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Summary

The aim of this research is to develop treatment processes to remove
inorganic pollutant in industrial wastewater for the reuse of water and raw
materials. In this research several wastewater treatment technologies were
developed for wastewater especially contaminated by fine particles, heavy metals
and nitrate ions.

The CMP(Cherrﬁcal Mechanical Polishing) technique is now generally used in
semiconductor industry for the purpose of planarizing the surface of the silicon
dioxide deposition or the metal deposition on a silicon wafer. The wastewater
generated from this CMP process usually contains thousands ppm of well
dispersed colloidal amorphous silica particles with the volume average diameter
of about 80 nm. Recently as the evenness of the wafer surface becomes more
important to make even a higher integrated circuit density on a silicon wafer,
the use of the CMP technique is rapidly increasing. As a result it also
becomes an important research topic to develop an efficient technique to remove
the colloidal silica particles in the CMP wastewater.

In this study the use of silica activators such as sulfuric acid, nitric acid and
chloric acid, in addition to the conventional coagulants and flocculants, was
found to give much better results in flocculating and sedimenting the colloidal
silica particles. Experimental results show that both the diameter of the silica
particles and the negative charge build-up on the surface of the silica particles
are increased when the silicon activator is added into the colloidal silica solution.
It was also found that the final silica floc formed by using a silica activator, an
anion polymer flocculant and Ca(OH); has a higher density and a larger size
than the floc made by using only the polymer flocculant and Ca(OH).. Among
silica activators sulfuric acid was found to yield the best flocculation results
from the stand point of the floc size and density. It was even possible to form
a dense silica floc having a diameter of 15 mm if proper quantities of a silica

activator, an anionic polymer flocculant and Ca(OH); are added into the colloidal



silica solution.

In the second part of this study the treatment technologies to remove soluble
heavy metal ions are considered. Generally soluble heavy metal(Cu, Cr, Cd, Pb.
etc.) ions present in wastewater could be deleterious to health, and as a result,
their discharge into surface water has been regulated. Many processes for the
removal ¢f heavy metals from wastewater have been investigated. Coagulation
and precipitation are the processes that have been reported to be the most
effective in the removal of heavy metals. In this study, a fundamental process
by the co-precipitation and filtration of heavy metals dissolved in wastewater
was developed. Cu ions was removed by coagulation with iron. And Cr(VI) ions
in metal plating wastewater was turned into Cr(Ill) by reduction with iron(II).

In the third part of this study, nitrate contaminated surface water and ground
water were considered. It usually was very difficult to remove nitrate using
conventional water treatment technologies such as lime softening and filtration.
More sophisticated technologies -— chemical dénitn'fication, ion exchange, reverse
osmosis, electrodialysis, catalytic denitrification, and biological denitrification --
should be used to remove nitrates from drinking water. However, it was found
that nitra:e can form an insoluble complex salt by the reaction with alumina
cement and basic reagent in early 1990.

A new process using above discovery has been developed for the removal of
nitfate and other negative ions from polluted water. The commercial Alumina
cement and calcium hydroxide are used to form insoluble calcium-nitro-
aluminate precipitates with rapid stirring. However a major drawbacks of using
this method is that excessive quantities of alumina cement and calcium
hydroxide were used. Thus in order to reduce the amount of alumina cement
and calcium hydroxide an electric field was introduced. Experimental results was
found to be very effective in the reductions of alumina cement and calcium
hydroxide required.

In this study to remove nitrate ion by forming insoluble complex salt, the
reaction among alumina cement, calcium hydroxide and nitrate ion was tested
under an electrical field. The form of calcium-nitro-aluminate complex salt

obtained under an electrical field was found to be identical to that obtained
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without an electric field. And the size of the complex salt crystal obtained under
an electric field was found to be bigger than the size of that obtained without
an electric field. In case of removing the nitrate ion from the aqueous solution
having nitrate ion concentration of 1000ppm, the maximum removal rate by the
complex salt formation was found to be about 85% despite of an electrical field.
It was also observed that the quantities of alumina cement and calcium
hydroxide required to remove 85% of nitrate ion under an electric field was
approximately a half of those required to remove the same amount of nitrate ion
without an electric field. Thus for the method of removing nitrate ton by the
complex salt formation it is expected to drastically improve the economics of the

process by providing an electric field in the complex salt forming reactor.

<Precipitation and Filtration of Inorganics for Water Resource Conser—

vation and Utilization>

In order to reuse wastewater treated with the precipitation method for process
water, a basic experiment with the commercial RO membrane was performed
and the design data of wastewater recycling process using RO process were
presented here. As heavy metal ion adsorbents, chemically active mesoporous
silicas and bi-functional mesoporous adsorbents were synthesized using HMS
and SBA types of mesoporous silicas. Synthesized adsorbents had a high
loading capacity and a high selectivity for mercury ions among other metal ions
in aqueous solution. The adsorbents can be used for selective removal of metal

ions.

<The Development of Photocatalytic and Plasma Reaction System for the

Wastewater Treatment>

(1) Preparation of TiO; powder catalysts using sol-gel method

-11 -



- Sol-gel methods combined with freeze drying or stearic acid addition
techniques to get TiO; particles with high degree of anatase crystal growth and
specific area, both of which are attributed to the photocatalytic activity.

- Higher degree of anatase crystal growth was achieved by using freeze drying
technique as a drying procedure of sol-gel method than conventional oven
drying method.

- The addition of stearic acid to the reactants resulted in the increase of
specific area of TiOz but no significant effect on the anatase growth.

- The increase of pH of sol up to 6.9 resulted in the increase of pore volume of

catalyst.
(2) Preparation of film-type TiO: catalyst using RF plasma deposition method

- PECVD method was adopted to deposit film-type TiOz catalyst for its
suitability to produce large-area films.

- There were enhancements in the degree of homogeneity in the film thickness,
controllability of crystalline structure and deposition rate by using RF plasma
enhanced chemical vapor deposition.

- Different background gases in deposition chamber brought the differences in

the deposition rate and crystalline structure of films.
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A B2 & At dE o WO AAEHT SJA Gl E AAse @
7b R ok 3 gf dAdA 2eE vEx $3IAE 2 Zg22 A
Al @k 23 d o] WM¥E oHg Foo] B3 oa,q]a-m He AgE FAT
FZasiof sl dHo] EA)tc

|

<

2 AFlAE AASRLA = Ff delr BAL 3 Ads=d Y 4
% Al olele $AAEL aRgoz 59

@ 2AAE M e e 2 SWAE
J #5 F4Fe 2HsAGh 2 2, 27t Am A=E 2 YR $UAE 3
HAPLEH CMP A5 F9 24 4 2dol 4 2elsES o

CM
1

T B PES wEoZ 3 A% pilot A R £AE Fed AL R =24
AP E A FAAIE aAE AFA HAUuS.
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24 Fa5 e A AY 7=
L Zhe 47 A 4%

AurE <]l FAV€E 2 vtavls 2o e A48, SAYEE, 2ty
go]l Aot AHZ %% tadlg 27F o], d3tAol A,

sodium aluminate $°] H7IEZ o] §H1 Q. FF5Y A AL duby e
2 gZed AHAE AL F8A Fo FTES ol2E R i}i}f{}%i Liky
A2 5 g FY3 oy AlgHEe JAAARE FaAstAE, YEFHEA]
E, #A--EF, YEFATE, #F33E Fo| o od AAHAE disf AshA)
oldd, ¢sldd, TEASHA T STHAREAE Hrlstd FE(floc)E FAAANA
AAE folstA dr}. oletZ e 3hEhA FAWLE EF, A Ay s
o EAH|7} Bo| £Q8HT o)x @YY LA JheAol wue dHS A 3
o] A4 FL&£HWHYt AWAME IR FE2E B2 Ed. Y FHIE HA
Aege FAAF0] FolA L Feey FHE o] &r)Eo] LA HA ol L 3
g2 AAPE d 2 FFEY ALE Ve FashA ol &= dd. 1 47t
gAY FAHlA wlavlES 18 IAEY 5 L A& ¢ =5 FTHAAMY F=
& 34 Folvh t7uy 35H JH FAHLE 71EY TAHE ZA uEA Yol )
2 51% ¥ vEEES THFH st &olstn d¥Ae] Eoe S MR A
E Aol &ol 7HF &g Jleold & & Yok
o 29 Vg2 g8¢s d7HeE A F shuvl 21384 (Hydroxy Apatite)S

g AARspPold. V& 2L FF ?l—% Zad HeAA FE&A4< Hydroxy
Apatite [Cas(OH)(POy)3]l2 AN AAsE A2 YA s Qo)

olglgt 3td HAHYP L fUFdME 2HF Fol THA o&H: Ut 2
v o] A AW 29 HAZ =xF A ML, ARE AAA = A
o) /i A AL opF AT wAd U

ol

o

Y

N

i

oft

et
Mo
0

KISTA M E F5£9 Add Bo] ol&=HE Zgoldd HIE 7|&9 Y3
EE 208 H7E obd HEHe SAHEE o)&F MER TAHAS MLEtd AR

]
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ol 4EsAc B FAS 439 Bg Tofo] A7 oAed EAS HasA
73 A8 pH e F71FHF22 WS B4 39 27 MUEE P44
Nm 27tz eAulgol A B4 e AZE Hde APuszoth E 43
X 2399 A4S B2  Bast 9o AY NITH WAVEEY T 5 3
. o] 4L F249 AMolY EA 5 U¥ gojee AMWEL 9T BHoLY
FF 5o ZHA 0148 + Utk olv] APAFYeT P AL Tk
2 234 A% AAAA ' =% A

e AW Y2 Agsd 34, edsel Hestel &
2 AALS Aoy ov mRzs FAAFRE THE ASTH YFoel @
% % ¥ QolxE AL WEIE o] gol

3 A Nitrate #Hl& A3g A8 7=

Az g o] XY HFTo) UNHoZ A2 4L FANA B, B4 &
t Bt RQERE FAAVE FHoE BANEA Xgs, AESF o A 3
o Ayole, Aitele AATI] A AT} ol 19604 RH EAHoz &
Wse] 23 Atk 53 frobed FAFS FLAVE RO2E Fed Pioled

diHoz B AMFES A4t Pe AASEY F4d A% H¥oz 1
S22 23 & Atk 2o e AAFEY S4 o o] o2 A A AA
Wrgol BashA Bk AAAA TFF o] gL Mol o] 2BFAY, 4
got8 944, 3ehd 898 2 AV Fol Ytk ol Felq @YHo ot
= AeAYo] o8 & At FAL oJLEAFAWA 4B g Yol
g 4 Ak olE F WAL YL ¥ § WA 7F S5t FFY FNE



o o] ool o] Mt Aol RA% A

o]
Jb5e wdold w3 9L o Astsior &7 uFol %Xd‘ﬂ%q

ok & %ol |
JeRHFARE F/HoE A Aol oY TG A FAoluh
ARF £79 F71% A4ols FHUIEFY FUAUESF So| ol guu, A%
oz myxe A, AFUEE, FVAUEFoD v38 Ade ANAHAY
W7l Hojer g a1, U2 Frtats @7ol U@ BT FAZ As znou
FAAG 717k AAAWel Wk ol FA AN Mol olFA H2
. E gz Uzw-e— Aasols WA olslo] Be olgo] i °‘oa !
g Audel AAL YEE Aol oE W A4 e} WA EAGE
4 o], A4 ol Fol FAo] EAY A A4 oL AAZ S AA
B3 B4 % A oL £A9 A4 oleF meHEY ol
2% 4 9t 929 o] Ads ol FrbeA HA, g2e
o) ol SESE olf A5E A4 BB NFAQ0mg/LIE EHE FE
2o, olen@sAe AAE s ol &5 NaCly Fol
z7t90) £ OE BAEAE oy A FE ATt
& A5y Az $22 Asdl /pE 93 o&HT Ao &

ke
7] 7120l EA4T W 22 weHorl A4S AL VAR A= dHYE ol

Iz
°
b o

S AE%A 84 PoN 73 e ogdE sz, Ade Adstn 1B
A9l vgge 5 4 At o WAL =3 wezols) Aol Baw A1
Weze 2E Fol gl T IFL vHu, WHSe 2B FE o FolAE

2 Fo) ze FFo| o|FolAc} st 5 Aojael ojzlgol AL, MATe) 4

of 9% Yol FrlHoz WAY £E & T vl Utk

olE WY o= FAAFHEE o] &F HAF] FEtH & WYL F=2 uFoA
dTH Ao o A FA4¥HE VIR B Tol FAALE FE0 JME BA
dol e ALE dEA Y. FEEHS o] & 24 #do= 1914 Sppme] T

g T & ZuE olgse} kv 1 pH s.oow g e ALTbEst AojAw
o] b AL shaze gdo] oYm A

o]o
rlo
r_u



KISTANE H2 4204 AlMEs 4438 ojgsit a4 ddy
# w9k o wdel sy dFuY Aues A4S Augolen T
WA E HAol Yo} AT FAEL FAFORN G AUE
£8 AQAA ERo AWES} Sl o5 dHEE ¥ Foln F
of AHEHE ¥ SYoA ARHoE FFuY AUE D AMH] 22
A7sA Ho Fadel Agol gle ASe vaaE nr AR AR
of WE Aot ey ols} e AME BFHT 4AA olfo] 5 A
o) A4 Busty) faAe Sl FHPe] ALHE AR F STy A
WES 4AE sade] F74H BEo] Wad Aoz EAHUG 297 94
A7) stolA A¥e SAAYT 2 AT U Fo] Adolee AATI 9
8 228 2Fou ANEst 2439 ¢ ArFol g Aol e A
AR AolFE A% AW lFoz FojEk Aoz BRHAUG. HA A
JeAAE AN et AAWE olgaE A A Wgzol AARe 2
dFosA A4 e@F A §L AA BT & AL Aoz JgATh

44 3= FT 7iedd FAF 38
LS9 AT g @9

19603t Loeb® Sourirajancl o1& Hlth 34 AEZ e xuto] AEse] Fxe&
H 23 2 HEEot ANHn g1 129 B4 ZE 9 ALE A

53 Atk 53] FAE EBokdM Al H e V& Y FAHY

44E ZweA 299D Yok A2 FqPHURS SAFLHROIY AA Y
of AH&sl ROZHY A o8] 79 o9& WAse WAL ROFY 2FEAE
gAsted TFF Aadoz FFHoA gou £RY g0l Bo] 5o atA o
£9% @stch 28y UF AAdsh 24 ROGLS 2@se] AAues Fole

A7k 498 AAHT Yo} TR T Yok =¢ AR ASE AP 7
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H 3 & dydsd Y8 o Aot

13 CMP #H9 Az A
1. 34 935 CMP 39 A3 Ag 71«
7b A2

A Aztel AT Frtet tiEo oF wA FAHo] A&3Hu gioh I
o] Zl@del FAHE thF w9 AP S FFAII7 AMME Az widF AL
olo] AT HAFH dF EF7F Hestoor gk HAFY Hukst £ )
A W47 Yt HA2A7 wjize] Hasts 9T Jle2E HE=(pad)dl
% 71AH dAnpe} AwpAlel] o s5td dAuirt SAle FYPHE 3H8F 7)AF
A u}(CMP: chemical mechanical polishing) o] F2 o]g&drt}.

383 7144 Aot e ASEHE duiAze 3 3F 973 80 nm? SiO
o PAE FAts ZF (KOH) 8 @"AN F4AsZEA dutAlz AHS-5 o
oy, HZde drYol & Si0; v HAAE AR FRYoLA AntAZt
FH A AlEEH T ok ol g AutAE AME3tY s V) AA dAnp g o
2 4d2% dAnd T 44 pom FE S0, vl@A deHoldE HEL
BAEA Dot Had 2EE SO W EAE F9 Hd 9740 80 nm BEE U4
o2 ARkl rlelmz Y AFHLE AlRste Ay = JHF JAA
7= AAYHRoz wPRE AAsE Ao Bttt wEAd #AA Si0; ©lEA
g &3 Hestel 277t AR WYA SYAS VE Fol I $IAE AP e
w8 2 AAse wo] AAEHT Utk
] Al AEH wHoeZe AAM FAH T LAs= B sl CMP
HFE BRSA R g dZHoez AHYdes HHFA MgOH): EE
Ca(OH):9t o8 71 nEA FIAE F43t9 Agste B9 Fol AHEHA%
1] olzd AFHY e o3 As-E Adstd $AAY FF dBe] 01
mm BEZ ZA FAHEY =3 SHA DRI FFobA ol E HAHATF7] A

Az ASE 1047 o4 AFAAL 3L, % PHE AEHE A3l
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= d7 AN AF2EE UF.(Ultra filtration) B89 X&8o] A AHE
A Aol Tyt A Hrt
g £ dFoME He Ay T gAEHE $HAY A7) € EEE FUYAA

(=]
2 ol 542 FPATE RS =A

Ha

24 o2 st A2E SF W W@ o
TE FYFT T AL PR Qi FA4HE A S d2 wAY
Fo st FRstna A

¥

A5t B2olE £849

Jm

<N
(1) 94#+<] potential# pHe &4

A7t Y9 5 A H(isoelectric point) & YA BH A7t zerod] #;#E #
= A& pH 2914 &A3ct. SiOH IE°] Si-O-Si(siloxane) 222 == &%
Wbg-ol AYEH speEs] dukde FAPE E o} pH 204 HAe] e YElE
| ol AE7 dAe BFEI) H43 HI) ol

=SiOH + SiO & =5i-0-Si= + OH
et pH 201X & A7t dAEe] & Ee AE HstE WA gon, FEsY

Fx gt Si-0-Si 2ol dA T gelol AL )¢ =AY 2Hd pH7
7 o]/de] HW Fol29 H3rt YAt A FAHo YAZY whdro] LA
3 °] g2 pH7F F71gtel wel vldstd Frbet gEtA dAzEl ME FES)
o Y stsAdel #adty AAHoE AAHE FRol= HHE FX&HA ok

(2) A71HQ o]F & F2 o|& (Double layer Theory)

Fo xetE wWe ol2Fe] &9 AE W HT dAY FHA EAst=
A, dEE dol2Ed A7t dAY FHAHAA EAE 75 FHE FA6
A Bt olwl g EHY F9 HMatet 1 vt Fo] FHs FAHE ol
% & Sterr. layerg} 3, o] Stern layer®] & Zel] gol& YEI o] TrRT
A% Fol& $AFS Gouy layergl 3, olg|d TFXE olEut AZIHA o|F
%9 FZ(Double layer)etil 3ttd, &7} o] FstAl HH Stern layer®) °l&2
Aatoll @A o] &3 oA Hrl o A RagHAJE FE F FAA 7
e AFANM ] AT Xolg AEt EdMolet ded oje H7l 4% &

X
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(electrophoretic effect)ol]l 2j3jA & 4 o},
(3) A7ty &3

A7t Ff Aol R FA e FAHE HUkstd EFEE AT dAE
E 34 Stern layer, Gouy layer®t SO E= Cl Alol gl ¢l&Ed o3 a7 YAt
bl mekd Age st wAstz, 2 A3 279 specific volumeol 7}
T, ol2 At Y9 A Brv FAste] YA FEo| B} Lol

FEZE A9 £ o)RA A A devte E2Fde ER0E YAY 3L
3

¥

¢

|

i

[¢]

e

FR38td EAA ZVE O F/AIE, $IAE A ABE EFIH
dte 9Eg o dEAAd FHsAZE A 94, FA dFuE Fol AMEH
o o|F F{atol M dwrH o g ALEEHI gt

(4) who} Ast o &H

EH Hatel vyl 449 HIE "= dfEA S ZFoksle A 4o ¥ A}
7b AAE Atolo ZE3he viH 2 b wj&ol MZ
dold A" A=l EolA =t wEA 9 HAdE we= HEsh dAe §d

2) g2k & Yol A Fol2
B2E3 o] AL YRS o) ERolA HEd, o] Folo] AeF YA

o
o Ewol FHEUGY 14 E= I oy BEA Fo| 44 AN Y% EAY

Aebs(silanol) 1F 9 A4 A2t ABD & YT WA Fol o) o8 A
7 gAEe Aoz AZHED o€ wHUZe] suattd Yty v

H =
EWE 2 §2%% v ol agd ol ¥ Zasd, ds 4y 27

(1) 227k &3t

2 AFdA ALEF 7 vteA Hee dEYctEY 34 FE7F 25 ppm? &
Byolgo 14 F A% amorphous silicaZt £ 2 Rodel Inc.Abe) ILD 1300 CMP
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dutd g 2082 HAsty SSEXrE e 7000 ppme] H=F AEsAG. werA

Ao Mg wtxs HEE ol CMP Avt slurryd] A FE v go.
e pHE 9 98~101 oz, 4L “—‘""—‘1’91 EFE e Aejol
o olgA AMzd AF CMP HF 1L 5 vlAAN ¥ F 250~300 rpme2 F&
wrkstE A 227 FASAZN HSOE FUFAT ol H:S0.E 10% 89
o2 3% AL 0, 05 10, 15 mZ H7HEFE tgstA WdANAZNY FY5HA
3, 1087 250~300 rpme. 2 F& mutsiAdY. 1 9§ Z7e) ZASe oA g
At Az Arie WM3E ZAEAY. AFES 98.08% HoSOs Al %2 Junsei
ChemicalAte] AFold, A7t Y& 27|19 W3l Beckman Coulterrt} Particle
Size Analyzer (LS-230)8 Al&3le B3I E£3 HSOs o9 o& At
A48 A5 &3 vwE 23t9 HCl, HNO; HiPOs 5& AHE3te Yellxeg 54
3 wyoz AYe WEIFATY. Ao AEH AGE EF Junsei Chemicalr}
o} A Folx HClE 36.46%, HNOsE= 63.01%, HiPO.= 98% <l A& A&, &
e 2z SA45A] *2 05me 10% H:S0: 894 9 H o233 54
del Hol2o] XFHEE HAFE FYstAth 4z Aol BF gid Fd
= AF9 A8 E ANHSA particle sizeE A4 3HAT.

(2) AEH Yo g ZRol= At 79 A3

g2olE Aeiste AASY U5l AgHE AEH S PPolE Ca(OH),
& Mg(OHR% &ol€ TEA $A T& Fol& u¥A} SHAS A8she ¥
Sol Qo Aol W Aoz FeCl 59 715 $AAE Ashss Wy
Atk £ AT M= du 48 okl CMP W+ 39 i AeS AAsE
Yol & Ca(OH) o g0l ¥4 $IAE AHgste 397k 713 S 2ng 2
2 5 &g AU oW, AT CMP A% $hol A AAH WA %Y
e A7 A% 1 L9 CaOH), 7 025 g/ °l@, gol& :¥a $AA ($4
A4, SA 407))7} 3 ppm/ ¢ A5 9 Aoz AFAU e B AFANAHE 2
$AAY £ £40) BE ¢ &S W AP FAstHon AY Ade BB
A4 AxknA sk

HASE 1000 i 4 F A 1 ¢ A re] B F A WA wA g4

2t

m

l—nni

F= oz FRIHT Ye LAY T4 ¢A1c>ﬂ et Ca(OH) & 025 g
Q31 587F 250~300 rpmlE F& ks the 10g/0 2 A E ol uE



2 $3A 3 ME TPt 9A] 583 F% wuksk § 50 rpmol A 3087 wukst

AT F AA wAY gAfelEs A AA wAd £ A% FIE ¥
Ca(OH); st &°12 ngA $PAE &M% vpoly FYste] Hajstgich

ool AMgrt EF €44, sludge®t 45 9] E7F oA =i, of 34
5 BAAANAA wwrez st £4HE floce]l F#3] 7HEge & A=EE T
% Z} vlAY sludge volume ES Z+7he) AFAE AFHE S HEE
ZAstn 1 F9 SS T (mg/L)E EAM3AY €59 EAd= HACHAM
Turbidimeter& AF&3t¥ 1, SS¢ F%+ Whatman GF/C glass filterE o] &3}
A5de Ayl T A=27 AP F9 filterd FA WAz EYH AN =3
Zt B AoA % A EE AFHs Ae XA particle sizeE AR,
Aet Xdde =4 7|72+ Malvern InstrumentsAte] Zeta Potential Measuring
Instrument& A&t}

o
5|\
o
ol
38
£

Q) A7t A E F7HE Az 7 Y

b A&7t 243 A2 FA4E A8 B¢
o A7t 8HAE 7hed P BHA SR A EEH e FE d™Ete Ho)
£ H3NTlE A4S JYsAT. FAFE 1 L v A vre 3 F
10% solution& Z+2} 05, 1.0, 15 2.0 m¢ H7}sty 5&87F 2507300 rpm o2& wHk
Aok a2 FolA ZEAY SA-407] &9 (1.0g/4)E 3 m 7t 5&3
2507300 rpmo. 2 kst wixgo 2 025 go Ca(OH):E 4% ¥ 28
& 2507300 rpméi, 1 ol&E 3087L 50 rpme E wurstg ot AXAIZl F 34
Ztol 7238t A sludge volumes ZAsF o AFde gx ¢ SSE E43 A

() deEst 484 SR/ 42 3 2& v

Agstel gAstAZ A4 iAol HCL, HNOs, HPOs 58 AH&8dd. 98+
zt GAEAY %L 05 me 10% H.SO, 8% F9 H o2y 5dg 49
Holgo] XTFHEE HAFBS st 587 2507300 pmo 2 4 ke 314
. I e SoleA LEAY SA-407] &9 (1.0g/0) 3 mE 7hste 583
2507300 rpmOe. 2 @Wurst:, wpRBo 7 025 g¢ Ca(OH): & 4% F XS 58
7+ 2507300 ripme 2, I o] % 3087+ 50 rpmeE wyhE Yo weke A5k
W g 3A7to] A3 F sludge volumeS SA3IHon As5de gx 9 SSE
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A AT

(th) Sulfate E=29] FHA we &3 5& ¥

g4 9 SO ol 4TS dotrEr] 98t NaSOs , CaSOs Al(SOs)sst
Fey(S04)3% 9 o8l 7FA] sulfate SHHES 2t o4l H7MsiR gtk A4S FollA
Na;S048t CaSOsx Junsei Chemicalrlte] A EF-8, AL(SO4):9t Fex(SO4)s= Kanto
ChemicalAte] AEF S ALL3tATH ZF St EE9 H7HHF2 05 9 10% H:SO4
g Fo] SO ol £FF FUF ¥ SO ool THHEE HARL Y3
Atk 2 IYA Sol2A mEAA SA-407] £F (1.0g/£) 3 m}  0.25¢Y
Ca(OH):.E <9 AFEsddMe 2L Yoz Fdsa Z A5 ddd sludge
volumes A3t od, F5de gx 9 SSE vustHH.

(4) Bitol A7l 2A4BAR o) &HE &2 +49 HAH3

Ca(OH).¢l HH Edze AAS ] A5t H4FE 1 ¢ vA thro] @
250~300 rpmo.2 F& muttRA 10% HS0s £89 05 mE Hrishn 58

WA F 3 mee) ol nEA SAAA SA-407] & (1.0g/0)& AY
587 mBAZAT. 1 ©hg Ca(OH) o A7h#S 0.1~ 05 go2 thgsia #s
AZbw £S5t 58 Fok WA ohg, 3087 50 rpme 2 EubAlZch mw
HAE F 3AZke] AUdA ZF A 99 Sludge Volumes &A3t1 SS9 F:EE

S

GedE gele nEA 949 A4 FUBe 2R HE Aue 299
PHbAE H45E 1 ¢ HelAd thre} Be F 250~300 pmoE FE

Rbal A 10% HpSOq 8 05 mE Hrbstn 5&3F awtAlzl & Fol2 1&a
SR SA-407] & (10g/0)& 1~5 M2 vhFatA AsAA7Y FAs F 5
2+ kAT 2 98 Ca(OH):E 025 g A7bsba 587 250~300 rpmo 2 &
& AYAR & 3087 50 rpmo 2 mukalgch wEke AR F F 3A7ke] X yd
7} 7 %9 Sludge Volumed A3 1 SS9 585 & *7‘5]—9&1:}

g A+ 43

(1) d27te) 8435
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Fig. 191M & 10% &4t +84& Aest 84SgAZHN ALEstE 12 HIMZFE 0
10, 15 20 MZ WHIAAAN At ts PSAE ol&3d E4s Az Yehy
A 05 mee 10% At 84S Hrdk A5 Fy #Hd dAFL oF 0136 mol
10 me A$= < 0122 ¢m, 15 mee AL o 0117 i, 20 ME A7 F %=
°F 0.112um oIt & 10% FAF F8A HrbFo] 05 ME 2H/ETE vA A
7t 4zke] =277t Xé@ o zolA e AL Holmg A ££AL 05 mt ol3te
doz Hrtstd Ads Bgtov I Anes HAeA & dF T AR Zvg
wsle ZA 2R A FRernz T el ekth wet &4 8]
e ALRE A9 AR AR Ma HE 1 L 10% B 89 05
2 FAY £ YUt ol 2L AFge ol Aol YR He
A7t dAE ML YA+ Stern layerd] ¥ Hdlel ol Alolo <l
E&47F st AEg YRERY FEIF FUh 3 wEEY W =
T e At 4A =271 W A giv) WEQ ez AZdn. oj%

B2 Sol&o] AYAA Wol HrtEl= 7 $-ole Stern layer ¥ A3}
25 Atol9] Qo] BAEE &7t AR wEt Hegt YAETY FE L
o] 23|78 FoJE F Av= 7HAA &) AT F e AeE A
Fig. 20l 95 9 A7t d&9 2718 4 G4 A4 59 A7t €4
SATE A7bste wHgAIZl dAlNA M Fo AdEst A& 2719 B4 An
£ vty Ydetidd. 45 F9 At 4AY BdE =7l o 008 m ol
05 me 10% it F8AL As Hds o 0136 m ©l9, ol 9% pH
Z1 9 FYY H olLFg EEF A4ltstd e Hote Agsre o
0.128 m, A4ke] AFE < 0125 mol et walA 05 mee) 10% Fit F89E
A7 A Agst A9 =77 ¢ 178 sbgke] Futstd A £ aHE
At

Z+ ZASAE HHE F 24 Aek Tdde ABE Table 1o 89sh
HA7te 2A43A7F At Helolnz g9 UM sald T H o222 A7t ¢
A FWe OH o]2% FAAAM EExE FAsty "oz Yrte £ 8o &
oJ5tA Hroh 222 H o] Ayl dxte] AAHA Aste] ofFH IFS
NAA Fon, Adxoz Aest 4 2719 Fdd 7ta & & Fol&9
Aol os) AN Teido] Ao vl Lo WFow =M Aoz FAY
At

(o g
pi)
o

fF 4o ¥ 8 ju =
@ o

rlr
of o

o

ok

=]
™
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Particle diameter (um)

Figure. 1. Particle size distributions with
varying dosages of sulfuric acid.

30
—@— Low water
25 —a— Sulfuric acid
—o— Nitric acid
—xp— Chloric acid

o
& 20 A
£
E 15 -
O
> 10 -
5 -
0 4
0.0 0.1 0.2 0.3 04

Particle diameter (um)

Figure. 2. Particle size distributions for various

silica activators
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Table 1. Zeta potential values for various silica

activators
Silica activator Zeta potential (mV)
Law water -45.1
Sulfuric acid -46.4
Nitric acid -46.5
Chloric acid -454

(@ 252 3 PAANY $AA FY €49 HHsh

dutxoz LR SFA FY &AM g £ &3
AT F n&A FIAAE 7t A €48 vy A $FJAE WA T4
3 & Ca(OH:E FUF 299 ARE M= vwde Table 29 Fig. 304
et AT £ €A4E vlo] A3 Z$ IAF sludge volumeol 370 mé/ L ol A
250 me/ ¢ 2 FAFAL, AdEHE Y9 27|z AASHA F78dH Fig. 3& 2
H HItAY] 4& EF YA st AgstedE AEgt 49 =277 #olst
A ge £ F4& Udehdle 28 ¢ ok 71&9 Bz Aesd HFH
o2 AAEE 289 JF Al o 175 molZ =AM E wtE A $dE 556 mo]
Aok F, & $F EF FHAA &M E vy FYT A9t o 2 ARE
RIS & & AUt ojst 2L ZAF}+= Fig. 494 FAstE vl®d 2ol Ca(OH)7t
AA FQEE Ca¥'e 4y A BHe &9 Ass 34 F3E F fole n

ARl Ca(OH)E HAH F

oo K

Table 2. Effect of sequence changes in chemical treatments for the
conventional method on sludge volume and average sedimentation

velocity.
average sedimentation
Sequence Sludge Volume(ml/1) i .
velocity (ml/min)
Ca(OH)2 + SA 407] 370 68
SA 407 + Ca(OH), 250 107.14
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22 A7 FUAEEZN FolE ol &F LEA
FHEHA Faled vE) &AE uFo] B FolL TEAR IF F
o} A7t gAY g9 As7E FAll Ca(OH):el o3 Fsl=e HAHANA ZEA
SAAY stm o] AsHY] dEA ALE AZdY gay FHL F
Hoz o]Fojx Fig. 304 Holxo| AAHHE %3491 A717F FUEHY HFHL
2 AAEHE sludge volume: Z4sdts HAo=z =
2x &3HE 77 $3ARY ¥vA Fdste Ao
ot

_,..
olo
i)
24
1o
)
=1
12
ok
o
2L
fu)
fru

o msAd A8 &+ U

3) A&7t g4gAE F71e MzE 3 Uy

Table 3°1& #4te H71EE WA A deste 8435 & F AFH A4 &3
FTAe2 AYste A% ddAe HF sludge volumes ¥l Edtd YERAH.
05 meo} 10% #HA F&AdL H/S Ffde HF7EA &2 AFEC sludge
volume®] < 40 % 7H7tel 24 AE & F ANk 2 HrksEe Fde &
< A2 Z7AA7E 2313 sludge volumeo] F7Hste A7t vdehgtoenz oA

0 1 ¥ ]
0.01 0.1 1 10 100 1000

Particle diameter (um)

—&— Law water

—O— SA 407J —a— Ca(OH),

—{1— SA407J + Ca(OH), —m— Ca(OH), + SA 407J
Figure. 3. Effect of sequence changes in
chemical treatments for the conventional
method on a particle size distribution with
using 0.25 g/l of Ca(OH); and 3.0 mg/l of
SA-407]
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Figure. 4 Postulated flocculation mechanism

Table 3. Sludge volumes with varying dosages of sulfuric acid

H;SO4 dosage (ml) 0 05 1.0 15 2.0
sludge
250 180 190 350 400
volume(ml/1)
AFI AaEgte g3 2103 sdEA Mg #HE 103 05 mee 10% FH4d F
£H4g HItstE A 97t sludge volumed Histete 2UYS ANt

o
A9 Ao veiudxo]l HAFe Aalo] HriHYE HFHoe=z AYAHHE
sludge volume& ZAAI71E E37F g Aoz yEelyth o]l: 3pilto] Hrolgeo
2 A3 Z7ld HegsteE FAFANAM 2 278 1AH L2 FAATIL 2t
Az A S Mt AZIE /A ATz FAHE Y9 AVE 2
Aste BAd AEE ZUA7E Hoz FHED a8y Fu FAHoE A
7te] &3olA Fato] oW AL X, 2T o] Po] FikY oH &

Q3 ABEHE AUAES GobE Yast Jomz Fi Fo H o] &3 SO o2
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S XFs=E e SFEES AIEEY AEe 2R E vl aR g
WA g F9 acidic property, F H' o] &9 HJIAAE dolr7] ¢sto HC,
HsPOs ¥ HNO; 5& 78l 483 H 99 HF sludge volumes Bl gk
A%E Fg. 59 deplidck o w ztzhe) 4ol H7ES 10% F4F &84 05 ml
Z9 H o3& 7FLE olgt §YF 49 H °o]2S ETFF=E A
ARE AHRY o} R HIEA ¥e AS 250 me, FAHE I ¢ 150 me,

AE H7bs A 210 me, FAre A9 220 m, A4S ASE 680 mE JER
o}, AA AS H7HE 7 $ol = sludge volume <F3t 7:}_4:3}‘“ Aoz Ve
A vt @ HMe AR 3 237 Hon 9 fle® 99X X &
e 399 FAEE flockth A RAANAE AFE 46} ok olo) e}
AE FoldE FAY B 7 $5 A0R FEANE F AN

Fig. 6ol 99 axEc] 3 F9 SO o9 FFAA Lotr7] $3h
NaxS0s , CaSOs, Al(SO»s$t Fex(S0.35 9] o2 7kA SOF sdEe Fargal =
b F 2 ASe AFHeR AANHE  sludge volumed HI W3t UERRATH
olm Z+z+2) SO BHFAEL ¥ 10% & F84 05 m T SO o2 Y
& F9) SOF olee EFIEE Astd Frtstgo o A, o}lEAE Hrts

A & 7S 250 me, FAHE Hrbe A9 150 me, FAF ZAEe S 360 o, At
dFuEe 2 310 me, FHUEFS AS 320 e, F4F Y A5 810 M2 e
HoBug 48 7S A9t 7 @ol sludge volumes FHAAIF 5 AU
Zkzkeol 7-gol BT FYSH ¢ SO o] o] HIIHAZAE Fabke] ARt 7H3
SatA deEhd AL SO o2 §7 HtE FoleE S FHAo ¥
e AL dAstE Aol

R
de) ARse 2HAL o o] g2 HAASI ¥a A TL AAE =5
¥ & 9% olfE T FolLo] H' o Hejol7] WEA Aoz Azdc 5
A7 ¥ seEw H olee Auzel OH ole¥ ¥AAAN EEAE Y4smz
A2zt Ao BAAA Aste] obFA Fwe AXNA weth 1dW o ¥
Of SgEse AANWA 271 £ 37te) Fo) WalE WE o|LEL WEF
o2 o olesel s A YAV 1AMz FHHoMAG. G o] Fo
2 $4A CaOHt A7HHolx ofn] At Rexoz Fadoly] BE
of $x9) Heo IUE HAHA He Aoz FHAT Gebd FolLo] H ¢
e Fdo] 713 F& EHE ol BYn T 5 Yok
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700

= A : Law water
E 600 1 B : Sulfuric acid
-~ C : Nitric acid
dE’ 500 1 D : Chloric acid
s E : Phosphoric acid
2 400 -
(o)
> 300 A
@
g 200 -
2
v 100 4
o -

A B Cc D E

Figure. 5. Sludge volume with using various
silica activators

©w
(=4
(-]

1A Law water

B : Sulfuric acid

700 1 C : Calcium Sulfate
600 { D : Aluminium Sulfate
E : Sodium Sulfate
500 1 F : Ferrous Sulfate

[+
[=d
o

Sludge Volume (ml/l)

A B C D E F

Figure 6. Sludge volume with using
various sulfate compounds
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(4) 4ol 37t FYIE $3 TR AH3

gole EAY HAFE 247 05 me 3 mE A7) Ca(OH):9
ot s A dslA AN AdE AAE Table 49 YehlAT. Table 45
9] sludge volume®} A5 9 SS H=E& YelHA =0, Ca(OH).9
5g o4l WRE SS9 sk FAE FATEL Hold, sludge

«
2
_>.1_n‘
Ac)
o

A7kl 0.

[N)

Table 4. Sludge volumes with varying dosages of coagulants

SA407  Ca(OH): Sludge Ca(OH); SA407 Sludge
dosage(ml) dosage(g) volume(ml/1)| dosage(g) dosage(ml) volume(ml/1)
1 0.25 610 0.1 3 480
z 0.25 300 0.2 3 180
2 0.25 150 0.3 3 160
4 0.25 200 04 3 195
& 0.25 190 05 3 200

volume IEZ o9} FASE 7S B, webA 7HE A Ca(OH:Y H7M#ES
025 goe2 HAAHAUYG. 7|4 Ca(OH): H7lo] 01 g ©l3] 35 ANAEY
o #AastA ¥A Hed ole &9 HaE "We FRol= Ait PRt HEHo
UE BE3 49 Ca olec] FFHUY HEL2, Ca(OH):9 A7t FoAE AA
2ol AMabrt 423 &9 e zA HEz whdge] g YAt EH F
Eo] A9 dojux] ¢A Ed. waA S FEAL=ET JYPHT AAH o=
sludge volumed] Z4aE vY|FES FFd XA do. olge Wz HrlHe
Ca(OH):8] %o} 03 g & %33 A =9 sludge volumeo]l ©HA] F7ksts RS &

% Qed ot YR dohd B9 G oleel FFHAM S B4 ol At
AA gobdm $AA EWY Asst SlH Foz Mstsy] BEY ROz 33
Aok $HA YA AAH Wt Fo A GAHD 282 ARl

Ho) Z7}sbA = o] Sludge volumeol F7FslAH E ot

GgolE 10% #Fib #8943 Ca(OHRY H7MEE 47 05 mo 025 g2 o
AL Fold nEA FHA L HIbER gFeA HEAAAVY 88 A =
3 Table 4] YeElAT. 01% T S3A 84 3 m¢ 9he H7std A4

- 44 -



He 299 7= F3 2Ex Fohr SHe HPsted B2 MRS o= 3
At =¥ 3w ol e HFE B HAFS obFE F/AANAL sludge volumed]
#a adee AA Aol7h flev 23y AHHE EY HET UF EohAA
g BAHEE ZFHE oistnz 3 mrt M AR AU Ao o
T AR

wetA o AFSzRE Lol HH 2doz 7 dAnive AFE MY}
WAl 2} et PSAS) B4 Zeta potential® A& AT WA PSAZ
243 A#E Fig. 791 YA 05 me 10% 34 s&4& J7eg oL
0.1% SA-407] polymer &4 3 me 025 g9 Ca(OH):E A E Hrlslz 58
T FELE uwty Fole YA #F A7]7F 1000~1200 molloH, & W
e d% AXA & 10~15 mm o o2& Roz e
Q) SA-407]2 H7HR Folle AR 3-7]7} o Zase 73
F d. 2 olfrE tgF Zo] FAHAC «]{}%
Fo H3E " gEF o8] AR e A7
g 2ol Ayt FE&Ho Fabo] FHIbH o %"éﬂﬂ‘é/ﬂ
A717F F7vstE o add g 29 AsE WE TEAI HH
2 249 gle A7t 4R AR Sl EAR "olH ys

.
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Figure. 7. Particle size distributions at each

stage of chemical treatments.
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Bolw¥ = glom2 WA aggregation HUW HEl7t A7 A A Hol A
HAozE Agdt A& AZ|E FolAA e AeE FAHLHAG

g zZ} @Alol M9 zeta potentialS #4413 ZH}E Table 594 YEFHAT. SA-
407] polyraer® 7} @A 7+A| = zeta potential gto] LT WA o}, 49
A&E u= Ca(OH)Z 71§ F o= potentialo]l F7A3] ZAsld zerodl ZH 3t
= AeZ Yy o] AH o g ojFo] HEE & F U

oj/¢9] Jar-testol]l &3 ZAH}E Aestd HA L SIHEFHE ¢V AMAME,
7000 ppm? Si02 29 ¥ CMP < 103 10% H:SOs €9 05 mE #H7bst
o Tk &% 250~300 rpmol A 5EZF @R of&, SolLA &R FHAERA
0.1% SA-407] &£ 3 me2} 0.25 gol Ca(OH).E ##H=Z #H7sla, Z+ze] @Al
ME gk £% 250~300 rpmo 2 587 F& wukgk £ v 2o 2 50 rpme] &
& oz 308 FAANZI= #HHe]l ME 5T Aoz EMEHJAG. o A
HFHo2= A7 10~15 mm A9 Adl EHo] AH sludge volumee 150
me/ 4 °l'6‘} e %}m\, 5 F9 SS FEE 7000 ppmo]/delA 10 ppm °|st=
dA3] Hihste Aoz Yeiyth

Table 5. Zeta potential changes at each step of
chemical treatments

Sample Zeta potential (mV)
HzS04 -47.6
H2S04+SA407] -46.9
H2S504 +SA407J+Ca(OH): -154
H.SOx -476
H.SO4+Ca(OH)2 -14.4
H2S04 +Ca(()H>2+SA4O7J -14.7
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Table 6. Effect of sequence changes in chemical treatments on sludge

volume and average sedimentation velocity.

A‘verage sedimentation

Sequence Sludge Vol.ume(rnl/l) velocity (ml/min)
H;SO, + Ca(OH), + SA 407] 340 73.3
H.SOs + SA 407] + Ca(OH): 150 121.43

o A&

2 Aol Aelzkel SS FE7 7000 ppm WA AF CMP AFE Hare
2 A% 39 2esh AAE AARY) Askel Yeih BARAE o &3 A2
Pl $1 2 AW APL dAstgon 4Pe Fako deH ge BEL UL
F e,

(1) A=t 43 AIZ e FA, 24, 94, A4, 3 GFujEs A8 )83t
How, FA BYFS 7|ELFE st A, E4t 7 ] &9

283 $4 &FuEe A$odE SOL ] 2

o] AAF A AT 10% FA =84 05 mE 37}%}% A9 A7 A&y 9
& 17w FrAA e Ast 8434 F Mg
ol A7 YAE AL Y& NHy 0|23 SO |

NO*¢te] 1o Hla) B} ZsiA ZF&sht Fo|29l APV F71do g T
E 4% AP A7 dAd Fso dast ?JXM EW A8 aHe
#eo} waty Aest YAE ML e NH o9 APlE SAls azde
eldlo] A3 M7]17 <FsiR NHy ol 23 804‘01—3 Atole] Q1ge] ZHAasA H7
WEZEN Ao g A}

l,'ph

(2) B4E o) &ste E2ol= Lt SR AdoME SFAY FY €A E
= A, Ca(OHRE ste AF7F 719 &84 < <Al
gla) SAA 2719 FF £ F¥ WM R 5 dHdE FAH o
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t 245e g7t YAl NH ol 2ol9le] ol o] win £UHm Y 1
oJeg WoE s gol& BEolE YAEY $AA FYH Folee $AA
o ZFoo] AAFAAD olo] Wt SHSY A A2 YA EAF NHS
o2 Alole] AAE AN FF FrHoz FYHE fole 1EA} A

Aole) A 4%e & # oA Bk 3 $4sY FRolzd ol 1
A SAAF DA FYHE ASols Trols Y2 EA A Avl% nEA

£qAe gole B4o] RF A€y WEd F7HHA Ca¥ olee A o
o2 A8Y ¥ ol 1R $YAS TS YA Alolg mAZ FH§eA
Ho} ur} 2 LA AL AMseA s Aoz ANY & Atk

(3) HF A Z7lE /M 2A s HF €AY FAHE M HA =
HAo A FLFL AT dHs 10 A 10% 4 584 05

A%E Fe

me, 0.1% ol TEA SFHA &4 3 m, Ca(OH)2 0.25 g H2Z HAFPHAYL
o, o] A A9 AV|E HF A 10715 mmelL £A] £ 150 me o)
2 Zraste, A9 SS FEE 10 ppm "Wl Ao g EA o

2. CMP =] A3l el 4&st A+
7}. Pilot plant &4
(1) AA ¥ A=

CMP =5 A3 A7 Aae AFgddy FHd HY zd& 7822 3§
CMP #H% 1m*he AT & Y& £Fo2 4As%T o= Fig. 891 CMP ¥
F A FH=d dehd v Zow, Hynix RREA(HERAARNY) HF T3
e ade dF R AAHA

CMP ¥ e AA 9xAd AddM Aot & Yo s HFE AFET 571 QoA
#£31 Ge CMP 44& A5 A4 Aol ol 4ste] CMP H+E AZ5HY
o CMP #H59 s+ A4S 208 3]4ste] oF 7000 - 8000 ppme 2 A A dvt
Bl oF 3000 ppmE T FEE A TEAM APl AHESAT. a2in N T
W AHEHE £2 HEAYFY AojiFR AFoleH FU|E0 °¥F FHE AL
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B * fow meter
A: Agitator{Motor)
level controller :PT,P8 P: Pump

/] pres.4 mer contraller < PTPY TK : Tank
C4OH)
e |a
|48
l 149
p5
polymerd  polymer(t
L A ™
1 '
we |

] 3 . " H
K

T
filter D
Hs, Jevel controller pres.§ timer
¢} T jliS} controller
’g Al
R

P AN oo/ 13

| E

—~{0}
3

ol

l I K
-8 drain 0 o 75
™ 4 =
TS P =

TH9
%
Db ) —l
aeww O
KIS

M

Fig. 8 CMP #H< A8 pilot plant 33 %
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FAEM FEFQ Tank(T/K 7 - T/K 12) 271 CMP H4E Im’h £%
oz & %% o 1089 AFA FYH ZEUY T/K 13 € ¢3m’ 9 §34
S So] ARsEd FTET ALE FAD T/K 129414 Fo]
FAE H Az 9Foz AYHA E5L ML Ff vA 4RES AA
3 ARHARN T B L over flowE E7FAU filter system A Al o I}
o] Az} Pilot Al A E filtere sus #800 mesh J#H 22 50 X 70 cm
size® 29lo] 1709 cartridge®2 =] inlet, outlet, back washing, pressure
controller 528 dZs=o] 9o 47019 cartridgeE A2t Az &5
£ sludge’t &ol8tA &2 & AEFH screw FE9 impeller® &9 ¢ 7rpm
o2 HHH JAIF=E o,

2 CMP sl o] mis A% 2102 AxHAN.

Pilot plant?} A1g WHE AZAHH QHPo 2 FEd. JAHLS 28S BA
N2 F Z7ZAA sludges HFoA Foln B & AFodA over flow=
z2 3= Aol IFRPL FHL HAAZ F sludges SHFAA Foplm 4
SAL Ao A" GHIgg ARAIE Aot AFHHY AR FIhA I
7389 over flow ¥l FHo]l A Ao|7t WA 93, IRl 27‘]% of ;e

e
9

2
worE
ol

o

t3lo] doJud back washingS stE 2% AAo] uf$ S EojA ApgHy o]
A 73 o= o]y pilot AP FAsA

.J

FYdFES SHAZ Ca(OH):& Nalcortel A &3 A (-)L¥A+ Hynix ®F
TA HEdFo AHeEE e A ol&dunen B4 AE sFEFEdY F
£ 98%3 1S 10%E 3 A8t A= 4.

(2) A

Pilot plant® &A3}7] Aol CMPH T HA 3FF F4FS A7) A H A
2de] AFANA jar testE HAEAT CMP #HF Aol FHAFY ZFol
2 780 98] Waly] wiEe Ao A AHEI HAzAL 53] o
Hov gzt EHo2 HAFFEYFH pilot M TAMT

o
5
RS
ek
-
pacd
32
vl

1) Jar test (CMP =+ SS : 8,080 ppm )

CMP sz 14
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10 %-H2S04 1m
01 % () polymer 4 mé
Ca(OH):2 15 md

Result : good floc. ¥4
2) Pilot test

a. A2 &% 06 m/h (FF FUZ AFAL : o 168)
P1: CMP #H# 10 £/min --> (T/K7)

P2 : 10 %-H.SOs 10 m¢/min --> (T/K 7)

P3: (-) polymer 40 m/min --> (T/K11)

P5 : Ca(OH), 15 m¢/min --> (T/K11)

Result : good floc. &4

SV : 160/1000

A g|4E< pH : 97

A2 ds SS 1 5.0

b. 27 : asd 5

o A" 7HE
Result : good floc. ¥4
SV : 180/1000
A eds pH : 965
A8d5T SS 40

c. A7) §%F 10 m¥/h (FF FYZ ARAD 1 o 108)
Pl : CMP H# 17 £/min  --> (T/K 7)

P2 : 10 %-H:SOs 17 mé/min -—-> (T/K 7)

P3 : (-) polymer 68 mé/min —-> (T/K1l)

P5 : Ca(OH), 26 mé/min —--> (T/K11)
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Result : good floc. A
SV : 180/1000
2485 pH : 9.67
xeld54 SS 105

(3) 23 &

A7) €A AFelA nxo] ARYIY Y HF FAd= A dE R0
Atk 28l KIST jar test®} pilot plant®] A&FHNA dEFFYY £A7F Aol

7t e 21e CMP #H9 F2dA 2 EAAolgln A2 E 8 o|RAL& CMP
He Mgt 43y $REHE YEue 23S it e AE e
Algto 2 & F Atk & CMP #H$& FAIZ AAsE 3k A&7t doju
CMP #Fo] (-)nE8AE wod Zo] PAHE AL & + I

a3 pilot testoll A 1 A nEAE FUT F o] 4 &

<} & o}
o pumptt FAE o] &3t deo sFo] FFI TAHAY
nEzte] AdAe] ¥Wae AL ¥ <R
PumpZ 3l1¥A EFAEL ol 3% pumpd F& orificed &
dAo] Wt At EZHo] FAHA et 22EE 2EA EFHY ojF2
over flow?] E&°] dolUr s FEFUZY HAE A & Aol
T3 AAZ JIFZ sludge’t vWiEEHEY F2 F UHdA FFF sludged
AE BV dWiEzdn EEHo gojr] FHE HYE pump(dA pump)i: Bl &= o]
=2 FEeth o] S sludged] FF&ol AFsA FAHEE 8t pumpE HE
Hojokut 5t0] pumpe A (sludge pump)E ] - Fa3telet AlEE T
A9 pilot AL 7IFCE o FEFQ tanks F4I I EAE Zo] HoAF
% Hu AFAIZL o 20% 7‘&5‘?‘3 &3 £¥4d Aozt Atgddh Ca(OH): F
PZEE jar test®] B9 oF 102 AT ojid FHo] FAH7 AN&sEA HA =2
A Aol HEE AFAE 208 A=W 2 Folth. FHo| tbF tankE dol7}
A aging tanklAE Ed7)ge &, £t U nAdxe} FE3) HEF3H
£99 257t of daaAn e A Fo o FHeE TEoA = ol
E89o Fo] dAdHREY AW JtetgkA Hol aging tank ¥ige] ¥ Fol HEZ
e 4ol dAEo] Fgo] HHAXZ o]Fo HEF FRHAAHE ot aging

<
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2

ARAZG BeE T AU 25 AR DAADAE WALAL AR
197 e DAdAE 259 757 Bo AVEA AT Bus

AANUA BHoz "ol FAEANE 257157} A9 gleme AU

© 4ee Azl aA Aok ARl BA AT 4

& 449 mixing #9 1-30T £ £33 A0l Achez = Bo) Fo

=%
<]

_/'I:
1o},

>

o] % pilot THE vBe2, 1 2L B RN AHdEGE I
PHg o] &3t CMP HFHATAEL S tdeiA AP & Ae 71 B
A = A
U B3 43

(1) 59 & 82

CMP A48 Ad o 455F 1
248t od# FHE scaled Yot A BAol HEI AFEFFE o] A
HAig A7k & Holth $& B FHE HF Si, Ca NH, SOs 59 ol &

Eoly Cal ¥71F9 olitstdad vIYA CaCO; X o2 Madn. 1A &
A S B &SoAA E4HY doirt b 1A $4 2 BuE 4A nA
2 W8 E Aol A FHAY SHolBg FFroes EASA &s

CMP #H< 7,500 ppm 30 ¢

10%6-H2504 30 mé

0.1% - (-) polymer SA-407] 90 m

Ca(OH). 30 md

|58 Aed & of 2AF Xt ATd F 250 F FHF) o wf AFFe
pHE 1074, &= 1.6 NTU°|H reference® A #4292 tap water= 036 NTU ,

FHFT 0.05 NTU, DI water= 0.02 NTU °]‘jr
o] A5F+E air2 9 3A7F aeration Al F 297 HAERY. AE5TFY e
0.85 NTU°|¥ pHE 1022 ¢RYol ARo] Fuxury T Iz FF0|29]
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A0 2 gASHAM pHF ZAFHAY. o] 455 filter paperZ2 A2 ¢ FH A
N | =] [e]
R

o] A AZe FQ AHE FHL Caol 368 %, Si7l 298 %olt}. A5 254 A
AZe 196 gol=& ¢ 78 ppme] SS7F AAHJE, o F Ca2 287 ppm AA,
Si¥ 232 opm AAEE ¢ F A A5FE EAMeE Ca’l dlgF 50-60 ppm &
AstE2 o} 50%7F Aoz AAUAGD ¥ % glow Sit o Sppm A=

I g F Ak
(2) CMP #%9 %o w2 = E 5

CMP dde v oF 14% olch. FHul &2 o 208 34t o 7,500 ppmol
go. 89 arle 3%’}} 1 2-Ca o §UFT pHE Yo 423 &AL o
A 29 +AE gL uA, HJade s)|Foz BE Cad EYTJo] =8
o 2% 37pd —?— colloid 429 HE Agstx Xty #F FUsid £
2717 vF el 4o ASrt UF wetn Ao &3 SV ARG
A R AAEFE AT gEE ANHAT dAF

o 2717 BlAeA A 4o sEel HaAste] wol FUtW FE ) W]

L SR o)

?l?
-
e
oY
o
i

o

CMP 5000 ppm 1 £ | A B C D E F
10%-HzS04 (me) 10 | 10 05 05 10 15
0.1%-SA-407J(me) | 30 | 30 | 30 | 30 | 25 | 25
Ca(0 )y (n) 5 | 10 | 15 | 10 | 15 | 15
9 g4 N () 6 - 5 13 6 5
22 27| (damm) | 15 | 05 | 054 | 9% | 054 | 1-4
pH/1A12H 1107 | 1047 | 1138 | 1065 | 1118 | 1084
B5/1AZNTU) | 29 - 17 | 22 | 23 11
SV/1A12Hx/1000) | 130 | 220 | 150 | >150 | 150 | 125
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CMP 5000 ppm 1 ¢ G H I J K L

1096-H2S04 (mé) 05 | 05 1.0 10 15 10

0.1%6-SA-407](me) 2.5 2.0 25 2.0 20 15

Ca(OH)2 (m¢) 1.0 1,0 1.0 1.0 1.0 1.0

Z A A7 (£ 10 8 13 11 - 85

Y 27] (dia mm) | 8-10 1-4 g 3 BlAl | 8-10

pH/1A2¢ 10.82 10.8 10.5 106 - 10.63
B =/1AZHNTU) 2.3 175 1.3 1.15 - 15
SV/1417K(x/1000) 150 140 100 100 - <100

[,] : Bge 3y ¢#9jaAy 9sst 58

CMP 4000 ppm 1 ¢ A B C D
10%6-H2504 (me) 1.0 1.0 1.0 05
0.1%-SA-407](me) 3.0 2.0 15 1.5
Ca(OH)2 (mé) 1.5 1.0 10 1.0
9 34 A (B) 7 11 8.5 6

&9 #7] (dia mm) 1-6 2R 8-10 | 0.5-15

pH/1713k 11.18 10.6 106 10.94
B x/1AZHNTU) 2.05 1.25 1.0 1.1
SV/1A174(x/1000) 90 80 70 150

. C: good E¢
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CMP 3000 ppm 14 A B C D E F
109%6-H>SO4 (me) 1.0 1.0 1.0 0.5 0.5 0.5
0.19%6-SA-407](me) 20 15 1.0 10 15 1.0
Ca(0H)2 (mf) 1.0 1.0 10- 1.0 0.5 0.5
£ Y4 AR (B) 75 7 5) 4 7 7
%9 327 (damm) | H¥ 3-8 -05 ) A o3 &4
pH/1A|3t 10.6 106 10.66 111 10.8 10.8
g =/1A1ZHNTU) 1.65 14 0.43 0.21 12 0.9
SV/14):7H(x/1000) 65 65 +100 150 50 150
*A B ,E : good floc.
CMP 2000 ppm 1 ¢ A B C D E F G H
10%6-H:504 (me) 10|10 | 05| 10} 05 | 05} 10 | 10
0.19%6-SA-407](me) 20 [ 15 | 15 | 10 | 15 { 10 | 15 | 10
Ca(OH)2 (mé) 10 | 10 | 10 | 1.0 | 05 | 05 | 05 | 05
28 4 AR (B) 7 5 4 4 10 8 - -
£Y A7 (diamm) | 1-4 | +2 +1 | +02 | HE | B - -
pH,/ 1A%t 1126} 11.36 | 11.72 | 11.48 | 10.53 | 10.62 | 10.2 | 10.15
Y 5/1XZHNTU) 19 1083 1052 | 04 | 26 | 19 - -
SV/1A):2:(x/1000) 30 - - - 50 40 - -
* E, F : good floc.
G, H: floc. 40| = &5,
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28 FHol BE7L oY Ak F{lgde BotAl A =
ob22l MaF9 Cagtdol FolAA Hi HA FUT 49 T A7} FolA
Ad A& o] dojxAa o] g4 ZEYXA Hu}

CMP #H<(7500ppm) 14¢ & jar test® 33 ZA3 Ca2 15 ME 7)|Eo=2 3§19

2 3ppm (SA-407] 0.1% 3ml), 10%-31H 15 md 7H 4% uf$ 7Adad &
dE& YAk o] He] pHE 106 HEo|th(KIST Lab.)
143 22 232 2o CMP #HsA g JoAA 7 AFs FE FYZF
H 997 3o ol dAH o g3 ostibe 58 ZFE 44 R3te A
o= L}E}"":}

T3 Ca(OH): 9 =7t 37159 CO: & AEF3te WatAU, Bo| FE¢H ¥

=7t A e B+, Ca(OH): 9 particle size7t A &HT AA Ho| £Y&Fo] =7
A MR fFo|dtojor Frh

&2
o
&
J
(@)
&
Lo
uo of
k1

R
H

Ju
rulo

¢}

(3) §4 Yo T2

CMP w4A2 344 47 1EAE A0 £dsta TYAA FH9 &
24¢ Aasac

CMP 3000 ppm 1 £ | F A | CMP 4000 ppm 14 M | FA

10%-HSO04 (mé) 0.5 0.5 10%6-H2S04 (mé) 0.5 0.5

0.1%6-SA-407](m) 15 15 0.1%6-SA-407](mt) 15 15

Ca(OH)z (me) 0.5 0.5 Ca(OH)2 (m) 0.5 0.5

Y ¥4 A () 7 7

il

g 34 A (& | 8 8

£8 =7) (dia mm) | 8-10 | 3-10 | =¥ =) (dia mm) 98 | 9

pH/1A 2 10.8 | 10.85 pH/1A| 2} 108 | 108
g% /1AZHNTU) 215 | 215 |  HE/1AZHNTU) 2.0 2.2
SV/1A17Hx/1000) 50 50 SV/1A)7Hx/1000) 60 60
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99 ARl Rt uish Po] FAY D¥AE BT FYtE A% BA £
= 29 Aol Gk aHBE SA FUse Aol A el HA.

@ AZE5E 9% 71z 49
(7} °ol& n@FAE ol &
@ ol #FA column A=
A7 40mm, E°| 550mme| #2 #Fol glass woolZ2 LHlHE W3 FolL 7
T Amberite IR-120(+), §°]2 ZEFAE Amberite IRA-410€ ZZ} 40cm 0]

Z 23X 5 Aoz AHAAI L DI waterZ AHeIct QAR Fol2
FA e 4%-HCl €9 14, &°l& FAE 4%-NaOH 494 14 & A&t

@ s+ A=

CMP = <= 7500 ppm 30 ¢
1096-H2504 30 mé
0.196 - (-) polymer SA-407] 90 mé
Ca(OH): 30 mé

Mg qstd 455 o 25 08 Bk
® 455 59

Pump® ©]§3te] 60m/min®] HF22 Fole F4 columnd] FF2 F
22 U2 Ag g Fol2 FA column® AHoz Hulo] FHAZY. FolLFA
column® &%2 Y& AJEE conductivity cell& E3ste] ATEE FHsz RN
otk A8 E AFHstd BA g
conductivity meter, pH meter, turbidi meter, ion chromatographyem$]
H]-2 o] &3t &A3YUtt Ion chromatography® A-$ ClI7, SOs 2 &9
A st
o Aol BH ol HE SOs o2 AA E&o] 4T3 FA HE

2
flo

i

rlo
0 odo & M

lo

ML o
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30
)
Hi

. AEXS pH 4 22 Hopx gol2k A9 AA HAYz Bl
2 W35A columne] AolA oF 2lecm 7} HWAFHoIYT Lo]& columnd
Dol 11 cm7} HAE R o] uF F£X]7} o] 28 XFAZ Aol Yo|2

o
column ¢F 54%7} A #=Ho] of JF5F FE 7Z|Fo2  Yo]24XA] column

0%

o]

oz

volumn®] o 80¥le] H54+E HAT F v AR e
gEo A% e G2 ARG #HE d& F ded Fol2 columnd] F
of @49 JHEHo] AdF Ho o] o2 FAE LFGAMNZ F JdoeEz HAe

HAH o2 sand filters M A5t AL ZHe Fojof @ Aol
(\}) sand filter &3}

@ Sand filter column A%

o]emE 3 columnd} ZL FAY f Bl #20 - 60 mesh size ZHS AL
A AAH 3 5 o 21 cm B2 &

@ 25T Ax

CMP #H < 7,500 ppm 30 ¢
1026-HzS04 30 mé
0.1% - (-) polymer SA-407] 90 mé
Ca(OH): 30 me

#4542 sty 4545 ok 95 42 B}

1 S FENTU)—— (ppm)
AR AEE pH E=(NTU conc.(ppm
A1 ZH(h) SO,
21.66
+eT 0.0 552 m® 109 1.3
117.8
0.885
1 1.0 RVud 9.52 -
ND
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5 cr
AR ATE pH [E=(NTU) conc.(ppm)
A ZHh) SO,
0.464
2 2.0 4HB2u 84 0.06
ND
0.318
3 30 312u0 7.3 -
ND
0.28
4 40 29200 6.9 -
ND
0.262
5 50 199 © 6.6 -
ND
0.256
6 6.0 1720 6.3 -
ND
@ A5+ 5o
LN (T =(N
Az AEE oH gL (NTU) B = (NTU)
AlZHh) *, ref.l *, ref.2
5T 0.0 6.76 m® 10.05 41
1 05 100 m® 1.88 0.42 0.19
2 1.0 11.1 md® 1.88 0.44 0.19
3 2.0 119 m® 1.87 0.44 0.18
4 3.0 120 m® 1.86 0.47 0.19
5 4.0 121 mO 1.89 0.48 0.21
* ref. 1 ¢ sand filter?t £ A7 ZFo gL
* ref. 2 : sand filter + %o} WFFA columne TH A7 F9o
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PumpE ©|&3t] 100m¢/min®] #F#F 22 sand filter column®] AHFZ FYA7|
i 3HFE U2 d4E tA] Fol &5 A columnd FToZ Hule] BAAZIT Fol
254 column® 3H§FE YL A|E¥E conductivity cellE T3}t AxxE A

3 dAAzZG Al2g AHst ARk ol testE sand filtersh %ol
32 column®t EAA T}

FolL T columnd AHHEE < 675 %7 ¥AE I sand filter columnd]

[e]
Aeel] oF 1mm = A Aol #o AUt 2B sand filter columne P4
gdoz YT A B2 AHFAT. 99 AFHE Hol FojLo] AAHZ
Lol JolA pH7} g Yetdo. Zol2u 8 A columnd 4T A$

(th) #7129 &3

FEeTE ZheHZt A%eg %3 dajze ¥ Ti A
o

FF Zoz o]FAIL FoleL &F Zox of

= Az 71&d Ao KIMTEX paperg Al&3tn Ao =2
()¢} (D= 25 Ti (80 x 60 x 1) A& o] &3tdq A3 st CMP #HFE A
gt 45T 1508 Afx (T2 YolA (D522 EF8 B2l old A%
o] A= H Ho] gxrt 1.3 NTUYA 018 NTUZ HIUY. H5& |Z3 2
DC power supplyE HU2 £33k AJL 1999 VAFE 00 - 01 AR 4559
A Ao] g©A &7 o AFIE I 222 EIAC. o9 £4L Ca
TFS 4 Fyez A o] W FF5HUF9 pHE 1057, Ca” ¥=+ 60.12
ppm o} t}.

s AzE (h) pH (-) pH(+) Ca" (=) Ca" (+)
1 11.23 9.82 - 48.1
2 1143 941 - 41.7
3 11.38 9.3 76.95 35.2
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e AR Mot CMP M4 AP 4559 oe AA PHozE we Wi
g3olet weteoh

() Zeolit=9] A&

A Lol Ex A 37159 A £A4ZEE ol ANE AT AR
283 F4ERL, AdA7tE 5 4 90 - 95%)FH sEH goj2 A&} ZAE(70 -
140 meg/100g)e] HolY & ¢ & &3, gasTS 208744 &5 FFsto 2
A7t A3 wEste 3ol o] olF ol&std YT &= Bo] JEH
o] ARg-FH}

olg] g 387 AFALL o|&de CMP HEHe 4559 Fol&S AASE
o o] &3] Bttt AFo| ALRE Zeolitex molecular sieve 13X , #20 niesh size
9] bead ¥ Ejo|tt.

@® Ad 1

455 100 13X 5g€ H I jar testol d FEH@HHI00 rpm) e 1A A5
o} Mo pH7F &kt AL Zeolite®] X #2422 Na o]20] &% Aol

pH Ca’
+5T 10.6 64.13
SIS 10.73 24
® Agd 2
A5 109 13X 10g€ DI waterZ AW 4|33 T jar testoll A & unt
(100 rpm) A H ot
a8 g

g o}F AT AARA BT jar testlH SETWE AT 142

= gx9 Cat &
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azh

pH Ca’
dET 10.6 585
1A1Z 10.94 17.23
2A12F - 8.02
3A1zE 10.96 2.4

* Zeolite™ test & D.I water2 A& 3T B#A3A b testoll A& A&

A4S g 18
3M g £ BT 07
3AZF g&wHk & Ca” 573
agBgE gy HdYstgso] AS54e niA EH
Aol @43 FHoR AAHA R FhEcd
£ AL oY FE U4 YAEL Bol AAY
pH Ca’
A2 1058 68.94
147+ 10.75 23.2
2A7F 10.85 6.0
o
@ 10.85 0.8
pH Ca'
AE 10.53 95.3
147 10.64 20.84
2A) 7+ 10.67 7.62
3%
Sl Ry 10.69 12
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oA

71&9 244 HE X He 97] e pHelM F40]2 % hydroxide ¥
HE JAA7) rad] A% ZIAAA AAFAY oo wet g3
sled A AGHE Aot 2#¥d o|# hydroxide FEfE9 HA AA HHE, A
2o da7t YR zbol oo EA7F I, metal-hydroxide®] €3=7t FobA
AP Fol 4o F&o| 20 EA5A € ] 22 SHAZ g8A A= A
3132 FelOH); ez A & o &4 Fo e FF o2 FAHH9 Fe(OH);
of TEF o A AHaA B

E A3 e FeClh® $FAZ AL83to, pH 2Ho| 23 Fe(OH); FH2¢

€ E8) QF HE FTo Ae FHol2E FHY WHOE AAFLH. H ol
TgdE FPol2S d&KHo 2 AAIN H, A& FTAAA LT AY 1A
data, & FeClol ¥4, A pH, AF AF & dotr7] A8 221 & &
3t Jar test® AAS G X, Jar test ABAHNE V22 dto M3 T
AA/AHR2E o83 ALEFAHEL MLt FElole AEHAHA AALIAE 2A
3.

to
oF

o

1, o A

v

ol

Yo l°l'
ald ott

4]

rN

ﬂ

pr

Tg % #H<E 1000 ppm 78 EFE & A(Kanto, Japan)E 3x FRTE 4
3t 10 ppm EHoZ TrEo] AMEIY. AT 97% FeCls(Aldrich, USA)
0.8983gS 100 mf volumetric flaskell 32+ FHF 2 =< 3000 ppm &A= TE
o] Ab&-3t4h IN NaOH £ H& AMg3te] +& B9 pHE ZAH3IFH

Ao §UEle $AA 4 pHel wE& Felo]2AA AHRE ZotR7] 93
T2 10 ppm AEFHAFZE 600 mf Pyrex beakerol Z+z; 300me % ¥ oS 4ZHe]
A% Fe"& 100ppm¥% Y3 pHE 77t 50~12022 ZAH3F 5 Jar-Testerol A
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150rpme 2 183 & 08k 83, A 70 rpme 2 4& kg H filter paper
(Advantec Toyo #2, Japan)® 33t A AEF It 2+ sampled 108] 31X %
% sampled] EFHANE T FEE SAHINAL, A T HELS A3
Ui AEYH A4S 2z BASAT. AW A5 @1 £ Loy £
4o E o]2o] FolglA FSE &7 HE ME AN FEol2H A

mE HFo FYs T

|

—tt

54

3
Hol2x ML AAsgr} E£d Fe* 50 ppm, 25 ppm
HHoE AgE FY53t

ek Azbe) i@ FeolAA aFE Lolry] H8 10 ppm T HEF Fe
25, 50, 100 ppme 2tz £ T pHE 758 2-EF ¥ 70 rpme2 w3tk
wek A F 1R, 5%, 10, 20%, 308 o 2424 4E sty £43A

RE AR AedA AN

e =2 u
T2 oj29 HEE 10 ppmoE & A AFTHFE F2 AHL3IRL,
AAE 97% FeCli(Aldrich)E 3x 2§52 = 3000 ppm §80 & TS0 Al

ATt

10 ppme} T8 Yo SJAE 50 ppm FHJIHL FEE) TP H, HE 123
7F 17509 9838 Z71zd 7~10 W4 =719 A4 1,200g°] 38 A3A
Z1gol airst A4 BFAoR FHEFAT. HEAEd FFHE AT ai
2 Z+7} 50 m¢/min 3 50 &/min ¢ £=2 YAIA FA A

MEAES TS HATE FARAN dA AL AFAA AHA"RAA FA
H EFY9 A4 2 AARAAE FESAL, AA HAo] o]Fo HFES A=
W] Mdx)5o]gle stainless steel membranes] 93 ojzsled HF Ag$E
RN AAHTFLE AAH3l 431} Stainless steel membraned] A= F3HE W
Aa7] e WE AF ggo] -5 cmHg o °)2RS W JAHE AA AT

T3 P9 ETHAY AdF 1/ Eo] tig stainless steel membrane? 7|
FA7)9 &35 dolr7] 3] membrane 7|52 7]1E 1000, 1450 &]3 2000 uj
# Z71E WA A 71AAM AFE AASA T Stainless steel membrane cartridge
+ mesh number 1000, 1450, 2000¢] 71T a71& A stainless steel ZTELE A}
g3t9 7j3ar) 42 ZZ Azsdoh

i)

z

Lo

Ho
P

oh 24 Wy
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O

F&d Fo T4
(Hitachi Z-8200, 4£)& ol&3td APt = M250 pH Meter(CORNING, "l
)8 A}gsta Y ZE AR pHE ZA A

123 H o]2& Atomic Absorption Spectrophotometer

& 23 3 EE

(D &4 49

(7h #HFol FAEE A &3 pHol @he 78 o2 AA E3

Hao FY9HE $3AS ¥ pHel mE 72 ol AA AFHE dotrr] 9
3t Ao A Fig. 99 UetlidT. =3 5943 AstE e IF AFE Lot
Agel ZAate Fig. 109 YHEARATH 100 ppm Fe¥ #7HA o] F4=o] AR
A AAEE @42 pH 7001378 #AHAUZL, E4ZEAE pH 605 714
(Cu 3.0 ppm)olstel L, pH 7.0014FEHE FeolZo] A FHHHA &3ch pH

6001 e H7te Hol &3] AAHA ¥ AF £ FA o] o] FojxA] E&

13_
= 3 —e— Fe 25 ppm
g’ ' -.o-- Fe 50 ppm
- ~—v- - Fe 100 ppm
0
: >
o 5
(5]
3 o
)
(&) 4 4
@ 3
5
=
» 2 1
]
[+4 -
9 4 < . 2 e @

Fig. 9. The effects of pH and Fe* dose on Cu removal.
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90

@
o

w) |

a
AN

Residual lron Conc. (mg /L)
sy

pH

Fig. 10. Residual Iron Conc. in treated water. (Fe*' 100ppm addition)

Fao $%7 pH 70004 2ok & Aoz ¥ ¢ pH 7004l A Ho] @a
] Fe(OH); ¢ iz ZTEg yAstel T THae Rez Agdd

ppm Fe* Hd7tAe E2o] d45o] ARSA AAHE AL pH 7.0014% 1 o
ZEU A7ME Ho) &AE AHAA HAe Firt H
2T 50 ppm ¥7HEHRS W7t Yo o ¥ pHoM IYHT 7Y AA ZHE
o ¥ pHolA wehdth. pH 11.0% pH 12094 F48 Z2o] A7

Zo| ozt Hedg HEd o] Fe(OH)s “IMFe(OH): 2 4 =
2 Alg¥th 25 ppm Fe& FA7MAE Z2o] FA=o ARaA AAFIE e
pH 800|438 #&= A, EAA7E pH 80 o4 #E Te7t A SHHA @
stk e 50 ppm H715ES @ 2ok 25 ppm WHEAS Wk 2o © He
pHeld d48x 72 AA 3% o ¥& pHolAM vehgt 89 IR4e =
F F%th 50 ppm Fe*" #7A ¢k wbdskA 2 pH 1103 pH 120004 E Z8 2473
3 Azgo] ozt Eodg HiEd Ho| Fe(OH); oA Fe(OH) 2 2% thA] =

g RoE ARYG FYHE MBI FErt RoldsF Ho| F4HE pH

ol

)
ml
24 mlo
—_
[e]
o
]
3
R
_\,L
o
3:3
2

[¢4
-
(o5

por)
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7 Z7hsta,

o A= o|4¢] pH(H 7.0)7+ % Fe(OH)s o ez 79| of AL o3
% FeloleAr &3E pH O Zhalopx Fobdch pHA A&l weh T
o250 CulOH) 2 B oASL FYF A5Ho| Fe(OH: o Felz 3D

W 332 Fe(OH): o &) JAEo &3 Ao &7 JdHE Ro= As5d
. & FAsE Adstde do] g€ de IMHE FTHY TETERI B T
g7t o] &4H otz & SN FHo] HARL, FAHE AspH Fo] Fof
E4E YYEE Y9 aEFE7L Aol FEol2d THE £ 1, CulOH): 7t
FA4E g THHE Aoz AlREUY. EE FdHE ASMEY sxb el
Ho] Fe(OH); 9o ez &d3] AAd=EE Aol ohvigt OH 7I7F tf &9 o] 24 H
Z oA x@Ho TP oA RALE Asdn

(2 9% 34 4¢

Oh 9% FAH A ALl WE pHS Ao v= W3t

g 7122 3o AN IV JA/AHREE o] &F A&
Ae Nzt FEoly ALHA AAE AAEAS. 10 ppmé T2 Y9 5
ppme G& A2E SIAE 7~10 wiH =719 A 34 1200 gol FIH A3H
7)ol Aoz 50 a/min® £52 FTFHFHA FA HIM 4599
Zodel B 98 ar® 50 Umin® 52 TS U 4o A Mg
Aol AFALS 3BE, AAFNAML AFAZS 80z Yelgt HF A
2EE 98 AdE WHo AXF stainless steel membrane cartridge: 2000 ©i
# 2719 pore sizeE 7HX= RAOZ AL o3 27 StollA HAlE dAS
T4 A71+A AFHE Fig. 11 YeERRAT

oH

(@)

(W) gt AJhel] tig 2 o] AA 23

BHE A el i@ FE] o] A ARE Lot AF 4P HF}E Figlld
et Tt Zhzre] T2 o] Heol s SHAE FHS pHE 22T F
Hhg Alztstd, S 2ad HA pHY RHAYW Iy AF AdstEe F o]
A= FYol23 A FTHE Aoz Uy = vk Ak digk o]
29 AA ade F Azke] oyt wwk Mo FAHE A FRA FH
pH Zdd & ¢&= 22 Asdh.

A Mg Wi F3E A4 93 A9 pH 450l #FS A el v+

FJ

ot



R0z o Fol:, pH 754NN 3712 A% AAHE Aoz ey,

o
c
8 15 4
2~ —&— Fe 25ppm
8? -+ O - Fe 50ppm
g" —»— Fe 100ppm
B 10 4
Q
v
— 9 —
05 | \‘ ............. O v,
0 10 20 %
Time (min)

Fig. 11. The effects of time on Cu removal. (pH 7.5)

AN A 27de MINY WE9 A5 pH gto]l A& A53iarst Azt
o] Aol met FAdE SIAG A5 £ 2 HAZo] Ay T FAHFHY
A M dstel FEH Aol FojE0] pH @& F7F d o) dojubA o
W, aird] S50 ©E myk E3d o3 A3 Y FHe FAHHE YHAEY &
I AAHE FAEY ¥l BFE FRY AL e TEsA HEA A4
g WFe 24 pHIF A dASA A A2 AlgdEd. AIg gy
o] pH o] dAFA FXE2=2 93, Fe(OH); ¥4 L F43 9 Fe(OH); £
Wiel A 78 ol FHEARE FAL F¢ ALHe A2 JeET
getx deFol £ AP FE o SAAMZ FY3 AstHe] BF gHHoR
AAH = Ao YelWd(Fig. 12). £3 Fig. 1214 & & 5o AR FEe F

it

2

L
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PrErt 2e HYeoer F7g stuz AR $3, st ¢93 dojdd =
Telole FAE &AM o

7.6
————————a

. /_W

: 4 —@—— Cu Conc.
-® - Fe Conc.

g —d— pH
: L 4
(3] " L 4 B
c 6 1 N s 7.4
o ] >
© : ot
© : : T
(] . . [-%
E- : :

4 - . :
E . [ :
3 L Y
© ]
P - e ®---0 7.2
[} - .,
x L)

2

0.0 T v v T v T T 7.0

0 2 4 [ 8 10 12 14
Time (hr)

Fig. 12. Residual Cu and Fe concentration and pH profileé

(\}) Stainless steel membrane pore size ¥H3lol W& e = W3

4" 87 ALy anFA 28 JoA stainless steel membrane]
pore sized] T HE Lolry] 3 AAZ JFHo HX Qe stainless steel
membrane cartridge®] pore sizeE 1000, 1450, 22| 2000 i3] =Z712 WEAA
A d&EEE SRS Fig. 131 2 23E B

1000 "§3 =719 pore sizeZ 7}A stainless steel membraneS Al&3t9 S 7
dE Ags F9 78 Tt 24 vElked, olRAL dA4E FHE T
717} membrane®] pore sizeol] H]3] & Z8E o] membrane poreE F3

of A4l ¥E F7h2 Y ez Azdd.

o

=

a
=

e
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ofzlel wls 14502 2000 W+ =7]19) pore size® 7} stainless steel
membraned AFE3IAS A 9os Y Z8 FoA njA ZERx BF 53R
0% wYHe AR YERG vad AoAw 1450 w4 =7)¢) pore sizeE 7}
A1 membrane Bt 2000 wi4] =7)¢] pore sizeE 7FAE membranel 98] U
nAg 28712 28 ¢ YA, 2 ARZ Ay FFe 9 ¢ FE FE2 4
237923

—=— mesh # 1000
= —e— mesh # 2000
> —4aA— mesh # 1450
E
. 1.0 A
o
c
o)
Q
=]
O
©
3
T
[/ .5
»
x

Time (hr)
Fig. 13. Residual Cu conc. filtered with various mesh sizes of the
membrane.
2. =7 HAdA 27} Ho] Atste] g 67 ZE & Z AA
b A&

2 A4 3§49 Qe T, 2, UA, okd 59 Al duHoz o
% 9Bt st F& FUHER AAAA AAsRE PPoz FPUTh 19

%
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ujil
rlo
[y
it
22
o
rlo
jo
il
g

A7) WEel B} AE F& FAREE
40 B 28 o83 e ¥4

5k
5

4ol AA2 VEE AL WE, @, & Fol Yo BF ustolnz 5 HHge
3

v 67} -

i)
2
0
XN
lo
B
R
)
w
)
1o
fu
o
a3
_\;L

fr
rir
4c o
)

67t 289 AAE 67} 28L 37t AFoz BUA T, FBAF st 4
s agoz FANIE ol 4P F& wyez FHA Aok 67F 28 B
4 AEEL Je BAARZE FA A 18 oA st Qo

B AFoA A B HE2 ALE 28 095 E 28 EF FFAM Y
#A34el n¥E 2F ddolth maA 2 ?ﬂ AME ZAagel gejeld F
e £E2 28¢ FAANE 2 A 18 FUAZ AL 671 AFNA 3
7t agoze) #Ug A]E-as—}aaz g9 289 AW 2 ARt £ 4 A 1
A9 st 2 AWAAE @A ANsAT.

rr

N }o

A
Ao ALE e A 24T OO%F TFAM FEHe ¥ =85 &

A Hdolct, Y9 AL AE] 1360 ppm °IAUL, TGE FIEL HFH XTH

o] A ¥kt A pHE 283 ey

A dF Fol EFE 67 28 S 7 222 FAATY] A8 A5 150 e}

71 300 mf Pyrex beakero] A A1 "é(FeSOz; 7H>0 (Junsei, € &))< Croll ohaj
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AHE s Fo XEH Qe AEFY FEL Atomic Absorption Spectro-
photometer (Hitachi Z-8200, ¥&)& o]&3l EA59ch =3 M250 pH Meter
(CORNING, 9| 3)& Al&3le A" ZE A7 pHE A4,

2 274 2 EE

(1) pH ¥3le] @& Cr & Fed AA &H

Hao EEEY U= 67F ZES 37 AFLE G717 A AT dAF
o] g4 A 138E FYsiAY. F4E 34 A 13y Fe G249 Adte] 9 s
AARAFHAEY, ADAA & & UdXe] ZE 1 moled Y& 3= 3 mole
Hol Fosttt waA & AFoA AL " Had X ZAEES FAAII Y3
785 mM9| HE& FY3Az, At A 1EE AESHY. 289 @Y F pHY 9
€ ZEY AA ZHE AHEJT FYS HY AAd L AAZ HHEUY(Fig.
14). BA4E 2EFH 3 89 AA 42 pH 70 oldelA BF F3o] Yelgn
AF9 AgsE 7jRol Hoy, MEHFFd EAste AEFFH HY FE+E pH
80 o] oA ti FrtatAnh ey o] ALAdAME ZEFG FE EF 29 v
% 84 712X(Cr : 20 mg/e, Fe : 10 mg/0)"& 9= XAt pH 757} 28 o
HEY HA, AA 71 AH-S pHEt o2 YERi, pH 80 ¢ldddAs AEH

Fol Me(OH); o4 Me(OH)e Fej&  ulko] thA] [olyr] W&o A4 3
o Ztod 54 FEIF FUkste ALE AlEEHO
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Residual Conc. of heavy metals

(mg/L)

Sludge volume
(m! /100 ml of treated water)

\

.25
—e— CrConc. {mgl/L)
.20 - —O— Fe Conc. (mg/L)
J.15 4
0.00 T T T "
7.0 7.5 8.0 8.5
pH

Fig. 14. Cr and Fe removal on the variation of pH.

7

120 180 240 300
Time (min)

Fig. 15. Sludge volume profile on the settling time.

- 74 -




3 A Nitrate 59 A3} 2

N

ki
. ¥ 2
2
o,
=2
£ oj

e nxstel A7 FUt € AEFF FHor £
Jom, o2 A AFFo HEEH 09 71&37 2y A
AP sz FUdMes He E 9 5, T, AE &59 AGREY 20
AstrE &ZA st =¥FH P XsFlle ody SPGB AN N ZL
wHAE 27 AFe .

AT FE2 29FHo] = EFZE Nitrogen compounds, Mn, Fe, Zn,
Sulfate 59 F714F 2 344, Cd, Cu, Pb 59 &% 28 32 Trichloroethylene
(TCE), Voltile Organic Compounds(VOC) %9 #7184 ER] Ut} olE A3
LF=2 FAAE A 2EEAR M FHASA 2ge] HY e 2L A
Aol 2(NO3 )Rt Aoz °Lr’4?¢1 Atk 2 Aol E(NOs )2 2 9d =&
T2 AMESHA He B durHo g foloA XE AL AHMFolge < of
7] & 4 9oy glucose—phosphate—dehydrogenaseﬂ A¥E 29 HAfdE A
AZo] g = Ak EIF AL AA oA NOs 7F NO 2 vl HA Amino%t
RE-g-ated et o] N-nitroso SHHES AHAA A9 52 Ade 42 € &+ 9
ot ol ol FE R, F¥, FElvdE FAAME A 2(NOs)Y HEFEE Z
7} 44.26, 50, 44.28 ml/L ©l3tE Z+zt wAlst ok wEkA $eElyetel A By
A BSHI Je Aol LFE AsFE SEFE AHEIA e Aol
Aol 29 =& 7] AAA olst2 wFojof it
2 dFdME A, 2F EE Hod EAsE dalbo]lL, ol
Qo] T Fol2ES EFUY AANES} A3 T 243e B4 FAgo
2 B3N #A o] A3} wgEL S gr|Hez
< WF AZAS7] Aste FE3 wg o] AUNFE o
SR o] F o] & ol AA A&LFTAH YHE MLt A

2 AME EFY AHEE B o HE dAE 747t FHHe2
HA @1 FANA FANS AR E s EATT. ol FEkgS
A4 F7, NMR, XRD, SEME & AH43l49 gog T 3tk 30Telstell M= 40%
o £3EE 70T FIME 100%) 3= tehdth I Abo]g LEolAE A

(-

ok o

[+]
o=d}

)59)
s
N
it}
>

i~
=
a
A
o

_75_



A<l o]A(transition) & YEIHATE @& & QloAE £2£d S44FIHER
AFoY gel5 o2 ZJE CAVF REHA et §o] B2 §& AR sdAE &
7 Aol $x7F ZA4asd A4 CAHpol w4 CAHss 74 detuy 2294

go A5 £35e v} XU CGAHsE AolHT LE7F HAXE o
el wit dFuj} £3E0] ANTHW. Wolek et al, 1982). 82 3
H@Ago] d&e viXv CAHpy @5 F3EY dEg F7Hx Fee s8-8 &
3 o 337 %7F ¥ Zu(].]. Beaudoin, 1982).

Calcium aluminate® <HH3 < 3t ©Eoz EFH HEE3te CAH,
C2AHs, C3:AHeT 3 AHzE AAstE RAolA o7d SOt &A1 dde
ettringite®t monosulfate”’t WA HA o} & AHNEAME EF EFA T
calcium aluminate, alite®} ¥+ 17} 2t £3)3517] A2t calcium aluminate,
alite®] 3ol o8 AT FASDEH/ wgstd wj¢ wE AT calcium

aluminate<r3} &2 A 371 A Z}sho}

+

QlFAQ AAo]lL 294 E 1000mL Z&2Ad 60F 2% HNOsE(Yakuri pure
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chemicals co., ¥¥) FHF 5 (Distilled water)ol] 3Alste Wy og AxsFon 3}
A AHAHAMZ= CaO(Junsei Chemical co., ¥E) T Ca(OH); (Yakuri pure
chemicals co., ¥4&)% &Fv|y AHNE(UAC 50, +U2 AHEA, 33)8 7zt
F& vhEIIAA wHe)o] ¥ YA mutstE AN AARS S S ®
FE ol HEL2 A 22 WM WMFEF HELF electrodeE AMgsld
S71e M71FE dolE AedAM AFG ALS wiHstEAN wE ARG WwEE
EElE electrodes 7] sgtxoz AKX, WEstAdo] 5317 @&l
electrode® AM&39tl. ¥t £ =& Magnetic stirrer® A28 1000rpmeo] Ao 2
FASAL, g7l 2xE 25CTEITE AAFA X% AedA 27L& 3
Atk AZtel Wt A 2E A3 o= (Advantec Toyo no. 2, dE)Z AE
T Aol FEg AHES BAAT
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5| 22 APoxe} e ADL ALt Az FA A
Fozrx AAEo] FEI IHE £ UEE Ao ¥
= %116}%12&1, AFLE 05mA/cm’, HHZ9 Twt&x
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A Adejz A3 F Hz g 01%3}04 UAC¢ Ca(OH):9 %< ®Hd7tY A8& 3
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UAC, Ca(OH)2

T L,

: Treated water

Raw water
"Ri—=

Stirred Reactor Precipitator

Fig. 16. Schematic diagram of a continuous process
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+
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1As 3 UACS09 Fd#FS 2 1.25g, 15g, 1.75g, 20go 2 ¥HsAZ w9
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E 0]

[e]
'T"daol:t'

A4egsel FEsh Wsts A% UACSOH Ca0 A4 2o 2|
UACS0% Ca0S 7 Fdulge 94% Aoz nasqch Beby Fig 17 2
Fig. 189 4ol SlslA A8 UACS0SH Ca(OH)sl HHFY ABu): oadse

T Ut

s

&

A Eed #ARl 21982

Table 7. Chemical composition of UAC50

ALO3(%) | CaO(%) | Si0x(%) | Fex05(%) | TiOx%) | Total(%)
UAC-50 | 549 36.0 45 1.2 31 99.7
530
520-
510 -
3
Al
&
E
S 4%0-
480_
470 1] T ) |l T ] )
0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 095
Ca(OH)(g/500m)

Fig. 17. Residual nitrate concentration with varying
quantities of Ca(OH); with UAC50 of 1.75g/500m¢
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480 - /
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12 14 16 18 20 22

UAC(g/500ml)

Fig. 18. Residual nitrate concentration with varying
quantities of UAC with Ca(OH)2 of 0.8g/500ml

Fig.19%= Ca09 HA#Z3 Ca(OH:d HAZFE ALEHE We) Aol HAA
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Fig. 19. Residual nitrate concentration
in the treated water using CaO and Ca(OH):

o} ze 23 1000m¢ ¥Hg7) 37Hel 1000ppmE =] AFAAL A 750meH & @
% A¥bg7]olE UACS0 3.93g# Ca(OH), 1.8g< 23, Butg7|ol& Fig.l69
ZdAe e FHR ASES AXEY AFUAY 4dem WY26V, WHEE
05mA/cm®e] A7FS AL Ao Avrgr)e e %o UACS 393g#H
Ca(OH); 1.8g& 91 RE&A7|9, C¥H§7]dl= UACS0, Ca(OH):9 #7F gleo] Byt
$7] 2719 AZ|ZTE HojA E‘l%*l?ﬁﬁ}. Fig.209l4 & & 3lxo] w&7] Bol
A Aol & AA A R E&o] A flo] UACS07} Ca(OH)E #H7bshe] wh
A7l Bhg7] A9 AEY e AS & 5 Qo ¥EUCYy v AAgE F

Aol o] ged AVEHEE AAHA F&5S RAFE A2 g7l BY AA

o rlo

% $o) AR TR AT Ayoles ¥714 FAHI 2 FaAd
9 Ae HolFE AvTn AT 5 ek

AT Fig209l Ao FIYH 2ol o} Aatol o] U FEE BAH
S A MeEE 2 WS FA 2 & UASE WASE Ao ANY
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—o-—- ReactorB
—m- ReactorA
—0—- ReactorC

NO ; Concentration(ppm)
g

\.
—9

2m 4
0 T T T T T ] T
0 20 40 60 80 100 120 140
Time(min)

Fig. 20. Residual nitration concentration
with various reaction conditions
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At FFgo UACS0 7.86g a(OH)z 3.15¢% Yo ¥ calcium-aluminate 3
AE(a), 1000ppmEES QFAAQ G40 UACS0 7.86g, Ca(OH): 3.15g& Y1 dt
S XA d& calcium-nitro-aluminate ZEHA A E(b), 2 A 26V, AFLUE

05mA/cm’, @37+ Al 4em®) Fig19% 22 A7]1% whg7]elA 1000ppms =<
A% Asedgo] UACS0 7.86g, Ca(OH); 315g& ¥ ¥3AA €&
calcium-nitro-aluminate #HEAAE(c)E9 XRD¥I"EFH} SEMAZE Fig2ls
Fig.229| A wv@stdc}t. Fig.2l9lA+  calcium-aluminate® A &3 calcium—nitro—
aluminate?] 2AF=7}F &8 BAFE FA9 calcium-nitro-aluminate®] 274+
ZE A71FAY fFe BAfel 2SS RoFa gl Fig.229] SEMARICA a,
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b, col FHE HHRY a9 F¢E 6748 APHoz F3hikdH AWESY T2
€ BoF1 gle, b o Fdle AAN #Y Fx2E g & FZA
EFE HoEG & 5 Jvh £ co ZA Y by 2 PH BFL 2o
U A9 vk B & A 8 #§ F Y. oj4dx 22 XRD9 SEMY A
I A714e G o) e el calcium-nitro-aluminate #E°] FAHE
AL opyn A71AL ok 4l o]l 28 EASANA wEEEE FUMA L FEE

o
X
2

20 Pl =50
0 20 o
50
S
5w
2
qw
0
0 D L] 0 o 1w o ) 4l L] é) o 1w 0 [] D Q0 0 1] w 0
Hag) Hdg) 20g)
(a) (b) (c)

Fig. 21. XRD patterns of precipitate
a) Without nitrate ion
b) With nitrate ion but without an electric field

¢) With nitrate ion and an electric field

Zt AFEE 2 AFT A Wt mE Aol AARE

°l7l 'IHTOH xd_ﬁﬁoﬂ% AF7H 524 EJE} 7
=9 A7I7F AAAA &&l b @
1000ppmE =] ¢l A A< 750mlE ¥ 2 UACS0 3.93g¥ Ca(OH): 18ge F

_83_



(a) (b)

Fig. 22. SEM images of pricipitates
a) Without nitrate ion
b) With nitrate ion but without an electric field

c) With nitrate ion and an electric field

Qate] AFAEE AA7H 1AL WEAA g Fo) BF Aol FEE F
sttt Fig23e AFLUEE 05mA/cm’olA 25mA/cm’7HA] WA 7H 28
Z2#2A 2F YT 05mA/cm’] A Hd 86%9 Aiel2 AA &S B
ol A% WEst F/AFE Aol AALLC] HAFE BRAFT Ytt o 2
He AFLEIE Z7HESFE Aol AARE) Z4TE BAFD Uk 5 A
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27] 98 AFYEE 05mA/cm’E FAE el Fig.169 #gZo] 4xd 3
He AF 7+ AZE 40cm®t 15cm=B ZAsIe A7) AFUE A3 A9
2o iog Aol AALAIE FAstAt. Fig2des o] ZHE vjug A=
AF7 At ZAAAGZE vAe dF] A9 fle S RAF2 v &
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Nitrate Removal

Nitrate conc(ppm)

0.0 05 10 15 20 25 3.0
Density(mA/cm?)
Fig. 23. Residual nitrate concentration
with varying current densities
1200
1000 -
800
—e— 40mm
600 - —0O— 15mm
400 -
200 o 4
0 T T T T T T T
0 20 40 60 80 100 120 . 140

Time(min)

Fig. 24. Residual nitrate concentration using
different distance between electrodes
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UAC503 Ca(OH):& ol &3te 313td JAUe Ao 2AAS
HE&ste 299 AA=AE dolry] A3 Figl62 AL5FAH AXE o] &35t wt

B FUFH WeALE WY Agstadnh

Table. 8. Residual nitrate concentration for waste water of varying initial nitrate
concentration

Quantities of reactants Basel/2 Basel/3  Basel/S  Basel/10
Nitrate concentration 111 115 19
(initial cone:200ppm)

Nitrate concentration 124 134 249

(initial conc:500ppm)

1200
-o - Base 1/1
—0— Base 1/1

1000 -

Time{min)

Fig. 25. Residual nitrate concentration with varying quantities
of UAC50 and Ca(OH):(dark points : with the electric field,
white points : without the electric field)
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(D AR 2 FY%F

1000ppmE =2 AFHALAFE 10m/min(¥ES3 AFAIZL THE)SE vHEZ
A4 oz FASHEA UACSS 84 Adolre HAZFQA 0.052¢/mind A
o] HW44ZEQ 0023g/min 28312 HAAZR 2L 0.069g/ming FHAHu] &9
Ca(OH):st E£#3t9 205 3% T&do] HEE FHT A5t d&HHo=
dstach £ Aol AAE E4E A BER ET0M 0 HF o=
Zg HHs Fdol2 FEE FASAY Fig262 1 AF{E Hole Ao=

o N

24 4gdMs obaslxe 249 P% 1000miol sl UACS 52g9) ®l&2 &
Ag e Aaeds lOnﬂ/mjni'—} UACS0 0052¢/mino] $8E %% 7H8 7
AR A5FY 2] Asde & & Ao

1200

1000 -

&n_
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—a— UAC0.069g/nmin

Nitrate conc(ppm)
8
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T T T T T

100 150 200 250 300 350
Time(min)

o
8_

Fig. 26. Residual nitrate concentration
with varying quantities of UAC50 and Ca(OH):
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Fig. 27. Residual nitrate concentration
with varying flow rates
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Table 9. The contents of wastewater from the melamine process
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ol Al8E FXT Lab-scale AFFAE GdRUYol &7, SHuUNE
DEYZ 507 FAHY 9o I JEEE Fig. 28% Zt. 234 A1&d #&
otzd A9 7t llem, N E llem, & lcme WA FHo| -’—\Eﬂ°] g AA
9] 1450 mesh ZE%E 7[2 10cm, AlZ 10cme I712 # AT RE AHE54
o Ay AAZze £ HAstY FYFLo JdHsAT
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Pressure Guage

P —@—@

A 4

CaO 1

Air Stripping Coagulation MF/Sedimentation

Fig. 28. Schematic diagram of experimental apparatus.
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pH ¥3te} gRUeld ALY AAETEE ZAYY Jar TestE S5t9 ¢ZAR
A3 Al(SOg39 HA $AZAE 2o, Jar Test Axo] wal 33 A
A& Membraned] o#EA ZHotS 98 ALSHUY ZE £ 5L Standard
Methodsel wWsto® NH3;-N, T-N9 #EAo& UV Spectrophotometer(U2000
Spectrophotometer, HITACHI, Japan)©] A}&3cH”,

o 23 2 1@

(1) CaO 7+l W& dEYobd FAao AA

ri

FEYol JTtEE ELAA dEFo2oZ EASM NHz + HO « NH, +
OH = H¥EL olfxu %lt} o] WL pH7I 7ol4do] HY dF o ukgo] Y
H3 pH7F 120130 € W&ol @43 Bue ROz mmmo sy o}—g—
ZAZ Ca0E A}£3ly ’*]E.Q] pHE 127} €33 10 £&/ming F&£22 908

Air stripping€ 3% $9 drYolA A9 43 pHE ZAlstd Fig. 299 ‘4’5}
& A =5

350 14

300 A

250 A

200 -

—a— NHN
—O— Before pH
—e— After pH L &

150 A

Residual NH-N (mg/l)

100 4

0 T ¥ T T T 0
0 1 2 3 4 5

Dosage of CaO (g/l)

Fig. 29. Ammonia removal by air stripping after CaQ dosing.
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4843 459 pHE 12714 LEed 2o Ca0d ¥ o 13 g/tE YEy
oo olujof dmYoly Fio AAZEL o 93%0|H wE F pHE 97622 4

23 pHZ A S B Q). o] Air strippingll 93 £%5¢9 &R Yol AA we 2
FolH, Fig. 299 Yeld nie}l 7ol CaOE 2v] o] HFoZ H7e o 98%0|%
of drUcHd ALY AARESE 7INE = Yo

(2) /A A=A

ANE 500mE IN HzSOs IN NaOHE ©]&3|A4 pHE 2-122 23 F 0.02M
Al(SO4sE 242t 10me4 i47]-3}3'_ Jar TestelA 150rpme 2 183 F&ayh

MOrpmoE 30 FEWAS T 0¥ A F A IP $A2FL 2AG
9 2 A3 E Fig. 300 Jehsich

100 {O—O—O——O———— 500
- 450
*—
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< Ny - 350
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g L 250 £
c >
£ @
¢ 40 - - 200
z
P - 150
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0 T T T T T T 0
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Fig. 30. T-N Removal rate by coagulation as function of pH.

Fig. 30°14 yehd vish 2ol Al(SO.):9 €32 pH 5944 7H3 $-<stA 23
Hdon 2w T-NAAZEL o 5%l A YAFE AZFI o 60%
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2 ZAEAT Fig. 309 A3 w pHE 52 1AL Al(SOs)39 %L 5-40
me/L2 WA3AA 2E3 AFH}E Fig. 319 JeEFAATE Fig. 31904 AL(SO.)38 F
Yol 20me/LY W T-NAAZEL & B%E Yelxton SAHe e T-N2
465mg/Lol Aot 20me/Lold o2 AL(SO43S FYURE W T-NAAZEL A9 F
7HE| A ggkon SR & T-No AMAGAE o 460mg/tZ VEFSET)

86

85

83

82

T-N removal rate (%)

81

80 T 7 T T
0 10 20 30 40 50

Dosage of AL(SO,), (mifl)

Fig. 31. T-N removal rate with Al(SO4); dosage.
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datgl Az T4 H5Y 4 9AFAHE AHFY EAZEFE Table 109 veERY
Aok Hg Fol FHE gdEUMd A RS Air stripping FAES AAEA
9%ol4 AAHENCH, $AH G FAHE AXNHAN LFESLS &9 A AA
Fad X HE Fo £EH e ALAAEL SH/HAHR FHE AAG
gl god B FA AF T-NFL oF 352mg/LtEA o] & AAs7] ddy =3
o] "aslelgt At A Mg FHFZA Y Aolg stsAdel dF A+
b Agstn glod, b #Poz e FF T-No AANEd dgt A7 23 =
I U

O

Table 10. Residual concentration and removal efficiency after unit processes

SS NH’*-N T-N
¥ E(mg/l)| AA L (%) |5 E(me/d)| AAL(%) |5 E(mg/L)| AAE(%)
A 2000 - 350 - 3100 -
S tn%l;n;; - - 7 98.0 2757 11.1
Filtration ND 100 4 98.9 352 38.6

% G ongBe AAAE wed 27 WSAAT B4
ANE 18T 24~160m°, BT 50m°e) HAF5rt RS HEe EAE YT
o} AN FAAFGE 2 Fol7t glod, T4 FE, dg} A F

skl 27 WaT AeHo= maw Pz 2 AxETF HEE
Ao B4 & Aot Yk HFsF WEHAT HAY BT A Lo
ZolE AAstE AXFTAAAME YA eg FAolx BODZF 200mg/Lie] SS7}
400mg/Le. A5 MEH @ Qo BAEo AYPo H4E B B A oo}



g A5e 233, 24, %.J, Sz, 4BeE N3, 39, A5z, 47, 18
1 %E 5 cle s PEe AEsd A & Atk ANIR ASE W
295} e AHE AdGoZ A0 O FBAAA SUAS UF SEEI
Aol dazel daia AU & 9o

ANEY A5E Ader] AL Be wgo] 27Hs] WEel oz Ax A
2 wEe WYy BAW % of AYANPE AFHES sof BTk TF A5 E
Adsr] Aol A% e 298 FAMN ANEY & UES HFAH N
39 zesol a4

kv

= ) FASZ Aoty 9% o
deo] 4Ea TAL AMN Had 2o g4 HEEN 252 yAFoTH T
=

U, AgAg 2 9y

£ 49 A48 ARE DAX 2BA RN BASE A5 dde) 4E
4 AL AR A4z H 1 AL Table 113 24

Table 11. The contents of wastewater after biological treatment process

pH SS (mg/2) Turbidity (NTU)

15~76 76~151 6.5~12.0

ol
o

AlgTol FiE g9x 489 AAE A3 membrane 93, &F, TEA
YRS HEs) 1 e Hugdn A3 A LEAE (F)FLAAAAM A

& E o] SC-050ARTR! ¥ol2A LEAZA 1 4L Table 129 Zth

N

Table 12. The property of polymer

o] - 43 54 ZR7 ‘33]%‘“ AHEE & —E—Z}? FEAHE 25T,
g/cm % x 10 0.3%, 12rpm
z wmAaRT | 065+01 | 01~03 800 800cps

_97_



BE AHA pHY 2HL ggen Zzte] 8% vue GEE J|Foz Y3
o gx+ "SE=A(MODEL 16800 PORTALAB TURBIDEMETER, HACH,
USA)E o] &3ld BA3qu”,

g A3 9 nF
(1) Membrane <3}
od AT E FAYL d4-E 2HJAE A= 1450mesh 2 2000mesh 1 &

3 membrane™S 100mf/min®] &0 2 EFAA 58 tFoE AFHI AR
T BEXAs}E Fig. 329 YeEbyAC.

9¢
8 —e— 1450mesh
—O— 2000mesh

7 -
P o6
<
£ 51
B T ——— o
0 \o\o *\0————1

T T T T

0 5 10 15 20 25 30 35
Time(min)

H
)
)

o

Fig. 32. Turbidity throughout membrane filter with time.

Fig. 320]4] 2000mesh =g Al43S u Ao gx= o3 7fA] 158 FHH
= 938 NTUZ HRPALe™, 1450mesh =g ALERES o] vls] 7t 3%
AYEELS Y vt 2000mesh Tl oA o3 74A] o 338 FHEH 2o

Aol MAE FobA7] AlFE|A oF 4080l AP W W FAYH

rg

10cm/
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Hgoll =23 wet 183t backwash?} s th backwash & ©tA] o7& A7
g AT A3 A FAl gEol FASA F71E7] AFst o oAt uHy

T3 7 YA o= mA YA % TFF =23 dYd e A=
4 HY APAYL B Hde HEeA g YHd L FPT

QE

o\

(2) AL(SOgs°l & &3

-

A7 500meel  0.02M Al(SOus3& Z+zZt 1~40me¥ F138tx2 150rpmo 2 583t
FEIWST 40rpmo 2 30E¢ SE&uw3 o8 308 A T AHI AS5Ao

£4Z23%E Fig. 339 Yetiich

a
H

20
18 -
16 -
14 -
2 12
£
= 10
©
£
5 8-
'—
6 .
4 =
2 -
0 T T T T
0 10 20 30 40
Dosage of AlL(SO,),(ml)

Fig. 33. Turbidity variation with Al2(SO4)s dosage.

Fig. 33914 Al(SOss A7}l S7hgd wet Jf/ g7t Jd Fasdrst F
AF 5mt NS 71He2 g7l S71EE £ & Atk oA Ak(SOgs0l HA
FUFERG fFor SojFes AT FY AAAsd 71U Aoz Atgdn
Al(SOsl % SHAAANM HAA FAFL F 10ae/Loln], Ao HE 2

£ AA A= oF A5NTUZ ZAE A,
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(3) L&A 93 SF

A 500meell  0.2% SC-050ART ZEAE ZHzt 0.2~20me¥ F<4st 150rpm S
13

2 587 F41HE T 40rpmeE 30870 & og 308 HA ¥ AFHS
Bed HE 242342 Fig. 34 Yeriiioh

PTso] nEAE FUPS § P AW WL ZA o]FojHY oA T
Ao 4EE & YelFE Ao2A ndxe vAYdAe GAsE st 3
A 7 2 42 FXA e d¥ERYE Sweep flocs A HFF Y 0
AJQAE AdFe 988 ¢ ¢ & ot

Fig. 344 & F slxol, 2&A H7tFo] It 4 WE 713 o2 3o &7}
Zza4 7‘7]-“]-9&\1]- o8] g HFL Sweep flocs FAHA X& LAV A T

of Folgleoz Qs nEX AArt deseEd2y Ugd d%e Asdd

10

Turbidity(NTU)

0 5 10 15 20
Dosage of polymer(ml) .

Fig. 34. Turbidity variation with polymer dosage.
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ol wagel Wt Fr¥oz SHgs: BARAE vl A ok
53 4542 ETYS £3 o499 Ade ¥4 od B4 A7 98 15AQ
sgole & 4 glu.

FA BRFAY Bost G FUAAE 19999% | e, =g, T, @
2E F2 2e U4 2 AAGAA 4TS T £ A FFE Tl B
_?r

33}t 8 Al & FH 12 =(Toxic Release Inventory, TRI)SE 3t wj&FA
Z3tstn ok EA 7 & F2 gEsE FHsAE BAe s
A AEA ARAY TALA G ALY AHALE 4 22 BA7e Md
3 LEEA WEHE A Wdoz AZJHT Qv e oiyg A4
9 iR Mok &Y ol & EHAA FEFE& i 3+ E AL F8
dol SE L U
LEFAA AASE & AEL A FVEY FIERE Y
AWML gt E9d, FAY 9 stripping T ©
AAY, F249, ojlemsy 2 Ealuhy
TATY HF2EH T84 5
F 7HA 3Aez JUs & o FE7F d
I doen AFrxe Fee : 1t 55 ol&3te AAY F 4
a8y 18RS Rt e HEE Agsax 9 9ed] )R] gy
2E E23QA HAE 7Id6H7] @i oAy v]jgo] AAEH o FAHo|HA FA
of &4Ag Helst 7igidt
RS @4 718 Bol AEHL 3le T
o] #Hg Ao Hisith AAPLE FHo] vnFH st 73;“110]7];—‘__ '0‘}‘4'
BAEE olsty 2F 22 AAV Y=o wey FHPez ANHE Hee FiF
B, ol2ud Fo WHo T QXA FAHATE AAEE F AAL
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2. 4% Wi
7}, A A=

 Mercapto 2§°] #&d AXA A 73, =g, &, 72 7 TIF FH
AYE FP3A. dd AsE 715717 39 HMS 7%, SBA 3%, 48447}
123 75717 BAEA 4L dzxeix 487HMSd, SBA-123)¢ Z&4E 7t
(CS)E AH&3latt. F50l8 92 Hg(NOs): - nH20 (95%, Junsei), Cd(NO3): -
4H,0 (9825, Junsei), Cu(NOs)2 - 3H20 (99%, Junsei), Pb(NQO3)2 (99.5%, Junsei)E&
o] &3le] AzEFAT. 27} o] FHZEZ EAse F&FolLd B FFH L A
7] 918l AAE o] &8t pH 4 &AL Az A FTESES SIANAH
MINEQL+ (ver. 3.01 © ERS)E ©]&3 =EA} ¥ pH/l 2ot S

7t Zolgm Aol Yoluh, WY FFE ol FEs} Had

= %aﬂlx% At laiﬂ pH gﬂroﬂ g% FF& ol BE #AAE WAV H3ky
49 %) pHE 48 nA3d APs)

T8, t=F, ¥ €49 F=E 05 mmoll, $&& 02 mmol/l & AxsHACt
T3, 7}‘: 5o AS$E ANE 01 g &9 50 mle EFste] AR G A8
Lol 50 miol, ¢& AlE 001 g& 9 100 mlol EEF3A NRES
EAAZ] F) 124705 30T M wHeA 7 FRAH Y =HIEE 5
At Hrgo] gEH SR AFHE AY F &A Y IF{F FHo)2 vEE A%
Ak F&AA0 Fag T} Jl=Fo FA
Perkin Emler 3110)& AM&3td 3, #2374 ¢ L%
(ICPS-7500, Simatz)E Al&stgch F3d Fe& =75k w8 F 2
g ol ot AistATh

o) FEA LA FAAY EH FEold Ui MHAFH FHASE 7Y
st F23 7o B f94E AxFHAL F&7 FYE
Azste] 001 go A8 £d 100 mle TFFAT UoA #AHZL dd 550
2 §do FRAYY FYHFAL
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AFAYoE A AS4E HUAY B

42 AN IAFZ ABL7) A9
AR} @} oleld dEe

TRE AAs7] A 489

a

o

=
-

e qase 342 2
ROToZ 71BAYS +4ste) % ABE FHUAS 9% AA Data® AF3
7l A8 BEY Test Cell® FHOW 7o F35) tfd 4EL sk o] 49

3t
M= 4892 HR-%ppt HR-98ppE AlEstg FaEol2 FE 2000ppme
T2 39 ¢ e WHIE ZAFAY FEL 250m/mine 2 1AF3}AY. E
pilot 722 JAFT A& XA Tl He FE 2000 ppme] AFE Al
gt dol mE WIS SAHIAGY o) F&He ¥ 1/mineE 1AHIEH
t}. Data® A &}3}7) %’4 8] Solution-Diffusion modelZ A}&-3t¥ 1 &3} 2o},

B e £29 53444 Cm & membraned| A9 €2 %%, CpE permeatedl] A ¢

]W‘_‘ A(AP_ Aﬂ')

A714 AL o B34S, JPE ZE 4, Ao AFolT
mEA wAge et Bt

Salt Rejection(R) = 1+B/A(1}(AP— 27)
283 AR BN AAE ALS3HYlT AR Figdh, Figds, Figd7ol ehisich.

3. 4% 9 1% -

Mzzes deltg ol8d 7€ FFE EAE F2 2% oled U
Ao §4 Se@e 234 Qo B ATAAE 713540 B2 AAA 2
d 715719 g BE FFS FA5L wusdd
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Rejection(%)

110

10 15 20 25 30 35 40 45 50
Pressure(KG)

~—m— HR35pp(2000ppm)
—e— HR38pp(2000ppm)

—&— 2000ppm(Cu)

90 4 .
80 T T T | T
15 20 25 30 35 40 45
pressure(atm)
Fig. 35. Test celldl A 2] Cu o]29] wjAl&

M*—o——'—-o

99.8 «* M-

99.6 e

99.4 -

99.2 : -

99.0

Fig. 36. Pilotel A 2] Cu ©]29] ujA&
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100
R
= 99.8
.g 99 7 +2000ppm(FT)|
O .
Q0
O 99.6
[
99.5 : : L .

15 20 25 30 35 40
Pressure(KG)

Fig. 37. Pilotel A 9] Fe o]29] ujA|&

A4 2%, FHANY mercapto FFFol FEFE FEoldd dig FF
Fol Stttk £ A7dd AE F 7HE F3%5ol & MP-MSh-TI09 7 ¢
T JI=FL 27 014 mmol/g, 011 mmol/gS F&F3Hon, & 025
mmol/g, T&& 1.2 mmol/gE& FZ3A X (Fig. 41). 2] tl$r mercapto 7]1% 7]
o F3=e 7, =59 1048, Fo 58 o]4E Eoh v FRAHAYLE A
g 715718 FAHA & MSd, SBA-123, CSE FF45E F28x 4o

MP-MSd A€ EFAE o] & F2 T3 A$, MP-MSh A€ F&A|
H|3t] & & 5o] "ol ot MP-MShel ®]8te mercapto @57} & MP-SBA &
ZAA= F3Fo] A9kttt MP-CSE MP-SBA} H)3le mercapto BEv Ak
e FWH (293 mYg)H 7159 FLAol BN FFE o)eF sH& J%7] A
Oo|EQ] HZFo| o]FAR R o} FaFo] oM

71EW FFol29 4L 73Uy 2Fo e o5 F2H Fof T IF

l

S ¥e TAEAF 713 HAY FESZ U Knudsen 2t FHAAM 9 &4l 5o
B3 8oz oo 5 A e &0l AL Wz IEE 98
AMe ol=AHe oY ZIFAr)E aTFsA "k FFAY 71T =70 FUFH e
2 2 Hfde (B dFHME 2 nm °ldh) &F&o] AYPHAAM FF 71T
oln] F&dE YAER Astd 7|FY T E NIFUHRERY A AFG B A

= AA A7t ZEsHA Ha, ZIdWRdA e FEAG &34 ZE5HA |t
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1.5

cu(ll
cd(l)
Pb{il)
Hg(!) v

4400

0.5 1

adsorbed (mmol/adsorbents g)

0.0 A

0.0 0.5 1.0 1.5 2.0 2.5

SH contents (mmol/g)

Fig. 38. Adsorption test for singular heavy metal ion solution.

uetA 7)Fe Z7|HelA B, EFAY 71FZ7|7 2 nm olFe 7]EE A
EZA)(MP-MSdA-T, MP-MSd-D)ol e AA] F&o]Lo] J|FUEZ HIZE 31X
23l9 Hg/SH &vl7F 4w3s] "E@o9x3o 2~25 nm% MP-MSh-T05, MP-MSh-
T10 5& mercapto EHFFol Eor Fa5Fo £2 AoZ YEWd. I3y 55
nm AE¢ 7]FL Holx= MP-SBA9 7 $+ mercapto & %F°] 0.2~0.3 mmol/g
& B pEole Fato] A7 Ay, olg FE AL rjFAVIE A% F=
A} Fole 713A7) 7t 7189 TUA FHoE FAE F Utk

F&0) &7 mercaptod] EH|¢l Hg/SHE 05~1% Bz, T8¢ Jl=F2 ~
0.052 Bt} 1:19) Hg/SH E¥lE 71%7]7} 1.0 mmol/g °l'°‘}?l GGl A el
o Ed FeT g A= 12 mrnol/g oj4e] 715718 FFE FFHAANAM FF
2 Z71Zo] HY ZAisHd £ 1.2 mmol/g 7hAl+= Hg/SH Z4]7F 1:1& Rolo
7b 21 ol dell e H7L 7"1_0}04 7H8 7157150 AHEA Ak ol F A9
Z&o0l20] F /M9 mercapto 1E 7 /tnATL 7] YsIAE Fig. 429 std 2
#AY 715 71E°] bi-dentate ©]39 TX2E Ho|n T stof g}

Mono-centate TZ& Hol& Alo|EV} Bold4E FHo|23 Ay Ratn

t= 715717 2Asle F40]2/SH En)7F #4stAl €Y. § mercapto9]

O

0

=
A%

O
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Fig. 39. Disordered (top) and close-packed (bottom) surface coverage of metal
ion adsorbed mesoporous silicas.

fr#o] 1.2 mmol/l °]4°lA = mono-dentate &7} ®o] AR B F
Aot =3 F3F F/ME9 FAE mercapto 7157 FHHY FUIE AF F&2A
o] AFAe Hae dFE 1T + Yk
Aol #5717 FFHE S A7 2=HH A -E(magnetic suspension balan
o] FE £& FE9 FFFH FF &=
o Mercaptod] 544 2@ 254& AUA Hel F&ol2 F84%
oA A gol, BEAAGATIL FUHSIA dh ol& AT Y=

= oljl 7]57]1& ©l &3t mercapto 7I571E Ad FFA L HFHdS
=L
=

a
e
u
A
)
_?L
24!4
o
&
=)
o
a
&
(o]
g
o
Ho
of

Zol2g EFAANIE F8 71572 mercapto T1E9]

O]

#asty) WEo) 157129 H Az Fopof o
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U F2/789 oA FEE &0 BT FF

AzY FHA EA FFE W AP S gt
FH4d9e AAE AT
MSh-T100] 7H4 F&
0.026 mmol/ge]l F&FHUL, F2& o}
mmol/ge] FFHFH ATt A FRAHAME &0 FERT mercapto ZLFl
of 20v] AE £ HIEE BT olHEANAMY F2FHLE DUl FFHA
A LAHAJY FHF F/HEY Za YL vEHUA Fdd 71s71E 1.2
mmol/g T3 e Hg/SH £H|& AXstd 7157 sty 3 025709 20
2 E&s= AAE AAY. ol G EAANAMY FFHEY AL gor & F
3 T Aoz AutEd FAAY 7|57 &0l Hihde dAFE F
oA Bo FFFo] ol AR .

EaA e EuAFE AMNSIES @, MP-CS, MP-SBA°| H]3td MP-HMS7}
Ho} U2 FHAYES € & Jddd BulAaee §2HEY = A 7T =

So) FuymhH FHA 1 gol FXY FHo1Ld Fuwp)d M Astth

Mo rle

S
o

1.5

G ® Hg(ll) binary
o ©  Cu(ll) binary
g w Hg(ll) singular
4 v Cu(ll) singular v
o
A N
£ T J
.g .......... .
=
£ v
£ .
: -~
c P
o 051 P
e . /
2 Y // [ J
o . .
§ ==
e e v
- T .‘V Tt Vv ......
00 | &S Tmee gl ISR 0 Bo—
T r I ] I |
0.0 0.5 1.0 s - —

SH contents (mmol/g)

Fig. 40. Adsorption test for singular and binary heavy metal solution.
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MP-MSh-T109] 7 ¢, 2+ &40l st} Ky (ml/g)=5400 (Cu®"), 4,000 (Cd*),
12,000 (Pb*), 143,000 (Hg®)& R F&o|2o] tiate] MeHe FA5S AUz
AEE & F AU T2 g FuiAFE AW, MP-SBA-103& 24,000
ml/g ¥H MP-CSE 4,000 ml/gE& Rolxm glo]A MP-MSh-T10e] u]sle] A g
A FA%ol WojWe T 4 Yk o]AEA AYHE ©BAY FAIMET 1/3
Ao e BujASE Y.
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Fig. 41. The Instrument for the Synthesis of Film-type
TiOy Catalyst Using RF Plasma Techniques
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Fig. 42. The apparatus for preparing of TiO; powder using RF plasma
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Fig. 43. XRD Patterns of TiO: Prepared by Sol-Gel Method with (a) Freeze
Drying and (b) Conventional Oven Drying Methods. (Each catalyst was calcined
at 4007C.)
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Fig. 44. XRD Patterns of TiO; Prepared by Sol-Gel Methods with STA addiion

and Oven Drying.(The catalysts were calcined at (a) 400, (b) 500, (c) 600, and
(d) 700 C)
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Fig. 45. BET surface area of the samples calcined at 400°C for 4 hrs
(STA/Ti = 0.9)
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Fig. 46. Pore volume of the samples calcined at 400°C for 4 hrs
(STA/Ti = 0.9)
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Fig. 47. The degradation of phenol by UV/TiO2(Phenol = 100ppm)
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ohooleh 22 ZAGY Hole dwrHd EAE FAHAAM UEuE Anatase®t
Rutile Fdo] EAI}E & F4& Holx gled], Fig. 49944 = 390TCe A-23t
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Fig. 48. XRD patterns of TiO: films deposited at the condition (a) without
plasma and (b) with plasma, 120~ 150mtorr, temp.: 390C
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§
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100 |-

Fig. 49. XRD patterns of TiO: films deposited under plasma with varying
substrate heating temperature. (A, anatase, R; rutile) (a) 200TC, (b) 300TC, (c¢)
390°C, 120~ 150mtorr '
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(b)

Fig. 50. SEM images of TiO: films deposited at different substrate heating
temperatures. (a) 200C, (b) 390C, 120~ 150mtorr
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“Intensity

Fig. 51. XRD patterns of TiO: films deposited at different He : Ar flow rates.
(a) He 30sccm, (b) Ar 30sccm, (c) He 15sccm, Ar 15sccm. (A, anatase,R;
rutile.), 480~500 mtorr, temp. 390C

Skrm 11Z2711

Fig. 52. SEM image of deposited TiO; film’s vertical plane.
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Fig. 53<- 2434 A7 AH=d &2
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o YoM E olHL & 4 ATt EZErERut AT TiO, £o] Aud LH=E
ZAstex2 #Usly] g8 FT-IR £4& Fystgem 1 A} Fig. 549 A
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327t E4stg e ol COO 9 siFdh ol Rf Ed=2nf HEtezs AT
Ao FIES gA EAIA EJde AL ou|di. FZulo] &3 A"
o] 259 MEAZH(life time)o] F7] Wi £4 FHoE FFE 1A F AL
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AT Wil o)

Fig. 53. XRD patterns of RF plasma treated TiO. powder at different
conditions.(a) 400°C calcination, (b) Oz, 100W, 2hr, (c) O 100W, 4hr, (d) O,
200W, 2hr, (e) He/O2(1:1), 100W, 2hr, (f) Ar/O2(1:1), 100W, 2hr
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Fig. 54. FT-IR of Plasma Treated TiO: powders at different conditions. (a)
Degussa P25, (b) calcination at 400C, (c) after drying, (d) O; 100W, 2hr, (e) O
100W, 4hr, (f) O, 200W, 2hr, (g) He/Ox(1:1), 100W, 2hr, (h) Ar/Ox(1:1), 100W, 2hr.
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