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Tig 3 TR E2)8lel4 472> SEM, XRD, EPMA, ESR, EDS, BETS} -2 #2418 B3l 1 EA4S
otolr gttt 1 Av} Ti-H AR YA} F7]%= 350 pm~400 pm, B]EAZL 617 m¥/g o]91ow, Zl # EElrS
TiO, anatase FEIQ} rutile FEN7} TF o] F1L Sl5S & = Ik 7l B4 # TiOA= °F 6 wth= 7
§ HAER w3 @A @ S EPMA 45 FEl & 7 itk Tio] ESR A4S Fake] 1 AR]
FE S-S G 5 llon, mEbA 01313} @'L]’?:T——-: o g 5t ANk EE )89 HA(humic acid) 3
B3l qkgol gt 11 Ay, A &80] oF 70% AEE A RS Byt ol Wk FollE Ti-rE A

o] A=t Al FAH FEd Rhgelxe] g %“HEH 87 S BTk

Abstract — In this sturdy, spherical activated carbon(SPAC) contained TiO, was made by ion-exchanged treatment and heat
treatment for applying fluidizing bed system. The ion-exchange resin was treated by TiCl; aqueous solution. The treated resin
and raw resin were heat-treated under nitrogen condition to convert into Ti-SPAC. During the heat-treatment, burn-off weight
amounts and the element were measured by means of TGA and TGA/MS, individually. The physicochemical properties of Ti-
SPAC was characterized by means of XRD, SEM, EDS, BET, EPMA, ESR, intensity and titanium content. The Ti-SPAC had
spherical shape with diameter size about 350 um~400 um and 617 m%g specific surface area. Structure of TiO, in Ti-SPAC
was anatase and rutile form. Also, TiO, on SPAC were found that the TiO, were uniformly distributed through EPMA anal-
ysis. Moreover, the Ti-SPAC showed indirect photocatalyst activity estimation through ESR analysis, characteristics of pho-
tocatalyst potentially. Over all results, Ti-SPAC was used in fluidizing bed UV/photocatalyst system to remove HA(Humic
Acid). That results were HA removal efficiency was about 70 % and Ti-SPAC intensity was preserved during reaction. Ti-
SPAC showed practical possibility as photocatalyst in fluidizing bed system.

Key words: Spherical Activated Carbon, lon-exchange Resin, Titanium, Photocatalyst, Fluidizing Bed

LM E 2 97 Hollre) 80] ol =l thESIIL gz, 7)ol
et ofuiz ) Ropi| 2 SRS} s . 53,

Y B2 ARG LR, WA, WA ok Fofe] Bok  oulld W vl B of f71Es sy B9 el ot %
o1 2 284] Slof ez A olF] el stebal AROIe H o) Fope] el A1l 38 fdvanced oxidation proces
AOPspl et of] Az e Ael|45o] AT ok 1 F %

*To whom correspondence should be addressed.
E-mail: jksuh@krll?ct.re.kr FulE o] 85t FAe] 37 WA *-—‘% 4l LEjA] Yol glom,

375



376 oA - A -

AR ORA 09 24 % 9l vk A
F7goll sl Ealago] fsivhs Aol F2h A lrki1~2].
olz{3t %?‘EHH/UV WSO /)| Y| Fuk S A}L5t Hale
Hl(slurry type) ¥hS-7t BF50E AR Aol YAA AFgeR= 174
Hell(fixed bed type), T BAllol] 779A1F FE5ul7)T G4 © HHA
£ 852171 538 (fluidized bed type) 8- C= vro] A 42
Atk e Wkl 9 ulA qizke] & mAe| ol Fg)st
A o] Fo- Wb, FAkE iAtel] &3k WO F9) Ak ol
ol 4= QS Bk of g} PukS F n|AE JEu) YAS Fe
aF7] 919k B3 whallgh 45 37go] Arlolrh3~4]. whbA] Fu)
it e FRE whe-S &8 HolA feElsh kelA AuE +
HER el 382 *c}%ﬁ}olztﬂ 1Z 71X 3 Qi) o) st
= = Dol 137 o2 71

r&‘l
=
ﬂ
o M
:,ol:r

71e} ASHAIE 7181 gL ‘*‘E | F=mle] EAstel Aol
= Al
°]

Wi Eo] AAEL ATk
7 del olgHar e wAlele YA, At &, 7l
AL A T3 22 Zlo) Jlem, FulE aystehs W RE
71A1A 5%, CVD(chemical vapor deposition), 33 (impregnation),
Mz Zelxn) 7 58HY 318, oA 7EY So| A%t 1
et FEe] SAlES @t J_%i} AR A ZA ] e ol9lol=
5383k 7]50] glom, vse] Agjgt Bolu 7] T2 2l AAl
Hlzo] AA GAE FNEEE dlel #4k717] o]37] whitel E‘iﬂ
7} 5 5HA o= 31785 (fixed bed) FE] FHRSxE SEH T
o] FAEH B frs @ Elel vls A ago] srke Bs 7}X]
A= ‘/]%*é S ARE-ato] O]Eﬁ A A== 71l
LshdoRE, g5 143t W oR {7157] ¥RIY (binder)=
0|83t 7] 74]—. Y B sk IR v EAle] Ve
HRIE 7} wo} that/d A8 7138 HAAIZIA Y F5ul7) viel
U2 3] FgAo] AdfjEe Aol veld o lrk B3
WS T 2Rz ghgol| oJste] vl 7} el AL o] Whg-
FEu] 85 B E4o] A 4 Qe AR S kAL Qi ol
L Sl B vRIYE o]8sto] A4 3% $H(granulation)
sh= el sk Aokt olgh 3 WHES agsh B
o A3 FEFuE FARFN7] AL, AlxE @] 33 L
2 sAY A FelE FE o= AF3717) o 97] wliEel &3
TE WS Adlleh= aRlo® WA et 1 o]2lel] uiRItiE A
b ob= SN, A 22 A5 s S A5
n] GRS 2] ol e, W k] FEFuE @] A7)
5 o). FH ol ol AM-H I 9l Egk) IR VD W
79 P2 hao] e FAsH] BAA 4= glow, 11
EL ZHA & 4= QL FEu| o] PR A 2dsh| v
A z70] wlg- ZheREal 37ke] n) W A7) AL Hivk=
R AR =
ATl A= FEuE Gl wdsAl S A 185171
A 2 9 F5 st 3 210E golskl a7 flete]
Cher 32 WS o] 83lgink. 9 HEAR) o] 2w g A E B
FEUE ol2wee) o8 o] 2ugrAE P83
Lol WERAIE A S 71 Bdvkew A|xghe
*‘1 T%%L A go] golgt o FHERIY) BAHE AxTe =
O]Jl, ] 7 3L Sl 71E AlA 538 ol &8sl 3
T8-S Sistetarat st ol 2wk} A S A Al

et Ml44 H4= 2006 8

amm&

‘%

2

ﬁ

l?uo

L
rO"

KU

,
%

]

u9] - o
4 TiT38/deke] %ﬁli}fﬂ‘@ g Fu 54 42 o33 2
o] g gict. -4 o]t & AX ] FFE 7A= FRtbel A
S T A e o AR 9 A MEkE TGAMS 2498 A1A]
SHAAL IAk=7] W B, Eleks SAEE, vIsEE A, A E
IS A =S SEM, XRD, EDS, BET, EPMA, ESR #4]-8 %5}0]
gRlElglt). ol2)st A7E vE O Z | HA(humic acid)E TAFOZ
slo] 3 % 3l Whg-& AAIsto] Al 3 Aol 9l 7l aES

2.4

2-1. E|Ebs 183}

Elebg2 FAlell agA1717] 913k o 2 AfeiE o2
WIS o] g3k, Sl 2= 0] 2w $HA](SKIBH, KIAION)S
A3, polystyreneX} DVB(divinylbenzene) 23FAJoll sulfonate
(SO;) ZH871E 2t Ql= ol2w Aot} S0 wE, f4 vt
7 0.4~0.7 mm, o] 203k £ 2 eqm/LE 7}A]3L Q1S Eﬂ:‘ﬂ' oz}
7% (operation) pH |7} 0~122 o] 2w ghe] goldt 18 725
I 5 0.3 W% TiCly -A(Ti 4] 7120l ol 2 SrAE 5:12)
MR EFRE 5, 40 °CellA] 1ARE F2k o] &ighikgo] oolA]
£5 5j9i0). ol ewd § EEkre) e ol&wal whg AT

NS AR5 (atomic adsorption spectroscopy) 492 &
slo] SA4sto] HAlell adshe &g ARkt

=

2-2. Ti-TEHEMEL M=

ol L WIGHZ BT R WINT oM f54 H8o] fol
o b 9 Al AL Eioln, BTl pw gl

712 A B olgsle] Hie) TR FissaA AR
ANEISIT). elAe) Thge Behadal o Lre] RaEY

o}, EERg ol2o] B4 1 ol LuasAE A H2lold 700°C
A 1oCmin SR Sse] Bl A2 ¥, ddsle] Ak

A1 55712 FUAA FH 1 °Clmin SE2 900 71
SE F 308 B LEE FHsA BB,
2.3. Ti-AEEMEL EM T}

ksl g 319 £2] FA) 7152 TA Instrument DMA Thermo-
gravimetric Analyzer(TGA)E A8-3141, 30 °C~902 °C W ]ollA] 2
2 T97IstellM SAsIalet. FA Al s E AR 5 ¢
ofry] flate] of= 3t E9V|oN FARRE BT} - 2k X
oA VG Instruments Thermostar TGA/MassZ E-510] F-A17 =
HPYERE AR S SISivh

ghsl/dAd sl 7o) ks d Ti-THEAgR] Qe W A
KL30SFEG model®] scannig electron microscope(SEM)2S ©]-8-3f
of ZRIsISint. Ti-T-d &/ dwte] &4 | Elehy stz FulE
D/MAXIIIB X-Ray Diffractometer(XRD)Z ©]-8-3}01, CuKa, 2.0 kW,
20~80 6 F=z1ollx] AASISATE.

ok TR o il

AL

>

woEo) Shekg el EPMA
(electron probe microanalysis)& /\]-%O]-M—‘:Eﬂ, TXA-8100 model®]
Electron Probe Micro Analyzers AR-3F] ©4] ¥ titanium®] &
AEE 275‘3}“13}

Ak & B2 2QNO ARE )

Ry B ML W

250 °ColA] 6A17F BoF B4



Z1 % micromeritics ASAP 2400 analyzers A8} 731t} B
EHAL2- Barratt-Emmett-Teller(BET) method, pore volume¥} pore
volume distribution Barrett-Joyner-Halanda(BJH) method, adsorption
branches of the isotherm© Z5-E] Al:ks1SIt).

Ti- 78 &/ €ke] F3}ehd] &4 =+ JES-FA100 Electron spin
resonance(ESR) A13FATE. 4] 22712 current 20A°A] =}£]41
2 280 nm-480 nm 91SIM FA} S9L wlo} 2A3A 2ok o)
= vlusylon, olE AyRsE TirdaAdee] Fslety 44
55 I AoR FIsI

HEFH R Ti-Td LTl e EHebae &2 AEE 7]
Z7104 900 °C, 2AIF F1E eHAtsl A7) £ ) WstkE 5
slo] @250l Q= Elekr S ARFsISich

2-4. =X2| ZEoHHES test

Aol AlxH Ti-TddAd v F3srd &4 9 K54 A8 e
P AF-E ] flsle] St {50 Hhdl] w2 AAIsE
At Fe] W2 Fig. 13} 73], AE|Q18] X (stainless)
olg3l] & &4 3.1L 32 RSx4 o]FolRirt,
RS20 W2 UV TS v2slo] 10 emZ skl
45 cmZ SISItE UV 32 LIGHTTECHAIA AlZ3F G1815C
2919 low pressure mercury lamp, UV-C(2,,,. =254 nm)lamp= R}
X TS A HhEx9] AdE-= pHeF 544
(dissolved oxygen, DO) Z740] 7Fs3lE5 315 0™, sleti-ol =
A AlRS] AFHE SIst A= AF]F(sampling port) B F=u)e] &
A3} B350 552 918 F7](aeration) FXAE XSS T

Ti-TH &8t A 89] PWEx Foi2 gL 13N om,
Fisl e 5 Helg 8% o175 543P7] 218te] ICP(induced
coupling plasmayi2]-& E3lo] Elglg AW 8% o7& IS8l
o gk, gitel] £ 9 T P8R f52 flsto] vk &
@GO RHE] I7E FRISIIE ko R =, HEE] a8 vlwsh

o 2
O oft i

ir oft nlo

(e
{

o

Air and Overflow Bent

t t

UV Lamp
(254nm)

A

Sampling Port

Mesh(#80)
N
-"@ .

Blower

Air Controller
(4L/min)

Fig. 1. Schematic diagram of the photocatalytic batch-type reactor.
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Fig. 2. TGA and derived weight curves of Ti-SPAC.
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Fig. 3. lon current changes as gas molecular weight during heat
treatment.
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Fig. 4. SEM image : (a) SPAC, (b) Ti-SPAC.
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Fig. 5. XRD pattern of Ti-SPAC.
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Fig. 6. Nitrogen adsorption-desorption isotherms and the correspond-
ing pore-size distribution(insert) of Ti-SPAC.
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Fig. 8. ESR spectra for Ti-SPAC (a) irradiated UV, (b) un-irradiated
UV.
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