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Abstract The coupling of two semiconducting materials is an efficient method to improve photocatalytic activity via
the suppression of recombination of electron-hole pairs. In particular, the coupling between two different phases of TiO,,
i.e., anatase and rutile, is particularly attractive for photocatalytic activity improvement of rutile TiO, because these
coupled TiO, powders can retain the benefits of TiO,, one of the best photocatalysts. In this study, anatase TiO,
nanoparticles are synthesized and coupled on the surface of rutile TiO, powders using a microemulsion method and heat
treatment. Triton X-100, as a surfactant, is used to suppress the aggregation of anatase TiO, nanoparticles and disperse
anatase TiO, nanoparticles uniformly on the surface of rutile TiO, powders. Rutile TiO, powders coupled with anatase
TiO, nanoparticles are successfully prepared. Additionally, we compare the photocatalytic activity of these rutile-anatase
coupled TiO, powders under ultraviolet (UV) light and demonstrate that the reason for the improvement of
photocatalytic activity is microstructural.
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1. M = dioxide, TiO,)S F=ujo] 4= EAJQ] Aksl&H o] ull9- =1,
QA Fafistar tlEo] s8Rl g de] Hojubr] o
3% (Photocatalyst)T ¥ AR ZHE F3}shit-go]  Eo| OE FEHujehe g2 WA Algo] 7Fsslit

ofa) ohile-2 FAAINE BAL ofElaid, W oA & AHES AU AR UEAQ BE Fo shjelt)

o F45 Sl AAE AR} FFo] FFujo] A [1,2]. TIO,= A7 Fxof W} A 4720 anatase}t
Tty o2 343 "]'ﬁ} T= 39 59 sshitkg-= Z742] brookite, 12]3L 112 QEFAFQ] rutile TRE B
do7|A Hct FE i F=Fu o] F3FEukgoll A Bt T, 4% g0 uet W= 3o Xolrp EAsht B
SEZL B3 Aolmg o]t E'}%%’é]" AR T F5v = &-8o] 7Fssttt. SFAIRE brookite TiO,2] 73
1jr =2 A= (Conduction bandyZ 2ral AHa}AL KT} Bt Sl AAFEH M= ALY EAHA] R 1 Hez T
7FAAM (Valence band)E 2= WHeA] EdE0] 35 =573} brookite TiO,¥HS AIsH7]= A &7 w &9
UH«] HFof] E3hE ) TiOo} T3k EH 2ol A= anatase TiO,9} rutile TiO,
olefgt FFv} FolANE o]4ks} Efo]ElHa(Titanium o) AZFEo] gom[34], 53] e Aoz F&
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&5 UERATH13,14]. ]2t AEY Ad= OE RIEA
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TiO, (3.20 eV) AF©] ] 2 go] 7}
anatase TiO, 5 7AEHdh= A5 T JHlZ AT o
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2.1. Rutile-anatase coupled TiO, MZ & £44

B AFANME % 99.9%, Y= 5Sum ©]3}9] rutile
TiO, ¥ (Sigma-Aldrich, JapanyS A|ZREUE ARS-S1Y S
w, 200 mL Blo]FA 9 rutile TiO, &L 0.5 g3 ZF/F
100 mLE %‘-L K aHE71E ©]8-38t 250 pmé] %
2 2083 Rk & AAZAAIRQ] triton X-100 (Sigma-
Aldrich, USA):E: 13 g7bA] "7ska oA 250 rpme] £
T2 2087 aRkElt. o] F % 99.9%F 7HAI= A
A 2] TiCly(Sigma-Aldrich, USA)E Z552 108 34
SF =8 3mLE Yl 250 rpme] £EF wRkSHH, %
25~28%2] NH,OH (Daejung, Korea)s o= 20l &4
A F8HE 2Fo|=F o]-&35t pH 8°] H wi7hA] A
7htath AR B SRS o83l 33 At
QEA 60°CE 24A7HE AZXE X3ttt o]

H

S 2 ¢S Sl ¥ E (box furnace) W0l Fs}

.

3L 7] 971014 10°CAECE 500°C7HA] 52 F- 5A%E
B A EE WPt g FEv 54 BluE s
s 2 Axsglon, ol Ay 89 sd%
Z7A 3l fEEF o2 FU3 99| anatase TiO, e &
uke 35}l ]g: Z LIRS o] 83t rutile TiO,
0.5 g9 e &9 9 dxste] Azt

A Z% rutile-anatase coupled TiO, =H2] A TZ= X-
2 3872 7](X-ray diffractometer, XRD, D/MAX 2500/PC,
Rigaku)E ©]-8&3l] 2% 01, rutile-anatase coupled
TiO, F22] njA| 2= FAPIALE ] 7 (Scanning electron
microscope, SEM, JSM-6360, JEOL)¥} F3}ZA}& w7
(Transmission electron microscope, TEM, JEM-2100F, JEOL)
< o83t wEATH

22 ZE0 §H YIt

5 54 Hrtele &% 97%9Y HWdEd EF
(Methylene blue, Daejung, Korea)S SHTE ©]&3] 10
ppm O & I A7l 8-S ARSI 0.05 g9 rutile-
anatase coupled TiO, +23} 10 ppme] #Ez EF 8-
100mL’E* Hlo]7 o) Y& 3 g e ol A i%ﬁ}ﬂ"]‘ﬂ
o]-g3t] 25IE 103 7HlFo] 4 B FEHA
w3k F2l o3k HFE Abdetr] fls) AR wyky
Hal 250 pm 2 3| FAIT|H 2A17F FRF SHel]
wel Wgdl EFE 8% SR §3e] B¢
rutile-anatase coupled TiO, 22 oA 365 nme] I}
FE 2t AHAS 10em A A Hd) 3027HA] 5%
9 E Ao, Z47be] 82 UV-visible %37
(Agilent Technologies, Agilent 8435)5 A}-&-3lo] wjdzl
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Fig. 1. XRD patterns of (a) rutile-anatase mixed TiO, powders
and rutile-anatase coupled TiO, powders synthesized by using
surfactant of (b) 0 g, (c) 1g,(d) 2 g, and (e) 3 g.
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a9 12 AAZAEAI triton X-1002] H7FES 228t
2HA33} rutile-anatase coupled TiO, 23} 2O 2
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733-o| A= anatase TiO,2] Y=o} FAko] Fgke == A
o7 ¥R JOorE SEM ¥4& Tl 7t £ e

vAFERE FA8ReH, 1 ARE 19 22 YERSL
o} WA, fEA o =Z A3 anatase TiO, U= YA}
rutile TiO, T2 54 TS dE2T FL(HE 2(a)9
7d-¢-o|= anatase TiO, Y= YA} rutile TiO, ¥23} o
At EdH A KXot FHZA = °F 20nm F7]9]
anatase TiO, W= YAE°] S50 % nm 27]9] &
HAR EAskE 2oz FRlEAnt. vl 27 2(b)9]
ARLGEAE H7FekA] Rl anatase TIO S AT EFF
Hto]l Ao= €A H anatase TiO, W YAFE©] A9
EAEEA] &kom, 1Y 2(2)Y xR ol HS)
anatase TiO, Y= YAFE©] AN O Z rutile TiO, £
9] FHo) FAatE]o] A3t} ©]= anatase TiO, W=
AAFe] A9 Ti(OH),7} rutile TiO, E2e] A
2 3 S Tl 34 2 AAsAr] WE] e
2 oA B3 triton X-1000] 1 g® H7FE ™ 2(c)
o] Afole A7t HrbeA] 2 4 mpzvt
A2 239 anatase TiO, W= YAFSo] SolxA] kgro
), AHEAGA7F kA 82 Bl BIE) rutile TiO,
o] o) AjF oz e k9] anatase TiO, U=
JAE TdstA A=At olE st A= AHE A
5 7S o AMEAEAY AF7]E rutile TiO, 22
®W Zo=2 wdsta I57e ST Ho2 wEsHl
Sl o] ¥ F471= anatase TiO, W= YARe] 4]
2l Ti(OH)S] A& Z7]9l| o]5S F& e 9&S st=
Z[21], Z7H 2 2 anatase TiO, W= JAFe] S o] A

Fig. 2. SEM images of (a) rutile-anatase mixed TiO, powders and rutile-anatase coupled TiO, powders synthesized by using

surfactant of (b) 0g, (c) 1g,(d) 2 g, and (e) 3 g.
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T, &3] rutile TiO, £¢2] ¥WHol anatase TiO, Y=
UAZE A At e Aoz . 2y A
dgA o] bl A F7ebd ' 2(d) R (o)<t &2
°] rutile TiO, &'22] W] 9JX|gt anatase TiO, U= ¢
A} olYjo = HEHOZ 4] nm 7|2 3K E anatase
TiO, Y= YAEo] EAlshe o2 IR, AHLA
AE 1g 7S wol vlal Fiz o=z Fiter) A
ke Aoz dEn) ol AHEAdA|e] HrlEe] S
gl we} ARE/3A 9] St AAl micelle = o))
Heg AW} rutile TiO,2] ] vjdE wjo] 7]
22 AU A (Gibbs free energy) E.T}F micelle 725 &
A W] A& Ao |A|7E EolA Al HaL o] 2 1)
rutile TiO,2] Xl SZH AAEAA] o]0l micelle T
25 P8t e ARGAEA & =3 78] Wi
Q Aoz e} o]FA AWEAAY HrbFe] S}
gt whe} rutile TiO,2] W} 8- Yol o] AHdLAdA]
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A 2] 3142719 anatase TiO, W= YAFe] H7A)
¢l Ti(OH)/} AEEEE rutile TIO, F'2He] EH 0] 20
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o) EAS AVBAAL 1 BASAL W7} A1 S
stglom, ARBAAE 2 7} 3¢ A7FE ASolE 1 g F

—a— (a)mix
104 —e—(b)0 g
—A—(c)1g
—v—(d)2g

0.8 = +(e)3 g

0.6 =

c/c,

0.4 -

0.2 -

0.0

Time(min)

Fig. 4. Photocatalytic activity under UV light range of (a)
rutile-anatase mixed TiO, powders and rutile-anatase coupled
TiO, powders synthesized by using surfactant of (b) 0 g, (c)
1g,(d)2g and (¢) 3 2.
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Fig. 3. Schematic diagram on the effect of surfactant addition for rutile-anatase coupled TiO, powders synthesis.
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Fig. 5. TEM images of (a) rutile-anatase mixed TiO, powders, (b) rutile-anatase coupled TiO, powders with surfactant of 1 g,

and (c) High magnification image of the red dotted line of (b).
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