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< SUMMARY )

Purpose &
Contents

O Purpose
1) Development of manufacturing technology of pore controlled alumina
hollow fiber membrane for water treatment
2) Development of coating technology of TiO, and doping materials on the
surface of alumina hollow fiber membrane
3) Development of removal technology of organic impurities under the
ultraviolet and visible light irradiation
4) Development of mesoporous aluminosilicate coated alumina porous
adsorbent
5) Organic treatment of structure—induced hollow alumina for heavy metal
removal technology
O Contents
1) Development of pore control alumina hollow fiber membrane technology
and TiO, coating technology for water treatment
— Establishment of alumina hollow fiber membrane manufacturing technology
— Implementation of photocatalytic performance evaluation system under UV
irradiation
2) Doping N, C, F, S, etc. on the surface of hollow fiber membrane coated
with TiO»
3) Development of mesoporous aluminosilicate-coated alumina hollow fiber
membrane
— Study of aluminosilicate synthesis of mesopores (2 nm <pore <30 nm),
which is known to have higher removal efficiency of heavy metals than
micropores (pores <2 nm)
- Manufacture of meso—pore aluminosilicate coated hollow alumina membrane
by meso-pore aluminosilicate synthesis technology
4) Optimization of modification technology of structure—induced hollow alumina
support pellets
— Development of adsorbent with 30% increase in heavy metal adsorption
capacity through alumina membrane modification by graft polymerization

Results

1) Development of sewage recycling technology by using alumina hollow fiber
membrane using UV and visible light

2) Development of simultaneous removal technology of cation and anion by
using meso—-pore aluminosilicate coated hollow alumina support pellets

Expected
Contribution

1) Based on the results of this study successive research may be conducted
to find cost-effective process to develop the sorbent as commercial
products.

2) Application fields: the water with treatment of sewage using the developed
technologies will be applied to industrial water, agricultural water, road clean
water, instream Water etc.

3) The developed technologies can be exported for a developing countries.

Keywords

hollow fiber

membrane sewage reuse ultraviolet ray visible ray heavy metal
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5t M 22l0|EE T olst T MZEAF M== HMS2fo|E-LF oL} gte| MsHIF &

Z2H A7 FHoll o|lxl= dekoll tistoiM = IEe 24l
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N2
L
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>

2|HOIE &d dA7[z =Y
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<E 4 H=7[S MEE M Fo| M22l0|E EHA dH|w
NaOH treated BETA
= Parent Beta zeolite
Zeolite (2M)
BET surface area (m2/g) 601 654
Total pore volume (cm3/g) 0.88 0.82
Micropore volume (cm3/g) 0.2 0.1
=78 EMS e &Fojlc AZ|AHOIE &M 3 chests E510] A2 M A
31 & = Aes 78 JeUsS AdE = UAS W Z HEHE.
7|12 37 iH| NaOH ALS &S &l &4 &M s3™¥o=zol Jigo| JisstH, M= 7|
SH e 7|8 22X 4YMES 20§ DERe| LFo| AZ|HOIE J|SME Mitst= 7=



2 JHystnat o
- (NH))SIFs(AHFS) 2 Ol B3t0f Y=ot Mz|AH0|E B4 Al 7|3 37| o MI¥ Hej2 =
b Jle2 MY o Y & A3 M2 M| wel ozV|Zere JiRE 4R
ol MZ|HOIES LR WEIREE |XISD EHol HE7IZHE MMAIZ Hefol
U0l ME|HOIES MA JHSEin, 0|8 Sal AL BTof w2l 7IBH | Helg =
Hats Jlse YUY & US
(28 5]

¢ =73 YFol M2|AOIEJ ZEHE LF0o|Lt ClSH oL
- X[ X0l dFol HA2[AHOIE 52 FEsts d7c ctdHez W =1 on &#F
Tt 22 2Holetn LMoLt SSAol ZEsE A= olH[eh el
- = AF0AME S3A LROILE XXHMZE ALEStE sHetdubsol ols) MELFole
HE|AHOIE 52 ddstiuklsiy, LFo[ ME|FHOIE SRER SSAF LFo|Lio] =
£39|, ¢Fo| AZ[HO|E Yo &2 CiE LFol HE|FHOIEELC} NS

2Fo|Lt XX|AHol 22 4

, Rl 22X &t K25 STAA =2 M2l 222 7IHE = US.
- S UFo| M2|AHOIEE ZEY EF 7|&EL YFo|Lt XX|HECE obEM 3 FHZAL
O|EZ} &7tst0 2% SEME E#8X7t =otd
Sy d 1 3) Insitu method S0| 20, & AFOIM=

=
SeedE 0|8t & I FX2| YHE #Istof T ofldl.

1) Seed method 2) Post-Syn method

« ALO; A} #AlLO; S A
/

Mesopore-

Zeolite _
composite

Zeolite
particle

[28 6] H=7ISE 7IXle &R0l A2|AH0|EJ} Y SSAL LF 0Lt X|X|A|
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245 s eME Lyl 2o MAHH4E FUET2 Matsts Aol x|
0|2 7|28 7Hetsll ofrtA| &M Mo 2 x|gt AP EHX| MXLH S Mol 25t US
(a2 9] E8X Display City AtHH M| 2 A
- MMAXIHAZ (F) e MAHF(MXHH ) ®olE AlAHES HeESFE Mzl 2 xolE

=2

= /8 SEMBR, SMIC, A-AOP2| 37IX| A|ARICZ FM = 0

ol
AA O
(O SEMBR(Samsung Enhanced Membrane Bioreacter)2 Ik {729 EHA 3do=z=2 MH

I
-

Xelst = THod K722 Membrane Bio-Reactor(MBR) 2 XElEe 2K |R7ZI=2 X2z
g 2 229 ™o LEMAHE SAlo| 7tsAH st= ZI&d. o] 7|&2 7|&d HE35})
o A= J|snf H|mEtod BEX|HA 50%, £XH| 20%2 HZste 517 AS .
@ SMIC(Specific Microbes Immobilized Cells)= MsE 7|4 H=sA2l 2 xol2s &
st 7leel. o] 7|2 7|&E Y& 7|&3) "Hlwstod BEX|HA 37%, FKAH| 25%E A4St
= g7t A
® S-AOP(Solid-Advanced Oxidation Process)= EMsE |72 HMAHSH| fIst 24 7|
=l XX ®Mo|SF+E o|Sst _’E%-’F MA Al MolE0 SRE MEAN f712
2 = FEE UEAIF|X 2l Fet 2ol 222 22y JUS. 7E L2 T|=
I} HlWsto] TOC MAHES 20%7F Eatsien], 2HH|= 60% Mt 23E 2¢l.
<E 5 MMAXIHOE(F)el HeSFE X2l ¥ MolES st Al2A” e
HsA2l 2 JolE AlAH CH Abm| == HEg5al
SEMBR lsE A2EX| 50% FAa
(Samsung Enhanced Membrane Bioreactor) F201A H= | FXpH| 20% 22
SMIC MNsr LBX| 37% =4
(Specific Microbes Immobilized Cells) F21A H= | FXpH| 25% A2
S-AQOP ENsE TOC M7HE 20% &FAt
(Solid-Advanced Oxidation Process) T4 H | 2HH| 60% B

e 4 oo M

89%(148ppm—16ppm) , SS(

D %é‘) 88%(146ppm—>18ppm)
H olAtz|= AL SIFEERR Qs |7 FEo| JIEEo
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= = HE AtSHAe A EH(F), INI steel(F) ol =

=L A = AL
Me[HEH stexeEFE 22
(= =
4 32 ez FA 3350 AUS.

o I 7tz steHMalE Zie

il X|: AHFHAl M7 THELS 598H K|

o X: 281,437m’ (85,283H)

AlE 8 35eE

(BEFEASRIXIY-268HE, DEX 2 BY-95HE)
2 X{2|=8: BOD 148 ppm - 16 ppm (89%),

SS 146ppm -> 18 ppm (88%)

R

> LR 8 s

=5 =dl B > BB+ o1zt 4008tE
e S/ 350,000 J
pH = 68 > & =AE 7,516,307 K2l
cob | ppm 11 > XS TR BABBC SR 40108
SS | ppm il (25 7591 2)
DS ppm | 1000 b 2002 04. 15 ~ 2002. 10. 30 (6.571 &)
TS | \ 200
5 T > 084 R/O LES 7} 4| (45942
BOD | ppm | 10-20 BYSS S (A50008E/1)
T/N | ppm 20 - 30
R ppm__ 05-15 2

# 6> JtEstrXElE strolE B

AR 2 K| Yo TH(E/Y) HiZAE | FEX
AYEH(F) | ™ MT HES 860(Z|CH 1,600) 2.3km =EEF
INI Steel(F) | ¥ ST &8S | 16,000(2Ith 18,000) 1.5km d2tg

- Tzt Eel YA O0| pH 7.0~7.5, COD 50 ppm 2o Btslf {22 SRS
pH 6.5, COD 3 ppm Ol . =3t MEEs 22l BDLt H2(T-P)2 022 LEHGS
o, SEX(T-N)T 10/5t2 HE=< S ¢4 T2 vlusiME 8ny 258 A2

Fedd — HYS2E — 0j0|532 EHEH — MH2IAE(RO) — L2ZAHE —

[
i

INI Steel(ZF)

[28 1] ZH=steXNelE Hels 35 & MA2| =
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2~50nme| ™ot I|= A7|1€ JHXl= AelFtAl M= ctEH = MCM(Mobile
Composition of Matter)-412} SBA(Santa Barbara Amorphous)-157F 7}&F 2 EEM o1 SE| O]
11 FSM(Folded Sheets Mesoporous Materials)-160|L} MSU-, KSW- 2 HW-E€ T HE =10
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o= ctsdz|Ztel MxEasd2 19704t S5 ALt EHet &35 X xsictit
19970l CRA| AJZFSH| =ionf, M= Cha A2} LHolAHE 1990 =0l AM SAHE

1 =
o=z TMSIFHS. O|F Mobil2 Crystalline Materials 2 MCM-412}= O|ES =2 Clx
M AM2|FIE MASEI| A|ZRFSE
duiMoz  mzEA EFE

e 2
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StA |0 74||:|:|§I-A-IX-||L_|- RFZEM DEXE RLA wue[FEZ2
2 0|R0X U0 =8N LfollM XI7|=2l(self-assembly) siAatsS Sall cCitst Fx2o
ofo| M (micelle) E= °—|”7<§(I|qmd crystal) #+ZX& O|ECt= A2 & L&A US. 0]
2 o E chest defel A XS HFE(template) 22 AtEstH |sts HEfe
HEzA 222 SM8E ¢ %‘3.
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o ge.
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MeimoziE 2y 719 BOIAME SK Innovation0l U AlstE BNo| HS2t0lE =
of BEE JHurstol RIDOIM AME IR A BB

29| 3

HA 232l A=

2010 MA X2l AEF2E 2F 2,900 F2{olo, Rizkr[iel Foi7t &tf=l= FA
2. =29 = ™E 2lMx|[7[&el Gwiol m2H 2010d MA SAIE 2= 4,828
Bz FEE0 o] & FX2| HS2 80%, °F 2,900 ol =g

AN MEES a2 AT 43.3%, St 33.5%, M= 12.2%, TXHEl A[M 5.8% =22
LIEFE . MA SAIE2 A"ET 4.2% ME&| 2= 20254 98 =Efofl o/ ™Eo|nd,
ANAEz S5 F otZ2|7t, ofAfof X[Ho| AH A 10% DT of &

I_:[_\.r.
R2ol s kel 22e| MY 54 Moz IR 2I(Yel £&
L:

z 2 SAIE

Sotstn US. (1999 HMAMIAH 7001 7H — 20104 164702 24 O|AF S7I}).

St MAIAE =Xzl 29 Algel 2dstss 9ol =ntstn], T™A A=, AHe S
wEe dF EM% [Mob Qldsiol gatsid M2 8 MYES MESHD Us MRHE,
LMot otol| A 2k 40%7t RIHEE =[ALT, O[F 15%, 2 X[ 5% =,
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Matet

2050 S 2= AlLI2|2 Water Stress 2050
2000 (6.1 Bn) 2050 (9.2 Bn)
. @
stress
People under 5
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stress
e, o i @
stress
' L) OECD BRIICS RoW
Tit Tifreene EEEE
2000 f§§ fife i
M it o
e TTrTee TITRRTTRTRY
2050 1§ 111 f
fi fereeeeeereiee v
OECD Environmental Outiook to 2050 [2011,Paris]
[28 13] 20509 MAMAL E5F ALzl

~ol2et 2RE sAte Mstz 4x0lE Y&l et oMol ME s

Mot of&l =4 2ol H|5t0{ St ZHO|SH 2 EQlo| FFt atztel

- 20154 7|&
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- Global Water Intelligenceol| =204 3f=
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Molg2 WMAXMez FR=D A2

;T
200097H o|&ke| mMo|E AlMo| 2H= UZ. ol=o 7%’“ B2 Aldol e, 37t
435704, L20] 218712, FEO| 200722 1 FE Sl US.

- StAfolE Ald2 o|=0| 83172 JhE oo, XMo|EF Lot 0|=0| 1.425ke/yr 2
CHE =7+S0ll Blsto] JH& B2 &2 2ol1 US.
< &XM: Global Water Intelligence >
Europe - _ <y e S,

USA
1.425 km®/yr
| 831 reuse plants |

I
1.0 km3yr |
5

S
3 ;H'enduza

et BU's South Africa

0.293 km3/yr

=

L 4
® Agricultural irrigation

F Urban uses & golf courses ll Industrial uses

h S ‘200 reuse piants .'

?‘ me R < b@ K ;
? 0.1 Mm?/d e Lhtd J o 4
J G‘Gb }?Ew‘“h'"gmn 'l'o:al S; %. . m“' e 71:":‘ ‘“: - Ei?! 5
3 @ Mm/d
2 Mm3fﬂg‘ ) *Fiorida h “"""' & %m’fﬂ i
California &, _ - Mlddle East& 1_55 M‘msld Abu Dhabi ® P
Ry G North Africa audi Arabia
14.4 Mm3 Yo 1.218 km?3/yr 0.27 Mm¥d |
-4 Mm?/d b 72 reuse plants | -
T 1 Mexi -
mhee A o 1 ®iXl O Illol'&‘f
L T | — 719E/SH (MAH E=2% 0.18%)

0.02 Mm¥d el ] =
Windhoek

20 reuse plants
& Potavwe reuse o ayuner recharge

| Japan
| 0.291 kmd/yr
_' 218 reuse plants

HME|IT2 5%
— 2 2,0007H ©|¥2| X{io|8§ A&

1000-1700
1700-4000

% 4000-10,000 -
2 >10,000 Australéa
No data 0.213 km?/yr

435 reuse plants |
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W o= Zig|z ol HE QAX|F}I2E| Water Factory 21

- 0|5 Zz|xZzL{o} HF X|FtRE|e| m2E WE|A[(Fountain Valley)ol= st=xa2|&
& +E MO|Z5k= Water Factory 21(0[3t WF21)0| US. WF212 1976 AFE stEX 2|
T gRSE Mo|EstY| AlERen], CtE AMdEn "el stexeld HRTE AMale
= HHolx|[gt 22542 Mo[Bsty AUZS.

- QAX|FIRE|e| Aol&X2| A|MHS A 0CSD(Orange County Sanitation District)2t

OCWD(Orange County Water District)® O|F0{X

ol=
A3 -

0CSh= 2x+ XM2|st= sheHMelE

olo{, OCWD= OCSDOIIM L= WHWF4FE A elst= Reld|, o[2{s 0CWDoll= GWR Al
ol TEA20 | GWRAIAEI2  ‘Ground Water Refreshment’ A|AE[S| 2kXIZ gtofz}
oF NEMst IPo=Z M US.

- X3l B3 A|AHI(GWR)2 0CSDAIM = Xzl=l 2xF H2l+E o|&35t, o2 F ¢
ALt S8F J|ES FZAI = TE(AEE = M52 dah)7tX] A A, o AlAH
o= FZointet AAMFerH ot of 2} XtlM 2 BMEE=AE 088 IS X
=40| 0| 2.

I A= THMEF) I I SHFHRO) I I I Al 25U V) |
' o= I Ep—
0OCSD é! i 1
27 A=l v
o 1
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B Y7tZ2 NEWater

- 20034 2¢ o|F AUlxEE= A HAE1 H=LA ZAZ 2 NEWaterO|2l2 E2|l= X9
Hel (S22 FTEXEE UESH=E)E 336t JUS. 2011EH7IX| HISEF SEZ
NEWater & 245,000m’/d(64.5MGD) &=5t= Z{0| ZEQIOl, NEWater= £8F 2™ 2

TEE ALSE.

2003A 2& O|2fZ 9,000m'/de| NEWaterZt ME=XZ2 FIEHJUL, S8FE IZF5H7| <
SHAM 2 AABle=z S0{7t7| ©™ol XMzl AlHoAM MHMzl=ds. HEE S8FTE
st XMz|$el e AdZF 4,500m /d(1.2MGD) ol A 20110l = 45,000m’ /d(12MGD) 2 & Xt
Moz ZII6t I, NEWater Mot H|E2 =& Hstels ol E& H|8e Huto] =
= A2 2 HII=EAS(EPA, 2004) .

HItEZ 29| NEWater AIAEI2 FEH, ROSE 2|1 DEMSE AX LI2e 28 NMF
Xlofl XMZ&Estod X ES S22 0[Estl, BlE8 H|Ret Z4E X EFLt Al Me2|+E of
Al F el Y E Safl 2 =X 335t Us

NEWater Factory i
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[ 3F-’Fﬂﬂl Rl IV 252 0|j=2 HlReh A MAM2E ALEStE e 78R
o|=2| A< & 2,0007f o|&te| steHE|EolAM UWE o|Es &t iéol AFEED A2
o, 53 EEF—IEH—OHH x|t 1082t M| ZollM 44471 ME|F22 O AFS =i

11874
7t B7t=0 & 826MGDe| StrAElE MT £S5k US.
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<E 7> 0/=9 StEANE T 29 A=

E=l- s P RS Sl Eny AM 22
A A= 8,564 23,800 mgd(90,000,000 m*/d)
=E A= 33 462 mgd(1,750,000 m*/d)
AeiM A= 25 67 mgd(0,250,000 m'/d)
gslEE 4= e, XRMEct MZ(Data 815)
=Z2| WV-ZE0fE ol £=x2l7|s9 E
= 2lof|A W/ LEHSES MEst AIHZA o|=2| UltroxAl= U/ LEHS M 3510 o=
L & 2 2HE X|5I+E XElst=dl 0|85ty U20{, o|=2| GEAI= S UXMA b
FXelolE M35 S. =S o|=22| EnvirOzone TechnologyAl= Mazzei injectorg =
st 2E F, I HF, EQLIIA MAH, AAM ZAIE ST gEllel g Atsh &K

UV/H0, 2t S ol 25t= tHEAMQl SIALZ2= FHLtcke] SolarchemAR(Calgon Eng. 2 S&t
= AS. A7 gHo=z MA 2500971 F=He| AMAA 2Hstl Y20oi, uv/

H
LZ&EHo|| d|sto{ 2XH(7F Mot 2%

LE2| NECE UV/H0, 2 0|Z5t0{ DMSOE XElst= s 7 siS. DMSO= o
THESHAM AFERE MetET| 20 M7t 225t ESY 3Ye=E M2lst
7| &l & DMSOE UV/H 0,22 0[-Z3510 MSAZ =55t =.

271 WV 22 0H radical 2 HAAIZ|7] flsh Uv MM ZXE HX|, 2Yslofst2z2 2
Mu| M50t S X7 YMst= ™ol AeE W HIEAS.
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= Zet2an AH2[HO[E dAFae dFEE2 HE5E 2ol JHEE MES20|EE
AHESH ZEYHSI=EE S0l MER YHS Lde

2= Shimane® MYU7[sHEE HMI22l0|Eol SUH SE2= o X HLALUTR A
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2 7= &N S8IHE SHA(TRL 2)0iA AIZHHAl AEA N5 "ot S (TRL 4)7t
A PTE SYIA stod, HBHOR UV/IHIBMS 0|8 BEY ME DEMET|ED
UIN HEIB IS SANS A FENA e o H
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- 7ls e HEYS st stel =2 =AY 2R
- 7le hY S8 sels elst SEX| =AY 2R

7153 7|l = 22 S Yot, BHEZY of 4 X|(band
lence band)ollAl M =C(conduction band) 2
| _

7te & e SEES HutEAz2tl Stof, ol &5t 77|

Log
Mo
k!

b SrTiOs, BaTiO; &2 HEAZIOIE

- 5§35, Tiooe =2 ¢ Zols0| FHo{t, JhAHo| MFY ot
oz} =2|stetM o=z of otysind, Qo Fsist 222 LXK U7 2o C}
Aot ZOROIM B2 AFIE FHEOLR2D A= =Y

- Ti0,= Of-tElH|(anatase), FEFd(rutile), EF7I0|E(brookite) 52| ZXA HEl=Z
=X

- 0] BoM HHof &Moo =2 OH—FEWIQP FEFUAMO| Ti0 7t MMz Y| &3

- OILIEIM| 2} FEIUA Ti0,= HHEZY olHX[7F Z+2F 3.2 eVet 3.0 eVE*H, atZro| 400 nm

olatel Al eiolM EEsiel B0l it
T8 173 ZO| Ti0, EBol WEZH oL olAtel W OlL{XIZb ZAEH JHH ECHof
e MAIE MEHR MOIBHEM, FAHe-) 2t BB (ht) Kol YA

In

e
x IE
Rl
>

M EOoA MH=l= Y32 MetEtSol 7[oistnd, 2Ho| S&E 2 ARt Uh351H0d
5101 hydroxy! 2ICIZH( - OH) & HAHAIZ| AL 2F H82 S50 F7|22 MM A
MEOOIA MMEE MAs MEFEXRC] EHEtS S 227 superoxide O2( - 0-)=
M5, © chA o S S S5101 hydroxyl EIC|ZS MMA|Z

H33 MAtol| oA MME hydoxyl 2iE[ZHoll 2|8 F7|=0| o|itsiEtaet 22 25l
=

O, absorption

O, free radical
0, » “ = ’ (0y)

i

Electron Recombination

Proton Excitation

TiO,
(Photo-catalyst)

o s

Hydroxyl radical
H.O (-OH)

Light

[Z28 17] Ti0, &0l HAHAUS
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=25
S25 % (°C/min) AlZE (h)
AlZH (°C) Z (°C)
1 (&2) A 600 2
2 (7X) 600 600 2
3 (&2) 600 1000 5
4 (7X) 1000 1000 2
5 (&2) 1000 1300 5
6 (7Xl) 1300 1300 4
7 (&) 1300 A2 5
<E 12> 7|3 7x= HOIE 98t SBAIY T8 TN uAbE
T3 A 24
£-uj NMP* DMSO* DMAc™ TEP™
&1 (g) 201 201 201 201
PESTf (g) 36 36 36 36
Al,O3 (g) 360 360 360 360
PVP (g) 3 3 3 6
WAL 2=
EX 8ol ok
- 1 1 1 2
(Ng,baf)
B o y1x ok
S _ﬂ e 10 10 10 5
(ml/min)
01 4
13 10 10 10 10
(cm)
NMP: 1-methy|-2-pyrrolidone
“DMSO: Dimethylsul foxide
“"DMAc: Dimethylacetamide
“TEP: Triethylphosphite
O Ti0, &0l X|X[x| & Mz2la! S3Atef S3A12F S8MEN
- ofei el &2 7|7|2ME 0| 2510] S3AE 7|8 = EM 2M Y
- MX} A} So|H(FE-SEM, S-4800, HITACHI, Japan)
- X-M S HEEAMT|(XRD, ultima IV, Rigaku, U.S.A)
- Energy-dispersive X-ray sepectroscopy (EDS, S-4800, S-4800, HITACHI, Japan)




M (Mecury porosimetry method, AutoPore IV 9500, Micrometrics

Instruments Corp., U.S.A)
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- JHEIE Y (2 |70l 1ok

Hollow fiber

membrane [_:7

AN

N, Flow meter
[a8 22] 7[d T2 5 E=X|
- 229 732 St VA FIEE EX™SH| fIsto] [OE 22]2F Zo| o EA| ™EHME O]
85101 otE E2 U2 T3IAUS AHZlA FEO Yo HAE EXE M=
- Z3AIE HEZZE(shel |l side)oll 2lZe0lE{2 &3S =Hs510{ 7|HE s3stl, ol i =
SAtE Eel LiFo &2 xfolo| w2 FIEE FZA((Universal gas flowmeter,
ADM2000, Agilent Technologies, U.S.A)Z =X



A7|(mean pore size) 2}
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m=oll &=0f XXM =2 F2let

71 e TEP solvent membrane
&7 4  DMACc solvent membrane T
o9 61 = DMS O solvent membrane
E .| * NMP solvent membrane v
S ~
e—
g 4 4 2 "
v
o 3 7 M
-’ u
ﬁ 7o
> . &
QO
2B T -
ey
0 L) L] L} L] L} L}
0 10 20 30 40 50 60

Gas flow rate (ml/min)

[28 24] S3Ate 7|37=0 o 7[d 5oz 21
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of da2|sto{ LtEtH]

<E 13> 7|MFoT 42 Se 718 54 24

SSAE Zof NMP DMSO DMAc TEP
212321 (um) 0.1458 0.0918 0.0804 0.1226
#H 718 (n) 2727 2893 4791 1961
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L TiCl,

DI-Water
(4 °C)

v
Ammonium sulfate
v
Stirring (80~100°C, 24hr)
'
Controled pH by adding
 NH,OH(ZL|Oft)

[23 27] Tio, M= gHH (HAH)

¢ =-2AYHE 0|28t Tio, M= (AIZEZ TBOT)
- Alek J1H2 D5 Tio, 1 g & MECIbE 8 70 % 7|EQ2 2k 11,7479

<E 18> Ti0, HM=(E-2dY, AIZ=F TBOT)0ll ALSE Al

=

Al A F=WS INETE s az

Sigma Aldrich 244112-500G Tetrabutylorthotitanate 500 g 97%
A 10347 2-propanol 1L >99.0%
=l N0558 Nitric acid 1 kg 60.0%
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DI-water Nitric acid

v
Tetrabutyl orthotitanate
v
Stirring (&5, 1hr)
'
Isn-_gmi}annl
+
Stirring (& 2, 2hr)
4
A% 24 hr
'

44 400°C, 3 hr

N,

Ny

[28 28] Ti0, M= &Y (S-AY, AM==Z TBOT)

& E-AHE o[BS Ti0, M= (AMZEZE TTIP)
- A2k J1dE 123S Tio, 1 g © M=ctl=E =8 70 % 7|22 2k 1,725¢
<E 19> Ti0, M=(F-4dH, AIZ=Z TTIP)ol ALSE Alek
Aot 4= AEWS Alotd 2% =

Sigma Aldrich 205273-500ML Titanium isopropoxide 500 ml 97%

A 10347 2-propanol 1L >99.0%
Sodium hydroxide
e S1762 ) Y 1L 0.5 mol/L
Solution(N/2)
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L e [_ Iso-
propanol
L .+ []
[ DI-water I
'

| Stirring (A2

|

[ Controled pH by adding ]

)

NaOH

'
X 24 br
'

A2 400°C, 3

[28 29] Ti0, M= W (&-4H,

B e

3. Ammonium sulfate

S5 250 mlE ice-

2. TiCl;& Dropwise =

bathCjM 2= 4 oCO| HEEo 5 HA(Td,
2 LEmicl4e] 22 25 ml) — O 4§ ~H

S7} AT HED) 22500 rpm m&t

P =y
5 o
B
% ¥
2 A
i k
= |
[
[

£ Tidl4 : (NH4)SO4 =
1:22 7} - 80-100 ol
O A 24417+ SOt HtE
Al

4, dELOI+=E & 5 HEEE ddEdT 6. 220N 400 «CZ
pHE 7-82 =& £ 0]25i0 £2], 282 NI g, EEEE
Gl 244128 AE =4
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1. 35 100 miof 2 92 U0 15mi2 3 2o LA 30 mI2|

nitric acid(60%) & 1.5 tetrabutyl IPA(iso-propanol) & 7}
ml H7tot0 wetv| g orthortitanateg® &7} 1 2A1ZF TEHS00 rpm)

0|25t 10 min &t A2k EH500 rpm)

6, ~Z20M 400 «CE
3AZE &4, BEIER

1. TTIP 284 g1t IPA
200 mlE 108 Wt

pH 7-82 20 TiO2
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- Ti0, ZEIH 20t 27| HIQIH AL

7| gl = 400 nm O|ste| wEHZOIM Ti0, H&oljo| olsf Edl=”| =0 & =7+
Hzrg sl AlEsH ol Il 7}F Ti0, EHE T 550 &=l Mol 3A XNotd = US
A2 Ast 7hss HIRIHE ALEstAHLE, S0lLt &M S 0|&st0] &% EX|A7|= Y
<I¥E 21> Ti0, TEHY (IYsHH) : dHield AL
HiolD |, Eh| e
MSIE|EFR S + EAH LK A|EE Nj CI2E J|Ho HE Q&
S2H X =4aA X 22Dt MSIE|EF 222 5 A|ESHEMES EF)
N2dstgE4H X + AMSIEIEF £2{2| & 7|Ajol Ex
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v
] Degassed/ Spinning

4

Phase inversion 24 hr |

L Dry 100 °C, 24 hr )

+
o | TiO,
1300°C, 4 hr sol

O Ti0, F&0| 2 Ti0, IY SJAIe 54 24

RS Ti0, 2L Tio IYE M4 FZAE Zoje] ZHRE U BHNS el

?l5to] X-M ZHHEAMT|(XRD, ultima IV, Rigaku, U.S.A)E 24

of mf ZALS CKa 2 AMBSOI 20 © < 26 < 80 ° of FANESIR 24

JB. 36 400 ColM AZE CIUEH MEHMOR DHE Ti0, 2UW FJAF Sojo| XD Zute
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- Micromeritics(Ol=)2l ASAP 2020(Accelerated Surface Area and Porosimetry
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[O& 38] Ti0, ZE &LF oL} 2 ARt EDS
Tet-Ti sol 2Y (a) &, (b) L, TTIP sol 2Y (c) &A%, (d) H&

X 22> Degas conditions

Evacuation Phase

Temperature ramp rate: 10.0 oC/min
Target temperature: 90 oC
Evacuating rate: 50.0 mmHg/s
Unrestricted evac. from: 5.0 mmHg
Vacuum setpoint: 500 J mHg
Evacuation time: 120 min

Heat ing Phase

Ramp rate: 10.0 oC/min
Hold temp: 200 oC
Hol time: 120 min

Evacuation and Heating Phases

hold pressure: 20 mmHg
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[®)]
= =
= S c
7
(o))
o
- 2
N~
o (a\V]
«© ([e) — Ye] Al
[S) . o Al Lo
Lo o © —
I 2 . . .
= (e} (@] (e) o
)
@ oo
- @©
(<] (]
= —_
@© ©
.. - . d —
(0] — ©
— o (] c
32 -— — (@]
N (&) (b =
0 @© = +—
[¢6] — [=} (&
—_ N (]
o c | (7]
o © [
© = —
— 7 © )
o — = (]
“— (] o
— > o —
[ c [ (@)
(<] © o ©
> 1= (&] — —
= — o
+— 1= > —
o =} —— o S
— = = 1= [&]
o = (] — ()
n x c (b] =
o © D = o
<C = o — =

0.0035

_”_HmEH_ awnjoa alod aalgnNWND

- 0.0030

- 0.0025
- 0.0020
- 0.0015

- 0.0010

ﬂwwuvtbh/o

0.0004

1e-5

T T
St i

@ @
w -t

EﬁEE aln|on alod

Ze-b -

002 0.04 0.06 0.0g 010 0.2 0.14 016

0.00

Pore width (g m)

[28 39] M2te] SSAH(Ti0, 28 A)<e| BET

o &zt

=
=

(1-2 m*/q)
EIF oH7|

=0l Z+

b

g1, d=ld

7CH

o
T

ojel BET Z&o| of

=
-

, SSA HEfQ

ot

N
HMoZ Ti0,

—r
fe]

0l
83

—_—
110

=

E]
Kr

_mu

Ab
S
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=
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=
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Volume Adsoption (cc/g STP)
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il ®  Chlorination method -2 »
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<I 24> Adsorptive properties

Sample name BET (m®/g)

1.8757

33.15697

98.6265

M
1

(photoluminescence) &=

[28 41] PL

E£X ZMX| (FS-2 Fluorescence Spectrometer. SCINCO, Korea)

<¥#¥ 25> Photoluminescence

Scan_Mode EX_Wave Start_Wave Interval

230 250 650

Emission

- A, B, C Ti0,= 22t [Applied catalysis A: General
(

surface science 319 (2014) 107-112], [J. Hazzard. Mater.
o wHE O E w2t Mz=eh d5o0i e
Ti0, off L X| &= 3.0-3.2 eVO|2 =,
wavelength= UV 230 nmz2 MAESIF =
S3AE ARl L=Fojute] BHEZ o {X[= 8.0 eV O| &
M= o9 2 ol X2 2o| Eet
- E8of| AEE EXE2E= LF0o|LEe] PL EHO| oM,
ol M= PL intensitye= CHEf 022 =
LA Rl UV-lampe| FIFEH0| 200-300 nm AfO|O|=2Z | Ofste| mf

_ 58 -

265 (2004) 115-121], [Applied
310 (2016) 98-107] ==<| 4

_ _T'6I-_7_|Isu|.|9| I:IH |:7H glh
ojod of
O Tl -

=

—

excitation wavelength 230 nm

ol
A O

X} odod
o (=R |

ol Z-s5ts A2



OH

fZ2of M HILE 95t oz HEXMEst

— o H— T TiHEO

It

Aol M chlorination method2t sol-gel (TTIP)HS=Z M =gt ZFoil= 8. 400iA]
otolst ZAXMYEH M=V |32 R = U2E22 A-C Ti0o0l H|shA =80

|Z =20l 21& C Tiooll HlshA{ PLO| 2F 500% O|&t ekat=l At

o

J

®  Chlorination method
25000 - ® Sol-gel (TTIP)
e ATiO2
e BTiO2
20000 ~
e C(CTiO2
=)
- 15000
<
2
g 10000 -
8
g
— 5000 -
o,
0 ]
200 300 400 500 600 700

Wavelenth (nm)
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Ethanol+titanium isopropoxide
+thiourea

[22 44] S-doped Ti0, M=

Ethanol+tetrabutyl titanate
+NH,F +acetic acid+DI water
+hydrochloric acid

[ 45] F-doped Ti0, A=
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[28 46] (a) ZESFE N-, S-, F-doped, (b) 2= & Ti0, &M, (c) &Z * Ti0, FH0H

7712 HAH §H4 "IIE & &Fof 837| M=

3|24 8+37[(batch reactor)

o, E-4AHe=E M=ot 22UH Tio, dF0iel 772 2 S8 FHsH7| {6 oE
22 X|(Methy| orange, MO)<2t M E2I =5 (Methylene blue, MB)E AlE

3[4 dF0i BE7|= 8. 47(a)2F &0l FAM =0 A=20, 20 ppme| MO, MB +=EH 200
miofl Tio, 22 0.5 g2 EY(loading) st &=0f ©-37[of 8 W UWV-B =Z(0sram, Germany) =
g2 =AM

Z=of "SI0 AbEs Uv- Zo| FHEE 254 nmO|0{, Table. 11= AHERZ gAlM &
EE LIEHY

27| LR =2 M S22 21510 airs 50 mi/mine FECZ sZ25HHAM, X nHbI|E
0|85t MO, MB +=8HUE HE =&

Zzof v ASZ AZSID 102 ZHHo=Z G0EVX MES A FSHo], UV-visible

|
(o))
|



spectrometer(UV-vis, Optizen Pop, Mecasys, Korea)& O|&3}0d

% A
=2 Ti0, ZF0fel Z< M0, MB Sol| Z&t=of A 2(=35H7] o{F7| wizol HA=E2(7
o

£ 03501 1000 rpmollAM 20272+ E2|5t0 ZI2tet= HFE 3
TE M M20M ™
T2tAl HEZT|(circular type reactor)
T2Al =0 8tE7|= O8 . 47(b)oll LEHS
=35HAl HE2T)ol= 2F 3~4 cm Zo[9| Tio7t ZEE S2AIE EojE 15 g 2
Z7| B3 E2 324 v37|2F SUSHA 20 ppmel MO, MB =ZH 200 mIE ALS
7|0{H = (Gear Pump, REGLO-Z Digital, ISMATEC, U.S.A.)E O[&35t0{ MO, MB =4 = 100
m/mine RELE =
-z 3 37 & =AD W-vis EALH2 324 U437 A S5t +H
Cf, 2t BT Mol LYo =&E = JUEF XNEAx=E 1t
— It = e
Mass flow
controller |
@ — UV light
Air UV light A\ otm——
(a)
Magnetic stirrer
—
Mass flow
controller
A uv light 1,
TiO, éaated = ]
(b) Hollow ffmﬂ" %\ Magnetic stirrer
type catalysts W I~
 E—
Gear pump
(2@ 47] AE =A| EH(ZEY 9H27))
(a) 8124 BE0) Fxl, (b) SEA FZo) I






L

<E 26> =0l 9HS7| UV-lamp AHEH YAIM R 3 (spectral radiation distribution)

Wavelength, A Relative strength
254 nm 90.0%
297 nm 0.2%
UV region 302 nm 0.3%
312 nm 1.3%
365 nm 1.2%
404 nm 1.6%
436 nm 3.3%
Visible light region
546 nm 1.6%
577 nm 0.3%

O Methyl orangeE oO|&¢F &=0| /7|8 25 AH

- W-vise M0 3N

2| 32 Ze{g ol o|&shod
£ 3 EH?_F S|otel X2, ef7F ZEEstE S0 2fsHAM
pHOll tt2} UWV-vis 37} &2tz

EDF ol= MB $=2U2 o|235l0] 7|2 i AH

!

}o n
g
kJ
=
(@]
>
00 p
1L
19
%0

_.?_OH o| ijl. |:|:|
- 2k pHofl 2t nlﬂ A

Kl
N
N
=

ot

[23 49] Methy!| orangeE O| 2%t UV-vis SH AR
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—— Fefererre
— O ppm D
_ — Sppm WD
15
=
w 1.0
[ ]
=
Z 05
0.0
300 330 400 450 S00 5350 600
Wavelength (nm)
2.0 -
rﬂ
H
=
E 15 - yv=00731x + 00292 o
=t R4={ 9040 2
I e
<
< 1.0 - L
Rt !.
] >
i f o
H 0.5 - ,"--
E --_.-
-
8 00 -
o
«,
-D.E T T T T T 1
1 3 10 15 20 25

Concentration of MO (ppm)

[13 50] Methyl orangeE

0| &%t Uv-vis ZzZ|Eafo|d Zat

- Tio, ¥&0f M5 "Ik blank)
M| =bst %FZ—.'SDH SEE 710 UV lampBt E2MUS M, 772 2o =& &°
Zt=off 210| 20 ppm Methy! orangeS AIE35I0{ F7|8 23 A
27((21% 0», N, balance) 2 0.5 |/min2Z2 ZZ2(FEAH)
D X725 25 °C, 1A = ME wAHZ olste 2% 55 UK AS
. Blnak AEO|ME 2kZte| RI|E0| 235lE
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].[} 7 —— Referemoe
13 g
= —— 40wmn
S N E — Hipmm
o ":’ 1_:. 1 — O
~= =
S :
5 6 2 o5
o
E *
E o0
- W 30 0 4% 00 50 @0
g Waelanzth (nm)
2 .
0 I R S N
0 10 20 30 40 50 60 70
Time (min)

[28 51] Z=0f 2r27] blank test

- && rutile Ti0E 0l8¢e #7|= =aff &€
- =% gEje HFuIL RI7I=20| Eoll=0 U= Ao ZL=EO BTt olHF
=}

i
- b 2|5t A

-

, =2 dFE 25|




- HAEE7IZ2E Ti0 227t 27tseH,

o{X|E 0| S5t 3|2t

Al SH
= AA
- A2 rutile Ti0, E2Z2= |7|2 Eali7F He| =X &%

10 -
E_
=y
&
(=]
=
P g
Q
= .
¥
L]
{. Y - Y oy
0 10 20 30 40 30 60 0

Time (min)

i

[28 53] & rutile Ti0, =H2 0|88 /7|2 2o e

- M= dfHol w2l Tio7F A /E7|HE Hof, HE QEX|= pHoll w2k UV-vis spectrum

0| o|=35h7| W&o EAM0| {242
=2 pHoll w2t UV-vis spectrumO| LA sH7| w20 40| 7ts

10

—— pH 404
—— pH B0
pH w4

ot
(¥

plsorbarce (A1)
=

=
wn

oo

300 350 400 40 500 550 500
Wavelength (nm)

g
:
€
Z

300 400 00 0 00
Wimlnath ()

[O28 54] pHoll = MO, MB =&Y UV-vis Z 1}

_67_



O Methylene blueE O| &%t &0 77| =5 A
- UW-vise MB =8N 5

x| 0 A B2 ( A max=663
nm)E 7|&2=& 38 A

-

Samples

UV-Visible Spectrophotometer
Wavelength range(nm) 190-1100

i I A

2o0nm
AOOnm

-
L

— JppmMB

b
L]
1

-
L
|

—h
L
1

Abgorbance (AT

=
L
]

=
]
1

300 400 500 600 700 800
Wavelength (nm)

[218 55] Methylene blueg O|&%t UV-vis ZZ|E&fo|M
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4  Cholorination method
2 Sol-gel (tetrabutyl orthotitanate)
# Solegel (TTIP)

100 -
[ ] * L * *
»
o~ 80 A
=]
S
R
=
;5 00 =24 10 20 30 40 50 60% SA|ZH
2 i
a8
2 20 A o &
g 2 i . A A
0 " T T T T T 1
0 10 20 30 40 50 60
Irradiation time (min)
[28 56] Ti0, A =Holl w2 ZojEM- 3|24,
2. 562 g9 E-diHo =z H =6 Ti0, 22 Z=ono| HISA|Zto| E MB MAHE(%)
A AT} TROT-sol 2 M =3t Ti0, ZE0j= MB ®7H 80| 2 15~20% £Z0[|ULt, TTIP-sol 2
M2t Ti0, BH0HE olof vsh BSE B B3 SNS JIXIE U el
TTIP-sol 2 M=t Ti0, == U =A} 102 2ol 80% O|Ate| MBE 235lst¥ 20, 602
HESA|ZE ol Foll= 2F 96.7%2| MBZF =3l &
ol &2 A= M Ti0, ZX A dEfjof| w2 o EM Helz 2 = Y20, crd ofn}
EtMAIS Z4= TTIP-sol 2 M =8t 207 8. 36) MB 23l s0| HH AWz 2olE



- 712 AT AT ME of-tERM A Ti0 7t CHE =2 Tiool HlsH =52 77| 22 &
off st=dl Flojct AFsS JHX2 ot 20 g
- ESH 4 ol{X|E ot hydroxy! BICIZEE EAMote HEof BHE2 Ti0, EHAA LojLtr|
2ol TTIP-sol 2 M =3h ZAFof7t ctE ZFofo] HsHA B|EHEO| ot Falat
40 1
A Sol-gel (tetrabutyl orthotitanate)
O Sole-gel (TTIP)
e
o~ 30 A A
~ A
Lo
) A
> A
QO
8 20 - A
)
— A
m 0
2 10 0
0 0 0 ©
O O T T T T T 1
0 10 20 30 40 50 60

[rradiation time (min)
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O H=M32 Xd H22o|lE ¥ et e & X35

- H22i0lE & H=AMS MS2I0|E 2 28 =AL
F

- Zls g dE 2 S mets /g =2 =A

- S vl et BiEd HE

<}
—

ol

REELE

I

zo Ane %55t 2 O ZMIZHS2I0IE ¥ B
& 53 A waAl 28l 7 2 gAY Ny
- =2 5F Y B4
- 7lE Nd R Y s N S8 stelg 98 stx| mAL
- SRl Vs Y U A UM S| S 9IE S5 Al
- HZMBHE2I0IE Y HAH Ay
- HZMZHSE0IE v FAH 255}
® HEYE
@ mezlolE AT =8 mot

# ME2 HS0IE 2y & Sy oz

/—' Z= B2
- seed template method - Cracking

- all-silica DDR Zeolite ) /.v; LT Hsmmgenaison
- PVA modified MWCNT as temmz?ef\jf”
- Zeolite composite memhrafﬁ \_/

- Oxmatmn of
2,3,6-trimethylphenol

# J1=0| HIBU0I= ’ o # 9% 28 9 9|
~ZM-5 - Water selective zeolite composite

s membrane
f Zeolite Chromium removal
- Methylene biue adsorbent.

[08 58] ®&2l0|E AT SE
Ol TS ATE Lolof. YTolE WA FRURD FAleH

2t 7= CRRIME2 AYY Il |7ty Ho| ZEsHH =0 o2 AEEIE

of, 2~E2l0lE E*01E|9| 2ty Hol 4 s2y 1z2|E =0 ZeelH M 220lE X, Y7t
A M=22l0|E= ZSM-5, TS-1, YX|S2l0|ETt w5 o =of, Hofd dbg 2 AN
s&oll %ol 04—? £ ot M2 Eel

M22l0lE Y= Z 7|32 otdst A FXE JHXD Ao nlM7|3Le 2 olst 55 &4
(ME37]2 Mstez olstol EXt37|of wat MEiMo=z FXECte #ah), =58 28 7=
2 =2 FHAHED 22 M2 MHZ5H7| uf2ol 32HZ (Cracking), =23} (Hydrogenation),
N0 &aff & HER 25 St &2 2ollA Clsth 8.

HE=MSHMS2t0|EL A7 @ =2 HEMIHS2I0|EL A7 HES At

o
M22to|Eo| o|M|7|& Lholl fIx|EF Active Centeroll CHEF Mo $HA 2 2l HISEo| =
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- OlM7|E ME22t0lE o= Fulrt 2 QYEY=EE 2ol 7|32 HAMIF dolLbA = SF
ol 7hsdt EHA ol &4o| LUMsHA =
- Hxzs52 dde 5 Ac R7IEEE S5 45| 2T TemplateZ2 0| 25H0f S &
Mel oy glol ZHetst Zo|shA o =M MS20|EE FMAIZ
- AP Es Sof At St HESS HM MS20lE oMo 9, 339 378 I8
OSZM HMS:2Io|E2t MEMI=Ee FHEES Zol TFEHEEN o2t €2 HEE S=¢
+ s
- H=M3E = Al B E2|0|E= P123, F127, TPOACL, TMAOH, CTAB 52 &£&%.
template sun. HEHE/JIZ3)]
time/Syn .temp.
Catalusis aluminosilicate gel P123 24 h [102° 540 / ~3.32 nm
Communications 73
(2016) 98 - 102
Chemical aluminosilicate gel F127 24 h/102 540
Engineering Journal
284 (2016] 405 - 411
Ind. Eng. Chem. Res. ~ aluminosilicate gel TPOACI 24 h/102 650~680
2014, 53,
34063411
Chem. Commun., HY [Si/AI=16) TMACH 20 h/150 772-805 /4.3 nm
2010, 46, 7840 - CTAB
7842
e & . o, ¢f
u,co i (CHgh N (G sCH, Tt »o_;. (cn,),u (CHJyCH, + Aluminoiicate geis
ﬁ:‘;g“al@’;:ﬁ‘” NaAlO, il e
A»:fsa.ij.H,o °| Hydrolysis o5 gg,%’ % Ancheriag
(a) L >
Precursor gel containing zeolite seeds % %é’i'
(b)
S5 Levst oS
08 "..:'\' o o ot
Zeolite with sma!lev and Jargar mesopores  Zeolite with larger mesopores Ho i lﬂ%b"é ;:Cu,»‘.cu,
(e) )
[O8 59] ciekst ®ME2lolE 7|8 37|
S HIZMBE MEA0ISe HTE FNAUM 2 E Sohel B, LADIZ} ISk BAIEO
0 HzE=AMSol o5t HiEEn HEF HAo| olsiX|of 2 2At HEol = ALE0| JHssl &

& o =M3H220|E Y &
- NaOH2| ==2t CTABS| =

micropore
__Il.1< NaOH istributi
w a ion + -
— —
mesounmé

SifAl framework

I
it

[28 60] HI=MZS
P&l HZ=AMS HS20lE Y o 8

|
i
12
fol



1) NaOHoll o|at EHa2|7tat Al -

A8 M2l YO MZ CH2 2HH|o NaHBY 2 HIteh $ mure
S5 0.2M2 HolM FYUE HZMBT MElol=E AMME Zo| &
stol o & U

» HZEMS dHECoIE Y &8 P8 (1)- M| E2}0lE NaOH X&f apd

NaOH £ XIZ=[0.04~0.4M) =</ RPM =3 HE

S

Al2k: NaOH, bead, 98 %, 4 aaiall A< Zeolite Y, Hudrogen
SAMCHUN "

[28 61] HE=MZ M220|E ¥ M 11H
&M Ao olst 7|2 EMChA
A2 HE22I0|E Yo} NaOHEM (0.2M) 2 =7t & mELS A|Fich 0]
odat2 & £ = AHHEMH Ol CTABS Yot 2A H| 7|FE22 0.1~ 1

Ct. HM22tolE FAHH|[7F AHEMA 1o st HFE sE=I7F Z2 &4<

o L X o

= W

SAMCHU 4
ey tammonivt

AI2¥: CTAB, 99 %, SAMCHUN ~40%, 350 RPN Drop by Drop

[28 62] M=M= MS2fo|E Y Bfd =Hd

_73_

AlZ ek, NaOH

7Xl = AE

clOIE 2

e s
4

¥

.

405, 350 RPM [Si/Al 30, Alfa Aesar 405, 350 RPM

i Template
2 Yo

M Z2tolE




Hz=MZ M S2fo|E v Bt

<E 26> H=AM3Z HS2fo[E Y B H

@ H[O|7{1 off 0.1 ~ 0.2 M NaOH 2 FH].
@ H|0|72 off B[0[7{1 EUnt &4E MS2O|IE Y & @1 WY

@ H[0|7{3 of| 0.18M CTAB 8% ZH|

@ H[o[|7{22| BMS Hit=H| F|TA|Z|HA| H|0|7 30f| Drop-By-Drop2E X7t = 0.5 Al

o 1=
ZkSok itk
® =LA (145%, 24 hour)

--—

SHFT/MEZE MASI0] 0{Zlst] 100 220l 24A|12F A=}
®-1 HH=MEA| 2| MHE 25101 550=0iA] 2 2+ AMel =,
. Y
NaOH J | nl—WatBrJ (1455, 24 hour)
_ - L™ v
HY } - 5
. (80, 10 min) Wash [EtOH/Hot water)
‘ Dry (1055 24 AlZH
Drop-by-Drop I | iy | 4
l [40%, 10 min] '
T A
Clear J (550 2 AIZH
. Solution J
'y
CTAB | DI-Water] lg'],']‘E% ,t':',?_h
) >
AMCH|
[450% 2 AlZH
g
O H=M32 X H22I0[E Yo Ms™I}t
- XMENM  X-M S EOET HE=s= 2ol
- FHAM g J)128 EA
ME S8 g % olsg e
- FIMASD|Ed S St H=AMEs &M
- 325 &8s =A
Fo Zdie 713 371(2-30 nm), BIEHX (650 m?/gO|4})

o
o
=

& Y A U Y 25t 2 Al
- XRD EHES SE H=MZ ol

- & BEE 22 S8 B3| 24

- TEN BA2 S8 073 el

- 334 ERMSEAL

® HEYE

& HE B3 ®B2lo|E9| PEEA XM 24

- XM BAgolR A 2H Txo| e HEE 9

|
N
~
|

chest BA#S Ssi Y = xeajol=e] fxBF el
(o]



FHSIA 5t BEE2 Ldor|n Tof wE AEot ZEE 0|5t =E IR EME
utetst= ottt AMISHAI=, ez §AF Z2Hd dE TR "alleh AXH A, B, C
2 Hih=of AS mf of ZFoll uE Al XS AAZ 62 ZAlSHH, XM2 Aol 25
2E Yoz Mt oy, d=2of et ZHd g otol|l olsh HsiEICt ol daES IEY
ol2t st ol =M & XMZ 3[HE XMo|2t Btot. EESF BraggztAlAl S 0|50 o
2 g2 7 Act. 2 SHOILL HE =EE2 L7 sFEEAM S #1 A7 mZof X
2 0|8ct 7z WH2 2EHHLR 0|8 =1 Ut

2d M =Mz M22t0lEel =3 772t EMHO| Crystallinity® X 242 S35t
o =MSH220lESl 45 "It

XM EME2 Sall M2etolELl X-M S| HujHI =53 =tel.

2 theta H®l 1~56 AtOloflM Lt2= AMIZHe| m 3= (100), (110), (200) 2 HHHX[0],
Ol= M =AMIo| dM=AsS olo|stct

MZE LEf= X M JdeiZojlA= 2.5E2f 3~5K Alo|ofAM m 3T} H=ho| LIEHG20] Of
= AlH&M 2l CTABOl 2|5 A Hexagonal p6mm symmetry M Z=AlE @M E &l

TZtolM HSEl0lE Yol EAM 3|H m3E ZE MEolM Eelgh =S B AIRE of A}
ot A2HS2l0|E v|wdHS w, CrystallinityZ7t B0l ZAEX 22 He =l

50000 - ——0.02 M NaOH/ 100°C,36 hour
14000 —— 0.02M NaOH/100°C,36 hour
12000 40000
10000
= 5 300004
T s000 E
o
E so00] = 200004
4000 4 1 1
i | 0.02M NaOH 105&, 36 hour | | |
u_\\kﬁ.—,, = —
10 15 20 25 10 15 40 5 10 15 20 26 20 5 40
2 theta/degree e 2 thetaldegres | NaOH 100°C, 36hour
14000 - —0.2M NaOH/M100°C, 36 houl
12000 i
10000 | 0
=
T s000- z
2 E = al o
E o0
o
i 2000 -
200 ' 0.2M NaOH 105, 36 hour }*""’\\‘
:] z
T T T T T T T T 1 04
10 15 20 25 30 35 4D , , : ; , , :
2 thelaldegree 5 10 18 20 25 30 5 40
2 theta/degree

[28 63] NaOH X2ls=7} Ct2 A 22}o|E XRD |3

NaOHs =7t & A
=2320| LIE}= A

3t NaOHs = o|2lof| ct2 dskel X} 12{5t0{ SHA 434



2

14000 —— 0.24 NaOH/ABI°C, 36 hour ity ——0.2M NaOH/ 100°C, .38 hour
12000 5000
1000
. 4000 -
R &
[ -
T s E R
4000
| 0.2M NaOH 1055, 36 hour
200 |
e
[ = o
1 15 28 25 30 15 4D ! ps e Y
Zialdegres 2 theta/degree
. ) S — 0.2M NaOH/ 100°G, 36 hour
. —— 0.210 NaOH/145°C 24 hour
o
40000 -
2500
T 30000
3 2
E .
£ 0.2 NaOH 145.5, 24 hour |
1000 ]
10000 4

15 20 25 30 35 4D 5 1 = 2 = a0 ® 40
2thetaldegree 2 theta/degres

[28 64] X227} cl= X S82l0|E XRD T3

7|1&29 M =AM R2EE 145EX] 22 FEde, ZYst HES3S JHKHEA
CrystallinityZ} ZA=EX| 2= H=EAMZ M220[E Y 7t SME A =elet

zEZXMoZ g Fol Zeolite Y| unit cel 0] FMX|IX| £ Character& Al st¥ 20,
CTABZ} A =%t Ht8 = H=3=2 X M22l0lE Y7 & gdEsS =el

A EEE EAME S8 7337 &4

S=tele| 2 BETAMH|(ASAP2020, Micrometritic, America)

Gas =AF=0| Ceksh gtsknl £22 Do FHI ST Al DA EH2 WREECH 2ot
o MEjo] len] ol PHFA|F|7] &l Gasel A= LA el mHol| =etErALt 22l=A
Listol 2ted, 25 59| HEE FAUS < 1AM ZHO Gas7t 8Fotes s & F
20{ O|= Van der Walls &oll 2|t Zolof X7tz 2ol 37|17t Fst= ot 7
AtSh sato|n o] EME SFo|z2t st st SFE 5 S&HE EAS0| EHLERH 2
2(ZY) == sabs =2Eol2t sto ol3et S&, EE2 IMEHS 22X, JtAel =4,
FO{Z 24 Sof esto| ZHE

&S Helo w2, el FEHe2RH F& E VMo RulE A = A O
of w2 FXte| 7H=E ttdsl ¥ % Jct. 0| Z7{St0] Brunauer, Emmett and Teller S
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E 31> KA 1% IS o KA 231uHS WHA 2 Plot

Kinetic model EquaTiO;n Eq. Plot

q=

Pseudo-first-order qu(1-e,9) (1) q vs t

qe=
Pseudo-second-order Kaqe’t/ () G vs t
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- I =2 4708, Tl 535 536E ZAL

- FAF Y22 ok a7, 119m 2.

=2 : [Alkane oxidation by dinuclear iron complexes in hexagonal mesoporous solids)

== [T : [Preparation and characterization of metal oxide suppornted silica pillared zirconium phosphates with high surface areal

=& 2] : {Oxide loaded ordered mesoporous oxides for catalytic applications]

=2 R[] : [Akaganf#x00EGite-type &#x03B2-FeO(OH) nanocrystals: preparation and characterization]

=23 : [Studies on the state of iron oxide nanoparticles In MCM-41 and MCM-48 silica materials]

t-E-_'ngﬁ; [lron () oxide nanoparticles within the pore system of mesoporous carbon CMK-1; intra-pore synthesis and characterization]
= [T] : [Sorption characteristics of zinc and iron by natural zeolite and bentonite]

4= S (1] : [Porosity appearance in cobalt ferrite and changes under the thermal treatment of co-precipitated iron(Il) and cobalt(l) oxalates]
=S 2T : [Effect of thermal treatment on surface and bulk properties of Fe/ZSM-5 zeolites prepared by different methods]

(=20 (TT] : [The synthesis of hierarchical porous iron oxide with wood templates]

-?EE-'QN'— [Tailoring the porous properties of iron containing mixed oxides for As (V) removal from aqueous selutions)

(=2 [T : [Iron oxide modified mesoporous carbons: Physicochemical and catalytic study]

L= ST : [Porous crystalline iron oxide thin films templated by mesoporous silica]

',‘5&9[‘[]1: [Direct synthesis of highly ordered Fe-SBA-15 mesoporous matersials under weak acidic conditions]

3_*{-3{111: [iran oxide nanoparticles inside the MCM-41 channels: Study of the structural stability of the support]

=297 : [Coordination structures of vanadium and iron in MCM-41 and the catalytic properties In partial oxidation of methane]

(=2 =T : [Preparation, characterization and catalytic behavior in methanel decomposition of nanosized fron oxide particles within large pore ordered mesoporous silicas]
== =[] : [Synthesis and evaluation of iron-containing ordered mesoporous carbon (FeOMC) for arsenic adsorption]

=z o] : [Iron oxide nanoparticle impregnated mesoporous silicas as platforms for the growth of carbon nanotubes)

= 23] : [Aqueous route for mesoporous metal oxides using inorganic metal source and their applications]

|4=ELR[T]] : [Various nano-size iron oxide polymorphs on mesoporous supports 1 New mesoporous catalyst supports synthesized in acidic and alkaline media]
=20 : [Mesoporous ferrosilicates with high content of isolated iron species synthesized in mild buffer solution and their catalytic application]

== (] : [A new and generic preparation method of mescporous clay composites containing dispersed metal oxide nanoparticles)

?_-E-gfﬂ] [Formation of carbon nanotubes on iron/cobalt oxides supported on zeolite-¥: Effect of zeolite textural properties and particle morphology]

=2 9] : [Soft-templating approach for the synthesis of high surface area and superparamagnetic mesoporous ron oxide materlals]

1553{111: [Complementary use of IR and EPR spectroscopies for characterization of iron species in thermally treated MFl-type zeolites]

== [T : [Fabrication of carboxylic functionalized superparamagnetic mesoporaus silica microspheres and their application for removal basic dye pollutants from water]
-z-g-gm] [Catalytic wet peroxide oxidation of phenal over iron or copper oxide-supported allophane clay materials: Influence of catalyst Si02/A1203 ratio]
=29 : [Synthesis of recyclable catalyst-sorbent Fe/CMK-3 for dry oxidation of  phenol]

== : Impact of silica structure of copper and iron-cantaining SBA-15 and SBA-16 materials on toluene oxidation]

== S [] : [One-step selvothermal synthesis of an iron oxide-graphene magnetic hybrid material with high porosity]

= 2T : [Role of PH(0) in bimetallic (PLFe)-FER catalysts in the M20 decomposition]
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