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Flocculation Behavior and Properties of Montmorillonites
Mixed with Organic Polymer Solutions

Jin-Yeon Hwang*

ABSTRACT: Four organic polymers were mixed with montmorillonite. Two cationic polymers include a high
molecular weight polyacrylamide (494C) and a low molecular weight polymer (587C). Two anionic polymers
include a high molecular weight polyacrylamide (836A) and a low molecular weight polymer (Aerotil). Each
clay suspension series were allowed to stand for 24 hours and were centrifuged, and the clay plugs were
washed and dried. The dried samples were investigated by XRD, IR and CEC measurement. The suspended
clay containing anionic polymers was not flocculated at any concentrations of polymer. But the suspensions
containing two cationic polymers were rapidly flocculated at almost all concentrations. The d(001) spacings of
Na-montmorillonite after being treated with cationic polymer 587C show about 15 A suggesting the polymers
may have entered the interlayer spaces. The polymer 494C-treated sample produced double peaks of about 12
and 15 A in XRD. It indicates that the low molecular weight polymer was more apt to penetrate into interlay-
ers of montmorillonite than the high molecular weight polymer. And cationic polymer 494C may be adsorbed
mainly on the outside surface of clay, and some polymers may penetrate into only interlayers in the margin of
montmorillonite particles because of its high molecular weight. CEC of polymer 587C-treated sample was
reduced markedly suggesting polymer blocks CEC sites. The d(001) spacings of Ca-montmorillonite after be-
ing treated with cationic polymers show about 15 A suggesting that the interlayer spaces have not been ex-
panded. In the experiment using a dilute Ca-bearing solution, the suspended clay containing anionic potymers
was flocculated. The results indicate that the flocculation behavior of montmorillonite-polymer suspension
depends on not only polymer properties such as concentration, electric charge and molecular weight but also
compositions of solvent.
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ol dal olfHe BEEA FIHoR B At
Hx vt ESA HEE Zoive AF3E o
&3 ARE AERE, 53] fr1EEvet FESH
Hk2ol] tiaiile ESSAE oaid B2 Ile of
Alo] Eloith EoRS HEERS v FE Erlop

BAEA (humic substance)d 2 F71EHE
o xtslo] gt aE Y EYY {48 WAEn
EgS sjAstedels 7 1EEHE g o183k
glom old 3 A Bl (Barvenik, 1994; Ben-
Hur, 1994). 3| PAM (Polyacrylamide)®} Z+-& £7]
FAZE A 2 EPIBARA de] AREL
ok A8 g o) Zevie AR, 5, JEE,
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& A=, 8 T3 T ZEvie) B4 wet &
A & BAAEAY 98E = Aoz geFt
(Sato and Ruch, 1980). ¥Wtdo g2 3R} §7]2¢
W &9 Fo FE gL A BEAES 93 dAt
7+l 7k (bridging)oll 91§ Aoz AT Utk
a3 Pol ETive] 3L A7 Al o
g $A33 7111, Sol2Eeve] 3 YA
7¥ae} A28 (osmotic attraction)el]l 71¢1%w AL
2 4#A ) (Aly and Letey, 1988). o] &Zavje
AEYAL] H710155E AEATIZ YR 7knE
nEs Rk RG9S e Aos gEzg
(Helalia and Letey, 1988). HEZE Zaivje &&
o] #g AF= Bo] Ut} (Greenland, 1972; Harris
et al., 1966; Theng, 1979; 1982). Theng (1982l
oJEp, gol ZHEL SHFE ue JERHY
A7) Ao ozl F2 FEAIAY, SH8E wE
ZEvjs 4714 v s F3o] & dojuA|
U AoE dEF. 2y Sole EPvie HEY
29 Ao e w2 YHEE we ALl
2713 A o) F2E £ e Aoz gzt
(Green-land, 1972). 28] 3 Ben-Hur ¢f al (1992)=
2% Z3 Y (polysaccharides and polyacry-lamides)
9] FFAH0) 98] Fdsl>FA >SHske] £A2 E
A7t o & F3sks AoE ey, olds A
= AE YAl R FEHe) ZelH e F&o| & Yo
e ZogZ Fysidnh. 2 B9 wedk R713%HE
WM e FEZEY] BH 2 2 AU S o
M e B FEo| FHA=HA =AUk Mor-tland,
1970; Theng, 1979). &} & ZER}] A=
I 98 Ul FEElde 22 2 Vsl By
sl o g Fol Bt} zElx AlSEiN Bkt AE
9] FgEeH7t AAE L Qo] o]E] B EER
Feo] wgof 3 A7 n)EF Ho] Erh

2 Gpollae ool EdEA 2 Az 3=
AMgShE FAR71EEY 45 AEskd REF A
EZEQ Ergzo|E} SN EidlA vhgA1A 1
AFAE AEsR 2quol olr] Zanel FE9
T2 FEe Eqb-gdNT Eevie] F&o) w3

Table 1. Properties of four organic polymers used in this study.
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Aot b2t o 71 wEe) ZEH gl gloiA
EREZU|ES] EAL-ER] A, Whe F ZEju-E
EYRUlE B3Fe] 54& XA HEA (XRD),
YA TFEY (R), Fol2288F (CEC)S &4
52 Tl HEA. o]#g dFE B3 B,
dekg, B 53 22 Zyde] o) & A%
of vjxle a34E WL, ¥ ¥ ZEuAHE B9A
o] T2E detsle Brdzuo|Ee} v wke
H7RES Esketl F83 ARE ATt ok

ME W Y

v 7849 F4H71EMZE CYTECAH
(Indianapolis, USA)olA A zH 428 ALg-3slgon,
o] T F FL Jo|2Znjo|T F FL& Lol T
grjo|t}, Yol 2T 2L B B} e Az
& 7K 494C8}, we BEXER £ Adleke 7X
= 587CE ARESINZ, SoleZeHRe ¥ ¥4
7 e HeEES 7XE 836A9), We Bl =
A3 7= Aerotits: AFE3IT) o)E Z@ine] B
A2k, Astg, JE 52 Table 19 2418 Jepdch
ERYZo|ES] HEAISE 90)2% (Wyoming) ¥l
EUolE (SWy-2)& 3738l 28] <2um olslz &
AT AERS AR ©ol8 HEE 1IN NaClah
1IN CaClell Zbzt 383 E3NZoH, O F Yol
F2 AFSL Clol 93 AAE wrix] 25942
712 FAlE HESh Al dike-go (AgNO,)
3 REEAIA ClY AAE BR1ET 012F 2 o
o YAARNZ O o)F A EY HESA
Na-EREZUo|E B Ca-BR|ZU|E XAEZ AN
stk

v A3 FE9] HHeAFEL Ae Zol e
ERYNO)E AR 1g& Fol 71 600 mLy]o]7] &
o] 200mLe] gol29} 3 FYst F FFsA =
g8l BARIZ 3 o8] FEE 24E ZHe
300 mLE £sIAch Zgngds Qe 4] vl
g2g82 A7 B¢t ik 28l 239 9
oA 24 AZF B AHBEA 2 2 B AFL

=

o

4r rlo

Polymer Charge Molecular weight Composition

494C cationic, 20% 5,000,000 g/mol polyacrylamide, ammonium sulfate
587C cationic, 100% 100,000 g/mol polyquaternary amonium resin
836A anionic, 18% 15,000,000 g/mol polyacrylamide, sodium acrylate
Aerotil anionic, 70% 200,000 g/mol polyacrylamide




fr7lEe e &4 EFF 2RE

BT o] WAAIZ o] YAT AT THFHew
3] e FZMA 2em F29 HAE Ao
2 2% AH3Y, o] dAe] BIRE Y=AE AR
3l =Tk 24 AIZF WA £ H[o|F Fo BE
E3l€ 5,000 rpm, 30 7 YAl AF] #
IAE B3k 2 F dAe gt 2L IAE
& 500mLe] golerg AN F ITF 3 3z
JE712 10 £ £€ Fo A2 s 458&
Wt} ol d WHe 2 W HHEsle JAES "ol
2 AFgsistt. a8lal o] JA7HEE 50°Ce] 1279
A AZNAY. A" AL oHAE Z=EE (Fl=F
Hha 7HEA Bastden, of £2S XRD, IR,
CECEH T2 4ol AMg-8llt). HZE 3l 22
HE ¥4 e AYx gIsizlen, Eevd ==
0, 6, 60, 120, 300, 600 mgLo. 2 3t ™
FEe AzIA) BAE Y g B
£ e}, Sole-Zee] S Rdl] S
gole thale] 0.01M CaCl,§de Evl2 AHg-3le
Ze had dEx dF P3tath

E3e) 91 HeE volaly] Q3 Bajwe] 24
& Milton RoyA#] =24 Spectronic 209] M=AE
A8t 247 410 nmol A B Ekth AXAIE 25
mgs ETel=Feliol B3 sl 2T HA XA
3ARAe PaHh. XA18)41-4-2 Philips Norelco
diffractometerE A8-3t4 Cu koA, 30kV, 18 mAS]
zA02 ZAFAT &Gk A8 ol o 20%E T
frE A BPAL 7Fe R HASINTE HAE
B2 Perkin-ElmerAkAl 5920008 FT-IR spectro-
photometer& AM&-3l4] 400mg KBrat Z#A & 8
mge YA T3 SAATE Gl uHEFS
Jackion (1974)) &8+ Mg-Cax|$HEo 2 233l on,
Ca ©]29| g3e AAFFEFENVIZ SH3 A

o7 AN
siEtolo] 23 B4

Zovgda HEY EF F 24 2 8 @
Sotdony & AFAHR A Na-BEREIUC|E
AlBol YoAXE 494C) 587C GolEvis HES
&3 24 WE &2 A (flocs)So] FEHAL
o, 2 F Aol A S| Ad=HE & Bl
& AT 494CEH o] A= 4o] 05~1.0
crell SAFEE 2EF ggAe) 3FAS] FAPEAC

2uoleel 23 A% 2 54 300

(%)
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Fig. 1. Light transmittance for estimating turbidity of the
supernatant solution at 24 hours after mixing of polymer
and Na-montmorillonite.

o, o) 587CE ] e oF 22 0.1cm V]
e AT GAHEE Aol FEAEHUT. a2l 24
N7 X% AH2Y FAE ZE oA 494CY
7o) 587C8 Rxt} FA UEbsith 836A7 Aerotil
Lol EZgnd] 23t AYeMe o FEIME &
AEAFL Jehix] g3 Ao BF g dHE f
= 8- A ot

ZaugA7 DEAES EF F 2407 AA] o
Ao} LY HPEHe FHEE FEEHE S F
FE Fig. 19 veith. o714 golZee] 7Ae=
Fio e & Fo' Exwrt ket o, vt
Hel Lol2EFY A$e BE TN EYHE

_ BA e EEE (contro) A ES] AETE WE FHE

E el o33l Falke $HEE 32 A
d eEe Aoluz go|2F el 93| = w]
HEUR $o| dojur] e e e &
F uth FEvY o nHAE FHze] Aeirt
YERITE 2 494C AL 300mgl 5= ol/FollA
Hvo] BExng YehlY, 587G 120 mg/l Fx0lA
A9 ERLE Holn ¢ 22 FRoA oz et
T 7ol gk 2ol ZFHe] ASolE vl W2
ErolAE 836A°] AerotilE v} £HET} oF7F WA
Uehdt} ol &9 FAel og 2jo|E AztET)

Ca-BRd2Uo|E A5 3t 4¥-2 300 mg/Le]
FolMT Faige). o] Ao E FoleZa]Hd 2
3 SRA@go) vlwd 2 Jelds, uiel LolZd]
wel 7= $Fude 2EE f4 S At Na-
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Table 2. X-ray diffraction data for the Na-montmorillonite treated with polymers. (Gnit: A)
Polymer 494C 587C 836A Aerotil
concen.
(mg/L) d(001) glyc. Ad d(001)  glyc. Ad  d(001) glyc. Ad d(oo1)  glyc. Ad
6 129 19.5 6.6 13.4 20.0 6.6 12.9 22.0 9.1 12.7 21.9 9.2
60 13.1 18.6 55 139 17.3 34 12.5 204 7.9 129 22.6 9.7
14.7 3.9
120 12.8 184 5.6 12.6 16.8 42 12.5 20.5 8.0 12.5 222 9.7
14.9 35 14.6 22
300 12.6 18.2 5.6 15.5 16.8 13 12.7 210 83 12.8 21.6 8.8
14.8 34
600 12.7 16.6 3.9 155 16.8 1.3 12.9 20.8 79 12.9 224 9.5
14.9 1.7
glyc.; d-spacing after treated with glycerol, Ad; a numerical difference between the two d-spacings.
2RgolE Ao ot 4P FARI 494C% 148 126A a1C -
ol ZEH M} ol & SRAE KA, 587CYOlE
el ol e SHAE UEith 2 R £ 587C N
9| AAFe) FACME 494CE )7} 587CERI B9 127 SI6A a -

2Bt o ZA Jepdt). $350A 494CE Na-25
d2olES} Flo] 950)de] B2 EEE vjehyor}
, 587CHe| 2= thh Y& 66~68%2 £AEES
HAch Sol2ZYHEL 15%0]3ly] ¥ e
el o

o2 giilol] 0.001 M CaCly89e 712 &=
A3l Zalde} HES] B4k-33] AFL dEsly
o 7N SO)ETHE AMSS S SREA
o] Yoyttt Na- ¥ Ca- EXEEUO|E A B g
g ZEY FE 300mgle] ¥E A BT
494C%ol2 ZE) 9t 37 836A & Aerotigol2 Z
o] THAo] EF F mEA SHIYL & U
Wk, et 587CHel 22 ve adElrt 28 &
Aol 3 B IAEET} o =gA JEkdth &
ol2ZEH FAME Exlo] o] 2 836A30lLE
vt vma 2 $HAE wEQen W Ba}
o] 2k Aerotilgol2-Z2 v §gto 2 Ao ofg]E
A2 ¢ ZFe $IAAE DEAT

S B9 X-MEHEN

Na-ZRg 20| E9} ZEjve] Hi3F 2[5 u)
3 XA3dEA3 A= Table 290 A@)dtd VR
th 494C Yol2EF W 93t A5+ d001)gko]
12.9~14.9A 2] *E9lo)3, 587CE 13.4~155A¢] W
HEE vepdt) ol82 M9 Tt 58 5=
gRH oz Frkste AFS Jebdth 494CE 60

Acrotil

Q
Control —/3——"//\-&
8 14 20 26 32

TWO THETA (CuKa)
Fig. 2. X-ray diffraction patterns of Na-montmorillonite trea-
ted with polymer at 300 mg/L concentration. Q; quartz.

mg/Le] B oM EF EXdRUo)ES] AW
A} 8" e tlEAE Ve 2 @i A9 o)
5317 Yeldd, 587C2 6mg/le] B TN E
13.4A9] Z7bAS Vel 300 mg/L7kA] F744 0]
ARHoE Frksh= ¥l Utk W FRoMe B
Frg g3t el 300mgle] B8 FEdAME
H)323 TFEidl 155A9 5327} BEEn) (Fig 2). ¢
PolEz|ve] AIRE FEHE HF &9 dgke
16.6~20A2] W2 Wa=o] YehH, Eglme) 5&
7} TR AEE d&glo] tiHE Zasta Qi &
ol Fewe] Xalo] F74o] AN AFEYFE F
AEA 23 BE AT} FoHe A4S BAS
yepdth, 233 FEAExEdd 2% We8 2 3]
A Mg F 2oz w3t} 53 587CET
HME 1.3~6.6A9 & WS Uehly, vk &
7holl wel A& oz AEE Age] F vehd
(Table 2). 28} F S0l ZHo} wHg3l JA{/E
o] XA3)HEA AAo| oM BF ZEEAES
FAFSE 2748 (12.5~129A)8 Yehlz, FEAE A

=

=



CgolEdn goo] Egd 2RgzuolEs] 3

259 dGgE 204~226A8 B BE FxoA A
o] Wzbrt glo] A2 LA st
CamrdgyolEs} Ze|ne] vhg-g FHRE et
XA344E Fig. 30 vepiich. E8jm e g% Ca-
2ngaye]EY d001)7E 150~156A0% BE
AN golA A2 BlSBAl vebdth % olge FEE
AgY dg HABIER $7H] #eke fie 2o
VeRdTh (001)3}aAe] 7] sleir fol-Eawel
)3t RAo| TEZAHY} Fol&FEn A5 ulasi
orslA JER=H| ole Na-BREZRUo|ES] 7399 7
o] FFE o] §21 E|urt v X7 BEe
2 Azhgoh o83 300 mg/lle] 24 FRelA Bl
& o] 7o 48 A74E vwsle] Table 39 Yet
W} gojeg tialel] 0.001 M CaCly§ & A3
ARoHe 2E Zvig TFE IRESY XA
Mo] &3t Ca-ERUBUOIES AR}t AR Y
BBl & Caf oS ARSE Na-ERYIZUOIE AR
e d(001)Fte] 15.3~156ALE SEEAES &
ARl Ca-ERdZL}olE A8HME 154~15.6A2

o

156A 494C
Q
N 587C Q
836A . Q
15.8
Aerotil Q -
15.6
Control M
8 14 20 26 2

TWO THETA (Cuko
Fig. 3. X-ray diffraction patterns of Ca-montmorillonite trea-
ted with polymer at 300 mg/L concentration. Q; quartz

5 254 3m

A
2 FZEEANES} FAMHA VERET (Table 3).

Na-ERd2uo|Egt E2|me] wheF AR 2 o
8 HNRFEHL Psch 2 T 300 mg/Le

4000 3000 2000 1500
Wave number, cm’!
Fig. 4. Infrared absorption spectra of Na-montmorilionite
treated with polymer at 300 mg/L concentration.

Table 3. X-ray diffraction data for the montmorillonites treated with polymers at the concentration of 300 mg/L.

(Unit: A)
494C 587C 836A Aerotil
d(001)  glyc.. Ad  d(001) glyc. Ad  d(001) glyc. Ad  d(001) glyc. Ad
Na-mont. 12.6 18.2 5.6 15.5 16.8 1.3 12.7 21.0 8.3 12.8 21.6 8.8
14.8 34
Ca-mont. 15.6 19.5 39 15.5 19.5 4.0 154 19.5 4.1 15.0 204 5.4

Na-mont.
in Ca-solution 15.6 19.5 39 15.6 18.2

Ca-mont.

in Ca-solution 15.5 19.5 4.0 15.4 17.5

2.6 15.6 19.6 4.0 155 19.5 4.0

2.1 15.6 19.6 4.0 15.5 19.5 4.0

glyc.; d-spacing after treated with glycerol, Ad; a numerical difference between the two d-spacings
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20 ¥hEAIZ AlEe) Uik 542 Fig 40 Uet
Wk, 494C ol 2Z| o] whgAIZ) AlFoIME 3197,
2953, 1733, 1456 cm™9] F4le] £ 02 Yeht
< ol ETl 7" Zez A ol &
g Ze|ve) g HYHBEFEA T o5 F5A
o] ZFatA VERst7] WRolt}. Eit o] 8 FFAL
9] Tt & LTS F4A9] ATt 9
A F7Veke ZAEe] vehdt olzjet e xS
ol-&ata 494CE T} FEASE 9 Hl&= UAF
ZoZ vighgt AR Uidh FRMoERE Eue)
Y L AEF 23 60mg/l o3 FEAME
Fg Zuire) Aol Il A Ao et
St & 60 mg/L ol de FxolMe g RE E
7t B 2RERVo|Ed] F2kE Zo=z Azt
587CYol2Eejre} Whe-3k Aol e ERgEvolE
of 71918 R o|9)dl 209537} 1467 cmle] Zg)w o
gk Fao] YERYAL oEE tIAIZ FEY F7l
uet 2 Fwrt o FUkshe ] U JoleE
o] o A F= BEEAFY} o] ErggijolE

o

6

C
2953 587C
13 1456
2953
1

4000 3000 2000 1500
Wave number, cm?
Fig. 5. Infrared absorption spectra of Ca-montmorillonite
treated with polymer at 300 mg/L concentration.

" tmorillonite treated with polymers.

d
o 710" F4A ol9fe] MoE {442 A EHA
&3t

Ca-ZEEEHOIE Ao theh -d9e] HNESA
M= S-BR0] 2 vehhs 194CY0l & W o)
e U 710" 401 2 #2390 Fg
5. G7ME Fol2Ee el e ot AEES EEEA
Fe} Zo] Ergavo|Bd 71208 F54 o9 &

te Frde A¥EA %
gol2neey

Na-Z2Rg2Uo|El Ea]49] nhe-F AREe] %
o] 23 &-E&F (CECre 4 3 A3, Yol Zn
(494C, 587C)8 A3 A9 AL EYH Fx9
71 ot AR s Aee) vehdtt (Table
4). I FAME 494CEZ 29 R BE FLoA
44.9~53.2 meq/100 g9 ¥4 2L WS yehlx
9, 587C9 7 $-E CEC’l 1.91~51.3 meq/100 g
HAE 2 WskEo] wje 39 Fxo wel 24 2
= Aol 3T (Table 4). o714 ZE]ojE A
3R] e FEEANEY CECE 54.1 meg/100 go]=
B 9L FRoXE oe} Bldt g Helrh 3ol
2272 AerotilZ]| M 2t} A5l = 52.8~54.4
meq/100 go] HAE Uehlo] BEEAF] vssing
A8 ¥l glo] A3 ez ARdn) o &
o] EF&] < 836A9 A2 54.9~37.2 meq/100 g2
HAE Ho|X Fx9 7kl wal ok giete 4
& vebdh a8y o]8@ Zlake A3A)e] ads
wd& £ o, oE Zgvd vis)] 53] dAdol & w1
AL Zevjol/] flEL 2 AutET & FE &
7t whel gole] HAo] ARA HEZ weEel 9
HAEYA O HE Fo] ngEde & IYEA ¢
BEqoE AALT] 47] WFon] XA HEA 9
ANz 836AZ 2|9} HE33 Al 3olle Ades
299 3dH Fxrt o A8 18] =A4 et

sy

Table 4. Cation exchange capacities (CEC) of the Na-mon-
(Unit : meq/100 g)

Polymer
concentration  494C 587C 836A Aerotil
(mg/L)

6 53.2 51.3 52.1 52.8

60 483 449 549 54.4

120 449 34.7 41.8 53.7

300 453 8.4 41.0 53.5

600 46.1 1.9 37.2 544
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Table 5. Cation exchange capacities (CEC) of montmo-
rillonites treated with polymers at the concentration of 300
mg/L (Unit : meq/100 g)

494C 587C 836A Aerotil Control

Na-montmorillonite 453 84 410 535 54.1
Ca-montmorillonite 51.7 413 570 571 577
Na-mont. in Ca-solution 39.7 173 63.2 63.8 55.6
Ca-mont. in Ca-solution 49.6 30.0 63.1 709 58.6

= A (Fig. 2)°] o] & Rt

Ca-2RE2Uo|E9} 300 mg/Le] Ed9 w59 vt
SAIZ1 A R2] CECHME gole Eajue] A7) ot
2y 7 JElth (Table 5). 9714 = 587C &
g Zlo] 494CEEHY] R B} o] A Z4AEHR
o} 28} o]EL Na-ZRgZ}o|E A} H)ws
E of CECY 7azo] A2 Holu). Sol&EEHd
o3 AlRME A FTEE A5 AT §AI8lY
W7 GERGA] ekt

o] thalel] 0.001M CaClgd& 7]& fulj=
3 APolM T Na- ¥ Ca-BRYUZUO|E Al BF
Fol2Eg vl CECTT &ol2Zg o vl =& 3k
£ JERY} (Table 5). 28]2 o] FoM = 587CEE]
He| Aol oz o] 2R 3 vERATH SoleEEH
& A7 ABoME FEE AR AR 23H
oK v ¥& CECE Jelith 0|42 ErdE}o]
Eo} Zelme] EHd Ca o]2°] 49 F&o 9
7] qjFo2 Aztgr). Na-BERdgue)Ee] A9 Ca
o] o]gt o] gol2Fel AEAA CECY 74
7} 8 ZA vyehded) ol Na-ZREguo)Er} Ca
|0 28] o] Ca-BrERU|ESH AN A
AZ A 7 dEeg2 Y.

i) &

ol L Zm o} E3kE BEryziio]ES] BAkY
< EE dRoA we 3] doliom, yine
SoleZE M s BAPIEZE $X1E%0T olale o
Hkd o2 d#z7l ¥l (Theng, 1982)9t Zo] HEFES]
A+ B tidE S5t EElvy ol
714 A= s A=) dEo|z, v &)
2ZEvE AVFem A= whisl] w2 FEUx}
o] AR Eet Fo= AzEr;. 28 S0 9
g A Z7l YoIM 494CZE A ] A A 7}
587Ce] ZA KT} ¢ ZA Yelg o]Zl& ojutx
494CERHe| Exlgo] wil¢- 27] wiiol] Bxje] Zo)

7t Aol B JAAET BA7) 47 WReE 47
ik 2 22¢] 37) R YAz Aay g
(bridging)e & F Y= FPubgo) Wy oz B
oItk Ca-BrdRuo|Ee] o3 Ade] QoiiE Fo
eZauisle] whgol o8 o] & ojuhz, ol
Zajujol] Ssie Batelz gxEgenE Hed
ulo} 700] Na-BEP R )o]ES] ASel ZRA0Z &
Ak 232 Uehlie Reoz AzbEd. o)k T/
ErgziolEd glo] xkEHe] Ar)E o] A=z
AR gRog walth

Na-Erd@ujo|Es} ool 2Zajule] whgAgel £
g Fxe E7i wet WA= ety Faest
Z7}yshe Aol Yebgth zeu 587CE e wiojl A
300 mg/L ©|d9] Iz 7t FAEst 2as)
E A%E 2AE olgg Adks vR B F99
Zam FEE S8 =80) F4] o) fEoz
AZEc) 2 B oleZan b Ax §99)
AR B =8 3, ZHSe vhao] 24
o] Bate] F3rh the Uehly] mjEoltt, el
FE Bile] A7H SIS YEhE FEE
587Ce] 4= oF 120mg/Le] F= F-Zo|xZ, 494C
Za)uE 300mgl o4 Aoz Azte,

F& Ca g9 3 WM FoleEein
malolg} SoleZajne] ALE SHEANS YERIY
o}, 22]3 BAleo| 2 836AZ T Y] A7t 2 4
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