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SUMMARY

Ground water soil contamination are among the most complex and
challenging environmental problems faced by many countries.
Superfund site and other locations with contaminated soil and ground
water represent a technological challenge both in this region and
nationwide. Surface waters in some locations regionally suffer from
contamination due to low levels of chlorinated organic compounds,
pesticides, polycyclic aromatic hydrocarbons(PAHs) and heavy metals.
We have studied to assess the use of surfactant-modified zeolite
clays(called 'organoclay, ) to preferentially sorb and remove these
organic pollutants, hazardous inorganicoxoanions and some heavy
metals from contaminated natural and engineered systems and also
evaluated the use of EDTAd(ethylenediaminetetraacetic acid)to wash
contaminated soil with toxic heavy metals, posing a subsequent
potential fouling of ground water at many hazardous waste site. The
most commonly detected nickel. zinc, copper, arsenic, cadmium,
manganate, chromium, lead and selenium. The organic-clay has been
offered an alternative to activated carbon and other remidiation
technologies, with particular advantages in leachate and contaminated
soil and ground water that contain significant quantities of natural
organic matter that impair treatment when activated carbon and other
non-preferential process are used.

Previous work by the many researchers has demonstrated such
possibilities in similar, but simplified systems of zeolite plus loess
clay balls produced in Korea, which has been modified by insertion
of cationic surfactant into its interlamellar spacings, acquires a
selective adsorption zone with dimensions and hydrophobicity
adjustable depending on the surfactant used and on the cation



exchange capacity of the clay. This selectivity for lower molecular
weight, nonpolar organics is not exhibited by activated carbon which,
though possessing a high overall adsorption capacity, is relatively
non-selective and subject to "pre-loading; such as the rapid uptake
of innocuous, natural organic matter, consuming 40-90% of this
capacity. In addition, it is not possible to selectively desorb chemical
species that have adsorbed on to the carbon.

In this study, we have focused on aspect of organoclays application
such as the proper choice of surfactant and clay to optimize sorbent
selectivity, the amount of surfactant to insert, effect of pH, stiller
rate, reaction temperature and flow-rate, and the kinds of target
chemicals.

The sorption of target chemicals to zeolite and balls of zeolite plus
loess, activated carbon, and two organoclays synthesized with
quaternary ammonium organic cation stearlytrimethylammonium
chloride(STMA) and hexadecyltrimethylammonium bromide(HDTMA)

was quantified as a function of total organic carbon content. The
unmodified zeolite sorbed the heavy metals but sorbed no organic
compounds , oxyanions and metal-chelate ions. While the activated
carbon exhibited the strong target chemical uptake. For the
organoclays, organic cations were exchanged onto Korea Zeolite at
four different percentages of the cation exchange capacity of clay.
For STMA and HDTMA clay, in which partitioning is the dominant
sorptive medium, it was determined that target chemicals sorption
increased the total organic carbon content increased. the organoclays
sorbed much more target chemicals than the unmodified zeolite, but
nearly similar the activated carbon.

Since STMA and HDTMA is too large to enter into the internal



portion of the zeolite, sorption of the amine only occurred on the
external exchange site of the zeolite. STMA was exchanged with
extrastructural cations of the zeolite up to the external cation
exchange capacity. The STMA-modified surface was stable when
exposed to extremes in pH and ionic strength and to organic
solvents. The sorption data for target chemicals including organic
compounds, heavy metal ions, oxyanions and metal-chelate anions
were well described by the Freundlich isotherm equation. Target
chemicals was highest when the zeolite was modified such that
STMA satisfied 100% of its external cation-exchange capacity. The
mechanism of target chemicals retention appears to be the formation
of an STMA-target chemical such as STMA-anion precipitate on the
zeolite surface.

The sorption was found to be reversible, but sorption Kkinetic may
have an effect on target chemicals transport over the range of flow
velocities encountered in aquifers. The conclusions of this study are
applicable to a wide range of sorption and transport problems
including artificial ground water recharge and leaching of pollutants
from landfills.

Heavy metals contaminated soil at uncontrolled waste sites has been
a problem of major concern in recent years. Ethylenediamine-
tetraacetic acid(EDTA) and dimethyltriaminepentaacetic acid(DTPA)
have proven an effective extracting agent for the removal of heavy
metals from contaminated soil. Due to chelate agents are high cost
and to metals should be recovery after soil remediation, it is
necessary to regenerate and reuse Chelate agent and metals. This
research investigated the feasibility of a batch and pilot



electromembrane process for the regeneration of chelate agent and
heavy metals from metal-chelate complex ions.

Heavy metals such as Cu, Ni, Cd, and Pb were chemically extract
from the contaminated soil using the chelate agent, EDTA and
DTPA. These chemical extraction have been focused on its
applicability to a wide range of soil. Initial work investigated the
effect of chelate agent concentration on release of heavy metals from
soil. Then metal and EDTA were regenerated by electromembrane
process.

Results of extractive efficiencies for heavy metal follow the order:
Cu-EDTA > Ni-EDTA > Pb-EDTA > Cd-EDTA > Cu-DTPA >
Pb-EDTA. This result is coincided with order of conditional
formation constant(Kf) of metal-chelate. The optimize concentration of
EDTA and DTPA to wash the heavy metal contaminated soil was
0.0oM and 0.01M, respectively. And all results indicate that the heavy
metal extracted by EDTA and DTPA were increased with decrease
of organic matter in soil. Therefore, extracting efficiency of heavy
metals which have been absorbed by organic matter in soil is
controlled by concentration of kinds of chelate ion.

Electrolysis of metal-EDTA chelate was investigated as a means by
which the heavy metal can be separated from the chelating agent.
This provides a separated heavy metal that can be recycled or is
amenable to further treatment and disposal by more conventional
technologies. Also, a reclaimed EDTA stream can be recycled to treat
additional contaminated soil. The recycling of the EDTA will offset
the high chemical cost and make the use of EDTA in treating metal
contaminated sites more economical.

The electromembrane process showed that copper could be chosen



as an electrode to plate Cd, Cu, and Pb. At least 95% of EDTA and
associated Cu or Pb could be recovered by the electromembrane
process. The EDTA recovery is equal to the percentage of metal
electroplated from the chelate. Electrodeposition of cadmium was
done at controlled current of 0.1 A. Within the first three minutes,
Cd(OH): precipitate was formed in the cathode chamber and pH was
increased from 3 to 12. When the pH value was greater than 8, the
cathodic electrolyte was severly cloudy, and hydrogen evolution is
responsible for carrying the current. The electrolysis time take longer
from the initial pH 2.9 to the final 11.49 than applying 1.0 A to the
electromembrane cell. The percentage of cadmium and copper removal
was 90% and 99.15% at 0.1 A.

The percentage of free EDTA vyield of the nickel cathode was
smaller than that of the copper cathode. The recovery of Pb from the
Pb-EDTA chelate was less efficient than recovery of Cu from the
Cu-EDTA chelate. The percentage of Pb removal and EDTA
recovered were 99.0% and 91.74% respectively while the current
efficiency was 14.129. In this study, the percent of Pb removal imply
that only slightly less Pb was deposited with the soil extraction
process than when pure Pb-EDTA chelate solution was applied in
the electromembrane process.

This study has successfully proven that the electromembrane
process 1s applicable to the regeneration of heavy metal and EDTA
in the soil extract. According to the data calculation, regeneration of
1.0kilogram of Pb at current density of 1.0 mA/ct would require

approximately 3.26 Kw/hour of electric energy.

Based on experimental results and model simulation for the nonionic



organic pollutant under the EK treatment, the following conclusions
were obtained.

Buffer and circulation neutralization system can eliminate the acid
front generated at the anode. A constant pH throughout the soil
mass can be maintained to produce a stable electro-osmotic flow
rate. The higher the water solubility of a chlorinated organic, the
higher its transport rate in the soil. The EK process can effectively
remove chlorinated organic compound such as PCE, TCE, Chloroform,
and carbon tetrachloride from the soil at an efficiency ranging from
85 to 98% in a matter of days. In addition, the desorption behavior of
the organic in the unsaturated soil can be obtained by EK process.
The desorption of chlorinated organic compound follows a first-order
kinetic reaction. The rate constant is 0.61, 0.70, 1.15, and 1.03 day,
respectively, for PCE, TCE, Chloroform, and carbon tetrachloride.

The DAS model based on the linear sorption isotherm at equilibrium
can simulate the movement of chlorinated organic contaminants under
the EK process. This indicates that the sorption behavior of PCE,
TCE, carbon tetrachloride, and chloroform is at equilibrium status
during the EK process. In this model, the partition coefficient is one
of major factors controlled in the organic transport. It is seen that
the partition coefficient of organic in the EK system is higher than
that obtained in oversaturated soil-water system. This can be
attributed to the soil to solution effect on the organic sorption. In
addition, the simulation value of partition coefficient increases with
increasing time because of the coefficient effect on the organic
sorption.

In contrast, the DAS model based on the linear sorption isotherm at

nonequilibrium condition is able to simulate the movement of



phenanthrene during the EK process in the presence of Triton X-100.
A desorption rate constant of 107 hr' was obtained. However, the
DAS model dose not predict well the distribution of phenanthrene in
the presence of rhamnolipid. The presence of rhamnolipid. apparently
promotes microbial growth in the soil-water system which may bring
about biodegradation of phenanthrene. As a result, the desorption

behavior of phenanthrene is nonequilibrium.

Photo—-catalyst processing skill dissolves perfectly organic matter
pollutant, and application is possible in water settlement and gas
processing system.

TiO> film particulate systems have been employed to
photo-decomposition of organic pollutants. In such a system, the thin
films are excited with ultraviolet or visible light to induce charge
separation. The photogenerated holes would then oxidize the organic
pollutant. Upon irradiation, the TiO: particle generates electron/hole
pairs with positive holes in the valance band and free electron
produced in the conduction band. The holes migrate to the TiO2
particle surface, and then are reacted with the absorbed water
molecules to generate hydroxyl radicals, which can oxidize a host of
organic pollutants.

A Dbetter TiO: surface adhesion technique is necessary to be
achieved. By optimizing the catalyst coating procedure, an
improvement on the photodegradation technology has also been
achieved. Different coating procedures were investigated to improve
the TiO: immobilization technique. And the enhance-effects of
photocatalytic activity for the target organic chemicals were discussed

in the presence of H202 or O in water. The metallorganic chemical



vapor deposition(MOCVD) and various sol-gel method have been
used prepared TiO: films for the degradation of some hazardous
organic chemicals such as by-products after disinfection, aquatic
vaporized organic compounds(VOC), endocrine disrupting chemicals,
and toxic organic chemicals in water. The effect of supporting
materials and metal doping on the photocatalytic activity of TiO:z
films also have been studied. TiO: films were coated onto various
supporting materials, including stainless steel cloth(SS), quartz glass
tube(QGT), silica-gel(SG), loess balls(LB). and balls of zeolite plus
loess(9+1, ZeoLB).

TiO; nanoparticles were synthesized using the MOCVD process.
Particles with and without metal ion dopants were obtained. X-ray
spectroscopic measurements confirmed the stoichiometry of the TiO:
nanoparticles. X-ray diffraction patterns showed a polycrystalline
anatase structure of TiOs . Transition electron microscopy revealed
that these particles are of nanoscale dimensions. Exact particle size
and size distribution analyses were carried out by dynamic light
scattering . The average particle size was determined to be about
18nm. The nanosize particles provide large surface area for catalyst
and a large number of free surface-charge carrier, which are crucial
for the enhancement of photocatalytic activity. To improve the
photocatalytic activity, metal ions including transition metal ionS(Pd%,
PtY, Fe*, Ag') and lanthanide ion(Nd*) were added to pure TiO:
nanoparticles.

TiO: nanoparticles with small size distribution and low temperature
dependence were successfully deposited on the supporting substrate
by MOCVD. For pure TiO; only amorphous TiO2 was obtained

below 250°C. Anatase to rutile phase transformation occurred at



about 700°C. Pure anatase polycrystals with narrow size distribution
and average size ranging from 10 to 30 nm were obtained in the
temperature range 350-600C. The particles deposited at 600°C were
found to have the smallest size and narrowest size distribution. The
growth of anatase particles was attributed to the competition between
the effect of calcination and deposition rate. At low temperature, the
effect of deposition rate dominated the anatase nucleation and growth
process. The change of TTIP concentration and residence time in
the chamber and the increased nucleation density decreased the size
of anatase nanoparticles with the increase in substrate temperature
between 350TC and 600°C. Rutile type started to form above 600TC.
Above the phase transition point, the growth process of anatase was
dominated by the calcination effect from the substrate. The effects of
dopants on photocatalytic kinetics were investigated by the
degradation of the target organic compounds under a sunlight. The
results showed that the TiO: nanoparticles with the metal ion
dopants have higher photocatalytic activity. The N&*, Ag’', and
Pt"ion showed the higher catalytic activity than the Pd® and Fe’'ion.
The difference in photocatalytic. activity is related to the difference of
ionic radii and photosensitivity of the dopants. Therefore Ag’ ion of
these dopant metal ions in this study showed the highest catalytic
activity.

Among all supporting substrates in this study, LB and ZeolB
appears to be best support. The coating process of TiO: nanoparticles
onto the LB or ZeolLB surface was investigated for improvement of
the photo-destruction efficiency. The degradation result of target
organic compounds in groundwater and drinkingwater follows the
order: TiO: film prepared by CVD > dipping > sol-gel> direct UV.



The photodegradation efficiency increased with decrease of the
number of the chlorine atoms substitute on the phenol ring. The rate
of photodegradation for monochlorophenols was the follow the order ;
3-CP < 4-CP < 2-CP. Also results of chlorophenols ; trichlorophenol
< dichlorophenol < monochlorophenol.

Bisphenol A(abbreviated as BPA), a representative endocrine
disrupting chemical, is exhausted in plastics making factory mainly
and as cooling beverage can. Although BPA is readily degraded by
microorganisms, biological methods commonly require long times for
the wastewater—treatment containing BPA of high concentration.
Therefore, the rapid and correct wastewater treatment of BPA is now
required urgently.

The photocatalytic efficiencies were enhanced at pH 3.0 and by the
introduction of H»0: solution. The results indicate that activities
enhanced in the order of TiO- thin films of CVD > heating sol-gel >
heating dip > spray coating method. Also the efficiency of
photocatalytic-degradation for the BPA solution was increased with
increasing the concentration of H:O: solution added as an auxiliary
oxidant in this process.

The intermediates and by products generated during the process
were identified by GC/MS. The major by products were two
carboxylic acids; formic and acetic acid. The intermediates of BPA
produced in this process were some compounds as follow;
HOC(CH3):CeH4OH(m/z=151+proton[IV]), (CH3):CHCsHsOH(m/z=135 +
proton[I]),CHs=CHC(OH)CHCH=CH2(m/z=95+proton[ IO ]),
OHC-CH>-C(OH)=CH-CH=CH-C(CHz3);-CH=CH-CH=C(OH)-CH2COO0
H(m/z=279+proton[IV])

A field test of solar photocatalytic process for detoxification of



ground- and drinking water was conducted at Chosun University,
Gwang-Ju, South Korea, where benzene, toluene, ethylbenzene, and
xylene(BTEX) compounds were found in the fuel-contaminated
groundwater. The silverized titanium dioxide supported on ZeolB is
packed in tubular photoreactors and used for single-pass or
continues—pass operations. Catalyst fouling, destruction inhibit, and
water pre-treatment have been investigated in addition to BTEX
destruction. Ionic species were found to be primarily responsible for
photocatalyst fouling and destruction inhibition. A  simple
pre-treatment unit was developed for removing turbidity, adding
oxidant, and ionic species. By using pre-treatment, the reactor
system operated efficiently, and no loss in catalyst photoactivity was
found during the month-long test. On a rainy day, BTEX compounds
of total influent concentration of more than 2 mg/L were destroyed
within 6.0minutes of empty-bed contact time. Test results with
various flow rates, reactor diameter, influent concentrations, solar
irradiations, and weather conditions confirm the application potential

of this process.
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exchange medium) processE o°|&3dle] AIZEROZREH FFEHE
AAstE 71€d g 2R Hla PAEF ZF SAEK7IE] MR
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Scheme 1. Semiconductor of energy structure.
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A4 LD Y UEA FE2oze FEUAIFEAITIONZ eV),

WO0s(28 eV), SrTiOs(32 eV),a-Fex03(3.1 eV), Zn0@32 eV)] oAy

—3-—’5 %52 Al ZnSB6 eV)] 5 ot dwrHog o437 Wz
Zuj7} 71Aol & 7)1 43 @dAYIE AF/FAANT A de

%éﬂ A 49 Qe EAsol duhe FIH FAILE AR FAE

“ -
7 @elxe wgel dth T sgan% AW A5 E(-FeOs, 0

o= ‘I’P@:O] a2y TiOe gnﬂ A L o
o, FEHoly 3t R ds] ¢tAE ghol AHIde FHE
bR D gtk ®ur opyel AsE wEA e FAs g B4 xSl
A & TiOz(anatase) > TiOs(rutile) > ZnO > ZrOz > SnOz > V203 9
o2 TiOot 713 2 238y BY=E vehan™ ¥

TiO22] Fxole e 4 (anatase), &F4(rutile), <354 (Brookite)2l
3227 90 Rutile®e WEH ARHAES HUo 7|52} £E o)
Tope] ARew HzM A FA 5L Hu F3PALS JF &
Ego)x wEg oz uUeldrtl Anatase: tetragonal TERE 18
Brookite¥ triagonal 7% & 9t} Brookite®& Tiol O7} 6¥i¢ & ¥lE
4 guAle EAgE FHste F2E HIh TiO8 ol&F HEE
Anatase® & 394, Rutile® 42709, #H¥ FHEEL F7 550 nm<!
whebe] 7% Anatase 2.57, Rutile 2.740] 0.
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Rutile?} Anatase® &8 22 T ol FHd 6709 O ol2°] E¢
Ao RE TIO; BHATZRelth a8l F 2R Fxo Aoy WA
T HEIHR WMETZEY o2 EAX Y. a8 Ti-Tizt A
£ Anatase’} Rutile2th v Ti-09 728 Anatase’} Rutile®
FH. =8 RutileTZAAE 2+ FEA7 10719 e 2AAS Ha
A UdE ¥, Anatase FRAAME ZH WAV 8719 o2 ZHA 9
Atz Ak o]HI TFRA olo] 23] Anatases} RutileAlo] o] =
dx9l M7|AQ Agel zolE yEldth Anatase(3.2 ev)7} Rutile(3.0
ev)ETH ¢t & uztAS JHAY, BURELE Anatase’} Rutile
Bt &t o] Rutile ERAA AR} ST wE AZTE W
dojutz, g9 2EES VSEEY w9 W 99 s ol
2422 Anatase2 T Rutileo] © % 7| uﬂ—:?_—omm’. 3% F9 TiO7?
zo gk 288 HJAE 843 Ay S 2o

Anatase, Rutile, Brookite crvstal constant.

Rutile Anatase Brookite
TiO2 TiO; TiO-
Form. Wt. 79.890 79.890 79.890

Z 2 4 8
Crystal System Tet. Tet. Orth
Point Group 4/mmm 4/mmm mmm
Space Group P42/mnm 141/amd Pbca
Unit Cell

a(A) 45845 3.7842 9.184
b(A) 5.447
c(A) 2.9533 95146 5.145
Vol. 62.07 136.25 257.38
Molar Vol. 18.693 20.156 19.377
Density 4.2743 3.895 4.123
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A=l 1 540 47" ¥ U 53], TIREE 4
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Ha) BE 227 Fow TR EF AFAY &I HA dojdrh
T3 BT oidAE s Eastdor sy, oW TAd}=
BAge Furgoe] Fojol it} TiO, T&HE A3 CVDHAA AHEH
o] & AFARZE  titanium chlorideAl ¥, titanium alkoxide# €

tristitanium(I)S-©] lth. titanium chloride A€ol &3t FFEZAE
TiCls, TiCL%E©°l 9ov wgAel F1 F71¢el ®o} TIOREIATE
8 x7lo ®o] AEEILY Clolg EEERE H77] AL &3
o] Yol HTAr T AsHA Fert?

Titanium alkoxide A @& AZ7F 43, HAskH, F240] gl AxT
Boy|Zo ] A Bd AREY BT F dn go] AAANE
$E7t Zol AR og Wol AMEH I Ut

Titanium alkoxideA gl &&= SFFE  FoAE  titanium
tetra—ethoxide(TTE), titanium tetra-isopropoxide(TTIP)5°] }2o®, &
3] TTIPE titanium alkoxideAl¥ ZFolA 713 F7Ite]l %3l torr, 5
2C) ¢AAel ot de o] 453 A, Titanium alkoxide® At
g Jixloz wgrt2g 23 gu golv Fetzrt Tl o3 £3
) TIOE ©E & AT, 2 £x9 dtgo B4 FFAIN7

Ll

P Theoh A AbgEIE @

=%
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Electrokinetic Process 7l1<o] 9@ #v3HLAH FA4 Frsdd=x $5
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LI AEFES ARIYET DFHE Zeolite(Zeobuilder Co., LTD.
Seoul, Korea)22& Zeobuilder Co. Ltd (F%, HMlA, FERTL
Ag  3E A AAnte AFEZREH T3 Fo]2 ATFIAHA=R
STAC (stearyltriammonium chloride)¥ KCI Limited Co( Z71%= Al&)
2R 2313 HDTMA(Hexadecylthylammonium bromide) Aldrich
chemical Co.(Milwaukee, WI, USA)Z®-E ZtZt 7d3te] A&-si3ich
a2 99 Ak AFoN EFALGE FAsHS A&
0.15-2.00 mm<Y 4AIA7E ZE 40 g Zeolited] 1 LERFE 7182
g AlZh Ek wukste] 2 ymol el UAE AAT F 30 M HCI &
o2 pH 5002 AT §4& 50THA 3A% T st HE
Aoz RE COSY iong AASfAT a8z H(25T)7HA
3 10 Le&do] 1 M 429 NaClg 7tate 24X &< 2is &
Azn, 2952 33 o4 MHAT g 105TCAA HA=xsdo
Na'-Zeolite® Z A4 21818 ttg 01 M MgCh9t CaCl; 200 mL
gdo] 10 go Na'-ZeoliteZ 7Fste] 25TolA 44 F<b awkstxn
LdARYS T AFHAE H3le ICP(inductively coupled plasma

spectrophotometer)® Na', Ca® 2 Mg®'¢ Folead&3de 535

ol
i
lo,
23]
2

)
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=3
50 g-Na'-Zeolite ¢} 60 g9 dA3 A7 9] FE-Zeolite L7Bo|(FE
TE + zeolite BT =10 + 90)E ¥ W2 10 LY FFFN Ak
t. o]& CEC9 0, 25, 50, 75, 100%7} H&=% 0.2 M2 HDTMAS
STACE Zt7zt t1 & ul &2 ydle 25TCoA 24413 ¢ st Y4
AU FAd T ste A2 AAES 53] ol BESFE MFHE
80T A=x7A 4012 T A2A F IAZESE 110TAA &3
Al ARZAA-HEFE(organoclay)E  EDS(electron  dispersive
spectrophotometer)2t SEM(scanning electron microscope)® T+%2
A¢k b8 HDTMASF STMACH 2l8) m3¥E Zeolite 59 Na' 9]
29 ¢S ICP oA EA 3.
+%9 HDTMAS STMAS BFARE dotr7] $3 25 mL A E
g8 Hol 7tze FIHERES 05 g2 22 ¥ 01 mol/L %
FE4Y 25 mLe Wi wuk]ol A 25T A 250 ripmo.2 29 o} Wy
o] A RSt gxd" HDTMA ¢ STMAS #7] =
TOC- 5000A(Shimadzu)2 &7 31 o}
100% CEC STMA &2 2] % Zeoliteq] STMA -Zeolitezb= #7128 E
BB YAFE Crod o9 FAAEE FA%T EF, STMAC
€ A7 NaxCrOs €88 2 : 19 mole HIZ EF3te JHEEL Ao &
7} 2] 1HAES 5 mme NMR tubed] 2} 1,064 nmoll A LA/ <]
laser& W&ste tolexrt BAHS e 910 FT-Raman
Spectrophotometer (Nicololet Instrument Corp., Madison WDZ ¥ 3}
AT

e

FS&
OH‘
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ol



A5 &7)9 428822 2-chlorophenol  phenol, 2,3-dichlorophenol
(2,3-DCP), 2,4-dichlorophenol(2,4=DCP), % 2,3 4-trichlorophenol (2,3,4-
TCP)E 183 A4 54 #7883 (HOCs).2 Benzene, Toluene,
p-Xylene, TCE, @ Phenanthrene& Aldrich 2% 8 FH3t A&
3ttt Na'-Zeolite, STMA'~Zeolite, HDTMA'-Zeolite R 249 ol8381 o5
o) gstEo) sty HEEFALHS P8 Th amber glass 712 ©
kst A3 27 (Zeolite, Organic zeolite, pH, 2%, AWEE Z7|¥ 5%,
AR §71992 A2 2% humine 229 d3)lA AFL-4AFA 77
ety F2a Alold #3ALES 44 AEFUTG. 28 4F A
ol B3 4L HPLC(SYKAM 2100, Column; Phenomenex
model Luna 58 Cis(2) size; 125 x 4.6 mm, Eluent; 100% acetonitrile)
9} GC-FID((Shimadzu, GC-17A, column; DB-5 [30 m x 0.32 mm,
ID= 025 mDZ BAse 248 AFEY 4} 4T HFFs==
BE EulAdss) gAuest ALE 2R oF FHAA Q@ A
t e Zt7zt eIt AFE 54 &7 33

2% 2-CP, phenol, 2,3-DCP, 24-DCP, 2 234-TCPE Batch 243@2o %
ZeoSTMA 2ol FXEAHS AES T ZHsTF FAELE HE
s 254 EA $7]29E22(HOCs)E Benzene, Toluene %
Ho2 AFAH F7]12EEZEMHOCS)FH ZeoSTMA

Atolel A58 AEFHAT 2R AFARVISESTH AT
Be] AzAge B4 2 EY #71E(Humic acid; Aldrich A3F)9]

sE9 Ao BE 244 §719EEY FASAL oled AESR

—

A
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3. Er)gole @ =3&o)2e] FTHEMT} AHAPo| L] FHu)

A

F7) 801MnOs>, CrO, SeOs, AsOs, F,, NOs, Cl)e $343¢
F87] sl KoMnOs, KoCrOs NasSeOs, NaHAsQs - 7H20, NaF,
NaNOs NaCl& Aldrich¢} Junsei A1% GREE 474 Ab&stdvh 28
FE&o|2(Ph”, Cd¥, Fe¥', Cu’)el FAAHP L MerkAl AAS EF S
A& AHESIATH ZeoSTMA'E FHAZ 38t batch HEE& FAEA

ol
o HEAGAA, amber glass €718 o] 83 FI|Fel2 R FFE

oA dH Algelg BEHIGE £9L ICP(JY-70plus), UV-visible
spectrophotometer(HP-8452), @ Ion Chromatography(Waters)®# ol <]3}

o FAME4r. o] B4 Ar2RE FHH gEY FHE FFE
G SAF HIFEE Tl REulAFeS  FRAUNSSEATE
2Rt £ o5 ANZRE ZeoSTMAS F3 EA4& AET
3 AASEFe] FAEAYN EY #7118 Humic acid; Aldrich AlF)9
T2 FFE ofgY HEI U ZeoSTMASY FHAETE H737]
Aot} FrlgolF Fold Wi FAELS Fole nFFA, 24
g ¥'Z, Na -Zeolite Zeocarbon(Zeobuilder &A} Al F)YFELe] 1A



2 N¥e gHRon £857] 959, FE-Zeolite EFELEL o &
sto] FUT 44 Aol wES 2A4AZ F STMACSH 339
BE-ZeoSTMA 94 B2S zA i EDSS ICPHE& ©] &3t

#3l3, STMA'o]&<l 23 Na' o]2<9 ¢

contaminated water

ZeoSTA

[i
l peristalltic pump
output

Figure 1. Schematic of the continuous experimental setup used for

the sorption test.



F7] Lol&MnO” , CrO& , SeOs> , AsOs , F, NO;, C® F84%
(Pb”, Cd™, Fe*, Cu’) 2831 AF-254 #7185 (Table 6)
FHAYE Ysto], FE-ZeoSTMA U4 B2 4T 4& Figure 1
T Z& columndl AY P& oS AFxAe 2 FEA AP LA
g FHEALS 2AE g9 FuiASYd BHEEEE AT FF
AEZXANM @3 Aeith £HI} 48 GC-FID$ GC-FPD
(Shimadzu, GC-17A, column; DB-5[30 m x 0.32 mm, LD.= 0.25 m])%}
GC/MS(Shimadzu, QP5050A, column; DB-5[60 m x 0.32 mm, LD.=
025 m)hE EA3th} o] ¥4 g2y F2d JFEY ¢34 &
o HYFEE T3t BuiAF o FA HEEE FFE 2AEA

ol5¢ ARZRE ZeoSTMAY F3 S4E AEISTH



Table 6. Toxic organic compounds to be used in this study.

A standard
An Empirical of
Chemical Solubilit
ermicats forumlar dringking OBty
water
% & (Phenol) CeHsO 0.006mg/L 82,000mg/L (15T)
1.1.1-Trichloroethane .
C2HsCl3 0.1lmg/L  4,400mg/L. (20TC)
(methtychloroform)
Tetrachloroethylene (PCE) CoCly 0.0lmg/L  150mg/L (25C)
Trichloroethylene (TCE) C2HCl3 0.03mg/L  1,100mg/L. (25T)
Dichloromethane .
CHsCl 0.02mg/L  6,500mg/L (30TC)
{methtychloride)
Benzene CeHs 0.01lmg/L  1,780mg/L (20TC)
Toluene CHs 0.7mg/L - 5156mg/L (207C)
Ethylbenzene CsHio(CeHs-C2Hs)  0.3mg/L  152mg/L (20C)
Xylene CsHio(CeHs-(CH3)2  05mg/L  175mg/L (20T)
1.1-Dichloroethylene CoHoCly 0.03mg/L.  2,500mg/L. (25C)
Tetrachlorocarbon CCly 0.002mg/L
Diazinon CiaHaiNzOsPS 0.02mg/L  40mg/L (42)
Parathion C1oH14NOsPS 0.06mg/L 24mg/L
Malathion CioH1906PS2 - 145mg/L (20°C)
Fenitrothion CsH12NOsPS 0.04mg/L 30mg/L
Carbaryl CizHNO» 0.07mg/L  120mg/L (30TC)
1,2-Dibromo-3-
C.HsBr:Cl 0.003mg/L  1,000mg/L (&)
Chloropropan
AFEAE
" 4.0mg/L
(Residual Chlorine)
Trihalomethanes (THMSs)
0.1lmg/L
{Bromoform+Trichloroform)
Chloroform .
CHCY; 0.08mg/L  8,000mg/L (207C)
(trichloromethane)
Chloralhydrate C:HCI0 - H:O  0.03mg/L  6,600g/L (20C)




SRRt ZeoSTHA

[i] contaminated water tank peristalitic pump  [3]Column loaded with organociay
[a]sampling port [8]Cean water tank

3.3,4,13cm BcmB8cm 17cm 6 3

Reactor (@ 7 cm)

:

=

3
SIS,

B

ST F & § )

6 cm Effluent

® influent

Storge tank

Figure 2. Schematic of column apparatus loaded by ZeoSTMA for

continuous separation of target pollutants aqueous solution.
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Figure 3-2. Photograph on the pilot-scale setup for clean water

treatment.

a4 da AeHIT e AF7ES diEE #F ug Carbonelut
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A5 2544 471882, 77 oL, 2 TS LEL B
FAAANI L AT BA oled BARE B2 Aste] YE

-ZeoSTMA filter® TEo] Figure 33 £ AXE AFsdot. xg
Figure 39 ul¥o] Ag(I)TiO:-#E-ZeoSTMA Ztufe] Fvuijr} Z3d
UV 5 A7 AgAAS Adstd FAch o] FAE o] &3t qjEHd
27 goled FF&Hole agdx IF-2F4 F7I5EE(Table 6)&
AR EF3 292  Figure 39 FX o =Ystd AFAYSH
< Hrtstgh ol BE AEFAANAM wiEE AeE JHE
Surfactante= TOC Analyser(Shimadzu, TOC-50000& ©}&3ts,
BF G BAFIL ZeoSTMAY 7AH EA4& HAES AU

A]

]_

re
ol
A

CHAEY

Pl

7. Organic Clay9 &&7]&d 9
g Ag 2y HE

Zeolited] whste] AR TZE A &1 /W Zeolited] €7
o] AAEUA AR (Figure 5 AATh oL wAZA Hojg2A
A8 H<Q Clinoptilolites] 9% EFoz vehdnt'™.  XRDEAZAH
AAYolg B L ulFgR AMAIN HE 60%9 clinoptilolite 2 20%
o] Moz o]FojAHrt Zeolitedl ¥ CECE 50 mequiv/100 g(500
mmole/kg)o]™ o] e UukA A clinoptilolite®] TR 72 =R

A1 ¥ STMA -Zeoliteo] © 3t EDS spectrume Figure 49} Zr}.

ne



8000

5

nllunlunlnnl veabega by

2000

b

ITERIATE

-

Energy (keV)

Figure 45 Zeoliteo]l Na' o]0} %ol REVZ EATES HAFT
Figure 4¢] spectrumo A 2709 94 3¥hekn] whg Hiw =
o} Sie] WMEE Hl= 3636 1 6364 ol o] FFE FH YL T
3 2kt
NayO ; 17.0-17.6Wt%, ALOs ; 28.0-29.0%, Si0: ; 33.0-34.0%, H0 ;
20£2%, FexOs 5 0.01% ol oAt} wabr B AFoA A& & Zeolite
o] gtgta AL Napl(AlOxw « (SiO2)p] - 27TH0 °1W 1 AR TR
A-type Zeolite ©]1t}.

Na'-Zeolite(A) ¢+ STMA -Zeolite(B)7FZol @ SEM] A&
Figure 5% #Zt}.



Figure 5-1. Scanning Electron microscopy image(x 5,000) of
Na'-Zeolite(A) and STMA'-Zeolite(B).

Figure 5-2. Photograph on the STMA'-Zeolite-loess ball produced in
this study.



Figure 5914 (A)$} (B)Y] TZ2E Aoz A9 H|=3 AAFZRE
= 3

221 Q= AHY Bolul, STMA -Zeolite(B)E #FAdste FANA Na'
o] 29| colewd FEE B3 A} 1.75g-Na'/100g-Na -zeolite ©]

At e AT 2 Fole TBHL] YAde & F Urh

Na'~Zeolite + Cy7Has(CHz)sN'Cl (=STMAC) 1)
— C7H35(CH3)sN"-Zeolite + Na* + CI”
C17Hs5(CH3)3N" - Zeolite = STA”

Na'-Zeoliteo] t 3 Mg®' s} Ca®Fole w4 181 Ca’ -Zeolited)
hE Mg* Fol 28 3e A3 ArE Table 78 Zth
Na'-Zeolites] ™3 Mg®'e} Ca’'ol29 w3&ZFL 1231 meq/100 g-
Na'-Zeolite 9 11.13 meq/100 g- Na'-Zeolite ©|™® Ca’'-Zeoliteoll 3}
Mg” o] 2o L& 477 meq/100 g-Ca® -Zeoliteol AT}, ©F 711 A
Z8% AAE Na'-Zeolited] thd Mg™eh Ca” ol w@&Fo|ch
E g2 v= Texas Tilden #ite] FEZRE ZAT Na'-Zeolite
o] Fol2wF £3FFH(10.05 meq/100 gt =3t

Table 7. Cation Exchange Capacity of Na'-Zeolite and

Ca’ -Zeolite(mg/100 g—Clay) -

CoMg?) | CMg®) [ChenMeg™)| ColCa®) | c(Ca®) [Cux Ca®)| ClexMg™)

38560 | 31280 7280 63600 41333 22266 28620
ColMg”): Mg” 9} 2713 &
C(Mg%): Na'~Zeolite o] Mg?ol&& FHAz ¥ 459 Fo dolgds Mg™9) 5%
Clen(Mg?) : Na ~Zeolite o} W@ Mg¥el&el oleng B 5
Co(Ca®) : Ca¥ 9] 271% %
C(Ca¥) : Na -Zeolite o) W@ Ca’el&g FHAZ F A5 Fol dolles Mg 9
=
Cex) (Ca”) : Na -Zeolite o] g Ca” 0] &9 o]&id FE
EoMg®) 1 Ca’¥ -Zeolite ol & Mg ol &9 o] FE.
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438 STMA'-Zeolite ¢ HDTMA™ -Zeolite®] AARE AES”
8 Zeolite CEC 0%°14 100%7tx] STMA' 3 HDTMA™ &9 3¢
2 F 1009 S7HERES FALS 534 wEINHT F 507H9] A
259 dsld TOC YUAYH(Shimadzu)® XRDE A3 Z3}
Table 89 eI,

BEAARE HE H7tE ol ARTAHAY Fo] FHEFE FUI"
ao e AdRow ZFrstgth CECH 100%°l8t2 HDTMAE
Na-bentonated] Hd7FstglS o 99%ol4eol F&34Ath. XRDEAMZAH
ABRSHA ] o] F/EFE EA F9o ZHoVt FFAHLE FIHE
th. dREY 73T EL Zeolited FA] F FEol Gol2ARLGA
7t AEE7) 2o o] Aoyt EoigFE Huh B ¥ {UIFEHF
FHNA F A,
HDTMA-Zeolite Y} STMA-Zeolited] st 2¢3te] 234
A7 Zeolited] FEHE HreAZFHS BT 1%oUe] EF &
Frhol Z#E HDTMA-Zeolitedl 2&&& HEZ ¥ £ Robert
o A7 A} & XA

Table 8. Organic Carbon Contents and Interlayer Spacings of

>

At

o

o

o

lo,
T
M

Organozeolites.

STMA" and HDTMA®| TOC(%) and interlayer] TOC(%) and interlayer
(% CEC) spacing(A) for STMA"| specing(A)for HDTMA®
0 % 057(%) 12.32(A) 0.58(%) 12.28(A)
o o 5.68(%) 14.21(A) 5.65(%) 14.09(A)
5 % 9.04(%) 15.15(A) 9.02(%) 15.07(A)
100 % 12.52(%) 17.68(A) 12.47(%) 17.48(A)
15.68(%5) 20.06(A) 15.28(%6) 20.11(A)




Figure 69 STMA™-Zeolite®} Na'Zeolite®] 23t 2-CP(Chlorophenol)
FREAH S JERSITH

Figure 6914 BW STMA -Zeolite® 20%] Na'-Zeolitex ZFZA|zH
FI0Ee HAd FHa &L Ho FHon g FHELEE HAE AT
olFolEe FHE 2-CP7t ¥EHoE RE #ydE Rozth a8y
Na'-Zeolited] H]&}d STMA -Zeoliter A1Zte] 3o wah 22 3
HEEEE Y =S ¢ F AAt FHHN FAS5 =8 v

o HW, Na'-Zeolite®th STMA'-Zeolite7} < 2w} ol F7}atdic.
°]& Na -Zeolite2t} STMA -Zeolite®} CeHsCIO o) 3ol A 7|3
Aol =Z7] WS STMA -Zeolite®} CeHiCIO ©]2 Alo)o] 3}etF =
N&EE7E F18kA "o

X 3to] ik STMA -Zeolited] 2|3 2-CP &2E5A-2 Figure 70
VFER A
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Figure 6. Adsorption Percent of 2-CP on the STMA'-Zeolite and
Na'-Zeolite(20 g). Co=40 mg in 200 mL at pH 11.5 and
25C, and the stirring rate is 200 rpm.
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Figure 7. Adsorption Percent of 2-CP on the STMA-Zeolite(20 g)
According to the funtion of time. Co = 40 mg in 200
mL at pH 115 and 200 rpm.
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Figure 8. Adsorption Percent of 2-CP on the STMA-Zeolite(20 g)
According to the funtion of pH. Co = 40 mg in 200 mL
at 25C and 200 rpm.

STMA'-Zeolite7} #4tg £ 2-CPE 7I¥$ pHE “E sty

F24&S 4% 2 Figure 8414 A& pH 7.0 < pH 9.0 < pH 115
9 oz ZF7Ee ¢ £ Utk 283 pH 322 AL A&

STMA'-Zeolite7} 24w ¥bgo) olatel H5Raigo] N3 AP

A3 sol-gel ¥Hgo] dojdth Aty HPES o] &3t FHLFLS T
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A3 pH 1159 A$ 2t} Fzen A&7 4 #A2EE ¢
lt}. pH7} Z A wel 2-CP9 Chlorophenolate(CsHsClIO ) 0]

o

BEgo] ZAagosz STMA -Zeoliteo] W3t 34&F2 WM& =9 F35

&S ZAaHEY gz 2% Frbd wet H o)) STMA'-Zeolite

o AUEAAE st FHAAY F2E ¥IANZ Aoz Addd
Zch B 4

J# A H -Zeoliter CeHCIO ©}29 ZAEES ZAaA
oAl A Ab&E STMA-Zeolite ®AH& o] pHE oF 12059 sigges
go 2 STMA -Zeoliteo] i3 ZE F2ALE S 9% pHe =ASHA o}
stz Age S8 Figure 99
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Figure 9. Adsorpti‘on Percent of 2-CP on the STMA'-Zeolite(20 g)
According to the function of Stirring rate. Co = 40 mg
in 200 mL at pH 11.5 and 257C.

Figure 991 STMA -Zeolite®t 2-CP &g&d9 ant&:=g 10034
200 pmo 2 2 ste] FAAZEe Fol ubgt STA -Zeolited] gk
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Figure 109l STMA'-Zeolite ¢ Na'-Zeolitedl 2J3 2-CP &%
(mg/Kg)g H¥Fsxo 42 YAt

®
6000 ®  Organo-Zeolite
— O Zedlite
2
—~
j=)]
£ Kd=38.741L/kg
O 4000 4
% )
1
O
7))
l_
5
o 2000 - o
§ Kd=3915L/kg
o
0 (/ T T LI T
0 50 100 150 200

EQUILIBRIUM CONC. (mg/l)

Figure 10. Sorption{mg) of 2-CP on the treated Zeolite(kg) versus
untreated Zeolite(kg) according to the function of

equilibrium concentration(mg/L) at pH 11.5 and 25C.
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STMA'-Zeolited] W&k 2-CP9l FZE &L oF 108 o] F7hetler
Ay 4o FYPpro dstd APHo|UrHFigure 10). F7IEEZE
o o& 2-CPel EHPAAL zeolite?d interlayerd] 2" STMAC
oA FAE w714 nIYREFY 8759 2-CPo] A3AE&F AAR=
590, STMA -Zeolite 9} 2-CP¢] 338 A (mg/L)FIA 2-CP9
% U 2-CPY FRA¥E(mg/ke)d FAZFH Lo HAde 7]27]
 BulASF, Kal/kg)dl old] 213 E 24 & Jdens 24
AF7t 4% 8§84 FAEELE 2ot /1A doh

Figure 112 A4 Zeolitesd STMACE A28 Zeolite(Organoclay)E
ztz} Abg-3te] BenzeneS FEA e & Aot} olZIdre IA Zeolite
2 STMA'-Zeolite7t Bt} FF&Fo] o20uf I7MdE HAFH
Figure 119l STMA'-Zeolite “4¢°l &Z¥ benzened &FF EAS
ZESY B2 FF L% benzened FIFFE Atoldle AFH #AT
$AHEe B E} T3 Figure 1291 STMA -Zeolited] 3 benzene
ol =9 Toluene®} p-Xyleneol ZAAILZ Fao #AE 74,

benzenes]l U¥ $EA FHAEHL et
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Figure 11. Sorption of benzene to treated versus untreated zeolite



1000
COMPETITIVE EFFECTS ON BENZENE SORPTION

900 S
2 800 -
2 .l ® BENZEN (alone) o
- © BENZ and TOLUENE
O s04 v BENZ and p-XYLENE
m —
% 500 4 Ks=9.13 Lkg
5]
P 400 -
3
o) 300 A o
=
< 200 -

100 A

0 & T T T
0 25 50 75 100

EQUILIBRIUM CONC. (mg/L)
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Koo = Kua/ fo (2)

A7 A foer F7IRE e W E&(mass fraction)olth K8 £ %
& Dragun 9o wAmA 62004 HAFE  Kowloctanol-water

distribution coefficient) 2% € A Al=

Table 9. Distribution coefficients(Ka) of competition experiments.

pollutants Distribution coefficients(Kgq)
Benzene(alone) 8.61
Benzene with Toluene 8.48
Benzene with p-xylene 943
Toluene(alone) 19.8
Toluene with benzene 19.3
p~Xylene(alone) 70.8
p-Xvlene with benzene 57,1

(RAB=zA: €9 0005 M CaCly, 254 712989 ¥%; 10,
50, 100, 150, 200 mg/L, 9 &%; 15 mL, F7IHZEZEY FUF
(surface-modified zeolite); 2.5 g, pH=7.0)

Table 10. Comparison of experimental Ko values with literature

values.
pollutants LogKe (F83h) LogKe (283
Benzene 2.02 214
Toluene 243 248
p—Xylene 2.76 3.00
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Figure 13. Chromate sorption by Na+-zeolite, Activated carbon,

HDTMA -zeolite ZeoSTMA treated 100% of the external
CEC in batch experiment.
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Figure 14. Sorption of some inorganic anions by ZeoSTMA' in batch

experiment.
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Figure 15. Sorption of heavy metal ions by Na'-zeolite in batch

experiment.
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Figure 16. FT-Raman spectra of STMA-zeolite, STMA-zeolite with
sorbed chromate, and an STMA-chromate precipitate(2:1

molar ratio).
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Figure 17. Sorption of inorganic anions on ZeoSTMA in batch

experiment.

ee FEOLd date dwe Ad wA Fgor, e ol
sezse] FAEe YDA oe TEOLEO TAL B4 A
3] o]l &L E

—
£ §7180) FEY ATAE A 4P A ¥



HFigure 20). o]&l @ A7 MnOs ©]2& ©& $o|2E Bt F3Y

o] W$ =) wFd FEolLozX CrOs, NOs, ¥ AsOf o9
FFEol FAHY gFo zz 289 FHAEEE MnOs o9
ARG =7 & MnOs ©]&9 A$ FE)29 dFe A9
BA gk gy & gl Ase EFRH A Hl&sm
TFEo] By o) B4 #8Fo] ¥ET A4S IFL A vev
E3 vy @ L EY HrEo AT HA$ Na'-Zeoliteol

Fo] 3EEE EY

200x10°

180x10% 4

160x10? 4

140x10° 4

120x103 4

100x10% 4

80x103

60x10°

AMOUNT SORBED (mg/kg )

40x103 |

20x103

o4 o0 - =) £ | e |
0 or¥=6—=5 T T T T T T
0 20 40 60 80 100 120 140 160 180 200

EQUILIBRIUM CONC.(mg/L)

Figure 18. Sorption of heavy metal ions by Na'-Zeolite in batch

experiment.
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Figure 19. Sorption-effect of MnOs and its multiple ions by
ZeoSTMA in batch experiment.
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Figure 20. Humic acid effect for mixed solution of heavy metal

ions sorpted by Na'- Zeolite in batch experiment.



Table 14. Summary of distribution coefficient(Kd) on competition

chemical species sorpted by ZeoSTMA" in  batch

experiment.
Chemical Kd(L/kg)
MnOs (alone) 15516
MnO; with CrO& 14.491
MnO. with NOs~ 15.443
MnO;  with AsO* 14.020
CrO4* (alone) 1.2245
CrOs® with MnO4 0.1507
NOs (alone) 0.6175
NO;  with MnO4 0.0320
AsO4 (alone) 0.5243
AsOs* with MnOs 0.0920
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Figure 21. Humic acid - effect for chromate ion sorption by

ZeoSTMA in batch experiment.
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MEH BE MnOs ©l &9 Z4E NOMY 482 44 A 8 Ao

2 448 4 o

ZeoSTMA®] digd F7gole 3 FE&Hol2e T2 FASAHS

Freundlich 2l¢] ¢l3te] AAE B3, SeO ol 2& A, o]EL& B

F A83A FFEH0=DE JEHAH(Table 11)

Table 11. Comparison of Sorption Characteristics on the Inorganic
anions and heavy metal ions by ZeoSTMA' and

Na'~Zeolite in batch experiment.

Item 9
lons n K Kd(L/kg) | logkoc R
Pb** 1 99x10" | 89.27 3.16 1.0000
ca” 1 96x10" 100.0 4.21 0.9959
Cations| Fe” 1 | 78x107 | 57.39 2.97 0.9775
Cu™ 1 1.34 69.9 4.05 0.9672
Zn 1 2.3 89.92 416 0.9318
MnOS | 1 2.38 15.52 2.40 0.9388
CrOs | 1 | 90x10° | 4570 1.87 0.9525
Anions | AsOs | 2 | 224x10° | 2081 1.53 0.6529
SeOs | 1 08x10° | 5363 1.94 0.9240
NO;~ 1 95x10° | 2703 1.64 0.9977
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Azt wet AT A FdgoY AYsA g
F& o] F7tetH th(Figure 22-23).
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Figure 22. Sorption of bisphenol-A by Na'-Zeolite, activated carbon,
and ZeoSTMA treated by 100% of the external CEC in

batch experiment.
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Figure 23. Sorption of benzene on treated versus untreated zeolite in

batch experiment.
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Bisphenol-A, K, = 115.5762, x/m = 0.1459C°%**
2,4-Dichlorophenol, K, = 11.7607, x/m = 0.0256C" ®***
2-Chlorophenol, K, = 3.8449, x/m = 0.0065C°%'®
Phenol, K, = 2.2198, x/m = 0.0101C"***
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Figure 24. Sorption of some phenols by ZeoSTMA in batch

experiment.
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Figure 25. Sorption-effect of Phenol and its multiple chemicals on

ZeoSTMA calculated by Freundlich isotherm equation.
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Table 12. Summary of distribution coefficients(Kd) and organic
carbon coefficients(Koc) for competition chemicals by

ZeoSTMA in batch experiment.

Chemical Kd{(L/kg)) Log Koc
Phenol(only) 3.8449 1.79
Phenol with 2-CP 1.7083
Phenol with 2,4-DCP 0.9810
Phenol with BPA 1.7180
2-CP(only) 2.2198 1.55
2-CP with phenol 6.8710
2,4-DCP(only) 11.761 2.29
2,4-DCP with phenol 9.7815
BPA (only) 115.68 3.27
BPA with phenol 103.52
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Figure 26. Humic acid effect of 2-chlorophenol sorption on ZeoSTMA

calculated by Freundlich isotherm equation.
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Table 13. Freundlich isotherm characteristics of organic chemicals

sorpted by batch experiment with ZeoSTMA.

Items )
. n k Ks (ILZkg) Log Koc R’
Chemicals
2-Chlorophenol 1 51x10° 1.9069 1.49 0.9874
Phenol 1 22x107° 12173 1.29 0.9898

2,4-Dichlorophenol 1 256x10° 11760 2.29 0.5016

Benzene 1 102x10°  9.6026 2.19 0.9993

2,4,6-Trichlorophenol 1 10.8x10°  9.8350 2.20 0.9995

Toluene 1 112x10°  19.200 249 09998
Bisphenol-A 1 146x10° 11562 327 09914
o-Xylene 1 118x10° 25175 261 0.9999
Acetophenone 1 51x10° 42626 184  0.7888
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Figure 27. Correlation of distribution coefficients and solubility on
some organic chemicals sorpted by ZeoSTMA in batch
experiment.
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Figure 29. Comparison of results sorpted by column test packed with
ZeoSTMA and untreated zeolite(Experimental condition:
packing weight = 120 g, Co = 20 mg/L, flow-rate= 60
mL/min).
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Figure 30. Sorption of heavy metal ions by Na -Zeolite in continuous

experiment.
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Na'-Zeolite® Columne]l FA3AE& 39 Fv&5Y dSAANZFAE
Figure 30¢] Blith. 2@ ze= zn”, Cd”, Pb”, Cu® B Fe''e
77t 5 mg/Lel 9L A48l 1l, Flow rate¥ 60mL/min 3t ¥
% 58 LA e BE $F£0] %X‘ AAHA oY o] FoE FEH
S Holu JNen, Na'-Zeolite® A& 2§ AJUd %ol
ZF&e J7 AALYS 498 mg/kg-Na'-Zeolite2 = T}
Figure 312 ZeoSTMAE Columnd] Z 33t o] (metal ions)e] &
&AAE degd 22 0™, Cd¥, PH”, Cu® 2 Fe’'t 247 5 mg/L
A3t 3L, Flow rates 60 mL/min 3t AddY F
F4Fo] 188 LA AAHE RoZ YEg ey ofF
v 23 f297 AFsch 4% 188 LA 24 zn”, Cd,
Pb”, Cu® % Fe¥'el H# AALYL 950 mg/kg-ZeoSTMAS AAZE
& Ui %ol FFEAAE ZeoSTMA7ZF Na'-ZeoliteEth B
i%x—] 0‘,_9. [e) }* 21%‘;}_
Figure 329} 33¢] Na'-Zeolite®} ZeoSTMAE Column
L0129 AsO, CrOf, MnO; 2 NOs & 58z 5% w9
AARSE ek 4] Br1geole9 #8 Z7I¥EE 5 meg/l
o]t Flow rate® 60 mL/min°]| it}

o rf
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Figure 31. Sorption of heavy metal ions by ZeoSTMA in contineous

experiment.
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Figure 32. Sorption of inorganic anions by Na'-Zeolite in continuous

experiment.,
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Figure 33. Sorption of inorganic anions by ZeoSTMA in continuous

experiment.
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ethane @ CCLS A oE ZeoSTMAE ZH3E ColumnlZ Z7|FE
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Figure 34. Sorption of hazardous pollutants in drinking water quality

standard by ZeoSTMA in continuous experiment.

ol AN EZ "HE B ¢ HE AEY £H7|EL2 Toluene 0.7
mg/L, PCE 0.01 mg/L, Ethylbenzene 0.01 mg/L, 1,1-Dichloroethylene
0.03 mg/L, Trichloroethylene 0.04 mg/L, Dichloromethane 0.02 mg/L,
Trichloroethane 0.03 mg/L, CCly 0.004 mg/Leltl. ol &2 F47]
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2 CCLE 15 L9 75 mgeE Ygwen Trichloroethaned}
Dichloromethane®] F&A| Ao 718 @z o] F 71x E2& AYe
43 WFEAL F 435 mg/Kg-ZeoSTMA°l F3 AAHU. °]%
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Figure 35. Sorption of disinfection by-products in drinking water

quality standard by ZeoSTMA in continuous experiment.
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Figure 35& 49 2 g9 A9 2ERAE FHAAAN U
A Aol AFdy #&  Chloroform(71#X): 008 mg/L),
Dichloroacetonitrile(71 & 2 0.09 mg/L), Bromoform(7]&3]: 0.08 mg/L),
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mg/L)olth. ZeoSTMA B} zt 39 ZeoSTMA 1 kg3 FHAAF
& Chloroalhydrate®] A% 4% 115 L7tAl 575 mge] AAFHALH,
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g Jegdidrl. Figure 3694 #¥% X+ Diazinond
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Figure 36. Sorption of pesticides in drinking water quality standard

by ZeoSTMA in continuous experiment.

Aoy FAED BEF F5F 20 L7AXE ZeoSTMAO o3 F3
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Figure 37. Sorption of chlorothalonil in drinking water quality

Standard by ZeoSTMA in continuous experiment.
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Figure 382 ZeoSTMA %3 ColumnolA Phenol, Bisphenol-A(BPA),
2,4-Dichlorophenol(24-DCP)2] &% AAAE ZAdgo|t}t 7 EZ F&
£ 5 mg/Le} 3!l Flow ratet 60 mL/min®]t}.
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Figure 38. Sorption of some phenols by ZeoSTMA in continuous

experiment.
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Tgste AL PPN Anduie o] AP S49 Euid
4 zke] =)ol W FRAGo] ety HEolth ZeoSTMA lkgd
%3z A AL Phenol, 24-DCP, BPAS %<& Z+zt 250 mg, 1,500 mg,
750 mgelleh. olsh o] X847} Phenololit BPA 2 24-DCPo
do]l HAL , ZeoSTMAE AE3d F83] ol L¥4EZE FF
AAL = J& Ao2 g

33, Figure 395 5Y3 ZeoSTMA Columnd o2 %+&%§ Benzene
of tigt E&RAA AdAFo|tt d45H o2 5 mg/Le Benzenes 60
mL/ming f&o2 FHEUNS o GA4HE 25 LA veEEn. vt
AN =2 ZeoSTMA 1 kg? AARL 125 mgl 2 ZeoSTMAS FTIH&E
of o 12581744 AARE & F AUTh
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Figure 39. Sorption of benzene by ZeoSTMA in continuous

experimernt.
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Figure 40. Sorption of M® and MY? by Na'-Zeolite and ZeoSTMA

in continuous experiment.

ajt

£-EDTA deel ZHolEZE FeY 9 CuY’' & AH&siied
5 mg/Lolt}. Figure 409} 4 9} o] Na'-Zeolite® AH&&
-EDTA chelate iong #AA3tA £t 2y ZeoSTMAE At
B 55Y %29 LA FFAAN AL, 2 AAL
F34-EDTA%S FeY ¢ CuY’ 7} 742 145 mg/kg-ZeoSTMA®]Th
o9} o] Na'-Zeolite, &, HA Zeolite®: AHE3H FFE-EDTA
chelate iong FFAAAYE & R B AFgA BT ZeoSTMAT
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58 %-EDTA Chelate iong AAE 4 AUt Figure 41 Figure 40
A AL ARE EYEZ £FE-EDTA Chelate ion® FeY &} CuY”
9o ZnY® 9} PbY” 2 CdY? o Wl E FRAAT 7t5RAE HE
g ZAyoltt, #YEEE 60 mL/minelT Y TEE EF 5 mg/Lol
t}.

CuY? ¢ FeY £ 4% 29 LolM s3pge)l yehlr] AFstgew,
CdY”, ZnY*, 2 PbY*'E 27LEH £Z3H7 AFsAc. old
ZeoSTMA Columne] 98 AAY MY 9 Z+ze %& CuY® 9 FeY
£ 145mg/kg-ZeoSTMAOIA 2™, CdY®, ZnY®, 2 PbY & 135
mg/kg-ZeoSTMAOIAth ©o]s} o] ZeoSTMAYE CuY” ¢t FeY %t
olygt CdY”, ZnY”, PbY” 59 %Z%-EDTA Chelate ion® &3
A & FTEELIESYS EDTAR Yo E Ao EGE B3
o7leA oW FFE-EDTA Chelate ion®] & A A ZeoSTMA
7F EEH 02 A LE F g AoE dAddh

2,
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Figure 41. Sorption of MY? by and ZeoSTMA in continuous

experiment.
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Figure 42-43¢] STMA-Zeolite®] ¥ A& A E eEteb AT
Figure 425 28 % R34 EYL % FZ X A~
STMA-Zeolite® Z 33t AH&gkt}.  Figure 43& 2

F3te B4 I3 STMA-Zeolite® F3He] Hej2 FHste o€
Aste s FHRU AH+E Aste AFH LAY 2
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Figure 42. Possible practical use of ZeoSTMA in a pump and treat

groundwater system.
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Figure 43. Potential use of ZeoSTMA as a permeable slurry wall
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A 2 A EDTAS9d 98 3% QLUEFY
A=

2 dFdM EGL L FTE
EA 9 3gts 394 2EHAAC] FAHAY. $A4 HE
& REEYY FEHEAAM FIFE FEAER AEE ZHOEAY
DTPA(dimethy] triamine pentaacetic acid) €+ EDTA/(ethylenediamine
tetraacetic acid)®] TE9 dFEL HEIJAL 284 AFe FES
ZYolEL A2 RE FEETY LA EAE F 3t dolth

AYolEAE ol&sty FTFE L4ESES AFIFE A¥AAL

Figure 449} %t}

58 FFFAAg o olZA 9 HEgre =ESY AUE HA
Wi QYA o] FUHA FEE 39 15-18 cm ol EUARE
100-150 kge sHF3tIPlasticd 7ol 2AF F 442 Su3tAh
EYFANEE plastic 7] Fol 288 Au2 FF3] 740 ¢ ¢Fuw
YR ANEARY g AEe AUz FAHt FdE MNEE
e E22 3l9 20 mmo polyethylened &9 Mz HaElste AE

Ng g stgth

570 AHolA AHAF EY APAH 50 mg/Le FE4( Cd, Cu,
Ni, Pb, € Zn)g FU3 100 rpmeE 24AIHE¢ w2 wyks
2 EE AEE 4000 mpmez gAHED 49 045 me cellulose
membrane filter2 A #3ti FAdS T} 579 F5E& LAEFA

o
Fo disted 0005 001, 0.05 01, ¥ 025 M EDTA ¢ 0.002, 0.005,
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0.01, 005, 0.1, ¥ 025 M9 DTPAEHoR FF&EE 100 rpme 2 24
AEd 394 #2944 25 e 04¥ FHS ICP BE 23y
o mxE Ahgez BARAT

Metal-contaminated soil
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ﬂ;—» Mixing and extraction

Separation of soil and Post-treatment .
EDTA solution of soil Clean soi
gDTA Separation of fine
ecyle particles

Recovery of metal
and EDTA by

Electrochemical
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Figure 44. Flow sheeet for soil clean-up by extraction precess.
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Figure 45. Cu extracted in varying concentration of Na:EDTA.
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Figure 46. Cd extracted in varying concentration of Na;EDTA.

DTPAE A& o] 839 Cd, Zn, Pb, Ni, € CuE 28% E4E AH
e o]F Cudl W3 MHEALEL DTPALSY F=9 42 Jedd
A3 (Figure 47) 001 M DTPA°] Cu¢ H AEZ&E ek
aeElz dq7le] AF AEE BANAL FAAE, Zn, Pb, £ NiE Y
& AEdAAE e
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Figure 47. Cu extracted in varying concentrations of DTPA.
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Figure 48. Extractable Cu vs. total recoverable Cu for soils.
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Figure 49. Extractable Cd vs. total recoverable Cd for soils.
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Figure 50. Procedure of contaminated soil clean-up by EDTA
extraction process, and recovery of EDTA solution and

heavy metals by electromembrane process.
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Figure 51-1. Schematic pilot scale for recovery of heavy metals and

EDTA after washing of heavy metal contaminated soil.
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Figure 51-2. Photograph on the pilot scale-setup for recovery of
heavy metals and EDTA after washing of heavy metal

contaminated soil.
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Figure 52. Washing removal of heavy metals by 102 M EDTA
solution from contaminated soil( pH of EDTA solution=

no control).
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Figure 53. Washing removal of heavy metals by 10° M EDTA

solution from contaminated soill pH of EDTA solution=

10).
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Figure 54. Pb extracted in varying concentration of NaEDTA
solution adjusted by pH 10.
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Figure 55. The variation of cadmium and copper concentration as a
function of electrolysis time when Nickel electrode has

been used as a cathode.
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Figure 56. The percentage of metal removal s a function of

electrolysis time at 0.1 amp applied current.
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Figure 57. The wvariation of copper concentration s a functionof

electrolysis time.
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Figure 58. The variation of lead concentration as a function of

electrolysis time at 0.1 and 1 amp applied current.
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Figure 59. The percentage of lead removl as a functionof electrolysis

time at 0.1 and 1 amp applied current.
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Table 14. Recovery Cu and EDTA from Cu-EDTA solution by

electromembrane process on different cathodes.

EDT{_ .. . . . Free
Cu A Initi | Current |Reaction | Fin |Final Cu| Cu EDT Current
Cathode | Conc. c al |Applied| time al | Conc. |Removal A efficiency
onc. )
(ppm) ) pH | (amp) | (min) |pH /| (ppm) (%) %) €3]
12.7
copper | 50 | 0.01 {3.27| 1.00 220 4 1.16 9768 |99.26 9.02
. 12.7
nickel 50 | 001 (327 100 220 8 237 95.27 {94.99 312
Table 149 Fd3 A

FzAM Ni AFETE CudFE |S31F2

AHgEE e W AREE] ERen o AR kel Cust EDTAY
34ago) F/HEE Bo F olfE gro] FoR olfE 27|
AlZre) SFAs|Ee] EDTAL Mol &3¢ Iyl Nixp w33l

1S AAEt7] wioltt zy CudFe ol ¥es %
Electromembrane process® Cu AIFE& 3oz 3t #

-10 AZ WSAA FHRWAS W "L Azte] mE &
Z2XH AASE %Pb ¥ W& Figure 609 YERH AT
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Figure 60. Percentage of lead removal as a function of cumulative

time at Cu electrode and different applied current in the

presence of Pb*" and Pb-EDTA electrolyte.
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Figure 61. The percentage of lead removal as a function of
electrolysis time at various current densities and Cu

electrode in the presence of Pb-EDTA electrolyte.
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& Table 159 F&3txc}.

Table 15. Recovery Pb and EDTA from Pb-EDTA electrolyte in

electromembrane process.

Pb  EDTA _ Current Reaction Final Final Pb Free Current
Catho Initial -
J Conc. Conc. - Applied time pH Pb removal EDTA Efficiency
€ 1%
(ppm) (M) (amp)  (min) (ppm) (%) (%) (©)

copper 17862 001 212 0.10 250 1148 3420 9810 7116 215

copper 19466 001 217 025 250 12,16 27.82 9857 91.96 184

copper 1707.7 001 220 050 250 12.5C 14111 9174 90.79 9.76

copper 17460 001 214 1.00 90 122C 4702 7307 7416 5.20

Table 159] 0.1 AclA #8 EDTAS &< Pbad AAE(%)F ¢
2

AEA FRAT A7) Re 2502701 F £F pHE

r

A Asg HAFSACZYE EDTAL 54T & AUt FALEY

“

AA
SN AL %e pHrE FAH7] g 33 A9 EDTARAS 3%
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Figure 62. Surface analytical results on copper particles deposited on
the surface of nickel - electrode in the presence of Cu-EDTA
electrolyte.
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Figure 63. Flow sheet for soil clean-up by extraction process.

- 164 -



A 3 A Electrokinetic processol| 2% T

M3 SHRSTER 299 EG

Edo Wi A4y 3 uF

Stokes-Einstein A2 o o3ld §710989 FAAFE do] 1
A7 E Table 169 VAT o) gL DASHAA 9 FatAse] &

oz olgagr.

Table 16. The diffusion coefficient of selected organic compounds.

Diffusion Diffusion
. . Molar volume o .
Orgnaic Species (e /mole) Coefficient Coefficient
cm’/mole _
(x107% em?/sec) (cm%/hour)
PCE 116.0 8.71 0.314
TCE 98.1 9.63 0.347
Chloroform 83.3 10.60 0.0382
Carbon
. 101.2 9.45 0.0340
Tetrachloride
Phenanthrene 238.2 5.65 0.0203

A EXS AFst EY
B B4HAEE, zeta potential

pHzpc, 2 v EHH S BEAsA. olg9 A¥AE Table 179 e
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Table 17. Physical-chemical characteristics of the soil sample.

Physical-chemical characteristics |Result Method
Snad(%) 14.0 Hydrometer
Silt(%6) Hydrometer
Clay(96) Hydrometer

pH In 0.01M CaCly
ECEC(meq/100g) The sum of exchangeable

K, Ca, and Mg

Organic Matter(%)

Heating at 105 for 2
hours, then at 360C for

2 hours

Moisture(96)

Heating at 105C for 24

hours

Hydraulic Conductivity(10-8cm/s)

Constant—head

pHzpc

pH meter and Zetameter

Specific Surface Area(m2/g)

Coccine Dye Adsorption

ECEC : effective cation exchange capacity

— 166 —



E Aol AlEE BE A Aldrich Co.(Milwaukee, WI. USA)Z 5
B 99.0%0)olutt E-EGA WY F71E

Soil to Solution Ratio
initial  1:5 1:10 1:20 1:50 1:100 blank

Cs:

Organic Chemical
Concentration of
Water Solubility

’:> Shake for
48 hours

Centrifuge at 1,000 g
Extract the supernatant w/ hexane <:’ For 10 mins to collect

the supernatant

Determine the concentration of :>

the sorbate with GC/ECD Data analysis

Figure 64. Flowchart of the sorption experimental procedure for

chlorinated organic compounds.
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Figure 65-1. Schematic diagram of the electro-osmoisis(EK) reactor.
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Figure 65-2. Photograph on the electro-osmoisis(EK) reactor for

continues experiment.
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o) & FE8UF PAHUSZS ¥3HE7]7F %€ HPLC/FLD
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Figure 66. The solution pH and current as a function of time.
Experimental conditions: electrolyte concentration = 10
M CHsCOONa: water content = 20%(w/w); voltage = 12
V.
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Figure 67. The average pH and water content profiles as function of
normalized distance from the anode. Experimental
conditions : electrolyte concentration = 102 M
CH3COONa; Water content = 20 %(w/w); Voltage = 12 V.

Jem ANAFEREE URE pH, WAL, L w5 o

]

&

- 172 -



LA FAErh deA 2 A7 AH§E EK processt 2% e

F¢ 94T WALFREE 280 T4 pHb fAEG 294 2E

rl

AdgAe A N&7E 12 Vien 2 AFsgch. 49y A4
FHe FdsA FAHJL. €849 AAYERFESS 2As Y
o, EK A& Y% pH, 58 £ A71F9 A7)7b #-x=Hojopsgic

Aol gz HEF BIE ARAFR% A7HE Figure 689
hegle.

5.0 200
4.5 ?~-~—o— ————— - *——— —1 75
4.0 /
- 150
354 |/ =
I ©
@ - 125 2
£ 304 [/ 3
3 ! £
(o]
> 254 | - 100 o
) | — @ — flow rate §
(o] -
& 204 | —8— pore volume L 75 3
l ks)
1.5 1 | w
| 50
104
05 _I/ 25
D 0 T L T T T T L T T L T O

Time (days)

Figure 68. The average pore volume and flow rate of electro-osmosis
as a function of time. Experimental condition : electrolyte
concentration = 10° M CHzCOONa; Water content = 20
%(w/w); Voltage = 12 V.
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Figure 69. The removal efficiency of chlorinated orgaic compounds as
a function of pore volume. Experimental condition
electrolyte concentration = 102 M CHsCOONa; Water
content = 20 %(w/w); Voltage = 12 V.
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st 5o 5713EES EXo 238 #3771 4A &vh(Figure
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EK processo] 9% #7943 8 AALLEL F2 FFd A
ZAHQYT}. o) A¥AY &, EK processtE EFOLZHE F7]
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Figure 70. The solution pH at anode and current as a function of
time experimental conditions: electrolyte concentration =
102 M CHsCOONa; water content = 20%(w/w); voltage

=12 V.
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Figure 71. The electro-osmotic flow with surfactants as a function of
time. Experimental conditions: 102 M CHsCOONa; water
content = 20%(w/w); voltage = 12 V.
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Figure 72. Phenanthrene concentration profile in the soil as a function
of normalized distance. Experimental conditions: 102 M

CH3COONa; water content = 20%(w/w); voltage = 12 V.
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o] A3+ Rhamnolipid”} Triton X-100E.t} phenanthrene®] A7 & &
o] =2 BaFgrh 283l EK processol A phenanthrene®] %%
Rhamnolipide Bth £& ABEsH 2&& ZErh PAHEFHA L
A &33 A4(P)E rhamnolipid] sl 0443 triton X-100°] i3}
0.40)tH® wlglA rhamnolipid’} Bt} Z& Bzte z7] W Ed E¥e
ZHE PAH7F €&23717F A Y93t Figure 71). ®£3¥ rhamnolipids
Brl 5o AEEYH LS Rt AMe EY YAEY A4FE
B2t} A s PAHY EHE FAANA EFEJEEE STHNE T
3 EK processol A Rhamnolipide} €8] #2]® phenathren® =7
&L 977 148 FFH-9(pore volume)dl|l whdte] Z+zb 2F20%9k 30%
o] %1 tH(Figure 72).
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Hgol A48 F24& %9 Az A A48 & Aok wEhA
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Table 18. Simulation parameters of the transport for chlorinated

organic compounds under electrokinetics.

Diffusion Ceof. | Partition Coef.|EO Velocity | Dispersion Coef.
(cm®/hr) (L/Kg) (cm/hr) (cm®/hr)

PCE
24 hours 0.0314 1.0 0.05 0.13
72 hours 0.0314 1.2 0.10 0.26
120 hours 0.0314 1.3 0.18 0.47
168 hours 0.0314 1.3 0.19 0.49
TCE
24 hours 0.0347 0.4 0.05 0.13
72 hours 0.0347 0.5 0.10 0.26
120 hours 0.0347 0.5 0.18 0.47
168 hours 0.0347 10 0.19 0.49
Carbon Tetrachloride
24 hours 0.034 0.3 0.05 0.13
72 hours 0.034 0.3 0.1 0.26
120 hours 0.034 0.4 0.18 0.47
168 hours 0.034 0.4 0.19 0.49
Chloroform
24 hours 0.038 0.15 0.05 0.13
72 hours 0.038 0.15 0.10 0.26
120 hours 0.038 0.15 0.18 0.47
168 hours 0.038 0.15 0.19 0.49
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2, APAFFHEON] AN =srifsie FARE & F
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B g gt

TCES} PCEQ] ®ulA+ 2 ZEA|zke] vl#sted 71 & 1.0
A 13 L/kg7bA 293 04914 1.0 L/kg 7HA &+ F7hekch(Table
18). 1AL /78T FFo U FRaF 7o BujAs
v EY-gd9 AARAA §7188EY st ZaFd et FHE

~

t}. EK processE FAEE AL 99 Eo) AAHY AR dn 1 FEE
Zadth. 2% EK process &F Al f718FES v A A4
t}.
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Figure 73. The parameters input menu of the diffusion-advection

theta :Sorption constant k2'.. " Sorption constant

Sol! density (g/cm”: 3]

~sorption model for phenanthrene under electrokinetic

influence.
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PCE Transport in Soils
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Figure 74. PCE concentration profile in the soil as a fuction of
transport distance. Experimental conditions: electrolyte
concentration = 10° M CHsCOONa; water content =
20%(w/w); Voltage = 12 V.
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TCE Transport in Soils

1.0 —s - . a

0.9 1

0.8 4

0.7 + ® 24 hours
O 72hours

0.6 ~ v 120 hours
v 168 hours

0.5

0.4

0.3 4

0.2

Distance (cm)

Figure 75. TCE concentration profile in the soil as a fuction of
transport distance. Experimental conditions: electrolyte
concentration = 10° M CHsCOONa; water content =

20%(w/w); Voltage = 12 V.
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Carbon Tetrachloride Transport in Soils
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Figure 76. Carbon Tetrachloride concentration profile in the soil as a
fuction of transport distance. Experimental conditions:
electrolyte concentration = 10° M CHsCOONa; water
content = 20%(w/w); Voltage = 12 V.
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Chloroform Transport in Soils
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Figure 77. Chloroform concentration profile in the soil as a fuction of
transport distance. Experimental conditions: electrolyte
concentration = 102 M CHsCOONa; water content =
20%(w/w); Voltage = 12 V.,
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Table 19. Simulation parameters of phenanthrene transport under

influence of electrokinetics.

Diffusion Coef. Partition Coef. EO Velocity

(cm2/hr) (L/kg) (cmv/hr)
Triton X-100 -37 days 0.02 30 0.06
Rhamnolipid -37 days 0.02 400 0.10
Rhamnolipid -60 days 0.02 400 0.10
Desorption
Initial Solute  Dispersivity Rate
Conc.(mg/L) {cm) Const.
(hr-1)
Triton X-100 -37 days 50 10 0.001
Rhamnolipid -37 days 400 16 0.001
Rhamnolipid -60 days 1500 1.6 '0.001
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Figure 78. The parameters input menu of the diffusion-advection-
sorption moldel for phenanthrene under electrokinetic

influence.
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7k 30 # 400 L/kg olAth #719283E0 3t FEAEH A
AA2RY 7 EAE a= 26 cmolth. FEAF 2V|FEd U
detul e AWEAHA &85 phenanthrened] £ =& 3 Ych
Phenanthrene®] £33t H¥S £ T3 x7)%<phenanthrene 50
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phenanthrene®] ¥ di3t A48 AZ5E EMszn HELsed A
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ZA3tolt}, Triton X-1009) §€%¥ model simulation Z3& A 32w}
A8 2F3d¥Tt. H4¥ZH9 model simulation ZHE o] §3to
Phenanthrene®] &&%X(0001 hHE Fagath. 28U © model
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Figure 79. The phenanthrene concentration profile in the soil as a
function of transport distance. Experimental conditions:
10? M CH3;COONa; water content = 20%(w/w); voltage
= 12 V; surfactant concentration = 10 CMC.
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1 A=

TiO«(P25)$} Type 304 stainless steel cloth(SS,37 wm, 4n x 10 cm)<
Degussa Co.(Ridgefield park, NJ. USA), ¢ MSC industrial supply
Co.(Plainview, NY. USA)el A 749 stdch P25 2] da 4x 27
40 m o), BIEWAHL 50 = 15 m/g o7 ZAAL 20%-rutiledt
80%-anatase® TFAHUT. 282 Aldrich2%¥ F94€ Titanium
(IV)isopropoxide(TIP), neodymium(I)acetylacetonate, palladium
(II )acetylacetonate, iron(Il)acetylacetonate, silver( I )acetylacetonate,
silver nitrate( I )2 hexachloroplatinum(IV)& Ztz} AMg3tdth EE
et okETse EAE TFoE o o AAFol flol AHEHA

g gdsel 28 R4 B AW okl ASHR pHE W@
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2. ZA HEL7P]) TiO; thin film &4 % &4 ¥4
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Table 20. Kinds of substrates and photocatalystse used in this

study.
Sample Sample
Components Components

Number Number

1 Only organoclay 8 A.C.-2%

Mixtrure
2 . 9 A.C.-5%
(5%-Ti0; + A.C.-5%)

3 1%-TiOs 10 A.C.-10%

4 2%-Ti02 11 Bamboo charcoal-5%

5 5%~TiOs 12 Waste oystershell-5%

6 10%~Ti02 13 Qak charcoal-5%

7 A.C-1% A.C.(activated carbon)

e

AHRE F383s7) 95, Figure 807 e A& AAAZ A
o olAXE PgUd HEUP)ES P25 e 88 ¢ TIP sol-gel
£ TN €A £ To LYAY T & WIHEF AAHUA.
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TI{TIP(15mL) + Ha02(185 mb) | II 2| TiP(40 mL) + HCI (10 mL) + H,0(50 mL)

10% TiOp l l

II‘|suspended , _ ‘
, Agitate strangly (Exathermic reacion)
solution .
l — formation of Sol-Gel

Agitat ‘
D%‘eare] hour Washing of loess ball(80 g)

using acetone salvent

|

Build-up of the lness ball dipped
in Sol-Gel solution by build-up system

l

Drying during 2 hours

|

Reduplicate build-up

|

Calcination at550%C for 24 hours

|

Analysis of ¥XRD, XRF, and EDS

Figure 81. Schematic diagram for preparation of TiO: thin films by
Sol-Gel method.
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suspended solution

[U.SM NHyOH + DEM TiCly|
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l
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!
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l

Storge for 24 hours at 60°C
( farmation of sol with vellow color)

l

i Spray coating using spray gunJ

[Cacina’(ion at given temperature for 24 hourﬂ

Figure 82. Schematic diagram for preparation of TiO: thin film by
spray method.
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Figure 83. Schematic diagram for preparation of TiO: thin film by
heating dip method.
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3. Aol F&o]29] doping® TiO: thin film ZA ¥

Metallorganic chemical vapor deposition(MOCVD) systemS A} 23}
o] TiO: nanoparticle #4t&tsith. o] hot-wall low-pressure W&
Axel Mg 1YL Figure 849 2l FHo2 AT Aluminum
metal £ AR HSrE NE 7 cm9t Zo] 90 cmo ¥Fl
m owr2r)e FARE AVIZEZ 7ME4@Th 283 o] ¥&Y] AR
9 40 cm® F9L 1,000Ce) e 2 FYsA FAHEE 8,
mechanical pumpE ©} &3t Wwg7)el 4HE 4 mTor 7HA #FH
N YRS AA AZsgoh an ey dAEEE A
o] 7l%3% IFANFRYBELE AXS o F¥F R a2AHE FE
7o) T AAAE Qi of2 ¥ 2vIAe} FAVAE FEE
3t E34A7]"WA, TiO; nanoparticles® Nd*, Ag® 2 Pt''ol2&
coating3l 3 doping&th. ¥$7) £%9 profilest doping 8¢ &
g st g8 23 (Figure 85). E3 wEro FAHLEE
+ 50K AR dA}A FAAZG 257 A AAAY EHE opA
E dee 2 g o2f2 AHE AL og TTIPO%)E Tid
precursor® 3te] 3 E A XA TiO, nanoparticles® coating3} i th.
neodymium(Ill) acetylacetonate &< dopant®} TTIPE T8 7)(boat)
g} =wrgv)d 7tz 95 o 2789 &8 8 & de T Ws MR
o] FotEW o] EAEY FUWLE(TIP: 323-350K, neodymium
(I) acetylacetonate:  483-553K) %£& TIP®+  neodymium(Il)
acetylacetonate®] FEHE W3a AA sFAA, AXA TiO:2t Nd”,
Ag' 2 PtYoleg FAlel ZFaAF ol AFAAAAM, Argon

(99.999%) 71 A= WA R ALEHE o] 7Ae FH5L 20 sccm2E,

ol

1
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87 FARY AAFEL 2 sceme® 3o}, Precursor®] §&5S
bubbling chamber?] =9 Ar 71419 #4& ZAsto 243 o]
YA, Nd*0]&9 doping =& 600C °l T E&7E EEFA
o] 4 bubbling chamber W2 2 215 cm 9oz A w4 2
#3l doping ¥ =& Nd'o) 29 52 2= g4z HHsAn

O Szezes”

Figure 84-1. Schematic of metallorganic chemical vapor deposition

system.
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Figure 84-2. Photograph of metallorganic chemical vapor deposition

system.
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Figure 85. Temperature profiles of the hot wall reactor for 250, 350,
500, 600, and 700°C setup central temperatures.

Fd24 2A8 FA7t #FE X-d HEEH7(XRD: Rigaku
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9] ZFEL AlKa % BAAH S wE3SlE SSI-M Probe’t 29 X-ray
photoelectron  spectroscopy(XPS)9}  energy  dispersive  X-ray
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spectroscopy(EDS)oll &l&ted A=At o FX&E o]&3to] Tiel 2p,
Nd9j3d, 4d, 09 1s 2 C9] 1s9] wo] g 1 £3%F scansS U
th. Ti0:¢] nanoparticle?] A& ZAst7] A 283 Tist Nde
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HA

Amray 1810T scanning electron microscopy (SEM)E °l-83te] ¥
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ojgte] Yzrzavlel BulEAS AEIAY. Weg &u FoAA 4"
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JAE S AAB) sid 045 m 2719 AR 2 JHsArh

HEAFHS % Fukgr)e AFH 1YL Figure 867 2
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449 thin-film FFv] ¢780]E& ¥ A} stainless steel clothtt quartz
glass tube ¥ ZYE thin filme FX 3t z8x FEZ P&}
A %] pH controller® 2884 pHS dAsA FASHY. 181
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Figure 86. Schematic diagram of photocatalytic reactor for batch

experiment.
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Figure 87. Schematic of photocatalytic reactor for continuous flowing
test.
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2 Age #weaAxEs ggd 729 Plastic tube(M-7° plastic,
American Energy Technologies, Inc., Green Cove Springs, FL)Z A
ZE AT wEE71e] FAEL 025 9 05 UXojth wEE7]9 9H FA
£ 00625 Aotk M-7° plastic ARE 71AH o2 o ¢ Aste, b
FFT < AYAE0 - 400 nmIFE FHstE AA( 0125 A
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AR A BAure 9 AF 1YL Figure 887 2k

Figure 889 #W&FX & 25 50, 75 2 100 cme] A A ZZF A8 &
AL & A=E AAHUY. 28x 433 F< A (aluminum) HHALH]
Aol = 4789 Fu-&7](Figure 88-b)7F FXHo} 3, 23 & Nd(P,
Ag)-TiO-FE-Zeolite ¥ &74o)e] FFujrt 3 Holdrk o] F
Hg7le] AL MEAMZ 15 on 28I HAAYE 8 m A E
st A =gk HEFF-FEuete FAE AFe <t
Hoje] edFo] YAt & JAEF FFoR 07 HeE FAYFeR
AFFA 28 AR A7IE 285-385 nm ¥l Radiometer®
ol-&3te ZHAHeALE ANEE AN wHth iﬂ-ﬁﬁ}@] A SR A
FANEE BTEX S¥ES AMEsIATh FEaey] A, o] F& FelA 30
¢ ARz nutstAY EE R Yo ’éﬁ%"—‘ii’% #Zu] Aol g
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Figure 88-1. Schematic of the experimental setup used for the field

test(a); Detail schematic of a typical photocatalytic-

photoreactor(b).
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Figure 88-2. Photograph of the pilot-scale setup used for the field
test with the SUN right.
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5. 4% 2 ¥4

zZtzke] REHEAS UVHE7)(280 nm)9t column[bis-phenol A:
Phenomenex Luna 5u-Cis(2)(150 x 460 mm), 714k Supelcogel
C-610H(30 cm x 7.8 mm)le] 2 HPLC(Sykam S2100)2 435l
tf, a8z 2-CPdl ti#lAl  65% acetonitrile solutiong 183l
bis-phenol AE 100% acetonitrile®, =3 F714H2 1.0% HsPOE Z+7+
o gdo R ALLgT

Cl" o] #a&+e A7Nss HZE719 Dionex Pax-100 metal-free 5°]
2 (2B cm x 46 mm)°o] F&AE o] A =nEI7 =Z(Dionex Bio
LC Chl0% 191 mM NaOH E@E& Al43¥ 3T §%2 1 ml/min°lH
FQ F2gL 50 pL o)Atk

BTEX 3#& ®%% EPA A3y 80200 wet 714 Z=vte1e
(GO 93ty BEAEIYT PAT-30 Auto sampler(College
Station, TX. USA)7} %33 Hewlett-Packard 5890 series 1
(Palo,Alto, CA.,USA) GCE 2dx OIC 4460A A8 %% 7](College
Station, TX. USA)E #Z A&3te] BTEXE &433ith. 23 &
dE F /A719A2(TOC)E TOCEA7I(Simadzu))& 2831 CI o]
e @78 AE7)9) Dionex Pax-100 metal-free &0l ZH (25
cm x 46 mm)e] H ¥ o]l A=ZvEIHEZ(Dionex Bio LC
Chromatography)& °]&3le] £4 4. agx &8 £{4L2 80%
H:0, 10% acetonitrile # 10% 191 mM NaOH & E& AM&3tA 1
F4¢ 1 ml/min °)8 F FIZFE 50 uL oAt BULEREH
WEys B A7) total UV radiometer( Eppley Laboratory, Inc.,
Newport, RI. USA)Z, pHe %x2& pH/ORP controller -800
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series(Oakion, Singapore)& I#i £&A44e &AL 939 DO

meter(Orion, model 810A+)& Z+Z} AL&319ith
6. 494% 2 12

Table 209 71A3% Azd I=4 AE-FFA FE- TiO, FF vl
3 XRF ¥4Z3+= Table 213 2ol SH-1v  FE0 A A ¢
TYE 2R EAYT dFA FER 1 EAZAFAE Table 213 7
ok A7l FEE HFE TiOo FHFL 0410%°] wrEEge Za 3o
o7]el TiOx& £33kl coatingste] A FZuE B4 23
olE9] e Y FL coaingd FTIH F IAF: YL A
A A8WE SH-6E F10%9 TiO, §%FE BoFrh. a8
Table 219] AN EWE SH-7)A SH-1374A19 &34t HESL dAY
TiO:2 coatingdte] HFE &£x2 719 A2 FEojdzgolo] g
XRD Patterns+ Figure 899 909 Yehiict.

A
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Table 21. XRF-Analytical results for surface-powder of
substrates and photocatalysts.

Si0z | AOs [ FexO3| TiOz | MnO | CaO | MgO | Na;O | K20 | P:Os | ZrO2

SH-1 |51.79 | 37.72 | 4460 | 0.410 | 0.020 | 0.380 | 0.520 | 0.300 | 1.100 | 0.040 | 0.009
SH-2 |49.16 | 35.12 | 3.900 | 6.360 | 0.400 | 0.400 | 0.500 | 0.290 | 1.090 | 0.080 | 0.005
SH-3 | 51.16 | 37.18 { 4.330 | 1.560 | 0.360 | 0.360 | 0.510 | 0.400 | 1.090 | 0.030 | 0.010
SH-4 | 5063 | 36.80 | 4.260 | 2.530 | 0.360 | 0.360 | 0.510 | 0.300 | 1.080 | 0.040 | 0.008
SH-5 | 49.16 | 35.22 | 3.910 | 5980 | 0.350 | 0.350 | 0.490 | 0.270 | 1.070 | 0.040 | 0.005
SH-6 | 46.78 | 33.03 | 3.460 | 11.63 | 0.330 | 0.330 | 0.460 | 0.270 | 1.040 | 0.060 | 0.002
SH-7 | 51.75 | 37.65 | 4430 | 0410 | 0.370 | 0.370 | 0.530 | 0.300 1.100 0.030 | 0.012
SH-8 |51.54 | 38.23|4.410 ] 0.390 | 0.370 | 0.370 | 0.510 | 0.290 | 1.040 | 0.030 { 0.013
SH-9 | 51.46 | 38.11 | 4.350 | 0.390 | 0.400 { 0.400 | 0.520 | 0.290 | 1.060 | 0.030 | 0.013
SH-10 | 51.73 | 38.27 | 4.490 | 0.390 | 0.440 | 0.440 | 0.520 | 0.300 | 1.090 | 0.040 | 0.013
SH-11 | 51.50 | 38.30 | 4.380 | 0.370 | 0.370 | 0.370 | 0.530 | 0.280 | 1.110 | 0.050 | 0.013
SH-12 | 49.36 | 36.19 | 4.070 | 0.340 | 3.750 | 3.750 | 0.510 | 0.310 | 0.990 | 0.030 | 0.010
SH-13 | 51.47 | 38.35 | 4.470 | 0.420 | 0.480 | 0.480 | 0.530 | 0.300 { 1.080 | 0.030 | 0.012

- 211 —



INTENSITY(CPS)
8

sio2
a0 Sic2

sio2
1
S

0

1 & 107 160 213 B 319 32 4B 478 S B4 637 60 743 7B 80 AL 9B 1008 1061 1114 1167 120 1273 1361379 142 1485 158
TWO-THETA

Figure 89. XRD patterns for surface-powder of sample SH-1.
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Figure 90. XRD patterns for surface-powder of sample SH-6.
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e
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Figure 91. XRD patterns of pure TiO: particles deposited at 250, 350,
500, 600, and 700C.
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Figure 92-1. TEM bright field images(left column), diffraction
patterns(insert), and  particle size  distribution
histograms(right column) of pure TiO; deposited at (A)
350°C, (B) 500C, (C) 600C, and (D) 700TC.
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(A) (B)

Figure 92-2. Photograph on the (Pt)TiO: deposited on Silica-gel
grains(A) and (Ag)(Pt)TiO; deposited on Zeolite-loess
balls(B) produced by Figure 84-2.
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ol4te] 471e] ¢z 22X FAL AHERY, 3) & = FFA
TTIPZ7|8} A&7t 71AAeE =150 &5z, TTIP F71€ &%
714, (M) Ard 3& 2t 22 BEEE MR S4A 28 A4E7)
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Figure 93. EDS spectra of TiOz nanoparticles doped with 0 and 1 at.
% of Nd”.
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Figure 94. XPS patterns for the TiO: thin film doped with Nd(III) on

loess balls produced in korea.
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Figure 95. Comparison of 2-CP photodegradation by 1.0% TiO:z thin
films doped with  four different transition metal on
outside of QGT(15 » 2.723n crf), and by TiO:-QGT thin
film.[ TiO:-QGT thin films doped with : 1: Pd(II), 2 Pt
(IV), 3: Nd(Il) and 4@ Fe(Il), and 5 TiO-QGT thin
film].
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Figure 96. Comparison of 2-CP photodegradation by 1.0%wt TiO:
thin films doped with four different transition metal on
SS(37 gm,  40n cm®), and by 1.0%wt TiOx-SS thin
film.[Ti02-SS thin films doped with : 1: Pd(I), 2: Pt(IV),
3: Nd(I), 4: Fe(Ill), and 5: TiOz-SS thin film].
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Figure 97. The plot of Ln(e;-0)/0 as function of t on the dependence
of the deposited amount of Nd(II)-TiOz-SS/UV system.
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Figure 98. 2-CP photodegradation using photocatalyst, SH-6(SH-6 40
g, Co; 50 mg(2-CP)/L, initial volume; 2 L and O2 —flow
rate; 8 L/min).
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Figure 99. Photodestruction of BPA by TiO: films coated on a

loess bar with different wavelength in continuous flow
experimental system. Initial concentration of BPA,
Co=10 mg/L and volume of test solution=2500 mL at
pH=3.0, air-flow rate supplied in this photoreactor is 4
L/min.
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At pH = 9.0
Clay-TiO:z + hv — e (cb) + h'(vb)

e (cb) + h'(vb) — heat

Clay-TiO2 + OH (aass — Clay-TiO; - OH

Clay-TiO; - OH + h" — Clay-TiOz(h") + - OH

At pH = 3.0
Oz + elch) > Oz
O+  +H — HOz -~
Oz~ + e(chb) + 2H — H:0:
Oz + Qg+ +2H — H0: + O2

HyO2 + e(cb) —» - OH + OH
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Figure 100. Photodestruction of BPA by TiO: films coated on a

q
z 77

loess bar with spray coating method under a 100W
UV lampQmax = 365 nm) and three 8 W UV lamp(Amax
= 365 nm) in batch experimental system. Initial
concentration of BPA, Co = 10 mg/L and volume of
test solution = 2000 mL at pH = 9.0 and 3.0, air-flow

rate supplied in this photoreactor is 4 L/min.
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Figure 99. Photodestruction of BPA by TiO: films coated on a

loess bar with different coating method under three 8
W UV lampQuax = 365 nm) in batch experimental
system. Initial concentration of BPA, Co = 5 mg/L and
Volume of test solution = 2000 mL at pH = 3.0 and

air-flow rate supplied in this photoreactor is 4 L/min.
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Figure 102. Photodestruction of BPA by TiO: films coated on a

loess bar with different coating method under a 100
W UV lampAmax = 365 nm) in batch experimental
system. Initial concentration of BPA, Co = 10 mg/L
and volume of test solution = 2000 mL at pH = 9.0

and 3.0, air-flow rate supplied in this photoreactor is
4 1/min.
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Figure 103. Photodestruction of BPA by TiO: films coated on a loess
bar and 1.0 at.% Nd* doped TiO: nanoparticles coated
on a loess bar under three 8 W UV lampAmax = 365

nm) in batch experimental system. Initial concentration
of BPA, Co = 5 mg/L and Volume of test solution is
2000 mL at pH 9.0 and air-flow rate supplied in this

photoreactor is 4 L/min.
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Figure 104. Photodestruction of BPA using the TiO: films coated on

loess balls(1.2 kg) by heating sol-gel coating method in
continuous flow experimental system. Initial concentration
of BPA, Co = 10 mg/L and volume of test solution = 2500
mL at pH 3.0, air-flow rate supplied in this photoreactor
is 4 L/min, power source: 15 W UV-lampmax = 385

nm).
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Figure 105. Effect of hydrogen peroxide on photocatalytic-photo
destruction of aquatic BPA solution in continuous flow
system. Co = 10 mg/L at pH 3.0, test solution

5 L/h, HO: flow-rate = 50 mL/min, air

flow-rate = 4 L/min, power source: 15 W UV-lamp(}

max = 385 nm).
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Figure 106, Effect of hydrogen peroxide-concentration on
photodestruction of BPA solution in continuous flow system.
Co = 10 mg/L at pH 30, test solution flow-rate = 5 L/h,
H0, flow-rate = 50 ml/min, air flow-rate = 4 L/min,
power source: 15 W UV-lampQmax = 254 nm).
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Figure 107. Effect of Fentone reagent solution photodestruction of

3

grize iz 49¥ & 9 H0.E FUHA @
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4@ e 2

aquatic BPA solution in continuous flow system. Co =
10 mg/L at pH 3.0, test solution flow-rate = 5 L/h,
H:0: flow-rate = 5.0 mL/min, air flow-rate = 4 L/min,

power source: 15 W UV-lampmax = 385 nm).
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Figure 108. Disappearance of the aromatic moiety of BPA.
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Figure 109. Evolution of CO: in the photooxidation aquatic of BPA

solution.
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Figure 110. Temporal formation of formic and acetic acids in the

photodegradation of BPA at the TiO2/HzO interfaces.
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Figure 112. The Photodegradation mechanism of BPA.
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Figure 113. Control test conducted in the dark using a photoreactor
packed with TiO: nanoparticles coated on loess balls(1.2
kg) under solar light system. Flow-rates of test solution
is 5.0 L/h and influent of DO is 15 mg/L.
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Figure 114. BETX photodestruction v.s.

Figure 1149] 2438 ¢ %27|%% 75 mg/L9 DO#%E BTEX 7t <%
90%7+ A FZuj-FE3 HHEA 3 mg/l olstE #AIFIAT o 482
ge} thE 2v]|d894% DO#ol 3 mg/l ©3tE 2 o BTEX £3

Empty Bed Contact Time, EBCT (min)

consumption is normalized to starting DO concentration.
This test solution was photodestructed by 1.0 at.% Ng
doped TiO: nanoparticles coated on loess balls(1.2 kg)
under solar light system. (Initial concentration of BTEX

solution, Co = 2.0 mg/L at pH 6.5 and flow rate of test

solution is 10 L/h.)
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Figure 115. Photocatalytic photodestruction of BTEX using TiO; films

doped with 1.0% at Nd* on loess balls(1.2 kg) produced
in korea under solar light system ( Co of BTEX solution
= 060 mg/L at pH 65, flow rates of test solution = 10
L/h and DO of influent = 15 mg/L)
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o data® A@DA g8 EAE HEy) 13 SEZFE AU 2
23 Table 229 2th

Table 22. Apparent First Order Destruction Rate Constants for
BTEX Compounds Shown Figure 113.

Influent 1st Order Initial

Compound Concentration Rate Constant R® Destruction Rate

(mg/L) (min™) (mg/L * min)

Benzene 0.12 0.49 0.85 0.25
Toluene 0.81 051 0.84 0.41
Ethylbenzene 0.21 0.50 0.91 011
o-Xylene 0.28 0.44 0.94 0.12
m-xylene 0.21 0.49 0.91 0.10
p-Xylene 0.62 0.48 0.93 0.30

Z BTEX %29 #Aue J@2nez A9 + sed, o7idA
22 AR 13 £245E 408)d dstsd 78 F AT
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Figure 116. BTEX photodestruction as a function of total influent
BTEX concentration. (Analytical solution was sampled
by one hour, light intensity and max wavelength =
8watt and 365 nm and DO of influent=15 mg/L)

BTEXY $d%%L: 2771, 581, € 801 mg/L ¢l FU&EEE 10

# 20 L/h ©)9lth. BTEXS £9% =& 2771, 581, ¥ 80l mg/LAA

9% & AE7) 13 9eEE A4E 131 017, 2 0.13 min" ol
A=

ol £EASE ZAZ 39 §YSE 107 20 L/helA A€ EBCT

- 262 —



AZE 429 60EANM S FEHu)-F43 E&L BTEX #d%x= 53814
801 mg/Ldl thate] BTEXY #2%%EE ¢ 5 w/L 32 FAHAUSD
Ag(l)o] dope® T E-Zeolited7§olel tidt FZujo ol 74 &
olul Awd NI A Zoh CVDaEBAIZI TTIPE A &
2 Nz 2E3HA FE-zeolite ¥7Jolel TiO: Y=AAE 60770T
A 22% % EDSEWEAM S A3 (Ti%)E Table 239 “eERH AT

0|24

Table 23. EDS analytical data(Ti%) for the TiO: nanoparticle coated on
the loess-zeolite balls by CVD method in the condition of

different deposition time and solvent of TTIP solution.

Solvent of
TTIP None MeOH
Deposition . .
Ti (%) Ag (% Ti (%) Ag (%)
time(min)
100 min 34.18% 34 37.29% 4.2
150 min 41.67% 5.2 44.59% 6.7

MOCVDAX 9 2719 Z2ute EgA=d TTIPY A3 oA EolA

B0

-& gHe ¥3a ZZ coatingdt] THE

=
3 A A 1008
%

F Ag'o]&o] 34%9 Ti 3418%7F A7 HEHAG 2y I FHAARL

1508712 ZF7kA718 Ti 4167%% Ag' 52%7hA &=l zZ+zt F7t
gk =% TTIPESS MeOH&wW] &3 &4(1+DE &3
TiO:E %% A3 TTIPLY S AH&eE ZF¢ET Ti &30 F7Hst
Ak, 28l FHLEEZ 60770CHAA 120C2 s3] Fd 4%

i}

B
M
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243 23 TiO, Y=gAe F2Za&o] 8079%B5%7HA F7H8H Sl
o]9} Ze Y& TTIPEAET TTIP-MeOH &9o] HT}p @& 2%

Table 24. Deposition condition, jonic radii oftion metals for a coordination

6, paticle sizes obtained from XRD and TEM as well as its

histogram,
sample Pure TiO: TiO: (Ag")
Substrate temperature(C) 600 600
TTIP temperature(TC) 220 220
Oz pressure(Torr) 10 10
Ar pressure(Torr) 1.0 1.0
Position of dopant precursor - 215
Dopant ionic radii - 0.95
Paticle size from XRD(nm) - 17+3 17+£3
Particle size from TEM(nm) 133 1243
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Figure 119. Surface analytical data for Ag' doping TiO: nanoparticle films
coated on the loess—zeolite ball by CVD method.
(a) SEM photograph (b) EDS data (c) Mapping-analytical

data (d) Line scanning data
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Figure 120. Photocatalytic photodestruction of some by-products(1)

after disinfection using TiO: films on loess balls (1.2
kg) produced in Korea without solar light source(Co of
sample(1)solution = 5.0 mg/L, flow rates of test solution
= 50 L/h and DO of influent = 15 mg/L).
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Figure 121. Photocatalytic photodestruction of some by-products(1)

after disinfection using TiOz films on loess balls (1.2
kg) produced in Korea under solar light system. (Co of
sample(1)solution = 5.0 mg/L, flow rates of test solution
= 50 L/h and DO of influent = 15 mg/L).
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Figure 122. Photocatalytic photodestruction of some by-products(2)
after disinfection using TiO: films on loess balls (1.2
kg) produced in korea under snolar light system. (Co of
sample(1)solution = 5.0 mg/L, flow rates of test solution
= 50 L/h and DO of influent = 15 mg/L) .
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Figure 123. Photocatalytic photodestruction of some by—products(1)

after disinfection using TiO: films coated on loess plus
zeolite balls (1.2 kg) produced in Korea under solar light
5.0 mg/L, flow rates
15

system. (Co of sample(l)solution =
of test solution = 50 L/h and DO of influent =

mg/L).
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Figure 124. Photocatalytic photodestruction of some by-products(l)

after disinfection using TiO: films doped with 1.0% at
Ag’ on loess plus zeolite balls (1.2 kg) produced in
Korea under solar light system. (Co of sample(1)solution
= 50 mg/L, flow rates of test solution = 50 L/h and DO
of influent = 15 mg/L).
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Figure 125. Photocatalytic photodestruction of some by-products(2)
after disinfection using TiO: films doped with 1.0% at
Ag’ on loess plus zeolite balls (1.2 kg) produced in
Korea under solar light system. (Co of sample(2)solution
= 50 mg/L, flow rates of test solution = 50 L/h and DO
of influent = 15 mg/L).
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AdEe 71F gt Wyesz EY flndriecd AWES T
TPozzolonic agent; o] &8 4 uA7€e] AMEHI Utk o&
dye nAgE FFEol EY Fo ZFsE AAey] WEdd o
gye Az n@dHsA] e 7Ecltt FFE5LY EYGe2RY FF
59 223 4z deoEu A4EAe ) AP o8
ghe EQoeRY FFHo|2L FEsed aHHAT 4L
& Ede AL AIAA AN FAE FFE ok 53 Bkl
2x28 E¥Le Aggdoz HFsrst u$ oAtk TS LEEY

2 5

& chelation®] <3}
d FT45E AAS=H
27 o]EAE EDTA°|th Peterst Shem™& EDTALH&
Agstd goz 209d¥ EXL AHE Az 54-68%9 AATEO]
g v g adz g a7 PadEe 80% o4 Pb
AAZLEES RAFYTh VLR E FFE2AEFS AT T
23] EDTA £d902 AHT E¢L A2A4FE TTF EFAHAA
e FA &7 QR o] 7L 5 EGELE T
o] Ehglth AYst 2FE-EDTAEAMY™HE %ol mguto] ZX

SR E BT ﬂf‘sﬂ afﬂ % g2Edd FEE AEs

AA B8R HE T & o ESELT
2 e Axzn 9. Allen® Jung®™e
EDTA(YN)gd02 @ od ELe AHad 100% FE288E 23U
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acid

Z2 A% 8 2 Iminodiacetic acid™ el
o, ﬂzﬂ,a%,% T2 298 EUY
&g gut glot o 494
AEA F7AR &
maowé Mg se &%
B
%Eqﬂnw:%°%%@woww)
HEYY EDTAE YL H43td
EDTAE 3489 95-98%9] Cu ¢ Pbe
2eAz FYsded

=

X,

2ol

0 —1)1‘ mlo

3] EDTA £4o=2 3439t o

= 2+ 3+
FEAAEL Fe”, Fe
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EEREE X
Y5k EDTAS 9 03%0l4 14 299 the

olee Basto 92%0l4e Yioleg
100%9) && e wb oo @, AP b ® O e

o3t ALY HBEF,
=l
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Ao AH &

82 g o)
4yez
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CaEg BARE SYES
AT S| % A
SRR
ARG F

2% ([FeCu, 2 Pb)
AAo o5 FHEH
%z3 4. EDTA 3+
oF %A FHFEHL
gzke] &
oz aze &9 Fof
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Table 5. $2402 98 541 a5 Byrs
FAE £
2 A i H 7 S(E& |4 By
) A2 l“g‘f’“ iy Qura Jl%"E- H7E(F col%){4 L
74| o (¥ &0 ¥ ] /A7E) |7 Zx
& 4% +24 Za
&N/ 4 e & A2 & &
w4 $84
74 & (Capping) 1-3 i + < + + < + £ + <
X 949 (Subsurface
. 1-35} + < + + < + & + <€
barriers)
SL/NAF-ERE
(solidification/stabilizati | 1-35 | - + + + + < + <
on Ex situ)
TaRIE -4 AV
(solidification/stabilizati { 1,24,6| + + + + + L) o+ <&
on In situ)
52 L8847 & (vitri
-rrl"q_x_ }- H J‘7]‘A€(Vltnf l~3,5 < + . . < + <
ication Ex situ)
o 7] 11 31~ 2] 8] X & (i
b ]fﬁ}‘%ﬁxﬁ.lﬁ'(\’lt 137 < R . . <| + <
rification In situ)
E &
52} 4 2) ¥ (permeable ) ~ ] B _ . . <
treatment walls)7] €
L5hE X oo
glatsta A g (biological 5 ~ . ~ _ . . <
treatment)
4295 22 (biological
B E8 4 A=) (biologica s | + < < ~ . . <
treatment)
Egd &g X
2K ] (physical - . . . . < <| < .
separation)
. . 1-35-
E M 2 (Soil Washing) 7 + + + + €| < +
I okd
%2 (pyrometallurgical | 1-57 | € + + + + < €| < +
extraction) 7| &
A9 BEUBE
A B (In situ soil 127 | + <& + + + + | < +
flushing)
AEF £E H
(electrokinetic 1-6 + + + + - | £ +
reatment) 7] &

1-(Pb), 2-ZE(Cr), 3-¥1&(As), 4-°}4(Zn), 5-7=H(Cd), 6- 78 (Cu), 7-F2(Hg)

+ 43, - BE L $AA o3,

R 1)
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$YEL dANA FFH(Cuy Pb, Cd, # Zn)L
2 A"se E¢e Bt 4¥% 35 e
(EDTA 1 5%, ARAZ, 2 o7 oF HA=d b

<
20%°)8t2 FEste]l Fole A9

o

AR Aem AREAS SERN
a8 Arles A2 FI4TY EDTA £9¢ Iesgn =@

Palma £%¢ Wy we EDTAS £4¢ FdFaen olgs ¥x
2 EDTAS S 4 HEs F &ste) Aste] EDTAS NS 35T
g7z $AFe] AFIFEolL e HSE Adstd F&FER IHF
gt 28ln 9N A+ 32Fe HPoer £9% F& L EDTAS
de| 35-AAtge] Ug AMLL wmBIt SFHTh

¢

A 3 A Electrokinetic processell ¢l% FTa&F
H A EAS7|ESES ¢

e Ed7s

Electrokinetic(EK)71 &9l 9jg =gogda4ge EFo2RE FF&H0
U 78 8Ee AAT £ e A 25T 993 847€ e
glitolth, & EK Processd] o8 EFELL 4343 @344 A&
o] ZbEaty] Wi Ad 1083 FEAG HR BRE AteldM 7HE
AL AASD wFbd F371E F syelE Frh o] Jlee
Endol Ge SHEFY AFEE FHRUC LIYEGLRREH TES
& AAsE d ALt zgy o] HYe 3¢ Z2HEE dE T
&%, EK 712 H&Fo ol ELY BFRRKAM FEE292
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2250 nag 8l gloy §714 LFEY AAA o
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FMEATI T ZTHRIHFEC] FFoE FEHO AAEE &%k

o ey gREe) 435S 4ol AU oA R %

3z
]

23131 Bruell®& Kaoliniteol

| ol
s e

h=i]
=

benzene, toluene, ethylene, xylene(BTEX)

d

electro-osmosis process<]

gtk 1 o) fF EK systemo = Hlol24 #718F

_!"_‘___
A st717t A7) gl
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EK 71&™ o 9% ﬁd%oa?-i, 67 n 4 Ade EFE Bdshe
S Agste) 670 F=A °]°ﬂ 37}194%

< Hgd ‘48 4709 < 13 V/me HAFE FEEW A
=% 180-1,100 mg/kgd] ZEF 5-20 mg/kgd FI=EELE 24
& 78% 9 T0%7HA Z7Z EdEdc 23 Z%’Jﬂr;‘*ﬂ]"i A+8-d
AL ok 200 kWh/m'elH, ol Blad A& JUAZ & AALE
de & Jde FF HE71¢d g o8 FAL U
ABEAA 7t TFY EK(SAEK= surfactant-aided electrokinetic)
processE ©]43}¢] chylbenzene2® 29 ¥ E¥ S B4 27 A

AR 2 ELEYr)&[soil heating/vapor extraction technology,

SE,
r&ﬂ 40\-

chemical oxidation(with potassium permanganate or hydrogen
peroxide), % CEHIX(couple electric-hydraulic assisted by ion
exchange medium) processE ©]&3le] AFEYoZHH FFHE
AAsE 7€ dE 2AFH wx HEF ZF SAEK7IE 7+
T3k

slatE el A3} (oxidative destruction)® $18 H71E9 APE 4
3 Zod 7l&olth $r)ogEe Asgde A8, g5ty 4 E

W e tgs Fdd st AT} gk 2RTYLE A
gzt #x3E, #7829 AgAde 78AGE WK |

e FEuE FEdely AFe AT

t}. 23] TiOy/UVAS Wi F=de 88 A, @ 744, %
2EXN ERolzt: o wEe FEYsA AFHm Qg O
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Scheme 1. Semiconductor of energy structure.

BEdd 94 We ZASA H¥ HEAY @iy o) g duxE
2 BRI FEEel A7 AAMAH AEPE WA BF(electron

1o

excitation)& %271 valance band®lE hole®] conduction bandel&
gh o184 AHE ARE)d FHFTMHS WEA
EHog 4 o5t FAFTL H0U OH o2& ¥kgéte] - OHE
AR T AdE HaEAS wgsd 070l 44 AA - OH
< A4

g4 &9z e W=l FEHoze FEUFEAITIONNE2 V),
WO3(2.8 eV), SrTiOx32 eV),a-Fe:03(3.1 eV), ZnO(3.2 eV)] olAu
F% 88 Al ZnSEB6 eV)] § ou. gutHoz $5% V=S
Zdi7l JtAoF & 71EL 43 BAdAYH AF/BAA T A S
=

W

electron®] A4

[¢5

ot

239 WA 99 o] BAN B FH FAL AHE FoIE
Ao @rhe ol
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24 F3E vEAE dyryoz FRAo A FAe T UAE
7b "X @do]l gt gUdd FeE Ad HAEE(e-FeOs a
~FeOOH, B-FeOOH, §-FeOOH, v-FeOOH) 9l AA4L ey FF
o] 4A LAHEZ HHA £tk Zn09 S &9 & EAT o
ZnOEAANAN Zn(OH)E BFAstY 44 A ?31"1]7‘3 £
e wdel ok a2 Y TiOe AETHH & Fgxez 2840
3, Aot sea Rad dis) <A™ gho] AHIHE
bR 3 ok Bk ol AbstE wrE Ao #Ag BE B =] 9l
M E TiO:(anatase) > TiOx(rutile) > ZnO > ZrOz > SnOz > V203 &
£o2 TiOrt 7ME 2 Baetd 24xs yudg® P
TlOz-J Fzoe HEle4 (anatase), FF4 (rutile), o F4 (Brookite)2
27 997, Rutile® & ¥3Ed A}ng A2 9w NSEY £= ux
E%k-‘ll 2Ro AgA HA TN F& "o FHFAL AT T4,
EgioA uEmoz yehdth Anatase® tetragonal TEE I
Brookite:: triagonal 7% & =t} Brookite®& Tiol O7t 6¥lA & HIE
d gdAe 2AZE FHdte F2E HIY TiOH
Anatase® & 3.94, Rutile2 42709, #H¥ FHEL 57 550 nm<l
gtotel %3¢ Anatase 2.57, Rutile 2.740) .
Rutile® Anatase® FEH 02 Tifol& F9d 6719 0z ¢]2°] €2
Ao Qe TiO: THEAFZoth a8 ¥ 2A F29 Aole YA
Tz HEgd HEFR ol EAX M 283 Ti-Tikk A
= Anatase’} Rutile®t 24U Ti-0¢9 A2lE Anatase’t Rutile®E
Zo®, =3 Rutile?ZolAE 2z ZEAZ 10749 oh& ZHAG Hat
I 9lE ¥¥ Anatase TFERIANE Z BUAZF 8749 ©E ZHEA
Betm Utk oldd F2F Aolol 93] Anataset RutileAtoldl e

[¢]

r
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Ux el Ar]AQ A xto]E eldtl Anatase(3.2 ev)7t Rutile(3.0
o

grA L 7AW, BUYAEE&E Anatase’t Rutile
2ot =t} ol& Rutile RN A} FHF wE A2F wEo]
dojtx, o] SHEL HEEEY 9 W Yo FAHIY Yol
WZH O 2 Anatase®th Rutilee] o #7] Wil 32 F TiO+
=

Anatase, Rutile, Brookite crystal constant.

Rutile Anatase Brookite
TiO2 TiOs TiOs
Form. Wt. 79.890 79.890 79.890
Z 2 4 8
Crystal System Tet. Tet. Orth
Point Group 4/mmm 4/mmm mmm
Space Group P42/mnm 141/amd Pbca
Unit Cell
a(A) 45845 3.7842 9.184
b(A) 5.447
c(A) 2.9533 0.5146 5.145
Vol. 62.07 136.25 257.38
Molar Vol. 18.693 20.156 19.377
Density 42743 3.895 4123
TiO.E= 924 32 eve band-gap AUAE E= hv= hc/ A

fgste] ol Aoz 1AH 380 nmol ;I TiO: T Band

gap °]49 duxE Ze FFOA<400 nm)e] AAAUV)E =AM
A%, TiO, EWHA EA3 # =} (electron)=  Valence band®l A

Conduction band® #A°]7} &

o)

UA s5ed), o2 A3t Valence band

ol = holeth)ol A48t olgA 44 ¥ HAeh hole(h)& TiO; EHL
2 2 o|BsA HI TIO; EW FF¥® Eolut OH & hole(h)&
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Mz whgstel - OH @ujze A4sIE e FF EAste
o A%dE Axst wgde -0 AdNze AT L oY
FAEE odxlo)7] R Lo} o] YA MM FAI
AU g = FIaTh okE 2EFolY AAF Tl TFHO
A} FoletE TiO: WA 2AEE €3 B3t ¥ :
B2 AYA-_A #7182 L 27 E2HH AT
22 ®r18dd.
TiOz¢l #Zv) 4ol FEEE 23 1A AADAMY F&3Hd
o8 AAsA FFL T Tio, EWel (dA EE FVEA)
ol =%H9 I =EAF #gS A Hed, TRAY FEH
Ae) HGo g FHos BEXH © TV o)]2E9 EWAAN 3TEZL
H4e T M 1Tt & fola @7z AFsE BEA TiVoeE
#3152 st B EWCA 448 - OHTZoU #3g Fe)e(-
0) HOLAA IR Aedge DY Ae Rl
xﬂs—a}o@_%’-e oA oEd 2RAY FUIBEA o9 7 2719 f7
8 £ ok 429 Z71= 01710 mo)
o, FHHon FrH A TFL AAZ Yok KI1EF AL
A4 2% J4E F

o

ot
x

\

o 3
e Q@
R S A R
e 2o oo oo P4

=

¢

flo
X
tlo
I
o
|
ih)
o
o
=
-
L
A
e

&
A getolES FEA] BL olfE HI}E UAY T4

dslatEE A9
Hoz AgdeolEs W T ¥E& F AT Sol¥ TEE I
A7l HWEo|th AMLTFEE SISt AbOse AMREAZ AAd FT
el A Zrzk A E FHEeEM gYd FRE BE dH o] BF
M ALOsE SREFE AAANY. 282 SiO%t ALOCAHEA T&
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Eo] M2 A7 Ao} EL FAMETRE ZHE 42774 AA7)
o sidol FAHH A7 64712 A9 cage B¥Y THF 23713 A
=712 Ho] FAHHT ALdolEY AL FAFE 42 AlF SiE
Aol & S 942 XNEAIE  AIPOM SAPOAES EAATE
g 2893 G FFHY 9, o2, F& FAHTE, iASF

F£IEE S ALPoEY FFUd EAANZE F AT

ALTolE EF U FEAHE = B4 BAE EYdd & FA}
se MYE FEo W Yozy £ Yt ALFgoE Fzue
FE= AAALGHAL hoste guestrle]d] + g

2
g, LIt %kO]-%Q] Astel 9%, AR FA -
5

el 49g 4 Aok ¥4=9e FAES A
Dip-coating, Screen printing coating, Spin coating, spray coating,
Sol-gel coating §°] Atk A=A E =& &9y 3 5o gAY
slQirie) Ffo) oheh HAsA A= ik duh.

Ma%—s— NARY FEELY 13 ze FYFHAN =Z™EE
dyog CVDY  PVD 50| gtk &9 FAAM AF0E Azde
WHe F2 o ogol-gelo] AlgETh Sol-gel¥Ee FLEFIES T
B3/Z - 28q9e AA 1 m Z7] 03 FRol= YAE BAEY
sol’delel BAFEE WE F G FHIA gele FAAL G



calcination E+ pyrolysis#AE A 4gtE T 5T AsES W=

= d¥olt}, Sol-gelWyel &2dsE JteAd €

= ot 2 Al o] = (alkoxide),
A, AFE, $25E 2 L33 Eo dutdog AGHAY olF s
‘01 /‘}%5] AE AL GIZato)l= ot} F& EIAle|=E A

Lo %"3’—, da AgA gsekg T
dFZAtel=e] FFERE ] ot F&AANES FAtE e 1960
] MazdiyasniZ7t 99.95% <& o9 F&£43ES A
AF7E AFHEAG 2 o]F 1968l Stober, Fink, Bohn(SFB¥)<&
TEOS (Tetraethylorthosilicate) & Alcohol &) FolA FE oty ef
eNA wEY FE S0, UEAE ded 4T Vahd 2 ¥

SFB #4& 7% & I =2ziE §30 gle vEAE 47

A= 1 BEAel A€ u Stk -—75], 102%%“3—3‘ 494
At A$ tEEo] sol-geldel o =mEAY FTEI=E
TiClYt Ti(OCH(CHs)2)47b F2 AH&E Tl Sol-gel WHe 2% F=2
de ¥9de Z82 3t TIEWNE v=vd fdA o8=Hz
Jom, CcVDHHoz F39 TiOdHe F2 74 22 A8
s s dFHAX L o

2%+

zaste W9 9gsiA Asd (oxidation), 71EEFA Y
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(physical vapor deposition, PVD), &-A(sol-gel) ¥¥, 71483524
HCVD)5 22 Uy $% Aot Hass=E"' Tig FLAHA FAF &
200CAA AAA TiOATES Aed, o)A 2o =H=L Rutile
Fz2E 71dd3n Bt £3 TiICLE &I Adle ¥Re

hu

TiOutete Z=2sle] AZATZE ZAstgEd, 280TCestaA HAF
o}, 300C o]l A= anataseTZ7F @ojxieod, ojdf ¥l FHELS
oF 230lgdtt. PVDHEMH e 3luQl  Ion-assisted deposition WH-E

electron-beam evaporation }H 2.2 jon gund Z s © S FLEA

- 2 -,
vtabe Zae 5 oi? o wye & £x9 TiO; coating 2

CVDEHS 71E9 BHd Hg FHEEE: RFAY, X S8
FANNAY, 28 Ao 2 & FHAY) A8 A7 AFH
gk 538 FREE F2AYE AW g 44T Eed 4
o] AA= I, Eegvy 453 g Po] ke RNBYT 2HS CVD
A A4 £ Yrh ddHor CVDE ATATE 7hAHk & =4
e e F7, W) F UAA, B2 exd HE =2 E32E T

dol EE&FE TA %ﬂs}uﬁ, et nARTE S99l

g 28 227 oW A =F %‘_:rLZﬂJ 1—5}17} X—iﬂl dojtrt,
, Blex o)ddME gHE Eastder 3w, od e

& o] Folop g} TiO, &L 98 CVDHAA AHEH
A FAZE  titanium  chlorideAl ¥, titanium alkoxideA €,
tristitanium(II) S ] SAth. titanium chlorided ol &3t HFEZME
TiCls, TiClLS o] Qo wgXHol Fx ZF7)¢o] =o} TIOFAEAIATE
) x7)d Bol AMEEHULY Clolee BEERE E77] d% @3

ko
A}

2
rlo
X
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ol glof HIoge % A}%EM gt

Titanium alkoxideAl8-< A Z7 43, HAsIH, F240] glo] Az
BrEdM A FTE ANEG 2AY F Y Fol MEAME
£E7 ol Adgog Wol ALEFH I )

Titanium  alkoxideA gl &3 FFE  FAAME titanium
tetra—ethoxide(TTE), titanium tetra-isopropoxide(TTIP)S ¢l }oH, &
3] TTIPE titanium alkoxideA € FAA 713 F71del 3 torr, 5
2°C) St Aol Holut Qg o5z At Titanium alkoxide® At
g IRz 98 i golu} Fepzul Fo o3 E
3] TiO2 TE & AW, FF £z wrte] B4 FHAI]

Aste] dax AL ¥ stad A ARSI S

g 2z @&

1

|
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