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AtaHE o] 5ol HIeREE ofsle] FAlo G B Elskilnt.

Abstract - The relationship between the relative amount of OH radical and the degrees of non-stochiomgtyy, li@s
studied for the commercially available 3 photocatalytic,fi@wders. The presence and relative amounts of OH radical were
confirmed by SIMS and XPS techniques relatively. The OH radical occurred instantaneously was reacted with the spin trap-
ping agent, DMPO. This caused more stable radical prior to analyzing the Electron Spin Resonance (ERS) of DMPO-OH using
EPR Spectrometer. Comparision the data of XPS fogJiQ, and ESR for DMPO-OH showed that the higher the degree of
non-stochiometry TiQ the more the OH radicals in the slurry. In addition, the dispersibility of the powder in the solution
strongly affected the total surface area of particles and consequently the amount of OH radical, since the radical always
occurred at the surface. Thus the decomposition of 4CP was influenced not only the degree of non-stoichigrbetryhEO
total surface area of particles.
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Fig. 2. Mass spectra of TiQ samples by SIMS.
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Fig. 3. Deconvoluted XPS peaks of Ti 2 and O 1s of TiG, samples.

538 56 54 52 50 sB 00 RM &AM

Binding energy (eV)

Table 2. Areas and binding energies of deconvoluted peaks of Tigpand Ols peaks of XPS of Ti@samples, and calculated TiQYTiO, and relative
atomic mole ratios of TiO,

Sample i Ti 2pg5 ] _ O ]_-S T2/T1 OTi atomic
T1(TIO,) T2(TiO,) 01(TiG) 02(TiQ) O3 (Other) ratio of TiG,
P-25 B.E. 458.6 456.8 529.8 530.6 532.2 0.338 2.094
area 6342.5 21444 4869.2 5466.6 5684.9
NT-20 B.E. 458.6 457.6 529.5 530.3 531.9 0.469 2.192
area 8711.4 4087.0 7001.3 99314 4571.3
NT-C B.E. 458.6 457.8 529.1 529.9 531.0 0.681 2132
area 12534.1 8530.4 9800.1 13666.6 3266.3

*B.E.: Binding energy(eV) for deconvolution
*TiO , atomic ratio: (O1/0 sensitivity factor of 0.66)/(T1/ Ti sensitivity factor of 1.8)
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Fig. 4. Narrow scanned XPS peak of C 1s of TiDsamples.
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Fig. 5. Electron spin resonance spectra of DMPO-OH radical adduct
after UV irradiations of TiO , samples.
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Zile £25 FTMAE 3o dujx] e r 212,13, 16, 22]4t
& dlzkE el ofs) z HE 2k HldESdd TIOE el /e
TiO, Al B 712402 FHo] 2 OH & /HA UV A} A] Bt

2558 M41A 25 20034 4%

o118 - 7193 + o]

wg) - AR - S

P-25
10
5 Stirri
z il
E 6| sonification
L
Fan
e I L 4 I i R o AR AR i
o 1 2 3 4 5 a8
Particle size (pum)
Wb
z NT-20
Sanification
wl
p Stirring
£ 5l
&k
E d
2_
EI_ 1 1 1 1 1
a 1 2 3 4 a5 [
Particle size (um)
1zt Sonification
| NT-C
1ok Stirring
E B
E |
4L
2k
I:I_I- i A 1 1 1 1
0 i 2 3 4 5 3

Particle size (.m)

Fig. 7. Particle size distributions of TiO, samples with mixing condition.

Be 24 OH radical ¥ + 912 2102 2P, ol K A
el RuG, = 110,90 EujAd AtslE = (catalytic oxide electrodd)
A 27 AT 10 OH-2 E3sle] 471388 02 OH radical
= A7) S8t skebe HIREA AskE ARl MOy Ba g A
oz dHA Ur}23-27]. B dToe AAHoZ UV A 28]
AEE AE ¥do E3E OH 258 449 Tio, A8 ¥He
OH radica?] -2 7gsto] B3kt Fig. 2} 39 d3llA vehd Tio,
]§4 g]rzﬂ—x% H] d:igoﬂ u;}a} uv Z/\} }\] /\gﬂﬂ‘- OH radlcaﬂ Oko]
ek Zlog JAH AT OH radical- B9 skal ofg- o] &o.
=2 DMPO3} 728 spin trapr &S AME-5le] OH radica® SFg2tA]
# OH radical- #91& 5 UT}17-19]. 450 W lamEF¥E UV/F &=
Al BHollA] ACPT §l= P-25, NT-20, NT-C TiQ slurry S| d5.E



FEale) 35} HIE 54

w72 0 2 samplingdle] DMPO2}F 3 A1 OH radicat] DMPO
spin tragf Al g 8-H 2] ESRe] S4E A7 Fig. B Vel it Fig.
5% DMPO-OH adduct ESH A& A< 1:2:2:1[17, 288 && 7
© 3 2AERSE B Fed, 929 drid =271= A74E OH
radicaP] ol g Fabhvt. shehd kR 4tsEQ] Tioe] B
NT-C¢] A &M 9A] 714 & DMPO-OH adducH =7} B.o]x, TiO,
o] 7} 22 P-28] A 84 DMPO-OH adduct] =7} 71 2A b
EPd-S 2 2 it} EAME Tio, B F YAME Uvel mad dvto]
B3sk= A, slurry W] FFme] eFo] F6] TAtE o] vk 71 st
o, oJE g 7 Uvell 8 ke 2 A= BR-7] W Tio, BH
Ae- A9 Hsd Zlew AAEH, Fig. 314 2795 OH radica#]
%2 OH radica®] A3l F3E F+= TiO, 19| 5 v|YE&
of vlge o2 B7HET) Fig. 314 &799 OH radicad] 4ol =
71¥ Fig. 2} 39] 27} 7Ho] NT-C>NT-20>P-25] s24o]t}, o] & 2
FHEAE] 2& anataserHE 7 HEE TiO, AR 57991 38k v
YEA wt UV ZAESE A= OH radicap] 84S 9aF2
WwHe-g d 4 AUk

OH radical- 2 A5t oJ5) 450 {5 e F71&E8 7]
BHo 7 ool 22 FeAE F U 20R dEA AUrHl-
20]. Fig. &= 2+ 1.5 gl9] Tio, slurnyell 2Js)) Hai= 4CP] TOC
o] AALe] Vel gtk TOC A A& NT-C=P-25>5NT-2@] 0=
YUERT) 4CPE TiO, YA HolAl AAE OH radicat] £J3)] 3
Haz, w871 W slumy@] E Tio, Y47 BE £58 FHo|ng 7
< YAt s4E EE5 uvel of7] "Eva 7PgsEtd, 4ACP1=E
-2 slurry W Uvell A== 987 W Tio, YAke] 4lA) & %
A7} TiO, YAk 28hs u|Zgd e OH A&l vad A
T A7} oA Fig. 2F 34 P-28Y 38h] BIgEES B
TOC A|AE0] £ olfx 5 TO, F=2 7= slurry o] A
YA digt UV 2AF EEA 0] o) & p-252) 35k v UESS
SR AA SY 53 oA AdE = OH radicad] o] BopA]7]
202 FAHHL) olF Flslr] 95t slurry Az A4 HA
Sl Fol FAHE TiO, YA+9) A7 E Y= 1497 (particle size analyzer)
£ o]&at &% AU} Fig. Pl VERY 9AE 1 H gho] Table 3
o UERt St} SEMS F38te] S99 7 AR Az ZA YAt
2] morphology} 717} Fig. 8% Table 3 vteR} S

NT-20, NT-G] A B F3& AA S A= 2 273 -0.1ume}
-0.5ums] YAE°] 2% (agglomeratioryl Holz] Fe)= wolu}, P-25
= @dYAet S5 "Holg)9) AAVE BEE e ulg- mAg YAEo]
AAA &A= o] Art. TO, slurry 8- =% v} TiO, Al 55 ¥4
244 w72 Wake 5l o]F Bk g3 BARS 98 2w Wit

o 2 M

=

Fig. 8. SEM photographs of TiG, samples.

Table 3. Average size of crystalline, dry particle, and dispersed particle in solution of TiZsamples

157

Crystalline size by TEM Single particle Agglomerated particle size Mixing Dispersed patrticle size in solution
0.52pm: 46%
4-5um M 2.49um: 54%
P-25 -20 nm
M+S 0.34um
-0.1um 2-3um M 2.96pum
NT-20 -4-5nm 2779
O M+S 0.48um: 77%
2.96um: 23%
0.4-0.6um -8 um M 3.8um
NT-C -25nm
O M+S 2.09um

*M: Magnetic mixing, S: Sonification mixing
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Table 4. Relative ratios of total surface are of particles in the slurry, total OH radical generation, and removal yield of 4CPOCC of TiO, samples

Relative ratio of total
surface area

Relative ratio of generated
OH radical at TiQsurface

Relative ratio of
ACP destruction

Relative ratio of total generated
OH radical within reactor

Re_2s/p-o5 1 1
Rur-20p-25 0.3394 2.576
Rur-cip-2s 0.1672 6.551

1 1
0.874 0.819
1.095 1.017

T A, Bl BAHE YA Ale ZF 2t ’\*EH o wp}t 27] SEMPY
A Be =27 B 2 2@9HE Fig. 8% Table 314 & < it P- 25
9 Ag 27] 43849 A EY A7]= 4-5um ]&’i—o— bl FolM =
o W F slurry AdellA 9] Ha A Y ]—3'.7]-1:— 2F 0.34um 7§E
2 NT-CY Z4t AR 4 2A 22
# morphology’dlell @&-g 7] ﬂwi AT, P25 AM4
Bk A] TiO, YAt A7) A 0= 0.52um 46%, 2.49Um 54% T4
o] 9lom, NT-202 M4 wik & 289 wukg Wal§-S v 0.48um
77%, 2.96um 23%= -3 271 ¢] H+ YA Z71E Zhe -3 (bimodal
size distributionf H.5t}. o2l Axw= o Fof B4 Tio, A&
A BHA-S Td] SEM AolA Kol YAk 27 Ruls ot A
el & A L Fof A YA AR Ao Sk
ZF8% A5 Kol Aotk Slurry & F9] YA A71E 9 2.
B2 7t NES buk BEE ¢ oW dAT FFE0 AR FEE
Zhe slurry W] A & 4ak WA HlE AL 4 SAt) Table 4]
= 5Ye TiO, slurry Fx=oA] Table 3] YA =719} Fig. 91 YEk
@72 A5 =349 bulk densityghg &3l P-258 7FEoE At
A slurry Wl & Y42+ THA 9] Al vl gro] vl vt Table
3 BEo] P-28 slurry W YA+ 2717} 7 Forw P25 59
ZF YA MRS NT-208 NT-CY] Z4- B} 7zt oF 3, 5.9 A= o
A Vet Fig. 31 Rol= DMPO-OH] ESRAHER 3]29] AF
=71 TiO, YAke] 38l BRS¢ 2jolof 93] Tio, EHel
w=7rHo 7 AAE OH radicad) A3 g ov)shs 202, Table
49 = g-factor 2.0031 2| SAHE 7 A1 82 AhA grol vehd 9l
ot w371 W slurne] & JAHe] AdTiA WA ), JAF EHeA A
ZJ¥]= OH radicaldt)d ke &7, A A5 w371 W slurry]
2= TiO, A mE &2 82 OI_E 2E 2t 53k ﬁgi
uvel «7] Fvke 7185 AREslE g W W *@”ﬂ% %
radlcam }d—ﬂ]ﬂ ot__ 7:]]/\]- 3} _/‘I: 9)\\:]_. % ]_
71Rel ] BAE OH radical}t 4CPT F&8he 3] v ]ﬁﬂr 4, %l
A%k A7) Bajd 4CP] %k 5 ] WA= 3 OH radicad] <
o HlEA T Aoz MztEr) Table 415 P-252 7|&02 A7 & A4
2] OH radical¥z 4CP] TOC A A&2] Vel §lt}. P-258 7|50
2 3 NT-CY % A4 OH radical= 4CP] TOC A ALY vl= 7+
7} 1.09, 1.022 °]& 3k ¥l7F A9 7+, T NT-208] 7%= 0.87, 0.82
Ax2 A9 ), o|FA AlkE F A4 OH radicald#} 4CR] TOC
AL ¥7} 2ohe AL ACP) Ha&d) A18-d OH radicad] 28-S
TiO, A& 5}6“4 H|RE83 slurry e Tio, YAk & EHF e
Z (productyl]l Hl# gl 21 oJw|giet, oo AFHERSH f71E
£ #3)= OH radicali/3oll B2 F+= TiO, YA W] 2k vk
B4 AE3 o]& YAEC] slurry FEE 2438 W) A =71, 5 A

A A FEH) FFE S & Ak

4.4 £

&) TIOR! P-25, NT-C, NT-208 ol th3l XPS?] 3= 289} SIMS
o 2J5] &H slehE v|YgE AR AEE TiO, A=A 77 £
A8l 1 A= NT-C>NT-20>P-25]91t}. ESR ole) A&d

ofn

sl5ta 8l H41A 25 20034 43

zZ} Uvel AEH 287dE OH radica®] 4 42 TiO, A5 54
H]FE-go BT} OH radicat] 2]gh TiO, slurry v} 4CP#3)&
< TiO, slurryll #4HE 4Ake] & WA=} Tio, Al 59 254 ulek
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