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Clay Activity and Physico-chemical Properties of Korean Soils with
Different Clay Minerals

Yong-Seon Zhang, Yeon-Kyu Sonn*, Chan-Won Park, Byung-Keun Hyun,

Yong-Hee Moon, and Kwan-Cheol Song

National Academy of Agricultural Science, RDA, Suwon 441-707, Republic of Korea

This research investigated classification of clay activity degree by different clay mineral components. Based
on compositions of different clay and oxide minerals within 390 soil series in Korea, 7 soils were selected to
analyze for CEC and specific surface area of clay minerals. As a result, soils were mainly composed with
Chlorite originated from sandstone, Smectite originated from Andesite porphyry and combination of Allophane
and Ferrihydrite originated from volcanic ash, if the ratio of CEC value to clay content (degree of clay activity)
was greater than 0.7. If the degree of clay activity was ranged between 0.3 and 0.7, soils were composed
mainly with Kaolin originated from anorthite. Soils with this ratio also was composted with combinations of
Kaolin, Illite and Vermiculite originated with river deposits. When the degree of the activity was less than 0.3,
soils were commonly red-yellowish color and composed with two different minerals. One type of composition
was Kaolin originated from granite and granite gneiss and the soils contained Geothite and Hematite. The
other type was composited mainly with Illite and Vermiculite minerals originated from granite. These soils
contained Gibbsite, Geothite and Hematite. The degree of clay activity was highly related with CEC and
specific surface area. The greater degree of the activity displayed greater values of clay CEC and specific
surface area. It is not easy to measure actual quantity and compositions of clay minerals, while the degree of
clay activity can be measured from routine soil analyses. As a conclusion, the degree of clay activity may be
not just a simple but also powerful tool to estimate physical-chemical properties of soils and to evaluate the

soil classification in Korean soils.

Key words: Soil minerals, Clay activity classes
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3t WEA (swelling property), A4 (viscosity) ¥ &
W4 (thixotropy) S} 22 E2]4d7 pH, oS50l
o AR5, pH BT 0|2BY T U= 4
She HEYE FRe YAE] et B4 4% 2 3

A (surface area), =7t W ¥ ZI3} 5o &
n)z|= Aoz Ad#A 9t} (Low, 1992; Van Olphen,
1992; Schoonheydt, 1995),

dubA o ® EQfo A Al o] o] QA= ZePEEl
FAlSkAL, mAb ol HW HEFES] gl SRt
of, 2oPEES AY, A, &8 VE BERE EYY ®
A F3teo] B3 ARE AlFstal, 2 um o|st YAk
o e MEFE, FealRbdEe] AAskar Q)
EGRES A et Qo EYEAE SaHoR
Felfet ) 2o WERE 248 Avnw, w7t
ol sP7lHulQlo) A= Kaolinite, Metahalloysite, Illite,
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AR Ao A= Kaolinite, Metahalloysite, Chlorite]
Z7HE, dRoA= Illite, Kaolinite, Vermiculite,
A3]odof| A= Vermiculite—Chlorite2] <71FJE, Kaolinite,
Illite, oA+= Kaolinite, Halloysite, Illite, Ver—
miculite—Chlorite?] £7F3E, SHKIS|EoA+= Allophane
olt}, Eot HEZLE £FHZE= Smectite’} S5, S
3¢, Al37|FolA], VermiculiteZ} AEUT S HSY
o] 4], ChloriteZ} AFtol|lA, Ilite7} LT} SR HU 0
A, Kaoline] SH3etst spmuietels fefer mopel
20190

»

E9F = Kaolin, Illite, Smectite, Chlorite & &4
bl el J9ln Y, Eel-skhd 542 o)l
o A8 Folo] YA ot AN s B
d?ﬁﬂi AEEE Aee T8 EEAL & FE
2 BT Solw 7124, Bk, Alshls)

LW 0] AAneld WERE WS

5“501] 71ogit), 28y od dAgsS AA ol
= dloll= vl A} Slok, eEs HES FRe}

7]%0] Eokg] %E]Zj‘ E_/\-] Oo]:_tr‘_ _g_EE]—Z} = §]—6‘1—X‘] 3_::1_/\‘]
Oﬂ ]X]L 05?%‘—3_ —;‘r‘—’gﬂ Za7k Qleh —rﬂLPE} 39071
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TAEGS Setet 3007 EOFE FoIHN AEUT
o] SAlBlHA HELE zAJo] Aloldl 79 EOFS A
et o, 79 EoFS FQ3FE0] Allophaned] 2
2}Z, Chlorite7} 489 83 %, aohnO] Z3eo)
A E Smectite’} FEE2 JAHE, Kaolin—Illite—
VermiculiteZ7} 3% 3, ﬁ%}ﬂuiokﬂi Kaolin
o] FgEl FeatshgEoe] E $78%, Mixed Mi-

nerals& FFER AERYEo] Fd BAEolqlh
Zrzvol E9F 39 5 Y EYES “41:%}% ES E

Table 1. Classifications and sampling location of the soils.

EapA ARSI

o=
H, TAEFY &7 2 Exlol%ﬂr A& AFHAHS Table

Boe] UARAL 300 H0,E $715S et 5%
sodium hexametaphosphate® HAFA|#H pipetteH O
= a%es) ph B 2ol &S LIZ o 2
AAFHo g 25l on, 8715 TS Walkley—Black
Hog Attt OAFE AL 2 5%—(NH,)HPO,
(pH 7.0) §do g F&Esto] vMA= S4s15eH, A
34 Ca, Mg, Na ¥ K& IN-NH,OAc (pH 7.0) €%
0% WEsol UATHLRLA|R, JoleAd 4
(CEC)S IN-NH,OAc (pH 7.002 3¥E3FSFE ethanol=
2fo)e] NH,Z AHEE F Z8sle] gesioit, d=e] vl
2] (Specific surface area)— Ethylene Glycol Monoethyl
Ether (EGME)& %3}A]7] & 7leko] EGMEL &3 A
A ¥ EGME e Bsiol HHHE B

HEO] LERAL ol ero] EokA|R (50—-100g)°] 30%

HO.% 7158 AT & 2 L& AgHon ARs
27|31 NayCOs (pH 10.0) -8-Hof|x] BAMX]|A Z7FHo
2 2 um olste] S 2| sl WEe sjetxy

< EARSE 4 (LiBOy)E 1:5 Hl&= Estal 1,00
0ColA 883to] BeaddEH|E YF= & Philips model
PW-24008 X-AgZGEA7] (XRF)E A&3519ct JE
BEO] A W Akl xolEN AELEZ o] A
AlticE ZeEo] Akl X—AS-HEAH O ZE Chung
(1974)9] wWjEEA Z2AY (matrix flushing method)
2 Agslo] J2EAZRE 2549 72 (AlOs, col-
undum)= 50 wt% &34 A3t 7|1& 73=H] (RIRs,
reference intensity ratios)S APHo| 2% & w|w
3= HHHE Hesioct AEZGEC] AL AHFAH
(prefered—oriented section)S WEo] Mg X3} Mg-—
glycerol =3}, KZ3} 9 300C, 500Co|A 3A7F 7+
Z]8]5le] Philips model PW-17102 ©]|-&3}o] CuKa
Ao (= 1.5406 A)O& Ni-filterS ARR3lo] #
(2] MBlE B T, X-A HARAA] 912
A (peak Area)o]] FAIRA}F (weighting factors)S A}

.

Soil Series Classification Locality Land use
Honam Fine, mixed, Typic Endoaqualfs Hadong Gun Paddy
Nasan Loamy skeletal, Ruptic-Ultic Dystrudepts Hampyeong Gun Forest
Ora Fine silty over fine loamy, Andic Eutrudepts Namjeju Gun Upland
Pyeongchang Very fine, mixed, Typic Hapludalfs Pyeongchang Gun Upland
Sancheong Fine, Typic Hapludalfs Sancheong Gun Forest
Songjeong Fine loamy, Typic Hapludalfs Suwon City Upland
Yonggog Coarse loamy, mixed, Fluvaquentic Eutrudepts Yongin City Paddy
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2351= WO =T Biscaye (1965), Heath and Pisias
(1979), Wilke et al, (1984), Ottner et al., (2000)2]
ol whah 7F F=2] EFAQ 92 F dEH 53

O

839

% Allophaned} Ferrihydrite 582 Parfitt (1989)2}
Childs (1985)°] @&} 0.2 M NH,-Oxalate® &3}
of AAFHEHRA |2 LA,

+ Ethylene Glycol A2 HHA|Z] & smectites
18A (001), illite= 10A (002), kaolin® 7A (001), ot o nEk
chloriter= 7A (002), vermiculite:= 14A (001)Z 3}
om 7A 3= 3584 (002)9] kaolin W9} 3,54 A Eo| Zal-5i8tx £  EYEE EgYA 2E
(004)9] chlorite W] Yra Fwnl&o] wet kaolin R FBHA SHE Table 204 AwHY, B 5 we
9AWHT chlorite TWAL FYSct BAUBE Yol B BFS AN R S, vl
Table 2. Physical properties in the selected soil with different clay minerals.
Soil series Particle size distribution (%) Texture Moisture Retention (%)
& soil horizons Sand Silt Clay (USDA) 10 kPa-w 33 kPa-w 1500 kPa-w
Honam C 1.4 54.9 437 SiC 48.2 354 19.0
Nasan Blt 40.8 324 26.8 L 30.6 21.2 18.6
Ora B 11.7 69.3 19.7 SiL 34.6 29.2 13.4
Pyeongchang B1 8.1 17.9 74.0 C 51.0 38.8 26.9
Sancheong Blt 36.6 36.6 26.8 L 38.6 29.6 12.6
Songjeong Btl 17.8 46.2 36.0 SiCL 36.6 28.3 16.4
Yonggog B2 72.7 14.6 12.9 SiCL 21.9 14.6 7.2
Table 3. Chemical properties in the selected soil with different clay minerals.
Soil series H Ext. cation
& soil horizons (PI;zO) oM Ca K Mg Na CcEC
1:1 g kg’ cmol. kg
Honam C 6.5 14.9 9.10 0.14 3.99 0.42 15.0
Nasan Blt 4.2 32.0 0.60 0.02 3.83 0.20 26.1
Ora B 6.0 131.0 11.62 0.89 3.42 0.23 44.0
Pyeongchang Bl 5.4 15.6 4.79 0.16 1.80 0.06 174
Sancheong Blt 53 5.2 2.66 0.04 1.25 0.05 124
Songjeong Btl 4.8 10.0 0.54 0.15 0.38 0.13 7.5
Yonggog B2 5.0 28.0 5.25 4.50 0.20 0.23 11.7

Table 4. Mineral contents, clay CEC, and specific surface area in the clay fraction of the soils.

Specific surface

zcmlo?ler}lz)srizonsT It/ll:;z(ri HIV Sm Vt Ch It Ka Qz Fd Gb Hm Geo Alp Fhd Clay CEC  area oft clay
fraction
wt, % cmol, kg'1 m’ g'1
Honam C 10 - - 20 20 19 11 12 8 - - - - - 28.0 24.1
Nasan Blt 9 - 15 - - 15 21 40 - - - - - - 40.5 74.5
Ora B - - - - - - - - - - - - 25 23 259.0 84.3
Pyeongchang Bl - 6 - 21 - 28 13 4 - 5 15 8 - - 38.0 23.7
Sancheong Blt 7 - - 8§ - 10 69 - 1 - - - - 23.7 34.8
Songjeong Btl 14 - - 5 3 3 19 16 3 - 3 1 - - 25.5 38.6
Yonggog B2 - - - 19 47 21 3 8 2 - - - - - 34.6 46.7

"Mineral abbreviation -

Ch: chlorite, Fd: feldspars, Gb: gibbsite, Ge: geothite, He: hematite, It: illite, Ka: kaolin, Qz: quartz,

Sm: smectite, Vt: vermiculite, Ta: Talc, HIV: Hydroxy-intelayered vermiculite, Mixed layer: liilte-

Vermiculite or Kaoline-illite mixed layer, Alp: Allophane, Fhd: Ferrihydrite.



o] @2 Bk shils|oA fEfigt et
= BAR st 3EEolditt. IETHo] B B
A3)etoll A et 1HEFOR BAO A7 (matrix)7}
] A&k EO*OM E% gk BEFolqlet. mAb of HE
o] w7} & Fo SISO fEgh eetEoR E
R %ﬁP} Wﬂﬂcﬂ s BEY 5 o
Haska, oAl 9 HE $5Ee 271 (Templin et al,,
19503t AE 1stH HHEY diE> EF A
Azt s Eokoldltt, wEba] FAIESFS] QEE

= eetee AlQsta B HEE mAte] tigk A
E 3o "7} & Eofo|glon, E3J] melol A7|7t
u]/\ﬂs]— uﬂx}E.oﬂA—] ] E—dako] UJ-OH:]—

Bk HEI Rk 718 S ol x|ehg
2 (CEC)S HEFF 15% ol|al, meighsf 85% o|al=
Z9A Eo)] g1EOo OM 280 g kg |, CEC 11.7
cmol, kg’lo]mgtq HESEF 15-25 %9 A|HA EoF
9] 9EHE2 OM 131.0 g kg ', CEC 44.0 cmol, kg '
o]t ?&%, AEFEF 26%01/de] njgd Bkl AFY-
575 Ja;- Aol A= OM 5.2-16.7 (B 15.5)
g kg'!, CEC 7.5-26.1 (84 15.6) cmol. kg '©]3iT}.
Brady (1974)+= AEYAZF HAEHE F48to E
FoA FA-HEEFAE P, FEO F+dH F
freldee] FAET oL WS EelEoR
A AEZO] Woldeg {7|E 9 CECEHE S7gh
kil ekoich iy B AFoMs HESRF 15%0]3)
ol & olv HEFE 156~25%9] APd EF OM
I CEC7} MEF o] W vgd EgHT =4 UE
U EQFY] CECE ME FgFHv:= JEFE THe

\_.

/R] ‘:'XLQ_

fe13
=

= e ol ek Adoldt Auks Hel AeR &
] Qohq_
ERAS FAoT FAEYO Fa3t AEPEO =

22 Kaolin, ¢
2 whoko] A EH T UakEL Smectltei} A A
(QuartZ). shgek 2 bAoA et S-S Tilite
9} Kaolin, AFolA G2fst 82252 Chlorite, 3HAE
AE A9 935S Chlorite, Illite, Vermiculite,
A3)etol| A SEst HAEL Illite, Vermiculite, SHF
BloflA frefieh eefee BlAAE F=at o] Allophane
J}Ferrlhydrlteolmﬁk SHH Gibbsite, Geothite, Hematite
O] AeREES I 2 sPbEnbetoll A felRt 7
&, ABleollA FEet Bl erEel ATk

MEo| BEZMT 0[33E
oM AE FAE S (clay activity class)S EYF
T WA A B Ee EEEC] EES HEY
FERA W3 FEE AFstr] flste] 2 mmolst &
& CECOll tieh HES HE JES/=e st 3l
t} (Soil survey staff, 1998)., B9 MEZAL7} 0.7
o|Afel 118 AEL Smectite & VermiculiteZ} %5
Eo|n, Illite ¥ Chlorite T S350 F4EQ B
9F8- 0.3-0.7, Kaolin®| FFEQ] B2 0.3 oJ3l= A
24 HER Bkl Qleh 3H, FAO WRB (The World
Reference Base)ol|Al+= ammonium acetate (pH 7)°]
AEE ol 22HERFO] 24 cmole kg ' ©l3HE ALA
HER FEstal glo] EFo) JETES whstx] g
Qit} (De Oliveira et al, 1996),

Table 5% Soil Taxonomy®] Wz} EoFo] FQ3tF &
B EY CECO thigt A& vE yetligl=d,
HAE AT 0.7 oJAQ] B Chloriteﬂ‘ Smectites
FHEER ot 8535 WMbeS EYS 23dsto] &4
=71 7 2 B2 Allophaned} FerrihydriteZ} 5%
=72 o]Fozl eafgolqlrt, 3MIB|ES] 7, Allophane,

EM  Soil Taxonomy

o

Table 5. Soil CEC/Clay content, clay CEC, specific surface area of clay fraction according to different clay minerals.

Soil Series

Soil CEC Specific surface

& soil horizons' Clay minerals Soil CEC Clay content /Clay content Clay CEC area of clay fraction
XRD cmolc kg'1 wt, % cmol. kg'1 m’ g'1

Honam C VT+CHHT 15.0 43.7 0.34 28.0 24.1

Nasan Blt SM+QT 26.1 26.8 0.97 40.5 74.5

Ora B ALP 44.0 19.7 222 259.0 84.3

Pyeongchang Bl IT+VT+OH 17.4 74.0 0.23 38.0 23.7

Sancheong Blt KA 12.4 26.8 0.46 23.7 34.8

Songjeong Btl IT+KA+OH 7.5 36.0 0.21 25.5 38.6

Yonggog B2 CH 11.7 12.9 0.91 34.6 46.7

"Abbreviation - VT+CHHT with Vermiculite, Chlorite, and Illite; SM+QZ with Smectite and Quartz; ALP with Allophane and
Ferrihydrite; IT+VT+OH with Illite, Vermiculite, and Oxide minerals; KA mainly contained with Kaolin; IT+
KA+OH with Illite, Kaolin and Oxide minerals; CH mainly contained with Chlorite.
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CEC/Clay content, Ratio

T4Ka+OH T4VT+OH VT+CH+T KA CH sM+Qz ALP

Fig. 1. Clay Activity (Soil CEC/Clay content) according
to different clay minerals.

Ferrihydrite, Imogolite, Opaline silica®} Z2 H|A
A9 4, short—range—order &4, Fx Al-F{7]&
A7E o3 AAEHO|BRE thg/dololA §AUET}
S wéelo] 2ol ek SIS} S ot CRC} &

2 Ao &dHA Qlct (Park et al, 1985), Bt Smectite
2 20k Q9 Bl AEBAE S S Smectite
L st B4R ol2olt ¥asle] Bael AwY
2 2026 BHY 5 9t wERo| ol E e
QJolefs ®oF CRCO| 2 IS vl Ao AztEd

t} (Tan,1990),

HAEZAHE 0,.3~0,72 B Kaolino| F4&E2 AF
A= Kaolin, Illite, Vermiculite?} &35 335 E
Folet HMEZAHE 0.30]51¢1 B ARlgEo] o
S5 ASHA EFO R KaolinZ} F3EQl 4%, Illite
2} VermiculiteZ} FEFEQ HAE EFo|Qtl Van
Wambeke (1992)0] 25 HEZTAHEV} F& Eoke =
2 Alfisols, Ultisols, Oxisols®, FR35=2 A%, Kao—
linite, 4FE}d 9 &Fulg Fo|H, Kaolin FEZ 2
2 o]250] HEFE YA oo AdEHuR F=
T2 HYE 2SR & B T ofe}t EFEA 1]
A= FFo] 2ot HE =T mj§ EE Aew o
A Sl

2399 HEFES WHAAE 7ML AL Ak 4
HA T Ry 8HA|Ee] AjtE o] ArjHow 4
ol Agk ApAAIL; HEA BN SiTTE AIMo] g3
U, Ex= AIME Mg”, Ca’'o] XgEHA S5 §
et St 2 ARdEdas i es =2 CEC
= 7Ha ARE SRRl HA| ghe BES CECTF
olA] Kaolinite 3~15 cmol. kg ', Montmorillonite
80~120 cmol. kgfl, Illite 10~40 cmol. kg ' Chlorite
10~40 cmol, kg ', Vermiculite 100~150 cmol. kg
o7 Ad#A Ut (Burt, 1995).

Table 504 Fa3F FEO FAF=H HES CEC
£ AHEH, Allophaneo] 3¢ 2259 H&ES] CEC
L 259.0 cmol, kg 02 7FF %=9k3 Smectite’} 3G

&

d

300 -

M Clay CEC (cmol. kg?)
250

M Specific Surface Areaof Clay Fraction (m’g*)

200

150

100

50

T+Ka+OH  IM+VI+OH  VT+CH+IT KA CH SM+QZ ALP

Fig. 2. The relation between Clay CEC and Specific surface
area of clay fraction according to different clay minerals.

 UAFE] HE CEC7} 40.5 cmol. kg ', Tllite®} Ver—
miculites F3ER ASPgEC] 3hyE BAEE 38.0
cmol. kg ', Chlotite7} 34E9] €I E2 34 6 cmol.
kg ', Tllite?} Kaoling FFE= AslgEo] &8
AHEL 955 cmol. kg |, Kaoline®] &0l AHEL
23.7 cmol. kg ‘& HE F FE 24 wel ols
Btk E3F Allophane®] CECE= thE HEZEI|=
] X Fol9] melto] opd A g wte] SFehk-g-
of osff WA= Aoe= dHA SQlk (Birrell and
Fieldesi, 1952),

HES] CECE HETA LS} nlushd (Fig. 2), IE
Z= 0.7 oJAOE Chlorite’} 9521 8%, Smectite
7} g8 UAHE, Allophaned} Ferrihydriteo] 335
¢l @Epsoflals et 111.3 cmole kg olglom, HES
A 0,70]8}2 Kaolin®] FEE2Ql ABY%E, Kaolin, Illite,
Vermiculite”} 2318 34%, HEIAYE 0 30|54 A
3gEo] 8% AHFMA EFOoRF IlliteQ} Kaolino]
FE0l £453} Nlite?} VermiculiteZ} 3521 3
A5 EYollal= Bt 28.8 cmol. kg 09Ik FHH, Hyun
et al 5 (1991)9] f2uet B4 E44H CECO| w3t
Hiyo] w=d Sejue} B9 FE CECE Bat 24
cmol, kgflgi Hel= 17.0~53.9 cmol. kgflgi Z
AL o Qo] HEe] 24RO weh £l CECHF o)
FolAl vhehdhg & 4= Slsich

AEeAel EHAe FET mAA mejne)
1,0008] oliom mope] wEWAL %ol Hejo}
% 8712 WY us AE A7 279 vl
of Erel WY, oleoly wARsle BY FAET
e =Y-3ehE] Ado| B %S =t (Bigham et
al, 1978).

Table 594 EGMEH O 2 =43t HES H|EHZE-L
Smectite”} 3F8E AREO|A 74,5 m® g 'T} Allophane
T} Ferrihydrite©] &350 QalEoA m® g ' oF
Aerd wktmt SHESlofA Rl EokelA wWeleH,
Kaolin, Illite, Vermiculite’} £3tE SH-E3} Ilite2}

jus)
X0 w19
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Vermiculite® $-3&2 A8PgEe] 78 B35 30
m’ g ot Attt HES uEHzS HESAYE}
vH|wshd (Fig, 1), FAE AE 0.7 o2l EQRS Chlorite
7} 4521 8215 Smectite”} -85 UAEE, Allophane
3} Ferrihydrite®] Z53420] QMo 46.7~84.3 m” g '
wglojglen], HEIAE 0.70l5t0lx L HEe] u]
o] 23.7~38.6 m” g o Heo|rt HEL 3—
Pxlo] o]E2 Kaolinite FEQ ¢ H|FEHZF ]
o] el 10~70 u' ¢ Sl Hisle] ZAH
7F53t Smectite@} 22 FELS A 810 m” g '7HA
H|FHZS ZF=t) (Carter et al,, 1965), ESF Fontes
(1992)of oJshH, F=o] AA=7F B Alehd =0
shrE EoFo] mlEWAS No-BET #oz =H313S
o 7] grEoh W=, ©l= kaolinite?} AFSHE o]
Al A= Q7] HECRE Ny #AL Thyduto g ujE
Al F-23] FAto] o] FojA|A] xSk ol

olxko g BoF CECO| gt HE cmol. kg 19 H|7}
0.7 o|Ael EokS AN BAZ Chlorited FLER
Sl B, MM RRES HAE Smectites FHFRH
E9F SHHE EA|=E AllophaneX} FerrihydriteZ} S
FEE olFol Eolglen, HEZAYE 0.3-0.72 &
FZ S AR Kaolino] F3E &Y, sHIEA
EE HAE Kaolin, Illite, Vermiculite7} &%= &
Follen, FESAHE 0.30]51¢] B 3 9 3t
ZyHuR; A 9] I11teQ} KaolinS F4E= Geothite2}
HematiteZ} -5l A EoF A3t A9 Illite
9} VermiculiteES F4EZ Gibbsite, Geothite, Hematite
b g megolsi

Eopo] WEIHEE HES] CBC, YR HlERHT
Ato] Qloja] AESA 7| =28 Eckiis FEL] CEC
7} =11 HEQ v|gHAo] Yt AHEQ CECS HE
MERAS W ywel Bol YolA HE ORC
AE A% 0.7 olatolA B 111.3 cmol. kg |,
BT 0,7 o|sloAl Hat 28.8 cmol. kg o]
o EE MR MEUAS U BAE 0.7 ol 3
685 m" g, HETDYE 0.7 oJstolA B 30.3
m’ g o] gieh

ole} Zro] HES = HEFE Tl wet EY 5
A& Auists FaFo] Dot Smectite?} Lo] HESAIE
7h B ARRES aFolde BEYY =938 &
ol FA FF¥E vlA= WhHel Kaolinou A&
5 go] YA} e AEREE FaT BB Fo
2 olsoldl mope daro] Mgkch webx] EoF CECO
gt dEQ H|Ql HEZAE (clay activity)= EYF =
HEYE TRE WGSER, 7)20) X A8 ERA (X-Ray
HAEA (Thermal Analysis), %2

1o o
A =)

o e lo

lm

E]N r{

Diffraction analysis)

)

X G3FE A (Infrared Spectroscopy analysis), ZA}&
73 (Electron microscope) TS £t JELES A
A} AEEA dalo] BEFO] dRbAS] AT RE B

25k E=ope] Bel-serd

ERE B B YEINES RS 95t
of Setel 3907 EFES HEYEI FSASTE

0

= 7o HEFE 240 vE T BEdE AHES
of EFE TRl W& HES CECe H|aHAE H|
w3kt

EQF CECol tigt =9 HVF 0.7 o]l B Af
A ZAZE ChloriteEs FHER 3= EQY, M2
i=]%¢]

HlolS W2 SmectiteS %L-,‘—’.—ﬁl— E9F, ﬁ}*]'zﬂg 2y
2 Allophane} Ferrihydrite?’} FHEZ o]FojZ &
oFolglom, HEIAE 0.3-0.79 EFS A4S ©
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