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Abstract — Titania nanoparticles were prepared by controlled hydrolysigapfium tetraisopropoxide(TTIP) in PFPE-NH
(ammonium carboxylate perfluoropolyether) and PDMAEMA(poly(2-(dimethylamino)ethyl methacripk@epMA(poly(1H, 1H,
2H, 2H-perfluoroocthyl methacrylate))/Water-in-CarbonDioxide Microemulsions. The physical properties, such as crystallite
size and crystallinity according to Watio have been investigated by TGA-DTA, FT-IR, XRD and TEM. In addition, the pho-
tocatalytic degradation of p-nitrophenol has been studied by using batch reactor in the presence of UV light in order to com-
pare the photocatalytic activity of prepared nanosized titania. The residual organic compound and hydroxyl group were
completely removed in calcination temperature from the 250°@%ind the amorphous phase changed into anatase structure
above 45(FC. The crystallinity and crystallite size of n@particles produced in water-in-carbon dioxide microemulsions
increased with an increase of the Wdtio. In the photocatalytic degradationmhitrophenol, the photocatalytic activity is
mainly determined by the crystallite size of titania and the reaction rate increased with an decrease of crystallite size.

Key words: Titania Nanoparticles, PFPE-NHPDMAEMA-b-PFOMA, W/C Microemulsions, Photocatalytic Degradation of
p-Nitrophenol
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Fig. 1. Chemical structure of PFPE-NH, and PDMAEMA-b-PFOMA.
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Fig. 2. Schematic diagram of experimental apparatus.
1. Low temperature 6. Magnetic bar
2. High pressure equipment 7. Water bath

3. Inlet 8. Stirrer
4. Pressure gauge 9. Outlet
5. Reactor 10. On-off valve
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Fig. 3. Preparation procedure of TiQ, nanoparticles by W/C micro-
emulsion.
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Fig. 4. Schematic diagram of photocatalytic apparatus.
1. Moisture trap 6. Mercury lamp
2. Metering valve 7. Water bath
3. On/off valve 8. Magnetic stirrer
4. Three way selection valve 9. Bubble flow meter
5. Syringe
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Fig. 5. TGA-DTA curves of nanopatrticles prepared using different sur-
factants: W,=20, R=2, (a) TGA, (b) DTA.
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Fig. 6. FT-IR spectra of nanoparticles prepared using (a) PFPE-NH
and (b) PDMAEMA- b-PFOMA(W =20, R=2).

TR AF0lE oF 480°C o] 2molA] doldthy Bwsta 9
ot wEbA] B ﬁ%oﬂ Al Alz8 Tio, A= 500°CH 4] & &t
anataseddT+EE P U & 5 Avh T Wl ¥7t S0
UHE Sz} 25%] 1 A Uehvhs (101 9] BlaRede] BESRE 3

S 2 e o3l YA ARAe] FU1E] MELE A

Table Pl AlzE YA-e] 2494 9 Scherrerd] o &3] AltE YA
9] 2715 VERHSITH18].

zhze] Aa8A] ARl of3) AlzE Y= W, HI7F S71k] m
o ¥ Be A 2)E FUkeReH, gk PFPE-NHE AH-5t¢] A%
H 421 12 nn¥llA] 18 nnE, PDMAEMA-b-PFOMAS: A5 A]
WA= 9nnellA] 17 nni g A9 327171 22t Sl o9

e wolARAHE AN 23] v UR AEA] R, 95
W, Hl, REI7L 548 A9 AH8-F o7 A &/dA el F5/d
ulgby] AR AT EERE Ae 9 5 9

3-1-4. TEME4]

WIC wlolZ2 A AL wh-g7] W 2714 sldsle 4] AHEAA
o} & A7k & o2k §‘rL = #ﬂ?&ﬁé&'ﬁ BAEP L, oW TiO,
A=A TTIPS 3 H-gol) ©
A}, o} wker)<] cgﬁ 4,000 psﬂw of 3027+ waket
< 735 FHIA o5 s et Walo] Qxr} o] ikalekas A
o] uie- e EAl FakE o AUSATE. webA] AEEA] PFPE-NHQ‘r
PDMAEMA—b—PFOMA% o] &ate] RH] 2014 W, H]¢] ¥aldl] m& 2
APz 271, BoF AVRXE 58 s S8 é\f 2% 500°CE
A7t F TEM 43 432 Fig. 8, ¢} Table ¥ Z2F HeRA]H

¢

N

N

2 orlo it
i
g

it

Ao v 2719

olxkalElet 3 419

101] (@)
@ : anatase
[204]
= O,
> P11] \1/W° 20, 500°C|
2
g W,_=10, 500°C
£
sy Aoty s20 105°¢
10 20 30 40 50 60 70 80
2 Theta (degree)
®
(b)
@ : anatase
W, =20, 500°C
Furd o
= W =10, 500°C
oy
L
= A L W5 s00°C
i " W =20, 105°C
A.'.AAY._... A g A

1 b 26 30 40 50 60 70 80
2 Theta (degree)

Fig. 7. XRD patterns of nanosized TiQ powders prepared at different
W, ratio: (a) PFPE-NH,, (b) PDMAEMA- b-PFOMA.

Table 1. Crystallinity and crystallite size of nanosized TiQ powders by
XRD and TEM analysis

_ XRD TEM
Catalyst preparation

Crystallite siz8 Crystallite size

conditior? Intensity (nm) (nm)
PFPE-NH W5 134 12 12
W,=10 154 17 17
W,=20 191 18 19

PDMAEMA-  Wy=5 55 9 8
b-PFOMA Wy=10 106 16 12
W=20 130 17 18

a: calcined at 500C

b: obtained by Scherrer equation
c: anatase peak intensity #&25°
d: mole ratio of water to surfactant
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7t SR YRATREE #YsiATh BE A ar)e W, E7E S
Vs SUvehe AES YERI S, PFPE-NHE AM-8te Az
# 92 12 nnllA] 19 nm, PDMAEMAb-PFOMAZS A}g-5te] 7|2
A YA= 8nnellA 18 nmE 77 FUbskgat. o159 A S
XRD #3914 Scherrerjol] &&) AXE Ha-Z2d=2719F 79 LA5F
= 718 89 & 4 9t} Ed W Hld 2 1] m7|HEl= WO H]
7} &7FshH WIC mfolaz2 o dd o] 7iiafdl] ofshs YA

7](water pool size)s AR=H 7]91HE A ew AHE
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Fig. 8. TEM images of nanosized TiQ powders prepared at different W, ratio in PFPE-NH, stabilized W/C microemulsion: (a) W=5, (b)W,=10,
(c) Wg=20.
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Fig. 9. TEM images of nanoparticles prepared at different Vyratio and
PDMAEMA- b-PFOMA stabilized W/C microemulsion: (a) W,=5,
(b) W4=10, (c) W;=20 and (d) W;=20(without calcination).
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Table 2. Apparent first-order constant(k’) pfnitrophenol photodegradation

at different VY ratio

Catalyst preparation conditions K'(x¥nin™)
W=5 7.5
PFPE-NH, Wy=10 6.5
Wy=20 2.8

Table 2= AWEAA] PFPE-NHE °]-&3lo] A= el
pUERS = g 384 FEH-E gold Aoy, 747 SR
Ve A

2442 500°C, RH] 200141 W, B9l u}2 £2/53= W, H] 5, 10,
202 79 7.5<10°, 6.5<107°, 2.8<10° min =2 Z}7} 242 1S
oH, W, BI7} AAgrs SR 8T

o1 u]-x% e X=4 @76 :rLZ7]. %%_]%F} 73 T|OH 1:111:7]_ 01@6}Ei
A7) 7 AeE U W vy dEd dnr] $ude vk
T AaL, T ) Sl FAG WS 93] Ut SUEHER g
£t ARA it

FZm) W-g-0] A7) Fuf YA ek ABE ofEy] S8 o
A AE TEM 4 dzfe} v|wstd, W, v7F FadsE 4477
= FraEE 28 91 4 At

meb] WIC rlol Az d AW ellA] A3 PFPE-NHE: ©]-8-5t
0# %ﬂi% TiO= pHERHA =z theh e ghaolA S gt
17F wkgAel A= Sa8 QAR 2185t o9l

VU Aol pHERHAZ he F842

eI v

e
5%t anatase?Z:

),rll

& 73, AR YA 7 2 W=5, R=211A Alzd Fujst
& 75108 min =2 7P 9 o}oi’\:]—
4.4 B

W/C mlo]ARqHA-g o] 85t vhm 719] TiO, YAE A =x83d

o] W} AHEAIA 9 FF E Wy(H,O/surfactany] ] whE J7}e]

283 EA7 pUERAZY g F5a S tiE) Are A3
thed 22 AEE AT

(1) AHZ7A PFPE-NI—AQ} PDMAEMA-b-PFOMAS- A}-g-81] A
H A= 280°C, 350°C F-ZollA Fd AHB/A 9} FAbeHEe]
7t 72 Ao, 330°c 420°C F-2oflA v] AR FaofA
anataseT= A48 7}t AlZE o] 450°C o] dolA] vl A 727t
anataseT-%% 93] 7ol Frt. 3k AlFH Tioe] 94 A5
ARSE ] AHEAA Y] FFol we} G e F0E Ve

(2) AzxE = A= %LfﬂOW adsA AL, W, H7F
/YRS AT AR A7) BURIA Bd 2 A7) 8-19nm

2 rgt}h 287 WIC u}o]ﬂf—_oﬂﬂgaﬂ oA W, B]e} mlo]al g AL
|9 AHEAA Y] SRl metd YEEE, A9 =27 Tl 2
GRS A= 7l 2 vhelydtl.

(3) pHERA =] Fa] uk-&ella] W/C rlo]aR A ofa] A
29 the 2719 TiO, FiE W, ¥I7h Fads F8A0) $585)
o, TiIO, YA A7 17t AEFE A "A = F 0= vEpT.

i PN

7 Al

2 A+e %LP%‘?%?‘%PZH% E4 729 7(R01-2000-0032H A o2
o ZA=EHT

Ao v 2719

10.

11.

12.

13.

14.

15

16.

17.

18.

19.

20.

21.
22.

23.

24.
25.

26.

27.
28.

o)zkatElet gy 421

. Ogawa, S., Hu, K. and Band, A.J.Phys. Chem.,B01, 5707(1997).
. Torimoto, T., Sakata, T., Mori, H. and YoneyamaJHPhys. Chen98,

3036(1994).

. Arriagada, F. J. and Osseo-Asare, KCdlloids Interface Scil70,

8 (1995).

. Yasushige, M., Yasuhiro, O. and Yuki, J.: Nanoparticle Res3,

219(2001).

. Fu, X. and Qutubuddin, SColloids surf, 179, 65(2001).
. Holmes, J. D., Bhargava, P. A., Korgel, B. A. and Johnston, K. P.:

Langmuir, 15, 6613(1999).

. Consani, K. A. and Smith, R. DJ: Supercrit. Fluids3, 51(1990).
. Beckman, E. J., Hoefling, T. A. and Enick, R. W.Phys. Chem95,

7127(1995).

. Harrison, K., Goveas, J., Johnston, K. P. and O'Rear, EafAg-

muir, 10, 3536(1994).

Eastoe, J., Steytler, D. C., Bayazit, Z., Martel, S. and Heenan, R. K.:
Langmuir,12, 1423(1996).

Johnston, K. P., Harrison, K. L., Clarke, M. J., Howdle, S. M., Heitz,
M. P., Bright, F. V., Carlier, C. and Randolph, T.\8cience217,
624(1996).

Johnston, K. P., Harrison, K. L. and Sanchez, |L@gmuir, 12,
2637(1996).

Ziekinsju, R. G., Kline, S.R., Kaler, E. W. and Rosov, Nng-
muir, 13, 3934(1997).

DeSimone, J. M., Londono, D., Combes, J. R., McClain, J., Romack,
T. J., Canelas, D. A. Beyys, D. E., Wignall, G. D. and Samulski, &. T.:
Am. Chem. Socl18 971(1996).

. Palmisano, L., Augugliaro, V., Schiavello, M. and Sclafani,JA.:

Mol. Catal.,56, 284(1989).

Sclafani, A., Palmisano, L. and Schiavello, 3.Phys. Chem94,
829(1990).

Dicker, I. B., Cohen, G. M., Farnhan, W. B., Hertler, W. R., Laganis,
E. D. and Sogah, D. YMacromolecules23, 4034(1990).

Cullity, B.D.: “Elements of X-Ray Diffractidrdison-Wesley, Read-
ing, MA(1978).

Kumar, P. N. K.: Ph. D. Thesis, University of Twente, 7500 AE Enschede,
The Netherlands(1993).

Chhabra, V., Pillai, V., Mishra, B. K., Morrone, A. and Shah, D. O.:
Langmuir 11, 3307(1995).

Wang, Z. C., Chen, J. F. and Hu, X.Mater. Letters43, 87(2000).
Ohtani, B., Ogawa, Y. and Nishimoto, &.Phys. Chem.,B01, 3746
(1997).

Fletcher, P.D. ., Howe, A. M. and Robinson, B. 34.Chem. SocFara-
day Trans183 985(1987).

Fendler, J. HChem. Re87, 887(1987).

Barnickel, P., Wokaun, A., Sayer, W. and Eicke, H:FColloid Inter-
face Sci.148 80(1991).

Wolf, K., Yazdani, A. and Yates, B.:Air Waste Manage. Assp41,
1055(1991).

Turchi, C. S. and Ollis, D. RJ: Catal, 122, 178(1990).

Davis, A. P. and Hao, O. J.: Catal, 131, 285(1991).

HWAHAK KONGHAK Vol. 40, No. 4, August, 2002



	Water-in-Carbon Dioxide 마이크로에멀젼에서 나노 크기의 이산화티탄 합성
	이만식·이근대·홍성수†
	부경대학교 화학공학부 (2002년 3월 27일 접수, 2002년 5월 16일 채택)

	Study on the Synthesis of TiO2 Nanoparticles in a Water-in-Carbon Dioxide Microemulsion and Their...
	Man Sig Lee, Gun-Dae Lee and Seong-Soo Hong†
	Division of Chemical Engineering, Pukyong National University, Pusan 608-739, Korea (Received 27 ...

	요  약
	1. 서  론
	2. 실  험
	3. 결과 및 고찰
	4. 결  론
	감  사
	참고문헌



