Korean Chem. Eng. Res., Vol. 46, No. 3, June, 2008, pp. 479-485

ool2ESE0 2lgt Cksd Tio, =22 M= X 5=54
e - FEIST - WAST X 2 - UK

A AALAT e E AT
305 350 tiAl FAT 7HEE 30
gt shagve 5t
121-742 A&A] PRI A55 1
(2008 1€ 2 A<=, 2008 1€ 18U e

Fabrication and Characterization of Porous TiO, Powder by Aerosol Process
Han Kwon Chang, Hee Dong Jang', Jin Ho Park*, Kuk Cho and Dae Sup Kil
Nano-materials Group, Korea Institute of Geoscience and Mineral Resources, Daejeon 305-350, Korea

*Department of Chemical and Biomolecular Engineering, Sogang University, Seoul 121-742, Korea
(Received 2 January 2008; accepted 18 January 2008)

FO

oF
2

Aerosol templating S 0]&3}01 T 50 UEA §A(Tio, Lhed/PS F2ol= &3-g-9 9 TTIP/PS &3
g-ol)© ZHE] mesopore 2 macropores A1l 7HA= B Tio, ‘4-_1_:15]4] 4 AZ3IIT Tioell st PS
o] ] 9 wkeY) 257 thaA vie A 22l SA6 niXlE 93RS AL Tio, e ds
EAZE AR A9, PS/TIO, 77 SIS 0.79914 1.312 F7FA3 e wfet macropore«] <7V} SEME E3l o
2] o v A A 3} mesopore volume ZH2} 31.6 m¥/gellA 39.1 m¥/g &, 0.068 cm’/gollA 0.89 cm¥/gC = 57}
SIS TTIP A5 ARESE -4, SUxANA] Alxsh w22] v]3EH 4] 9 mesopore volume®] 217}t 67% 4 75%
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Abstract — Porous TiO, nanostructured particles containing both mesopores and macropores were fabricated by uti-
lizing an aerosol templating method from two kinds of starting materials (colloidal mixture of TiO, nanoparticles and PS
particles, and that of TTIP solution and PS particles). The effects of mixing ratio of PS to TiO, and reactor temperature
on the particle properties were investigated. When TiO, nanoparticles were used as starting materials, the increase of
macropores number was observed by SEM and the specific surface area and total pore volume were increased from 31.6
m*/g to 39.1 m%g and 0.068 cm®/g to 0.089 cm/g, respectively, by increasing the weight mixing ratio of PS/TiO, from
0.79 to 1.31. When TTIP was used as precursor, the specific surface area and mesopore volume of particles prepared at
same condition decreased by 67% and 75%, respectively.
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=27] Alofell thgk A7} =3 =] TH15-18]. Sphere templating
12 polystyrene (PS) =2 polymethyl methacrylate (PMMA) Y=}
59 122 799 /7] 8 (organic template) TS o]g310] &
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7Fe 3 18].
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Method I : TiO, Sol+PS
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Fig. 1. Strategies for the preparation of porous TiO, nanostructured particles by an aerosol templating method.
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Fig. 2. A schematic drawing of an experimental apparatus for the
synthesis of porous TiO, nanostructured particles by an aero-
sol templating method.
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Fig. 3. An axial temperature distribution of the electric tubular fur-
nace in flow direction from the furnace inlet when the furnace
temperature was set to 600 °C.
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Fig. 4. SEM micrographs of porous TiO, nanostructured particles
prepared from various precursors having different weight ratios
of PS/TiO, ((a) 0, (b) 0.79, (c) 1.31; PS diameter: 160 nm; fur-
nace temperature: 800 °C).
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Fig. 5. Pore size distributions of porous TiO, nanostructured particles
prepared from various precursors having different weight
ratios of PS/TiO, ((a) 0, (b) 0.79, (c) 1.31; PS diameter: 160 nm;
furnace temperature: 800 °C).
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Table 1. Specific surface area and pore volume of porous TiO, nanos-
tructured particles prepared by Method I

Temperature Weight mixingratio Specific surface Pore volume [cm™/g]

[°C] of PS/TiO, [-] area [m%/g] Total ~ Mesopore
800 0 34.8 0.179 0.143
800 0.79 31.6 0.133 0.068
800 1.31 39.1 0.136 0.089
600 1.31 422 0.202 0.105

o} oA o] WA T total pore volume % mesopore
volume PS/TiO, =&H|7} 0.79014 1312 S7Fgel wet 2H2t
31.6 m¥gollA 39.1 m¥gC &, 0.133 em*/gell A 0.136 cm¥/gC &,
0.068 cm’/gollA 0.089 cm’/gl & Z7}algit). £3] pS BUS &
H3E A9, PS Wi T8 9 -9l B3l total pore
volume®] 2F 26% 7+4~3F WHH 50 nm =17] ©]35}2] mesopore volume
& 9oF 50% FrAsioict. olest A¥E A 2 pS wEe] &
2 PS o] AA|sk= F-9WHE mesopore®] F-9E A7),
PS/TiO, €31¢] Z7H= mesopore =7] & macropore®] 73] 7}
7y Z7MAZITAL & 4 Qi) o) Tio, thieEge] PS i Alo]
o] F=ell T3 v pSe] EAN7E TiO, Vi) S8 Wahsh
o] TiO, Wit 2e] FX18-2 74417130 mesopore®] 715 57+
A7lE o7 oA

87 %71 TR Tio, i Azl v F3E T4k
213, Fig. 49 27104 PS/TiO, <3| 1312 A8t ¥H-37]
255 600°CE TaAA AxI b3 id 22 pore size
distributions Fig. 691 B]waled vERAIEE. BES7] L7} 800 °C
Q1 7d% mesopore®] 3=°] macropore =171 &I LFERT WbA|
TAEAN W] 2EF 600 °CE TAAZ A4, oF 30 nm -
ZollA F 937k et o] W7 255 800 °CellA] 600 °C
EEEE AAAFE A SuledSETt iAo ® A PS
I AJole] Il FFXERE TiO, Wie@e] F780] FolAA
mesopore®] F=17| JOT F 7} o]FH F o= Akt
TS -2 55 HAA1 7ol W total pore volume ! mesopore volume
o] 7} 49% 2 18% S713ISiTt.
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Fig. 6. Comparison of pore size distributions of porous TiO, nano-
structured particles prepared at different furnace temperatures
((a) 600 °C, (b) 800 °C; PS diameter: 160 nm; PS/TiO, ratio:
1.31).
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Fig. 7. XRD patterns of (a) commercial TiO, (P25) and porous TiO,
nanostructured particles prepared at different furnace tem-
peratures (b) 600 °C, (c) 800 °C.

7] 2571 TR TiO, o] Aol vl A= ke AL
3171 913l 600 °C 2 800 °CollA] A|x3 Tt Tio, el XA
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Aojelx) g7 v wakdvhFig. 7). Sl P25 anatase Y
rutile 27930] EAlE A5 BYloH, vh7] &5 Wil np
2} Ti0,2] Y52 AME A4 Tio, w2 A % ek o
B 4] ekokrt. o] vkl A4/ wgiglo] vt 5495 A
W ZoiRgo] SENS= o]ttt olgf gk Ay & ATellA
AEN3t aerosol templating H= F8F0] Lol A S84

& FUAACk & % ok,

3-2. TTIP 8% 3! PS IX[e| 220|= SUCZLE CISA| HIZE
TiO, ATAZA & TiO, Wit AMgshs thal TTIP €
MS AFZ AR TiO, tha Al AZRAHS e th(Fig. 1
2] Method II). TTIP 5% 0.1 MZ 3} ¥+-37] &% 800 °C, &
HHy7] 9 1 /min®] 273904 PS/TIO, (PS 47 200 nm)] 5
Al ZFME 00llA 352784 WS 7|EA Az Tio, TheA| -
2] SEM A3} pore size distributionS: Fig. 8 4! Fig. 91 24z}
vEhieiet. olwl, PS/TiO,2] FA &£3m]= TTIPS] Tivl $413]
TiO,= FZHATh= 719 stell A==t 499 Tio, 22 3
78S PS i E3hlell #Algle] o)l en PS el E3h)
7} S7EE O Al 8 5 macropore?] 7T SRS SISk
T USUkFig. 8). TiO, et ds ARE A3 Method 101 H]
3l =)= PS o] o] HZolE E7-8F3L macropore®] T3
£ ATk ey A 317 3,529 Aol 78 B
FABANE LR ol = macropore®] -3k 7| Lojyitt, o]
AL et FYU pS o] TUEWA macropore®] TEE T
A7l 20 & I Tio, Wit s 95 = ARS-3h= Method
PAE S T Al) ] F=71e] sl FXEE TiO, et de]
A77F A 02 AX FFIgo] Bk HHA, Method 11914 TTIP
SN0 ZHE bottom-up TF L= TiO,7} A= E macropore?]
TEE AT F s PS ZF7L R o 8 Flojrt.
Method 1FE &38to] A|Z3t 22 pore size distribution 5784

Fig. 8. SEM micrographs of (a) TiO, particles prepared without PS
and porous TiO, nanostructured particles prepared with var-
ious precursors having different weight ratios of PS/TiO, ((b)
0.79, (c) 1.94, (d) 3.52; PS diameter: 200 nm; furnace temper-
ature: 800 °C).
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Fig. 9. Pore size distributions of TiO, particle without PS and porous
TiO, nanostructured particles prepared from various precur-
sors having different weight ratios of PS/TiO, (PS diameter:
200 nm; furnace temperature: 800 °C).

HE B, PS S E3SHA] kelE 3~5 nme] mesopore”’t
S gl 4= AThFig. 9). oy B5E vESER A
of Wil TTIP7} Fialisl= 2ol o, 77 wgshy] o
ol 58] A2 mesopore”} E UlFell AE AR st
PS S E3NA Az 222 B9 ¥ macropore”} wE
UiFellA e Co, 7FAS] WiEEE 9EE b7 wiitel Al
mesopore”} A48T}, 3HH, PS/TiO, 517} 0.79904 3.52% 5
7Fe4% 10 nm ©]°42] mesopore 2! macropore?] 317} 5715}
Slot, T3k ko] 3R A | total pore volume % mesopore volume
o] Z+7} 10.4 m%gellA 25.5 m¥gC 2, 0.020 cm’/golA 0.061 cm’/g
OF.0.017 cm¥/gollA 0.044 cm’/gCE F718ISIvK(Table 2). ©] A
& PS o] e wf F=2] AWE o] F TiO,oll mesoporeE
HAA)7]aL PS HT0| close packing®| WA =AW FAS =
o]7] W]l A o2 At $hA, Method 1ol 23l Azt
o] B]¥EHA 4 total pore volume> FLF71I4 Method 12 &
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Table 2. Specific surface area and pore volume of porous TiO, nanos-
tructured particles prepared by Method 11

Temperature  Weight mixing ~ Specific surface Pore volume [cm’/g]

[°Ci] ratio of PS/TiO, [-]  area [m%/g] Total ~ Mesopore
800 0 149 0.026 0.022
800 0.79 10.4 0.020 0.017
800 1.94 19.5 0.053 0.041
800 3.52 255 0.061 0.044

Intensity

26 [degree]

Fig. 10. XRD patterns of (a) TiO, particle prepared without PS and
porous TiO, nanostructured particles prepared at different
furnace temperatures (b) 700 °C, (c) 800 °C.
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