-

- e Photoactivity in UV spectra.
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Preparation offBaTiox

- De-carbonated
__ water
- -

n

T “ra

Solution Stock Solution
Argon atm. TIPO:TEA

Overnight 0.05:0.1

= ::: f_ﬂék" 6 315 9 10 ml de-carbonated

""édu{mn "Ba(S_H)z water

= 1

— Gel ﬂ BaTiO, ﬂ BaTiO;
Stirring Teflc_)n autoclave Clean.ing .
30 min Heating: 3 hrs Centrifugation

T:250° C Dryingatr. t.
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Sulfurization B E Purification |

Partlally

e

w e e

CSZINZgas Toluene
rete 5/50 mi/min 100°cc BaTiO,
ﬂﬂﬂﬂﬂ sating : 3°C/min Vacuum

L 100-500°C

Thermocouple

Quartz tube
Gas inlet

Gas outlet

Quartz boat

_ Sample:1 g BaTiO,

Schematic drawing of reaction tube



TEM microphotograph of BaTiO4

BaTiO, particles

wer e obtained by using TIPO
and TEA as precursors.
Characteristics:

*Phase: Cubic

*Particlesize: 95 nm

oL attice parameter: 4.0061 A
*Specific area: 12.42 mg/m?
*H,0 (%): 1.6



Sillitirization benavior off Ba i@z

e

BaTiS3

N
o
L
——

—
(3]
|
e

. Gas flow:
Starting temperature N, 50 mL/min

of sulfurization CS, 5mL/min
- Heating Rate:
1°C/min

-0.6

(3]
L L
T

33
—
(<5}
o)
==
©
i o
o 10
b
=
IQ
(<})

300 400 500 600 700 800 900 1000
Temperature/°C

BaTiO, reacts slowly with CS, at around 400 °C forming BaTisS,.
Reaction: BaTiO,+1.5CS,% BaTiS;+1.5CO,




XRDpatterms for partially sulfurized

E BaTiO, -_—

Sl.élfide Sulfiide

i DU E N U SN SRS W\

400 c . 1 o )

| o ——"
) s S N
'g 100 c I A A R A
- T Y S S
BaTis, (éuex., JCPDS 1'5-328)5 ' E '

" L] G

10 20 30

20/degree
Peaks corresponding to BaTiS; appearsonly when BaTiO; s

sulfurized at 500°C



Variation: of [attice parameten

L attice parameter : 4.031 A
JCPDS 31-174

Formation
of hex.
BaTiS,

Lattice parameter a/ A

200 300

Temperature/°C

L attice parameter increases with increasing the sulfurization
temperature. However, it decreases with formation of sulfide.



XPS dT’%Q.pB,Z fior paxtally sulturizea
BaT|O — m_—

-

. Sulfide
Sulfur

166 164 162 160 158
Binding energy/eV

From 200 and 500 °C, a peak assigned to sulfide appears at around
161.4 and 160.8 eV whose intensity increases with the temperature.




T

pectra for partially sulfurized Baijiox

a———

100

Band gap of
BaTiOy:
378 nm

Wave length/nm

|ncreasing the sulfurization temperature, the absor ption of visible
light increases in sulfurized BaTiO4 samples.
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J Par'[]aJJ\ Stliitmzed Ban ‘C alnsorbec
ble 1ght than mitial BaliO; sample.
urj; prption increased with increasing the

e =

;rature of sulfurization.

esulfide as BaTiS; I1s formed above 400 °C,

: uggested that absorption of visible light

_:# is ca aused by replacement of sulfur by oxygen
n

the initial BaTiO, structure.
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