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Reusing as the inorganic polymeric coagulant for wasted
aluminum chloride solution

Chun, Chul Sae

Department of Construction Eng., Graduate School of Industry,
Pukyong National University

Abstract

This research explored the feasibility of preparing and utilizing a
performed polymeric solution of AI(II) as a coagulant for wastewater
treatment. The removal efficiency of copper in the wasted solution was
higer than 99.9% when the 60g of aluminum scrap were added in AICl;
solution wasted from th pigment process. Also, for the reusing AlCl
solution as a coagulant, slow base injection into supersaturated AI(II)
salts for reusing AIClz solution did produce high yields of polymeric
species useful for wastewater treatment applications. The method of
characterization analysis was based on timed spectrophotometer with
Ferron as a color developing reagent. The hydrolytic Al species were
divided into monomeric, polymeric, and precipitate from the differences in
reaction kinetics of the hydrolytic Al species with Ferron.

The analysis of Poly-AlICls's characteristics showed that the quantity
of polymeric Al produced at 80mf of 0.IN NaOH as base was 47% of the
total aluminum in solution, as showing maximum contents and

precipitated Al was dramatically increased when base was increased



above 200m¢ of 0.IN NaOH.

This experiment was performed with prepared coagulants such as
AlClz, Poly-AlCl;, Alum, and PAC. Coagulation experiments were
conducted with various dosages and pH for each coagulant. Overall,
under the same aluminum concentration, CODc; and SS removal
efficiency by the coagulation was high in other of Poly-AlCls, AlCls,
PAC, and Alum. Therefore, it can be concluded that the Poly-AlCls

solution made from the waste was founded to be effective coagulant

for wastwwater treatment.



o] YgH

)

AA

[o]

!
al

A
v

]

o Axel oA ¢

H
=]

ShA ol A,

SI2 gy Holxu

(3

A2
<
o

A=
L.

[e)

o

$RA AHeF
A9 Azel YoM ARZ FAE

A BRRol £ o235

o

I. A
A ERA=Z

8}

144 A 589 A

AA

—

\Th. olet 2

(o]

s=
o

AL, o

o]

8717t ofdt). olga

ol A9 Az

S|
5

%

33
7)e)

=

=

%
Ulgo] AR

s glen, z} g A el A
=

©8 o] 7oA o}
1] & (PACI)

==
=
=

=+

X

X
i

Tod

oy
go
oh

Holth meba, HPHY 5

)
T
Bo
op)

—_
o

.m.o
B

—

[ils}
o

oly

TO
wr
=

o

o)

ey

5o,

[

Sted of

= T3

.‘

A
o

=2
h

3|

%

s
FUE9 NimbydAel ZW of@oez

MEA GrRda AAd 39 BF HY Ayriee) muz 9

Hede g2 A7

37 3279 £F0 =@ Paal

ted el met $PA e g2 3t

[s]

}

[}
“

]

“

PAClE Az
&

[e]

Bk

44

NA

o waye

=]
=

Az T2 glof #H7)

1
LN

L 64

3 At



APAAEE T8 T Fu9 Zart 248 a7EHI gled, #4E HE
TAME A = AL M5 E2E AN 35t zAFstAor &
o}k ojol mhEt F(1996)F FH(1997) T FAatst EFrjFe W Pz i
122 AEE dELFriEe o8 FAg SAAZAMY steAdel o
dTE AANE B Jden, Hr7Ee A dAHA AEE di A7 A
P Aot

daste] MAel whel diF A4l Au2 st HIEe wyBL F&
8 F7h 2 WY, o] &7t5d HUIEY AL i dye BE
Aol g ool & EFo] WA HT Jo| ERE, FHLYE 59 LFGE
A ERLE EE HZIEY AEHE tFR 2 olYE fygx] RF 5 FAES
=z Utk

et 2 dFoAME dEAZE FHAA wESHE ¥ Jd3LFuE &9
S AFESA JlFEAE o8 T nEA LFulFg SAAE Axdm
T2 4o H&ste] BuA gk oo disiM AR, W G} ¢FuE &
Hofl FFE FALES AASAHE Hstn, 4, A2 L 3L FuiE &
A3 @rlel 9 F7] nEA EFuE SHAE Azxdd, A g =49
dRelM 29 AEHT Jde 77l AL PAC 2 g FALFom
(Alum)& AdAsted o]&dl diste] 247t Jar-test2 S A&L vlwstna &

=

i

=



21 a9 7239 IA

FAYd AHGEHE 559 $AAY A EXozA FFoAMe
=€ A8 AT &l sl st Ao steRad g4 39
Ab- @71 &A8E ligand @E Ee MR sy, AR Ao B,
Ee 294 E712 HdolHE w$S YeEdH (Snoeyink and Jenkins, 1980).
dutR oz F& eFEo W AIFPEL {2 T2 FEE A4

FAHE A3 E] 54 ¢ o)
%t} (Snoeyink and Jenkins, 1980). o]d ©t& &3
Mo S dAZE & W} VR F9 Wi R YAEY FH%

t

T
R

ojnlaty, F& Fol2E FTA ooz Fo AFPIE Lol TE BExEL
i 2 == ligandgt v} (Stumm and Morgan, 1981). =3 33tz e =
A o] 23 ligand®] HM3tel] we} vlo] 24, do]Lg P Sol2Hoz FRE
H stuel F4 ol S ZE A3 FEL mononuclear, it oAb F4] o]
& 7THAAY A0 A5 #H3gE

e BHANN E8 ALEH

=& et sle FAE e dEe] Ak FEAox 9 o2 e Fro)
i

mlo

polynuclear#} 3o}

I JdE SHAAZE AP e Fe'o Z 4ol



Al(H,0)Y AI(OH)(H,0)2"

Fig. 2.1 Deprotonation of the aquo aluminum ion. Initial step in aluminum
hydrolysis (Letterman, 1991).

2.1.1 AI(ID 9] 7heisfier FA
A" ol £FoA 4A ARzt Hn $F9 OH o2 o9 7)g 7
7t 918 BF, A9 pH 2ol we OH o3 Add o
H FHHE ESAIY. 2Dz ADY 7R 2 AAE g o
mechanism< S ANA 9 E47 T gloj FR3HA AR} 53] Al
(INA SBAAN 7hRsizt APHe 5 FHHE 43 AN 7H=E8)
T M2 98 FIEAE Y, 53 polymeric ANIDE L & %A
b W glo] SHIRE e AAY EFo Hapdold anHolg & 4
4 (Pouillot and Suty, 1992).

AP" olgol dF SEERsE ASRede A4EE AP o)L,
Al(H:0)"" 9 4t =& d7]9} ligand X 39+3-2 o] £t} Mononuclear Al(II)
TUE 1T B9 YoM s gL wen o] wAHow U
2324=3

JN



AIH,0)¥ + H,0= AIH,0);O0H*" + H,0" (2—-1)

t

= APY + H,0= AKOH)** + H* (2-2)

A" o3 Z¥E HO =g 4w,

AKOH)* + H,0= AKOH)F + H' (2—3)
AKOH); + H,0= AKOH) + H*' (2—-4)
AIOH)Y + H,0= AKOH); + H' (2—5)

A (2-1)~(2-5° veRd vie} Zo] AL 7t5-Es] 98 OH ol &3
T3E S22 DAHY AFel| 9 o)FARNG. A (2-1)F o] HFH
NE HO £A7F OH o222 Mg o=2A A" F& A AZAZA
Bronsted 79l ma} Atojgt & & Yot 282 JtFEHE A-F7) ukg
AM =T 7trEdE 448 L 2X o] pHY F3o] 2 A Hr} o)y

H 9%& Al &3% F4& o] 43t pHel wat AAHHE AE
9 A5E AT 5 Aok

oA A 438 &3l &, Al OH o]&g 43 £3)
3 & FES AFAdel P AF7F olFojA gt} (Hem and Roberson,
1967). Table 2.1& 7Fr23 Ao ozt Y48 ANMMEFES 7523 3
FETE Yl Aoz A, Al 43 251380 4P wat H o)
o] FEEE & & Utk T ol HYLFE o]83d AN LT =
& Fig. 229 o] Yed £ o}

Fig. 22w 27339 F4dstdFv¥F [gibbsite, AIlOH)30, log K=-33.5]1%
B2 ¥ £stdFuE [AOH)sem, log K=-315]9 &3l 2H& e
H Aot}

‘8]—p

s
T

>
o



Table 2.1 Hydroxocomplex formation constants for AII) at 25C  (Baes and
Mesmer, 1976, Nordstrom et al., 1990)

Reaction log K (257C)
(1) AP" + H.O0 = AIOH* + H" ~ - 497
(2) AI¥ + H0 = AI(OH)," + H' - 4.30
(3) A" + H0 = AI(OH)," + H' - 570
(4) AI” + H.O = AlOH), + H' - 8.00
(5) 2AF" + 2H,0 = AL(OH)" + 2H’ - 770
(6) 3A1” + 4H.0 = AL(OH)," + 4H’ -13.94
(7) 13A1 + 28H,0 = Ali3O«(OH)2a" + 32H' -98.73
(8) Al(OH)3am = A" + 30H -31.50"
(9) AOH)3) = AI* + 30H -33.50

* Ligand and H20 molecules are omitted for brevity
*x Calculated from the reported values of 4H; for AI(OH)s, AI*', and OH’

—

RS

log (conc) (M)

Al(OH)? -

T
Al,50,(0R; Aly30,(0H)3 Al
-12 ] ] | | ] I I L L |

Fig. 2.2 Solubility of aluminum at equlibirium with Gibbsite(A). amorphous
aluminum hydroxide(B) (Thermodynamic data from Table 2.1).
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A Fig. 22(A)9 3% 2 AR E 2AHE A3gFoiE
+2 Uetd Ao 2A, gzl pH B9 (pH>8) QojA AIOH);9+ H A
golld F& o|F& &34 AZFL o)A AI(OH), o, ©¥& pH ¥
¢ (pH<B)I M9 AIMEL A7 Al(OH)%} 2& %o]&9 monomeric
AKIDe] & o]F3 Y. Fig. 22(B)e AIDE S} 7o) wa A=
=, Bl2AY e ZAHY 2o &7t ZF o]Fo Wt} Baes
¢} Mesmer (1976)= FAA AlOH)zamol Wate] HEAeo)A 37129
polymeric AIINZ [AL(OH)", AL(OH){", AL:O4OH)y" 1% 57}x)¢]
monomeric AI(IN% [AI*, AIOH”, Al(OH).", AOH)s;, AI(OH); ]o] &@A "t}
I &Y. EF pH 62 FEoAH LFujEe fi=rt 7MY WA UElGS
£ 4 At pH 58~89 ®HHdA 107 M9 AIM) [Alum (AlL(SOys -
143H:0)9] 30mg/L]e. 24 HHA AlOH)samol F4E 47} oo, pH 57
ojgtel A HHA AlOH):emE S8 &85 [AlOyOH)" 9 2e
polymeric AIDF S FAE F Ad (AWWA, 1990). olzis 33 A e o
A &3l 2 F X 4 $ANSY oo B =2S A TR
ol Aol A 7t FeiE 443 Yehle AL ol AA=z Z pH
oA AIDY ¥-8-& 731 defo wat @8 3th 2, polymeric AI(II)
T2 BEGHAA BAHE Fo] olv HPo 2o Ay AN AAF
T BetFolth o9 o] FFolA Aol 7HFEaEo] 4029 o
FrEdl W42 ¥4AHE Fig. 2390 Yeh T Fig. 239 Al
trEs B4E F4FA gl 271 AP ol JIFE Y o) ot
2t monomeric AI(I)Z 3 polymeric AMZE S AA Al(OH)Y AAEZL 3
dst™, 22iZ pHS F7bel wet AIOH), 29 Hoj7t o]FojAL Holx
Atk 47NN FHAHYERZ FAE polymeric AMES] £¥o| g 23
E&d 9E2A vYevzz $£A42 339 3 doIA polymeric AI(INE
4L Fasg & 4 o

rr

1y

404 nY
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=
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Al(H20)3" aquo Al ion

lT — = hydrogen ion

AI(OH)(H,0)2" mononuclear species
b
\E
AI,304(0H);; polynuclear species
¥
'
'

———— hydrogen ion

—— hydrogen ion
AI(OH)3(S) precipitate
H ——= hydrogen ion

AI(OH), aluminate ion

Fig. 2.3 Aluminum hydrolysis products (Letterman, 1991).

Brosset & (1954)3 Hsu (1977)9] ANII) 7tE3o B3 AFo }
F/d5 = polymeric ANIDFY T2 AF¥Y LFuF FA43E Fx9
At AR Y LFulE £43E9 AP o]2e OH o6 o3 62t3 9
F7z2 S vz Ak AIFOH-Ale R ZA¥HEe 23gd me AP
o] 2 Alelo] whde] FHQA FALIotd 1 Fxe (AT  F 9
o Polymeric AIDZo] A& el A9 &34 A o]23 OH o]
Atolel vl e dFulF FASER FAG WLE olFA "k iy 42
olF FASE FRAAM Z OH o2& ] 1719 A o232 dax=o gl
of &delXe] H o223 @74 wzA Hyho £IaA Bt (Amirtharajah
and Mills, 1982).

e
L
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At 22 polynuclear 2H3EL OH ©o]20°] ®oY mononuclear &3}

ERUE g502 & F HO &Fo] Ard Stumm¥* Morgan (1981)¢] €]
st OH o229 o] BL FTEL VIFEHE F2 gol279 FH
mononuclear 7}FE3 TR FAA o 235 SHAZG & 5 At o]
¢ Z& polymeric AI(II) €& A (PACDE NaOH 9 @7 H7le ozt
polymeric AIIDF 2.2 HAJ A o]g s PACI A Qo] 334 ENHS
dodle FFIAZE FdHE 4719 TFS X (Smith, 1971), AI()
29 FX (Stol et al, 1976), €719 FUEE (Dempsey, 1984), 7% (Hsu
and Bates, 1964), €§=7 (Vermulen and de Bryun, 1975) @ &% (Stol et
al, 1976), o] %= (Stol et al, 1976), &ol22 &z (de Hek and de
Bryun, 1978), =471%t (Morgan, 1976; Parthasarathy and Buffle, 1985;
Bertsch, 1987, Parker and Bertsch, 1992) o] gt} PACIS dutxog
AlCl; &9l NaOH &9 783 34 [AOH)Clsr (r=1~25)]°] o|F
of A f7tx] FAFoZA PG 7N r& “@rIE"E FEHEY YA
Az gle] HrskHe OH oz AP ojge 2 FEu (F
r=[OH awed/TAITDEA YELATE 1 Zho] 0 BB Z7}8 42 polymeric AI(I)
Z (o, Al(OH)x')ol Hzat ZF7tsttirt =4 4319 rolME precipitate
AI(IZF (4, AOH)3)°l ¥ Erth A7 AI(OH):o] HAEL 23 Ho] &
X BZ ole] FAHL AAE F e AU r e FAE Ho| Fast
& 4 Qo (3 2000).

Baes®} Mesmer (1976)2] PACI S/ &3t Q7o 9atd $FoA 74
28 z7)ele A9 monomert} dimer &o] A= r ghe] Z7}o) oz}
polymeric ©]&¢] ¥4o] o]FojZtt o]FA A4 HE polymeric Al(I)E o
dted AI-NMR 24& %3] AlO«OH)'  (Al)Q Hoz Ran=do
(Bottero et al., 1980). r=2.09141 AII) %2} 90%7} Alis polymeric 222 U}
B o, r<23% &AolAx HAE polymeric ANMNEFL AAE A glo



H, r>2.6%14 & polymer Zei7} 6% X233 F2E2 FTHA F4 604, I
27 500A =719 AAEZ HI}dt (Bottero et al, 1986). Thomas %
(1991)ell oJ3td gl pHO F3h&o wet nsE AN EHHolA A
He AIDZFL ©2A Jdeidtn ik =3 Bertsch® o3 QAFaEs
(Bertsch, 1987, Bertsch, 1989, Parker and Berch, 1992)2 NMR £33 A4 9}
Ferron £4& %3l &A3t= polymeric AINZE S Als £9¢ <34

=
212 AI(IMA $H7A9 544
AKIDA SR AE oln] Bl ule} o] Lol oA thakslt eje] 23

g FTE &stn ok ol2d FE Ui A EAS A¥Hrr) 943

l

3}

2) A3} ultrafiltration membranes ©]-&3F
2] Aol HFE o] &3 Wy

A

A=
=
4) o] 2w

ol £9] BAYFTAA BAMo did HEBA LolF AAH & 1T 4
g AI(IDZ e o] g8 Ag53m gk o] =
shetAlebe] whgol 93 AI(M)F XY o2 8-quinolinol chloroform

zl_,

3]

m('JL

24

i)

Lo

(=

oo

tlo

of
ot
U

>

¥, Ferron (8-hydroxy-7-iodo-5-quinoline-sulfonic acid)®, aluminon*
AT o5 WY F B dAFolME Azt B EFFxo Wad g3 &
o2 vud sty FdstA £A4E $ 9 Ferron WY (Parker, 1992)<
AHE-3E T ol9F 22 Ferron W'd-2 Davenport (1949)7} AI(II) & 2844}
Hog o]g% A} Zrl Smith (1971), Smith® Hem (1972)L R E o=z
+3tg AII) € HolA monomeric AI(IM)3} Ferron Al%F#e] ¥E$-o] ZA)

.L>.:

l-J

- 10 -



ZA] o]FojXthE 7FA A monomer$}t polymerE TF#3 %t Bersillon
(1980) 2 Smith®} Hem (1972)2 monomeric AI)S A =517 Y8 F3 &
£ ZAT 9 30x 98 Fo FFEE AAY o= AAA e, Smithe}
Hem (1972), Tsai®} Hsu (1984), Bertsch 5 (1986)2 polymeric hydroxy-Al
% Ferron® ®H§o] 7F-1zF ¥b-& (pseudo first-order kinetic)S WEths A
< g9ttt Jardine® Zelazny (1986)F Ferron® AI(M) £&<NE A 7}x] 2
, W2 monomeric AI(I) %%, polymeric AI(IM)¢) =& €kg uj
§ =9 & polymeric =& F2o|=A AH Y A ¥Hgoz yellidon,
Hzxo F W&ol T8 W A 85 AY HxAsHES AHstd oA
AP EE ot FFE-AHY F$FE monomeric ANI-S A3 5%
t}. o]%, Jardine® Zelazny (1987)t HZx 250% 9] ¥H4& 231 vtg o2 Mo
st 29, polymeric AII)FE 2R w27 u-83+E monomeric AI(INZE
T3] A 1A BHEE o] &3 AEE BAI}YT AIDS AHF3ds
He IS ARt =3 Ferron# ] 9H&-S nit w02 EAEg e,
monomeric AI(I)® polymeric AKII)e] ¥H8& 23} uhLo] o}sle] A &3}1A
BAME F dox 9o 22l Parker § (1988, 1989)L o] ¢} #Absk HE
< Alxd Z3, monomeric AN Ferron¥e] HFE-o AAz 2x ¥hLo
A3, polymeric AN ¥FSLS 1aF ¥H&d & dxdidzn sty =
g monomeric AI(IN < 3& oW ¥hgo] o]Fo) 231 polymeric AL 30
Fulel whgo] #FAT T son, 2w FFEY Ws: ARHoz
%€ precipitate A(IIZF 2.2 YERY

Axg 5

T

tjo

oFA Al =i, ol F HiRkEg<el AN
At

2.2 % Mechanism

EAAANA SPAGY) WEoz YA

mlm

TF d¥nYE 4

o
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3 gk ol @ $AFAA AN S/ B AN AF FEE
3 TR QA 2718 FANIN) AR S5EH T AT o F
£ze 2He $AAE FATH BABN BLE BAN7)7] AT A
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2 GAZA olFoF £ ded, A=
dAtel HEFo] dojue HEAA L, EHMZE HEFo] HUL W FIAIAN
2 A% dAe 243 E & 5 Aok (Vik and Eikebrokk, 1989).
FAEAA Slojx YPze] E<rAstel dig A 33 mechanisme #3H3HE
FACAZA, B HEERY Wgo] o|FojR} o]o} thated Stumn F
O'Melia (1968)= &AM ¥-g DAE AZtel] waly Rrixe dAZ

O 97t %ol g3 7tFEa)E

@ EEol=9] EAsE Fukd -9 AA A A

@ ¥4 A sty Fs5FAEe Futse F
ABstE Azt AF

@ AA A& van der Waals gl 98] E<¢Asd YA 2%

® Flocd] 3t A= e HeolH Me-OH-Me 725 713 3}t
Z W3lel ME floco %4 (aging)

® FEFAEE A

2
o
R
M
o
1)

R E

A AmAge] % B
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o594 WA d&HoE dojun, dFe TEHAVE 3, BEF dFE o
| 2l FA doAurE gk oldl mhe} Tt HE 5 Fd o

RAAXE FAY E<HASA weEl 271x]1e] F39
mechanism. 2 YElE 4 Qti(Amirtharajah and O'Melia, 1990).

(Sweep coagulation)

99 274 mechanismel RES Yol EFA o] izt g 2713 9

mechanism?] ¥d8¥ 4 otk

® 2539 4=
@ WE dzte] 7tuFgs o)l FE &

7128 £ ALE, B HIE d o]2o] YRIAlO)E E & o AANA
RbdEo] AT, AT FEE 7zl ol o8 oF
2 Aoz s YAES AFAY + A A=A FEH) A & Aok
=3 UZAE SR e £ o
T FE7F ®oHAA Hol BAVNALA F3E A Ystd B T
7t #A&stA @9 (Amirtharajah and O'Melia, 1990). ©]23t olF =2 Hl<:
a719] 2= YAAtolo] Exjste whE e HE A A H1, dA
Zt van der Waals 18o] 73tA ZH&3ste] HA7H <tAd Aefrt AbehA A
A=

A tnES o]FE Fatd o3 BAE ¥ EAFL A1

= O
T olEHe

_13_



I 3= polymerel ojste] B2 dAEe] FHEez & LAY = F
Zol= Z3o] polymerdl H%2 =, polymer®] 2877t Jzte] mwe] &3
Hi o Z8I)= F£Fo G "o 7ok trE F 2ol E&o] polymerd
Hjo] & ZE&7le &2o] dojd S polymeres UE U] 7lnE A
oot WA polymere A7IAQ) 2FF Y EUAI 9o FEE 7 stuE
°l]€ < U= polymerolojoF & ot} 323 X F polymero] 2§ &
< FFoA AAAIE ob/F F7 Qlth ZEH 2L o] &L polymer B
of Z+-&3st= AZZEIIZA QURHAbole] slwztgo] QEFS vXE Aoz U
2 A Atk (Black et al, 1965; Lyklema, 1978; Dental, 1991).

221 F&3} AsF3

Axte] W) det F3E 9js AP Fo FHL o YoIH Fa
AFe sttelth wojolee] e Zzol= EWASY ZH7t sbsei,
ol Qlstel FZo|l=3t whEoluiRe] Zast dojut WE S0 o]Foj
o E2el= U EHMY Mot Ao A 3 ol FHL AL
stef el = gk =R SN ol W duixe] Fohr thA o
olg & glon oo mal o=t HAHrt dojunh aYn B4
Ask 22ol=sk M2 wr) AakE A Aol 9o} TRolE Yt W
Aol 2% AR} o] FojTh,

YA HFEHHE ot 35019 RE Fue A5 REA ge

ol Bt gzel= AWML FHol o TeHol:, FHY BHAA A

s

3 9deo €dRle] =Hr|x 3t} (Matijevic and Jananer, 1966; Weber, 1972;
Stumn and Morgan, 1981). °|2}3 S4o| sl BRe A7A4E gL 2
< A9$ Q€49 (Stumn and Morgan,1962; Stumn and O'Melia, 1968).

@ 7ty AP uet FHHE /S EHESL o polymerdtrt H

- 14 -



HA 7heEEirt 2 dojdrh
@ v Z2&HE hydroxide groupe] A 3},
@ hydroxo groupdl €3t aquo groupd] AMEIEL L AFAoz 33
5 4T gepx] ZAANA Y A FAFo] ForAh
@ AP dr}e] hydroxide group ®.t} ®o] R i@t}
ol E AL FRoIE AleloA NE FAE £ Qe AZFLEL FAH
13 ol oste] =go] HIE 1 wIE 2 o £ FRol=

YA 47142 2FL FHGE AAAHE FHAA FAso] FH]

L
olo

James ¢} Healy (1972) €493t# ¢ modelS AH&3te 7t5Ea=Es &
EolZe] F& g KA AsE AASIAY. o] 23 fujo Aszge
=3 @& AN 2 E(F, kaolinite®} SiO2)9 HAA AN A &HE ion
o) TR Wzt dojdtt. a8l o] HAEIL bR & ligand #

= FA s Yold o, o] &uie L FAasH old ut

AR ol olxith o]2e] AAWez HEE w coulombe I
< 929 435%E AYArt 24 =HY, 9 UL FFE #AE & Aok
5 HEoE Edo T 454 FEoj=9 $Fo BI AFA
Matijevic® Kolak (1967)& #3348 o] 22 Fa5o] 4L FE= A=z A
Fahtol glE AL oium, fAF 4 LoE 2d (F, Colen)”
Crien)”, T2 FAEE, 2L 714 w9 2K (ethylenediamine)) < A Z ©&
EQtgste] &S Az At FHFE01 2L ligand® Az TR u)
AR 8t ZgTlo] FEdS vlH FT2olz FHAAM LdolE A F
ol LS U] GEo] EFFE o] F£52L AAG ok 3}

2 g Ex A G2 JMFEE AHELS £949 ¥
3 Ex AdE AEe -9 AAWAN F FHIY (Healy 5, 1968).
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James ¢ Healy (1972)& 7FrE3 4489 F22 A& EHAAMY v]Z

A3 s AR BFEHQA F (system WollA &FulE, Faol2, Al-
23 gE vl 59 gl gEIT)S FANA L A
[OH J[Alr] ®l&t ZFFEFuEY FHE o8& AFodA Dentel T

elia®t Stumn (1967)°] 183 SEF2 e gt &2 At o
sted, 288 AAR FojR =selM EF2ol= BW Ass A FAF
Atole Mo #AE FA37E oFdn e, ol AA FoJF FAF
Z7 |9 W7t 7] Wi SA FAZF Hert 2AY F glomz
A7 s g $PA FIFL d2s=d g ool AT oY
o

Faol 0@ E 2 due e FEAH FHss $30 ¥ B2

A EAE o] AdggEnte Folt. Bz

0.u
)
o

]
tu
L

i
\l
—_
__u
!
ru’.
2
2
o
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€ 7H2 W, 2ol A M3t AHd ot A3t oot B
Bl diste] x7]9] o] HArH Gz ALolEd, HAHE AsSA
AEA sl A wifo] & 2ol FHLE 7HIAHE 5 Q& Hold. 2= oY
g AAAE FAE dHsy] A segHe dEEgozRE ofr|HE o
WA F2ol ek Atekg mEsior & ol

Stumn ¥ Morgan (1971)2 29 & $IAZ £33 AFolA Hdedde
€314 hydroxo-ferric ¥ &F&ez 7|d¥dn stgct. =& Matijevict

cAe dTeA A e nE

l

Janauer (1966)2 ferric nitrateE A}&3F
A e FFe b WA E A5 Ferric sulfates AMg3
clay®] &l &3 AFoA Black®} Chen (1967)& clay XA 2] o] o0
sl nRAY ot Fe* ol FHHE AAZA clay A FHHS
o] HHo] o]FAAE e Ho] thE mechanisme 2T},
&, James®t Healy (1972b)e A" FHoA ZHAWHe x| Exe
At Aol did Aoz FHALE £ dvdzn AA AT 254 o=
, AR FFS Y P99 S wE A2 EwWo] UEyYE buk &
Aol M Bop Z2ol= FHAA Y 22 pHolM 2T oS EW, Co(ll)
o} EAetelA Si0.9 A7FEE ATFE Tl TP 25 T Ao

It

(2
&

2.2.2 Sweep coagulation

Al(IDY, Fe(MAFH 2L F&go] 98 32 Fa3129 Aol 4
2+ UES B2 FEY F5Yo] £ =
B89 flocHell X AL EH

O'Melia, 1990). °]&13t FA & “sweep floc” A A2t 3He}

rir
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T T T T
X3} CHARGE NEUTRALIZATION L t |
Fe3+ ADDITION OF Fe(lll} TO
\‘ 1 TYPIC?L NATURAL WATER
-2 '\. SWEEP COAGULATION
-3 - 270
. T3 T T 1 s 100 =
-4 o A B2 zr &
RESTABILIZATY. 5 223 0
= “1ON ZONE ( % e xineTic sounoanv ] 71 2%
S —D Jcnances wiil - AN + T 95
-H COLLOID, v 1.0
= -6 |supracs AU N LN 027 2
) EA \ FeoHz+ : NLOY T
© Fe(OH)3 (am) // e
23 ! - g
G -8 ha SUNDE G -__--‘/ / =
Q Crystalline] » Lol
- o-FeooH Fe(OMHY2 : Fe(OH (
or ; e
-12 H
2 4 6 8 10 12
pH
Fig. 24 The iron coagulation diagram (Johnson and Amirtharajah,
1983).
-2
1
Al((llm)z—- \ Ls\lvelap_l I // . UE)B?:UN
-8 Restabilizption 300 E
(zggzndarlss g 1 100
change with Iy . Optimum sweep E O
= colloid ) =, =+ } — &
S -a 4 Lo Charge Neutrallzation ] 30 T
= B -, [to zero zeta potential B «
> Charge Neutraliza- with \I(OH)3(S) -
Pt tion to zero zeta H 10 R o]
° potential with = |
g _s |aomsatonss y o
= ] 1° 3
.-L { Combination 1 [%;)
2 F{sweep and adsorption ) <
p ' N | <
o -6 v 0.3 o
S ( \ REGION ;on -
-nd _
Altotal T AlOH), BEST DIRECT E
-7 Alg(OH)3; — FILTRATION - 2
A13* / >
. /1
2 4 6 8 10 12

pH of MIXED SOLUTION

Fig. 2.5 The domain for best direct filtration on alum coagulation
diagram (Amirtharajah¢} Mills, 1982).
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Sweep coagulationS & Aol F=2ol=9} FAH floc AboloA] o] FojX]
£ H435Z8o|tt Johnson ¥ Amirtharajah (1983)= Z+ $% mechanism&
dodle FoJd diFd HHE AHIAHFig. 24). T3F Amirtharajahs}
Mills (1982)= AlumE o] &35t g% AAd izt $HZATE Fig. 259
Zol YU, o5& EF Fe(IDF AlIN) £3= AN AYPHoz
2ol SHFHE 2 BIIAY o] 1YL $HA FAFH £

A=
FAANA AHEE Fe(ID®] FYHFS HEE Fe(ll) o] 29 35X Fe(OH)sol
et HzsEAtn & ¢ Aok X9 Stumn 3 O'Melia (1968)0) w2
, ol &4 FEE FEFANEY HE YA QoA HrEA] Syt
He AL oyt AEFHE AEE wWE HHo] o]FojA]7] HAd x5 o
of dvx FAHEC olgd A FAIJE 2%, FEHY Qe SoleH
SAlA olu] FHdE 18 U9 TE §& T o8 Ao mErh
I ESROEA YA A Atole] FEo o obrlEE Ut AF
4+l heterocoagulation ¢ % mechanisme 24 A™ 7}53lth. Dentel®
Gossett(1988)= 4% FAsE0] 27]d P E AHZ o]FAE AL B
7F4 Q) AA mechanismo 2 27 & gtz sgen, o] o = ttE 1y
9 st 252 ol F A9

2
o
W
rlo
oo
=0{=‘:
il
7
(@}
A
S
B
i
&
M,
&
a
ra
>

rlo

it

}:l

| €359 heterocoagulationg o7

l

off e
o

Fel7h 89 Ask FASHA dEbde sastgon], of A sweep §3
oM 2¢Aste AR EHAA HEFHE FAB d8 or)E £
o282 ojd m flocd] ¥ F7ETR vk Y, 2EL 2 A9
MEZ 8 3 mechanism& T}
dE =9, d9AA FAYAAM HEFIE AN
Fo2 tid AAEY 4o A4S F ov

.
A foh 8-S “EH-sweep floc” AP WetFspol LH AT o]}

of

OEEELE R
AATWS) EHT W

n:_,n:_,
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o
2}
1o
>
)
lo
fu
o
ok,
Al
rlr
pou)
o
oy
2

doh, 250 mEW “sweep floc” 3 &

U floce] 3 2&37 4Ae FE&0 FEE v|X= HA 93] o] Fof
.
SOLUTION
nucleation/

hydration polymerization pracipitation
Al(m) mdMonomers s Polymers = Precipitates

hetro—
i

ladsoption l. | coagulation

Monomers ssp Polymers s Precipitates

4 4 d r’d Cd rd 7 4

SURFACE

Fig. 2.6 Schematic representation of the various pathways
followed by aluminum hydroxide species in solution or
at a surface in contact with the solution (Dentel, 1987).

==

% A2E 24T Aot (Dentel, 1987). FA %, Fig. 260149 2= %
B9ty 89g RAW o7l WEel 2Ze g3

o glelMel F%

M 49E Roo] me} floce] AAEL
& TPyl e $A% $d BEA AR
£9 22ol= YA W ¥ $AA FABo
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ARZo] wzA HFHE F 21‘3}. AWWA H 1A (1989)d] w=ZH  sweep
coagulation Z7¢ Fxa] F A, Bo] FEHLANE 3~48] o] goz
HRx3E e FE5 FAE IAEL 1~-72 o oj$ wE =z

enmesh colloid 24 ©]8]dF S HLE $2 Lo FTo|l=g 712 EJ A

ot 7hEshg (N<10® em3).

23 ¢t FFAA TRAHE= AVE

s AFE FHAA TAHL e HIIEZE AA HUEU HAFS o
B 71 €9 #HE M LU(EHA £F AF( Ay, H71E8
el o) 4t HZIER #AFF)7E Uk o] F, HMFREE A3 A9
A, AdEEFoiEs &l o, HENF HGAE FIAZA ABLEHY
AL ey, A S FulE &Hod g &L Weke uuF dHz Q)
=3

HEsdFrlE €94 F-Phthalocyanined ¢HE AZZTAHANA w&dE
d, ¥-Phthalocyanine”] ¢t2%& 1034 Jd Linsteaddll o3 3802 5o
HHEn BEXFzsl AAPgozx wAA J)zsk HAct (Linstead et al,
1934; Hk, 1981).

& -Phthalocyanine® = A5 A19 7]

ot

3

to

nl
fll

o

fo o

2

224 $5% 443 $5 B
2 gool A oM g2 AFS WI; glon 1 ANIE FrlEx



2lt}. %-Phthalocyanine®] €%+ A Hoko] Ax vlystn, %

1

&, HZole Holg etz 7%

i
Bl

WA 22olH

E4% ol g3t MBI, V=

A}, MzALR . F-Phthalocyanine?] &), 845 o&51 9oy, F
Table 2.2 JE}H R 2, %E-Phthalocyanine®] A
Al A B o g

-Phthalocyanine 9]

= =2
%‘ﬂ“é‘

Table 2.2 Classification of phthalocyanine

C.I.Pigment C.I No. Contents Structure
Blue 16 74100 Nonmetalic phthalocyanine blue I
- 74120 Nonmetalic polychlorocyanine green o
Blue 15 74160 Cu phthalocyanine blue (a type)
15:1 74160 " (a type)
15: 2 74160 7 (a type)
15:3 74160 " (B type) i
15 : 4 74160 (B type)
15:5 74160 " (¥ type)
Blue 15:1 74250 Cu phthalocyanine blue (monochloro)
15 : 2 74250 . « 7 ) \
Blue 17 74180( ©] ) Barium salt of Cu phthalocyanine blu€
(sulfonated) \Y%
74200(E.2])
Green 7 74260 Cu phthalocyanine blue (polychloro)
36 74265 " (polychloro)
37 74255 (polychloro) VI
33 - ” (polychlorobromo)
- - " (polybromo)

Metalic phthalocyanine except copper
lonic bond : Li, Na, K, Ca, Ba, Cd, Hg
Covalent bond :

(stable) : Ni, Co, Fe, Zn, Al, Pt, Vd
(moderate) : Ti, Si

(nonstable) : Sn, Pb, Mn, Be, Mg
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[e]
<
e AR EH me} HGEA ulrE FAHo LFFH=H o] FAL g
A (Pigmentation)e] g} &t} o] of AAS] =Z7] e, £ FH 42 2

439% 2R Ao 5 A4 VI FA TS SHBTHCL,

2 o]Z& Aol F-Phthalocyanineo|th. H M3 tjEo] 7 £% WoME
T2 AR A= Belth ol BE FF dLFvEH @A 282 =

o] F-Phthalocyanined] 94 7FA2E FYstod 44 3H(Chlorination) 3}t
= Yoz 75 93¢ Fv|EH F-Phthalocyanine Blue CrudeE ¥+Hg 7]
FHstd AL E2 b HEAA AsAY F dAHY B T F4)
T At o] TAANAY A}ede pH7E 1 wvKR W) Aoz wEH
B, o3t} fe= F-Phthalocyanines 2] 727} o3 FH=o] Jou Zuj
A2 AHEE F8LFriga E3 A2de] adE wWEsHn Y wWEEE
oAztel Yol ZojAlZ Al8¥ d3ldZulgo]l @3t A2 v T T4
7t Hol Qlem g o] gAS HiF HAsLRuE ol o agn
ol HPsLFulE ol dF FHNL Fr] SHAZAN Ago] B3
A= F199%6)HF T 5(1997)° &) =3o] © w7t Ui
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24 AWHoz AL Qe T SFAY FF

&3 AEHZ de F7l SHAY FREE I FUE(ALSO); -
nH:0), &4t A1E(FeSO4 - 7TH20), &4t A28 ([Fex(SOy)3le), B3 A2 (FeCl
3 - nH20), &8 ¥3¢Fv)F(Polyaluminium Chloride, PAC), Zg] 32 Fn)
¥ (Polyaluminium Sulfate, PAS)E @Fvlg 348 AFAZA & 71 9
THAL, 1985 RERg; HEHF, 1980; T A% 3%, 1976)

F&L mol o] o] H1 |23} Aol AL FLe o)LL TLHoTRE 4
29k Table 23& %9 o]23 ZA%S Ueld Ho|o, Table 2400 4%

Table 2.3 Ionization tendency of metals

(Strong) Li > Cs > K > Ba > Sr > Ca > Na > Mg > Be > Al > Mn > Zn > Cr >
Fe > Cd > Co > Ni >Sn >Pb > (H) > Sb > Cu > Hg > Ag > Pt > Au (Weak)

Table 2.4. Ionization tendency and the chemical characteristics of metals

Ionization tendency K Ca Na Mg Al Zn Fe Ni Sn Pb Cu Hg Ag Pt Au
Reaction “"]' th cxygen in Easily Gradually None

Reaction with water Low temp. High temp. None

Reaction with acid All kinds of acids Oxidative acid :;L.l:
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31 A=

311 ALSLFE L&Y

A AzFZAA AF AxXA ZovtEF EHE HIgSFo)jg &
A2 FE &71E ol &3 AAHT AFAH 42015 ~ 25 °C)°ﬂ*1£%’5‘}°4
AH& 8T

3.1.2 &¢Fv§F Scrap

¢FUF Scrap2 EFVFE HAQ 2ZHE FHIY Hav|2A dA =)
g F AR5 Th Table 312 KSTA(FZZHEFYEI)A AAIHY
R E€FUF Scrapd £4S vERH Ro|t

hu

Table 3.1 Composition of Aluminum scrap. (Unit : %)

Cu Si Fe Mn Mg Zn Ti Al

<004 | <020 | <025 | <003 | <003 | <004 | <003 | > 9.70
<005 | <025 | <040 | <005 | <005 | <005 | <003 | > 950

313 AL FFE SIJAE ol §F AIUDA F712¥A HA Az
A

AIDA F71nEA SHAE Az At 4gFx2e okad HAES
°|8% 12¢ £%9 batch Fele] W37 E Azsiget agdxn SAA A Fo|
AAM Zro mE AF Y WS H23kel7] st o] F e jacketS A
A3t 2E 2=2d FX|7F A E water-bathS o] €35t ¥le7|e] Lx &
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AHSHA fARAG EF $HA Az o] FrIse] A2 L ArHHES
dgon, ¢34 AZ €7 WE Qo] 449 baffled RS EF 193

o

et N2 7hEE IET (9.998%)2A4 Eol X3AIA FlBE T3
B2 WE 3 A7l 2 FAsAnh 471 FY#9 tipe R Fo] <0.15mz
M Fdste ¢ FuEE&do] # YRz FiFo] AFu)F slgeEs 3
dee] Qe LAy Astd Haststdoh AAo] AME" F7]2+ 01N
NaOHZA 100m¢ &ZF2] ok=2d &7)o| A3t peristaltic pump24] ¥-&7)
of Aoz FAAY. EFFX T motord Mo o7 &3] JaFe Ay
B7] $18t] motors] AHFE 2HE & e ¥ motord] & A=A
ol 22 AIIMA F71¢JA AxFAAe AAHQ FAHEE Fig. 319 o
EF A

Motor
Stirrer

Stainless
Need!

Thermoststic
Water-Bath

Fig. 3.1 Experimental apparatus for the preparation of inorganic
polymeric coagulants.
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3243 34

321 $3A E4EA

Az AIIDA F71nE2 SZJA tiste F&F=Ho e 7t5Es) 4o
H SHLEL FAsgA e g go] 7|22 3 Ferron®FAHE F3ld A
Al et

Ferron 4%l glo}A Ferron Al%F# ANINZE 79} #w-&& (1) monomeric
Al(IF L& Ferron Al¢ks}e] whgo] wal o]fojx whg ZFA FFE7t 4F
A =™ (2) polymeric AIE-E Ferronrl 93} dk-$-AIZF F<¢F A7 uke
£r2 Wgstd HYPd ol2d dAF FHEE HAsA Fo (3)
precipitate AII)E-E ferron A3} ¥Eg31R] Gevis AMAS 7122 319
Azg SAAN A EHAES 3 22 Az A dg 54

dollAde] AN EFEH2E AN 3sHE4 g9 Aoz o] 24t

AIFLHS FFstz Jo] FFEA FHEHY de AUMEFL EF
monomeric A(MZFT L2 FARY Ao FAUSo, A5 AA T H
A 84 [T5ug Al (A O] 25me) o] 8Hste] Al

S44% A8a 2% Az d8# 2o Ferron £32 ¢ [(Ferron
=285 %102 mol + 1-10, o -phenanthroline = 252 %10 ‘mol)/ 2] 500 m{=
ZAYUEF (43 mol/ ) 200 me} FAbs| == HolwiA ek [(NH0H - HCI 100g
St 40 me)/ €] 200 me7t EFE Ao 58 et 142 A o
H Ferron A°ke] FEE 145X10°Meol=, ZAF @A o] AL 93
A F 5~74 % 5435t A&

Azd SAAY AT YA FS o] &3 A EHAY Hae A7
S FYst7] Aol EAA G 10 mE &5 Hulstn AT AEE HoE)
o EE°] ¥ 30% olFe°] lem Y celle AH23td 370 nmoll A EFES

= k-ia=

T

(ot

+

_27_



FLFuE9 =42 ICP [Inductively coupled plasma, Thermo JARREL
ASH(ICAP 61E-Trace Analyzer)]& AM£3% 3, monomeric AIM)E & 9Hg
0x Fo FBE FARAN At FFsstg oy, £FANY AIINEH
Ferron Al 2f#9] FHH-gAIZHE Al-Ferron #33E Aol usol F3x
o] ¥yt Qe 120822 3T

332 33J4Ad

SHA A SHAEL 6 MY ZRHFAZ Yyl EFE Jar-test A F
FXE AHgstth.  Paddle?}  shafte  2HQd#H2Z oz wSojmon
paddle(two-plate blade24)9] Z7]E 254" x76%m ot e o=
tachometer7} F# o] Hst= 3AFE =A3lo 2+ AP A&t

Table 3.2 Composition of coagulant

Coagulant AlO3 Al conc. pH
PAC 10 % 52,941 mg/1 > 3.0 ( after 100 times dilution)”
Alum 8 % 42,353 mg/1 > 3.0 ( after 50 times dilution)”
AlCl3 9 % 47647 mg/l | > 3.0 ( after 100 times dilution)”
Poly-AICls 9 % 47,647 mg/1 | > 35 ( after 100 times dilution)*

* This pH measurement was followed by KS standard methods.

- 28 -



g SIAP A" S$IAZAE Table 3.2 vl nps} o] &7
vEE4E ol&3td AFEE FUISIA(F AICL FdelE AHF)9
AlCls 845 IFZAEF SFHA()e poly-AlCl; &Holzt AF) 2 HAF
o2 F71SHAZA 2+ FAHFAAM AHEEHL ' Alum¥# PACE o] £ 3}9
Jar-test& B poly-AlCl; €949 &3 AAZEEL st old st
SHAHAAM AHEE SAY 24L& Table 3.29 2o
Jar-testol] )& AP UMY A FHFE 500 mg/l, 800 mg/l,
1,000 mg/l, 1,200 mg/l R 1500 mg/I(Z SHAZMZ 7 SHAY FYF

=

=2
Aot EXAE FY F pHE 56,7, 8 2 92 Hs9 AYsh pH =
s} NaOH &g ©]-&33drh

z

_— Sample
T !
Input coagulant
!
Rapid Mixing pH Adjustment (pH 5, 6, 7, 8, 9)
( 180 rpm ) ( using 1 N H2SO4 or 1 N NaOH )
S l
—_— Reaction ( 5 min )
7
Slow Mixing |« Polymer ( Anion )
( 60 rpm )

Reaction ( 15 min )
i )
 — Settling ( 20 min )
supernatant analysis ( CODc,, SS )

Fig. 3.2 Procedure of Jar-test.
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B AToA 33 Jar-test £AL Fig. 3.20] Yeten L3488 F9

R

—

g ZHeA Y3teE pHE 2531 5 #3 345329180 rmpm

(Anion 7NE 1 ppm(ZE2 SFAZA, 01 % &A AHEAlE §doz A

=

1,000 ppm & TS FYsH 15 #3F &5 9H60 rmpm) F 20 B3 A A,

2AQAE AAAF F FHOoZHE

| = I8 4

Al A siphong A3t ¢k 100 me¥ A{43te] SS 2 CODer ¥EE &

329 1 (¥ 2HE ¢ 3 cmEHE

sto] ZF =AM FIH} FA 4T AALES v 2P}

p o1

33 A4 3% 2 44

2 ATol A8E dASE 945, JAAF, Hensel 32FS 4 -
30 R@HAN AAHAT. A5l

AF e AFARE 459 4 Te WyaAd
st A4S Table 3.33% 2t}

Table 3.3 Characteristics of the wastewaters for the experiment.

SS (mg/1) COD¢" (mg/1) CODMa~ (mg/1)

T of
ype Remarks

wastewater g VSS Total ~ Soluble  Total  Soluble

Dye 36 34 2,497 2,376 421 328

Leather 3,640 2,420 5,130 2,496 1,136 1,016

Chemical 1,240 480 3,468 2,761 705 685

* CODc¢r : COD by dechromate open reflux method
** CODwmn @ COD by potassium permanganate method
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H)Hug-lg

=
4

HAEE Hro 45 SHAE AT SHAHANAM A Fo disto
CODc¢r, CODMa, SSE FHsIA olof et z}zte] EA WAL Table. 3.3.3%
Zow CODq# SSE Standard methods, CODMnS TR LG FTAHA o
st EMEHAT. = #HFHLFrlE &4, AlC, Z Poly-AlCl 83 Aol
gt /8 FF&d did 4L Table 340 el ICPE o] &3t 24
st Th

—

Table 3.4 Analysis methods and instrument

Item Unit Analysis method or Instrument

pH pH Electrode (Orion, 420A)
CODc, mg/ € Standard method
CODwx mg/ £ THRETZAEE

SS mg/ { Standard method

ICP [Inductively coupled plasma, Thermo

Heavy-Metal 0
cavy—iieta me/ JARREL ASH(ICAP 61E-Trace Analyzer)]
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V. 23 9 3%

4.1 AICl; 899 2 AA 54

MR AZ FHAM MEHE ALHLTEE SAF0] g F48 T

g AAANTZ] Hsted &F o)

50000 — a——n— a7 10
40000 —=
—
- L9
1500
D
E —_
o
P e
©
@ 1000 8o
= o,
> <
S
o
o
I 500 L7
0

Reaction Time (hr)

Fig. 41 Vanations of heavy metal concentration with the reaction time.

Fig. 419 Yehd vish 2o] AgsdTos §439 T2 $2L 1883
/1ol e, ok, W, A R FFUF FFES 2% 16 ng, 194 me)
1260 mg/l ¥ 34412 mglZ %3sle} o), 3 2 FFuwe $Eo} ¥
etk 2FElE 270 B4R 324 ¥3E SH7 Aok 4GS



ol
A

s

%) &do &FulE =7 60 g& 5 A BEE FTEE ¢FE 4% 4
ool B 2 e FERE 7 56 11 € 470 mg/1FE T 2 ¢F
U 22 zZtzh 27 ¥ 5810 mg/E eyt dFuE 2z2He Yo
2l AAT AICL &4W 72 F=v ¥EAIZE 1 Akl A 3537 mg/1e) &
58 yeh 812 %9 AAEES EHon, vE 2 Al7tA 161 /12 F
HaddE o 991 %9 AAZES YEUWA L, vHE 5 Al A A
A& 9994 % 1.2 mg/1®] T=E EAch o wgAIzhe] Frle i
AICl; &M T2 &Fo] Zaste Aoz et old wa} HF3tgFn
' &9 FFE FAE AAS At dFvlw 24& ¥E AS 7o
AAd ZHAA Aoz A EF dFujgol 79 NFHE A
AlCl; &8 @Frlg =7 S71E g ALO: s =% A Yegg. ole
759 o3 BEAe ¥ dFulwe] &3H YElEe ez WAdH
o, SAIZE o] 3o dFulw Y FEY =y dASA debdel w} AICK
A FEAE 5 AR G oo wi HIFUFuFELAY &
FrlE 24E Yol ¢EAZ A FHUAAE BE 28 ALO:E FeE
AZEol b AICE S99 SIHAE L& F I& F YA ol e
A= $(199%6) E & 51997 23 Ar Ao}t FalEA vebd

o

I )

olN

(‘R

4.2. Poly-AICIz SR A9 3153 &4

AZF Poly-AlCl &FA gt S4EA oA SAA /50
9= AMFES & Ferron 24WHL Smith (1971) ¥ Smith®t Hem
(1972)o] AAIg uvie} o] monomeric ANIM)ZE 3 Ferron A %Fo] ZA] ukg
vt 7HA S F3E 370mmoll Al Al(I)-Ferrone] ¥HgAlzbel] wal ey
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