J. Jpn. Soc. Soil Phys.
tiEOYIEE
No. 103, p. 23~30 (2006)

EUVEYOUFA D,

3

RAFSL L, 454 b

Z N O IR G IR O I A R 2L

AR - VAR R - R A

U

Critical Flocculation Concentration of Montmorillonite, Beidelite, Illite

and their Mixed Suspensions

Machiko Suzukr*, Taku NisHIMURA® and Makoto KaTo*

* United Graduate School, Tokyo University of Agriculture and Technology,
Saiwaicho, Fuchu 183-8509, Tokyo Japan

Abstract

Little is known about colloidal properties of beidelite, a member of smectite group. Also,

colloidal behavior of mixed-clay suspension is not wholly clear.

In this study, critical floccula-

tion concentration (CFC) of Na-saturated montmorillonite, beidellite and illite suspension, and of

mixtures between of them was measured. Na-saturated clay minerals having diameter smaller

than 2u#m were mixed with NaCl solution to prepare different electrolyte concentration.

lation of these suspensions was detected by transmission of 700 nm wave length light.

Floccu-
CFCs of

montmorillonite, beidellite and illite were 0.02, 0.005-0.01, and 0.0125-0.025 mol L™}, respectively,

depending on clay concentration of 0.3 to 0.1kgm °.

smaller than the greater CFC of the either single clay suspension.

3. CFCs of the mixed clay suspension were

Observation of flocs and x-ray

diffraction pattern suggested that binding between different clay minerals occurred in the process

of flocculation.
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AA7 54 MR, @EEEOEYE) B S A b, K
it N4 75 4 bind B (JLEH - KBE, 1984), € ¥
Y oA b IIILROM, /\BRE-CUEEEZEFEE T DRI
DHERESN TV S, /5 754 MToWTE, BFEFInD
s, G CcOEH (Egashira and Otsubo, 1983)
P EEOMHNZ B 2 (Nishimura et al., 2001)
D XN TV B, Chatterjee et al, (1999) 13, &)
FIFHNCANA 754 b OfSERE 2T L7cds, A 7
A4 rOTu A FPPEEIBT 2EmIE LTOn0,

SRR h ORE LR D IRTEDS D HURIED & BEHRIRRE
~NEALT B & OEREEE %, BEREEERE (Critical
Flocculation Concentration, CFC) &3, Keren et

al., (1988) &, HEiTEEA 1kgm ° T pH 8 9.8 DI,
Na ®v® ) oF 4 MNEEKH NaCl #2EF 0.044 mol L'
THHET 5 ERE Lo, SO THEEOEEIc >\ T
FELUIHER, DEEHEIREA R 2 & X kIR
% 1lkgm *LINICT 2 &AL TV S, 12, EIF
5 (1998) 13, Na € V€Y oF A +ERBIRODSERES
ReEt U, AR 0.13 kg m ™ O G HS pH10 T 0.01
~0.03mol L' Pl NaCl JE2EF THEE LAY 7o &3
LTW3, BH - dfa (1996) 13, KiTiEE3kgm ° T
pH10 DI, Na®>» € ) o4 hIF0012mol L' LI L
@ NaCl S TEHEEIRAEIC IS 5 e L 72, Osteret al.,
(1980) 13, Na € v € ) v A +EEEHED CFC (1, kit
B 05~3kgm * DM, 0012molL 'ic# ~k&E LT
W3,
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F7c, Oster et al, (1980) 13, NaA 54 MEEED
CFC I, kT 1kgm *& 2kgm O, LWInd
0.055molL ' Tdh 3 L L TW\Wb, Arora and Cole-
man (1979) (¥, Na 4 51 b #iEK D CFCIE pH AT
583 LH 9 2 DITIE L T0.009mol L !4 5 0.185 mol
L!Akhnl/ 2 &%, %7, Goldberg and Forster
(1990) 13, Na A 7 4 K&K L, K HREEAS 10kgm ™,
PHM T 5 76 ~EKT 5 & &, CFC A 0.09 mol L!
5 014molL ' AR LA EEREL TV B,

BEoETRkdD N TE 2 1 BT D CFC
i, &L TNa®vEYOF A b, NaAf 54 b DH—
okt 575 2 ik o CFC T, CFCmHAITH 5
KRG U 7o i o B TR I > W Tl 72 iF9E 1

D15, HARTEED £ 5 ICHEOR LIRS 2 18
BIR O - BERBEIZICO W TR Z EMZ 0, 12

L2, BRME»r OB LT 72 v ELM BT S

N DAEEEE A TR S (1998) 1%, T e 7 = ViR
BRI TS 54 MEREIEE 102 RAGLT, Te T
v DB OEEE CFC OL#AE Lz, TOfER, 1%
T4 AR 0% IMAB I EICE-T, To7 2 vidit
FLLPI BB EEROVHE L,

Frenkel et al., (1992) &, $:3Eh 5538 L 7 HARAE L
ZRHOTERZITO, BRI EEE RN LD b F
BoEEN TV L AR O CFC 23m W EEI H 5

BRI ERR S 7 VRS EAIRINT A T &
12 & o THEHERE LA O CFC &K 18 - 72 T & 23
Lo UL, 2: 1 BUREH8iM 200G L a5 s it
ERED & H I LT B AR LR ITbA T
JAQ IS

AWFETIE, EVEYVOFAL, 454 FEDHEKSE
BUTHAAF54 boaoA( FEERE~? &4k,
ROH TR OBEEIC > W THRET L 72,

2. = B4

2.1 HEofEmRFE

EVEYBDFAL, NAFI5AL, 454 D 3FEM
B & LT Lico WIN bRATRENSET

2 1B ch B, EVEY B A MIFMED
HOWI2ETF (7 =3 x T A2V, N4 F 54 b
&, USA 74 & &S INEEDOGRNE L%, 1 54 I, USA
TV FM = VEEOREME A2 W, D
SOk HRVWEND T A Y kL4 H Source Clay
Project TIEHEGKIE LTHHL T E5DTH S, A
A7 yA4 MRICHHENZEVYE)OFA FENSA TS
4 b E, Mg 8FEEHT £ 3 X #RIEIHT © RIXBIAS AR BE
Th 5720, #FHAlE, Lim and Jackson (1986) D4k

IfiE - € Li fgfmh Lo X ol L > Tt tce 4 5
A~ OB, K BaF, Mg BIFIRURHC & 2 X #R[alr &
1Totco XIREHTOFER T, A BOPHIA Y F4
MO, BEAEED ST,

*Ei(ﬁr%mh\f%é\ JAPADRIFIT & 5 B RE <
75 % 72 DLVO ¥ O /Jl.%ﬁ’(dé % (Keren et al.,
1988 ; Hsu and Liu, 1998), Keren et al., (1988) =i
5 (1998) O T, Na €€ oF A METEREN
0.13kgm *» 5 1kgm ° T, DLVO FRZGASER O /T > &
WESNTVBE0T, INESFICAHE TR, HLE
E01lkgm ® 0.15kgm 3 02kgm 3 03kgm °Di
B ERR L 72,

F 7, EHORM I ERE LI BB D CFC 0%
{LEIH ST B cdic, KiTigEED 03kgm *I1278 5

S 2 OB AE 1:2, 2:1, 1:10FAT
BaL Té%i‘%%%ﬁ%}%’ ot Fio, MR ORE
AHDLIHDIT: I TRALKE&GDA, 02kgm 3, 0.3
kgm * D2 @E@*ﬁi«%@z@éﬁ%ﬁﬁ%ﬁc 2o

Na BUAL 4 W87 2 LI O ET#i#E L /¢ (Cancela
et al., 1996 ; Olejnic et al., 1971),

DR EEURH 156~20 g & A A~ 28K 900 mL
CRAL, REEICXY 2 b =2 22T 2pum LIT O,
T BRHLL 726

2)  SEAIT 2pm DIT ORIFZRRINT 5 7o ic T D
E% Al R L, FETHBEAK 12kg m ° O MEK %
B,

3) MBI oA R b, BT
itk 400 mL (T 34.5% @ H,0, A% 100 mL Z N2 R&
L7zo T D% 105°C T 2 BEEINEN L 727212, FiE T 24 I
RIFRE L, KU HEODIER L 7o Kahth 215451,
3) OEFEEKGENHIE B2 THROEL I,

4) B EEZE AW T BB AR AR L RIS,
Na faf19 5 7 O ICEMERED Imol L i3 K5
12 NaCl /& 2 f T N A % #BE 2 &5 T 3 [0l
DI L 7,

5) R TERERIC A A v ASHUKZE A CTEOAEEL,
EEARERET 2 REE 10~15BIFEDE L 2o T D
%, 80% T & / — ViR 012 LA A, 24 B HL s
B GERE L, 51T, A4 YUK TRET B
BIEZ AgNOs I ZRINL T b LA HE L1 <
5ETHRDIERLT,

2.2 AEAE

2.2.1 BHEER

BEEIFER T, OLEGET (UVmini-1240 (SEEHRE
A1) ZHW, —ERE DO RER O HIE L,
HDFERD SHDOWE ZRD T2,
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mot= — 1n (ZEEEEC) ) i
e AR PR DIRHERE
IHROLE = e omoEE @

KL 005 kg m*~03kgm P ICBIFBEVE
oA NEREROWEE L, AR 400 nm O
B bR LB IR Th - 1o LL, N1 F 54
b, A 54 b LCRA T EROWIE S, WHES
700 nm DRFICHK BN TH - 72, ZDI®, KEBRTIZ
WeEeHs 700 nm OHDBEMBR D & ISEREE A IRE L 7o

SR DB R ORE FLL N OFNETIT - 720

1) 30 mL B IC NaCl /& & fEahs T+ SiE i & i
TE O, fEEEICE 5 X2 ITnA 1.

& 5m U NaCl B & IR AR O RIR 2 e L 7ofd
BAEBEZT, A 74 8, M 754 b, BREKTOEE,
30 mL ORERE I HEKE 25 mL GUBhS & 144 cm)
ANTERLI, o, HHEESkgm *OEVE)
oA DA 30mL GUREE 174cm) THEERL 72,

2) 7o — JRREI S EE TR, KEA S 4cm
DORIET4mL Hk L, SHBEEFEZRAE L 72,

3) 3 EMERER, HOBRKL, HEEEANEL
to Ftz, WAL AR, SR OMREAER KD
foo TERERRE S, BERE O _LUGEH Ot AR L% <
D BHEE & GRERE O WrififE 2> © _Ei& A O KR & H
L, & 55 LR albaE o2k ilr oz nsE 5]
L ZEiTk>TRD I,

FHE A O WEK OtEaE e, & X (1) 2 vkt
FEAEH L, (2) % W CHISORE I L 72,

BHEEREOE £ ) o+ 4 PO PHIZ58, 154
FENALTSA D pH IE 55 TH -7,

2.2.2 X #REHr

X $R[Er5ER 13, Rigaku RAD-2 A H W7z, Cu-Ka
T EIT 30kV, EEHR 10mA THH L7 BEkt
SRIB DS CFC 7R L 7B 03l & B BRIK T 1%, &
IR D 178 A8 & L U 7oks a0 CTERELL,
Z0F FEFZ L 2% X BREHT 217V, CFC OBk
LER D X BREHTRE SR & L 7,

2.2.3 BBA A VAR & R

B4 A 3tz (CEC) 13, Ca fAFNE &7k 130k
ZNH," TE#HL, Efts N7 CaD &4 HEFIOEHEE I
Lo THIE L, Caffifis g E vy ®) OF A K,
454, "4F54 D pH IFZFNZEN5T, 60, 58
ThHoto Fho, FEmEE, EGME HEICE - TRD
725 (Table 1),

3. BRLEER

3.1 B—i5+EimBiERO CFC

EvE)OFA MEEK T4 MERER (5
4 M D CFC % Table 2 1IT/R T MXIURLEE D2
1EA3 0.05 Kisic 78 - 72> NaCl % CFC & L7z,

EvEJ)oFA @ CFCII, kiTEEICKS40.02
molL ' THh >7:o N1 754 b @ CFC 13, KiTiEEn
0.lkgm ?*D& Z00lmolL !, 0.15kgm *~0.3kg
m>PTlEVEFNS 0.005molL' TH b, AlalfdH L 3
O oh TR bEHE L2 ORI Z R LT,
454 M, K EEESE L BRI ONTEELPTLE
AiFA %R LTz, Osteretal, (1980) OWZE<TIE, fhit
JEEAS 1 kgm ® & 2kgm ? DI, Naf 54 b D CFC
13, K EEICED S5 F—ED 0.055mol L Th - 7

Table 1 Properties of clay minerals

CEC Specific Charge

[mol. kg '] Surface Density
<®& 4 [m’g'] [molem 2]
Montmorillonite 0.786* 626 1.256x107°
Illite 0.163* 60 2.717x10°¢
Beidellite 0.553* 46 1.202X10°°

*pH of montmorillonite, illite and beidelite for CEC
measurement was 5.7, 6.0 and 5.8, respectively.

Table 2 CFC of NaCl for single clay suspensions

Clay CFC

concentration . . . .
[kgm 3] Montmorillonite Beidellite

[llite

[mol L] [molL™"] [molL™]
0.1 0.02 0.01 0.025
0.15 0.02 0.005 0.015
0.2 0.02 0.005 0.015
0.3 0.02 0.005 0.0125

Table 3 CFC of NaCl for mixed clay suspensions
(mol/L) (M : montmorillonite, I : illite, and
B : beidelite)

Clay Mixing . . .
concentration ratio M:1 M:B B:1
0.2kgm* 1:1 0.015 0.01 0.0075
2:1 0.015 0.01  0.005
0.3kgm * 1:1 0.0125 0.01 0.0075
1:2 0.0125 0.01 0.0075




26 THEOYIEIM: 51035 (2006)

D, AREFFLTE, FOIRLEESMES - 127w, it
DN < 72 5126 U R R - o B2 iR v <
1D, TOERCFCWMEL B - EFZ LN,

3.2 HETEWMORENBEBERD CFC ICRIFTHE
3.2.1 BEHk1:1 Ok SEiR

Table 31 2 T OKE LA RA L 72D CFC 2R L
teo BRATEVYEVOFALEM, 454 21, /A
754 +%B&ELTRLT,

EVvEJOFAMELSA MEL: LI TRALKES,
KL 02kgm™, 03kgm P DHEHIA 54 FDAD
CFCEEUEER LT, CHIBEYEY BF A FDCFC
(=0.02molL ™Y & HEWETH - 720 NaCl B
0.0125mol L' & 0.015mol L' ®Ii, €EvEYo+A b
DH DB INEARETH v, i, 154~ I3EHE
HIIIRAEICH > 1 EFZ 5N D, BHERORASYER L
BHEBOMHBIE DE I Fo/NE <, Lichi-7C, i’

Fig. 1

HBIRERRT, 454 MRITEEYE ) OFA MR
BEEL, B L TWEBEIONE, 1 54 FH—
DI E[ERRIT, KBRS < 755 &4 CFC I3 K<
155 oo IREHE LB OB 1 IREICIR U 7o CFC 0%
tid, EvEVorA rEA 54 FERELEESDA
TH -1,

EvEJOFA FENSNLFI4 &L I TRALE
B, KTIEEE 02kem ?, 0.3kgm DK D CFC
FOWFhe 00lmolL !¢, EVEYOFA FENLF
4 +® CFC OHDEZERL 72,

NAFSALMNEALSA AL L TRAELKKES, M
TEEE 0.2kgm %, 03kgm *DEHK D CFC W h
00075 mol L' ¢, A F54 &4 54 D CFC
OHREDMEERL, 154 MH—ki+TIIEE LB VE
NaCl JEECTEE L2, 1 54 MRITE, AHRBIE
oA 54 M FELOR-EAE T DIl

Tactoids of flocculated clay suspensions (clay concentration is 0.3 kg m™2 NaCl concentration

is the corresponding CFC. Arrow in the photographs shows tactoids in the suspension ).
A : montmorillonite, B : beidellite, C : 1 : 1 mixture of montmorillonite and beidellite, D: 2 : 1

mixture of montmorillonite and beidellite
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&, ZOFER, BEELICC VWEEZ LN TWS (Osteret
al, 1980), IBRA LT ET, 454 b DUREHMSNA 75
A FOPHEEFEATELLDITED, TOMKE, BHEL
PRI HESTDTRIBODLEEZ SN D,

3.2.2 B&EH1:2, 2:1 Ok+H¥EKD CFC

FE A 0.3kgm 2178 B & O ICHTE DIRA L THS
T E A RS L, CFC ZMIE L 7o k55 % Table 31
KT, EVENOFANEASANEL:2TRAELE
560 CFC 1, 1:1 TRA& LGS LFERE 03kgm™?
DA 54 ~h®DCFC (=00125molL™) &[EULETH -
72 2: 1 TRALKEAEDAA 54 D CFC & I3RS
v, EvENOFA FEALTA D CFC DHEDHEE
~ L7
EVEYOFARENSFIAL M E1:2, 2:1 TRE
L7GA® CFCIE, Wb 0.01molL ' TH - 72,
NAFSALMEALSA b E2: 1L TRAELKES,
1754 PO CFC EFUETHD, N4 T4 b,
154 &2 1 TRALEEAZGRE, BATEIE
THEELIT K812,

3.3 BERBOY Y M FOREK

EvEYOFA ML, CFCLINTHIE U, U &k
AL, EREEENDCFCP hicis 2 &, KTOMH&
MEET 5 E Wb TWAS (van Olphen, 1963), Quirk
and Aylmore (1971) &, &HER IO E £ ) o+
4 FISETICESIL TS 2 A K (Tactoid) &IEEH
LEAGEREIEKRT 2 EME L TWVWE, AFFEICBWT
b, EvEYBSA bOERBONEY TS 7 P A KD
e B s i, thE‘RD 5 7 F 4 PR TRE

SFEE 535 mm X B 2mm TdHh » 72 (Fig. 1-A),

NAFS54 TR, 97 b FOEBBRONE -
72 (Fig. 1'-B)e £ 54+, EvEJOF A bENLFS
A %212 CRAELICBER EvE)orareA
SANEL:1, 1:2, 2:1 CEALLEEKTOERIC
57 M KOOSR SIS > T,

EvEJOFA FENSNLFI4 &L I TRALE
Bt BEREICY 7 M FOREMSHE s i (Fig. 1-
Co TOWD Y 7 14 N3, 7 A NOERLL 72550
DHTE, kb/ha<, FHTES 34 mm X [E%0.87
mm OMRTS - oo IRSIRAETSY 7 M4 FEJERLL
frEVENOFA L ENL TSI ML, H-fEES AL
CTWicbD RSN 5,

EvENOFA FENLFI4 E2: 1 TRALK
eI Ly 2 4 Kk (Fig. 1-D) 13, FHETES
41mmXEE I mm OMEETH - 72, BIEEE» O €
vEYBFA O EEESSVIICS 2 M RKE
< aEmA R SN (Fig. 1A, C, D)o F72, EVE
e A b ORAEHENEVIGE THBRE AR T 5 &
BENTY 7 M A FFEEL 2208, N4 F 54~ DiRESH
EBNELBBITONTY 7 M FREEICHED, ABRE
IKIRENVZMA T 7 b KNS -, T
3, REMTBRERCER L2 bR, £V EY
04 bDOAESUIRERITER L.y 7 b1 FERR
AWEAER > EARLTVWS, THbL, ¥7 MK
FTEYEY) OF A MRIFENS T 54 MRIFDORIT
SHOMBEERARS b DEEZONS, ThIE, F
E LT ARG EMERPHZEYEY T FA b

1:B=1:2

1:B=1:1
1:B=2:1
M:B=1:2 ¢

M:B=1:1 1

M:B=2:1
M:1=1:2

Clay type

M:1=1:1

M:1=2:1
Beid.
lite 4

Mont.

0 5

15 20 25

Sedimentation volume (10° m® kg™)

Fig. 2 Sedimentation volume of clay suspensions
(M : montmorillonite, I : illite, and B : beidelite. Numbers in the figure
denote ratio of clay minerals. Clay concentration is 0.3kgm™?)



28 THEOYIEIM: 51035 (2006)

R ELOMEMER LD b, BEBFEORFIZIW Si i
KEICRRERD S 5514 F54 vhifEEYE) OF
A M FOBOHEEROLHKRE W EN—HTIE
WhEFEZ LN B,

3.4 LERATE

K DR AR S TR AT O Z (L% Fig. 21Z/R L
foo BEVEYBFA ML, BERDCEE B EPTL
(Norrish, 1954), Na A & ¥ /KD F DB ERI DML
KLU, ZOER, BEAENIREB-EEZL LN,
EVENBFANEATANERIE, N TFIA MEIR
B LIIBE, MR NS BT, £, N F 35
4 hEA 54 FZRAELEBAR, ThThBE—0ES
L0 b REBILMEERAR L. (Fig. 2), BABRBIKEO
CFC DFERITBWT, 454 NENL T4 +%2RE
LB T, SRS A E e o bIic R L v
{BE->TVWBEVWIFRE LI, I, IF-mmsaic
Ko TH = F o ZAREEETERR U o fER, TERR AR K
E B EFBA D LU ARREOELE 8T 5,

3.5 XigEHT

EVEYOFAPEATA M E LI TRALEES
DGR S TLEE, 7 L CGRAET ARIOEYE) oS
4 b, 454 b ENZTNORIEK O X HREITHEE %
Fig. 31T/ L oo LR 50 o X Bt 2 [ 5
L, EvEYOFA FOEFTE—21E, 1.3nm, 0.64
nm, 0.32nm ThH -7, 454 hOEFTE—21F, 1.05
nm, 0.51nm, 0.33nm TdH -7 NS RHEEESL
Bl o R R Tt O ©— 7 & —F L7 (Fig.
3o

NAFSALMEATA L1 TRE LY
aElkl gk, € LCTRAET 210N 754, 4
4 b NN OBRERO X REHTHER % Fig. 4 1IIR
Lte M 754 bOEFTFE—21F, 0.75nm, 0.36nm
Thole INORMELRS L ikt 5t ko
o v -2 E— L7 (Fig. 4,

X#RmEHrcid, EvEVRFA P-4 54 L, 454
N F 54 P OWFROREBRBRICE VT S ILEY
O DKM EENT VR ENASHTH B,
H—FEDRE 721 TIEEEE L 75V NaCl BRI B W\ Tkt
B S Oty =) | N - R AR = R OY (L /. VAR
NTHH, IO LhoEBEOR LIV CRAHIIES
TWHIEWREENS, TORRIT, BHEEERT,
vEYVBFA FOATIREELEL DV NaClEEITE L

T, H(EvEVOFAREATARELL RN T
54 &) ORETIEMIA AT 2 B Tl EEES A U1
FEREG—HLTWA,

A@/\

I I I T I I O A A Ili
20 30
2 0 degree

Fig. 3 X-ray diffraction patterns of montmorillo-
nite, illite and their mixture. (clay concent-
ration is 0.3kgm °)
(@ montmorillonite
@ illite
(® supernatant of 1:
@ sediment of 1 :

1 mixed clay suspension
1 mixed clay suspension

0.75nm
1 0.36nm
|
0 llnm 0.33niq ®
*WMWA\M
®

W@

MW\.

20 degree

Fig. 4 X-ray diffraction patterns of beidellite, illite
and their mixture (clay concentration is 0.3
kgm™?
® beidellite
®1llite
(D supernatant of 1: 1 mixed clay suspension
® sediment of 1: 1 mixed clay suspension
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4. F & 0B

RPFFETE, 5F THMEFDOBT VNS FS54 D
CFC ZHIFET 5 &Ik, —FOR L% &L BB
CFC LB DR LI % ST R T8 E K D CFC D MR
24T - 1o

EVEYOFAPESNTIAME, L2 18O
2 A ZA MROKTIIITH 0%, < BB - ke
ER%ER LIz SAF54 ME, EVE)oFA Mkl
NTCFCAEL, £ vEY) o+ A rL, fETRT
MEEEL TS 7 A FEERR LD, N1 754 bTlk
57 b FRIEER LD - 7o,

EVEVOFA ML, A4, ST N ERS
45 & CFCHE N Lo Wi, N F54 M3, 2:10
FETA 54 F ERA LA ZKRE, fhokitiis
BETHIETCFCOEL A HRAIZRLI, 1 54
FIZCFCAXDEBVWEYEY)OF A P ERSLIZEE
3454 FHOBEKEEEL & L BETEW CFC
IZ, CFC OEWANA 754 b ERALLEXITR, 15
A1 b B BER L © KWV CFC 2R L,

EVE)BFANESATIANERE LIS, L
(W55 7 b4 FiE&EARLICHS, EvEYBF A ME
454 8, NAFI5A FEAL T4 L ORESH BRI
BOWTES 7 M FRBES N -1 $72, TVE
Ve A~ OWRAREE, ot EiREdT 5 s
TELLDLED, 454 8, "L F54 DLk
R, EofLiyEiRa L CHEmT 2EMERL
7o

BERFEERRICERI L 725Ut o X Rl <1, Bk
RBICh 5 LEZEZ ONBK I GBI &b 53Tk
B & o X RREITRE R & REIR I S E 0 Ak
TR XAREIHTEESAY, [ CEre—27 2R L
7o

VI EofESiE, RBek DBERics o s E%ETE,
fiél 2 ORGERIF 035 2 ICBEES 5 120 Tk <, FfED
KT SEVIRL T3 & U CBERIARZ A2 U T 2 Al e AR
BLTWBEEZ SN,

51 A X #®
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