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Study on expandability and X-ray coherent scattering domain size of
bentonite from Gampo and Yonil area, Korea

II-Mo Kang'*, Suck-Chan Park!, Hi-Seo Moon' and Jang-Han Yoo?

lDepartment of Earth System Sciences, Yonsei University, 134, Sinchon-dong, Seodaemunku, Seoul,
120-749, Korea
’Korea Institute of Geoscience and Mineral Resources, Gajeong-dong 30, Daejeon, 305-350, Korea

This study was performed to measure expandabilities and coherent scattering domain sizes (CSDs) of bentonite
samples from Gampo and Yonil area, Korea, using X-ray powder diffraction (XRD), and to compare their experi-
mental data with those of international standard bentonite samples (SAz-1, STx-1, and SWy-2). Most of Gampo and
Yonil bentonite samples comprised randomly interstratified illite-smectite (RO I-S), and their expandabilities ranged
over 77-100%Sxrp from the saddle/001 method. The interstratification deformed 001 peaks of EG-solvated sam-
ples (Méring's first principle), which prohibited us from adopting these peaks to measure CSDs using BWA (Ber-
taut-Warren-Averbach) method. CSDs of the bentonite samples with RO I-S could be measured through dehydration
at 300°C after K-saturation, where the deformation originated from the interstratification could be removed effec-
tively. Gampo and Yonil bentonite samples showed that their mean CSDs ranged over 3.8-5.4 interlayers, and that
their CSDs distributions were similar to those of Gonzales (STx-1) and Wyoming (SWy-2) bentonite samples.

Key word : X-ray powder diffraction, bentonite, expandability, coherent scattering domain size, illite-smectite

B dys XAMEUIHXRD)E o438l 7¥el A s dEUo|Ed oigh sadsl Retdietddn
71(CSDs)E &8l o1& AAESE WEo|E(SAz-1, STx-1, SWy-2)9t HlZs] B4 stdc}. ALAZZEG)-2
3} ABellA 243 001 W22 AZe Z F53 001 H28 7HEH](saddle/001 ZHEH])E o]&Ele] 7hx el dY Wl
Euolee] e 243 Ad 77-100% SxppE HHOH, GP56S A3 i FAMY dejo|E-2uEo)
E FFEFERO IS 7ARHY 9Att. BWA(Bertaut-Warren-Averbach) 22 CSDsE 33t 43}, EG-%3}
A} 001 HFe T2 o3 w=e] HPMéring®) A 1 9)o] A OR CSDs ZAo| FAAsct. wh
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1. M 1=

Adnizon 2uEl|Ex &%, A} F34 U K
TF 5o] F7IsHA dEfolEs) FEe-2 B dat
o|E-2HEl|E FFFEI-S)E olgri(Hower of
al, 1976; Whitney, 1990; Huang et al, 1993). W
2, HIEV|EFER 2uElo|Ed FE 4 g
ARJEEe] HAME = AR wE) AdE|E
Ee Ot EESHIE 2= S5 Ee3 € of
23t WELe]|E ] AdElojES) dgjolEe] EfE
H= 397379 (expandability)o2 sl 4 3k 3
Aol IS Aol FHERolA e FHA FUol
Al o HEA] SFYAE oRghe] EREAR S4
71 fs] AwzEA o] WAAEE oulsie AL
2 F2 2dEelE FlA wAs, 4 (1) 2ol
E @S (Srodon et al, 1992).

B AT
A AT

BA3(%)= (4]
XA 223" (Xray powder diffraction; ©)3F XRD)
o]g3l 1S9 WIS SAsh= 24Pl &

22 d3rt AYHA o v (Srodon, 1984;
Tomita ef al, 1988; Inoue et al, 1989; Srodoh
and Elsass, 1994; Moore and Reynolds, 1997), ©]
H3 AL BSxppet BI1sH) WA S AR
2 olsly] fsive A (1) o] JAFTE Lot
of 5h, 1.89] A-fole ol Xray FMdA@gg=
7](coherent scattering domain size; ©]3} CSDs)ZE
74578 4 JrhAltaner and Ylagan, 1997; 2=
5, 2002). XRDE o|-&3t] 1-89] CSDsE &4 3=
e FA| A 7AWl dRbHoE ARRET Sl
=3

A, Scherrer 1&g ©ol-83t FAw|=e] BEXFH
(full width at half maximum, FWHM)2 238 &%
3= " Moore and Reynolds, 1997).

E4, Scherrer 21-& ¥¥3l] sdu]=9] 3
< HU=ER Yz HEE(ntegral width) o 2FE &
A&l W (Drits ef al., 1997).

AR, FHu|A2RE HEEGE FEsle] el
Yoz =33l = BWA-(Bertaut-Warren-Averbach)
WPH (Drits ef al, 1998) S|t} Mystkowski ef al.
2000y WIEVO|EcA £43% CSDse}t Y &E3l5F
FAAFEn| Aol A A3 wiEo| ] AA=} FA7}
o FARRS BT

e o

AHEWA

d w

HEUWO|EE 727 B4 o8 HPEZEES
716t HEZE) Hlsf c* k] CSDs7h A= o]
A7] wE WX ZFo] vfe- E 001 AE FHEHAF}
wAgh, ojHg A4 2 @9 Zol AT,
OOE AosHe T gaix el 4 ok
(Moore and Reynold, 1997).

sin *(2INDsin@/)
sin “(2nDsin®A)

3 Ao N& CSDs, D= AH7H4, A= XA 3
AL oJuigth, mEA, & 0y CSDsol &3 717
AAREY, o= 001 AE - A] WXEF E Py
& AA= T2 Ydo=z ZHg3ciMoore and
Reynold, 1997; Drits ef al, 1998). =&}, 1-5¢] 7
Sl AHzEA o] Aol 2uElo|E9} dTolET} &
TES FAdskaL A7 W&, A el AUAS)
Halrp 2AYst] @ 0)2] F7140] aPs T A=
o] Wi|Z g Heljo| HEPo] FETHES, F2AA
9] zpojel oJ&t 3|dafAe] HYPE WA, o= IS
9] 3dH=E 0|43 CSDs 4o Qa2 HAs=
delo] 7] wFel Al Ast A7rt A= ook
3tk (Moore and Reynold, 1997; Jaboyedoff ef al,
1999).

olg FjH, wiEyo|Ee] WAy CSDse= 4
(Dt 7o) BV S A3 FE=Y 7] Wi
o WiEol2e] Ea]-35rd A} vig- e A
#4do] AUrkSrodon et al, 1992). z2u}, Ffollx
2HeEE WEUo|Ed ek WA CSDsoll #st
AFE vu|gk d4olth, ol B dAre Axe} dY
oA s WEU|ES] WP CSDsE &3}
I, o8 AAEE WEVolES} nlws)] BiAt 319
o} T3, CSDs 2ol oix] Fagol 7103 £
Ag ndsla a2 A WHEE AAstat skt

()= @

2. M2 H A7eY

B Ate AR dYdlA dEEE HEUCE 9
Net AAES REN|ER AL-HE HESAzD), 2
2 2(STx-1), o] (SWy-2) HEUC|E )& &
A cTable 1 FF). BRE A 8= NaoMHo|E
(pH=5.5 €89, Hy0,, Na-7418 - FE4Hd T E
LU E(CBD)E AA & AAlsEH 2. (Jackson,
1985), MY O E 1um ©]8t Y= FHsiuth &
Z¥ AEE NaClg o}8sly g/ ¥, £4=&
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4 73 . HpA

=

olg3le AFEL AASG e SFARVE =3}
Aok AN EE YL o]t BHE FiH
9ol & 10mg/em? F7e] HERFoZ Ao
o, Z71E0= AEAZE S 2407 EAATHe]
3} EG-E3} A8} 3. 3l AHER]E 5748 K2
Z3A717) Yalid IM KCl &0 2 AFRE 33 A
2 Foff 9le} Fde o AHE AA, A=, A
WRAIE AMz; &, 300°CelA] 4ATE F9t 7HEEHTt
(ol8} E-Ag Alg=t ).

2412 MXP 18A RINT-2500(MacSciencer},
d&) FHE AHEEE e, Cu-elE o] &3ty
40kV/30 mA, BEER 05° HEH 0.15°02 0.02°
209 532 =A3IHTE CSDs 542 MudMaster =
213 (Eberl et al, 1996y AR&-3te] BWA Wio=
A3t

3. d7axn

B A A% XRD £X243= Table 100
1715 uiel 2} WEVoESRE £2¥ 1pmol
I Y%= XRD 447, o] &3 L9
2 ZAME 1Sel8t RO 1-S2 3hHhE 7Aoo
DATH, YI-22004 Ao KN 2P do] HEH
Qon, FAMAEu AR o 1um 272 #HEd
ARd KAAHdxE #3e + dAS). Fig 1last 7
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Saddle/001
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Rl

B

35 -

2 AFAIEE EGAE A kR 001 =29
Azpe 2 25ty 001 328 738 (saddle/001 7=
U2 Bgon, ojd) B Ay RO 1S9 @
Inoue et al. (1989)¢] saddle/001 Z3=H] #HE& A}
g3t FPPe 24siAch. 4PN NEWMOD®
22 7% (Reynolds and Reynolds, 1996)2.2 Al4ta}
gon, old Inoue ef al. (1989)°) AAT %A
(3<CSDs<12; 34 224 Lorentz-H3 AAHS
ARS-3HTh Table 1¢) saddle/001 7ZHEH| 25 A%
e 248 Z3HFig 1b), AATFE WEUEE
100% Sxrp, 2E WEUC|EE 89-100% Sxgp, T
HEVO|Ex= 77-93% Sxpp= =4 AT ol 4
= AT} AYolA] AbEEE HEUE tjFie]
F2 RO IS2 PAEY US AAkei, & a7
A gAReE dY WEVe|ET} 7HE WELC|E
B} o] @ ggAS 1

BWA die A0 aZBE Lorentz-HF 1R}

o],

Lp@)st TEAHG O)E AATeEH 0 (O)F F

2312, @ (@) tiF Felo] B4& B3l CSDs #
22 245k wolt}. ulebd, g FEZE
33 Lp0)GXe) AAHE A&t @ (08 FE3=
Fgo] BWA whgollA 71 83t 2 AfoMe
71E A+ZF(Inoue ef al, 1989; Moore and
Reynolds, 1997)¢} & A7-2lo] ALAQT Y-S 0
o=z Bauke] Bold [ (ORIALS AMEIIeH, EG-

TE o
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Fig. 1. Representative XRD patterns for (a) EG-solvated specimens and (b) saddle/001 peak diagram for measuring

expandability of RO I/S (Inoue et al., 1989).



ZhEsh A X9 WEYo|ES] BP9 XA ¥ AP lEd A 5

A A5l thaide Skl 20e] EGES Ze &
wlElo| B (2-gly smectite)oll T3 G2(0)Z, F-A2] Al
o WeiMe G S| 04KE 2 9t
O|E(QAK illite)o] thet G*(0)F AMEated 001 =2
ZHRE O O FEAT. FEHE 0 0y o7 WA
Zkol AAE Adejo]7] wEel] ufgg AA| wE 2
AE ol &4 4o 4B JEiM FE2E 0 (6)
2RE] WZ-L 2489t} Fig 2a9} 7o) EG-AE]
NEgE Bl #ATFE 2 00 =2 H
A 7Aassl MAEe 2kt £35], B A7l
B 3 9340 78 w2 YI22& A =54
@ Oyt F2HJeE W, 28 d-Ag A8dM e
d}olE AW (F 0.98 nm)S ZHe 433 O (O
#25AcHFig. 2b). EG-AE A8 g BWA &
A A, MAEFE WEUo|Ee] Hi CSDst  SAz-
1: 6.1nm, STx-1: 7.7nm SWy-2:84nm &£o=2 %
AEY o, o] Mystkowski ef al (2000)0] EG-A
g A 8ol date) 243 Aol 3 AR|SHrh HE
WEe|E9] Bt CSDsE 6.1-8.0nmz Y #lEY
o|E9] 35-65nmEr} T HA SPEUE K& A
8= Eberl ef al. (1990)0] AAIS 22AFEEE B
got WAAgo] 7S oF 3-4nm F7ke] o|E4
FOAFRIRY B WSS Ryh 2287 E
2 7AsRe Htako)st AR 2)(Table 1 F2)5=
7}z} 1.33-2.00 nm} 0.07-0.24nm BHZ =AUk
uiHol|, d-xg] AlFe] thet BWARA A, BE Al
B 2OAFEYE Bgon, AAREE WEVC]|ES)
HH# CSDs¥= SAz-1:34nm, STx-1:40nm SWy-
2:51nm £28 2AHUY, X WELo|Ex 38
54nm, 99 WMEUC|EE 4048 nmZ ZHEJ o
o} B2e ztzh 1.13-1.49 nme} 0.18-0.30nm HAZ =
AE .

4. £ <]

2dglo|E9} dejo|Er} EFEFES AL A¢
ol B3HgALe] oJel 7iAle GA@)e} AHATHAC]
Ao 45 JIFe F7] "ol 7Nl 3
B Aold Hitek o] #AstA "ct
(Reynolds, 1980). Fig. 2ast 7-o] EG-*g AlEoIM
@ @7 AFHo FE2He FNT AdEo|Es=
G ()9} AW o] Aol defolEr) E3fFes 2
AR Yol £A)517] wjFolct. wEhA, Zelgto] B
sk G*(0)(2-gly smectite)s AHE3l] @ (O)E F&

@ (b
e O vValUe=16.7 e dhvalue=9,9
FWHM=0.66 FWHM=1.22
CSDs=5.6 CSDs=5.7
STx-1
(100 %Sxrn)
> dvalue=16.4 ;> dvalte=9.8
FWHM=0.94 FWHM=0.98
CSDs=4.2 CSDs=6.8
YI-3 (yellow)
(87 %S0
> dhvalue=14.8 > chvaltie=9.8
FWHM=2.2 FWHM=0.83
CSDs=2.5 CSDs=8.4
YI-22
(77 %Syrp)

T T 1 f 1 LI
2 4 6 8 10 5 7 9 11 13
2 theta (degree) 2 theta (degree)

Fig. 2. The interference function peaks extracted from (a)
001 reflections under EG-solvation and (b) dehydration at
300°C.

a7 Hd, WA A4S @ (0)] fte] HA
A& WS |t ol BWAHCZ CSDsE &4
el Yold oA WA= F8 el drh
RO ISl ¢Js) @sh=s EG-HE Al8<] 001 F=9
e Méringel Al 1 Yo o3 olaiE £ Ut
(Drits et al, 1994; Moore and Reynolds, 1997). 3
A @] oA, A E 001 (168 nm)et Y
glo|E 001 3(0.98nmy= A& 7MIE dos)7lde
°29 97} Ha] Eolx Q7] ulEel| BAAe] 73}
o 2HElo|E 001 H=e] YX= H3lsi] @A =
U, Az e F4sA Zdashl 3 v &L gzt
Hoz Z7lslA "rhFig. la). Fig. 3a9t Zol, EG-
Az A5 7Agel HAdE wE o) Hof g
FAE BHolex AL o3k Méring®) Al 1 93& A
gl F= Azlo|th whA, Fig. 3adlA Kol B3
A3 CSDs 7+e] A9 A##AIE Scherrer 222
olal® 4 9t} Scherrer 44 WEX|Z=} CSDse=
FWHM=1/CSDs¢] A7} A7) w&Ed(Moore and
Reynolds, 1997; Drits ef al, 1997), Wx|ZoA &
Zg oo g e WlE CSDse #AAF 4
o] A#AHAIE HolA Hrh ZAEFHo=R RO IS
doIM EG-2l2l Al§e] 001 ¥IE Mering & A
1 90| oz Fx7t Polr|a Fol Yo FHE
HY 7] wEo] WEYo|E {9 CSDsoll ¥Ia) 2
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Fig. 3. Variations of FWHM and mean CSDs measured
for 001 reflections under (a) EG-solvation and (b)
dehydration at 300°C according to expandability. Mean
CSDs values for EG-solvation were divided by 1.68 to
compare with those for dehydration.

< CSDs7t E4=A =Y, Wdgo] 7AEFRE 2

94 AX= A3} 2gdn). 28128, RO -
SE et WiELe]EY EG-Agldl thdl 001 Hae
BWA ¥bguat o}yl Scherrer 212 o] &8l
CSDsZ 2kt ol BAjsirt.

W), d-x8] Alge] Afodle ZHEEY]
GZ (@)t A7tz o] doledl FARIAIA =7 HE
o] Méringd Al 1 930] 2A TA}A &=oh
Drits et al. (1997)& 1S A|8¢] ZA$ol K-%3F &
300°C EA2l& B3] 2HER|E S dEolE
Z7ro2 BIAIZeZN CSDs 24 Al AHzrhe]
A w2 atE Y & Uria AR o=
29 2b9} o], 9-x7] AF3dAE U353 Oy
FE2HE Ao2 ERIT £ glon, o]25E CSDsE
=743 A3 Fig 3bet 2o] A BAE Hol

%

B - R

p

0.3——1—————
o Na-saturation
/EG-solvation
S K-saturation
¥ /300 °C-heating
0.2}
Y
S
[
]
o
&
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Thickness (nm)

Flg. 4. Comparison of CSDs distribution measured under
EG-solvation and dehydration at 300°C for SAz-1 sample.
The unit thickness for EG-solvation (1.68 nm) was
normalized to 0.98nm, to compare with that for
dehydration.

A 2=t &, RO 189 CSDs &4 A gAElE
slod EPS 3 FIFE FHHoE AAG &
Al "ok Zed, -] AEeIA 243 CSDsE
B317] HeiMEe oledt Ezte] WELC|E S1f
CSDsE uHd3l=A1& A Es| Holo} st} ol& st
o, 53 2YEER TAE AARE HEUE
o t3 EG-H2) A&} E-Ae] A59 CSDs ¥%
£ vws| 2 A3, Fig 49 2], AY fA1 B2
£ Byt o#d Aak= CSDse -85 FAlskE 7]
2ARY 2473 83 AHolx, 27ke] wslet 7
2 ANH 2l ZA FFE A deve 71EY
T9} dz)&H(Srodoh et al, 1992; Mystkowski et
al, 2000), E-x2] AlEIA 248 CSDs7t 3l Al
F9o] I/3 CSDsE uigdithy g & A 3
Zt}, 8=, I-xi2] A5 U3 CSDs 443
o o8, 7xel dY WEVIEE g Al HF
3.8-54nme CSDsE zZHe= ZAo= Alg8u) ©£3, o
glolE2] Ao 7] 7} = 0.98 nmEtT B 5 7]
Q& -2} AlRelX &% CSDs A AR
£ AR FSE 75T & Aok Drits ¢ al,
1997; LR F, 2002). &, X9} AY HEY|E
= 385409 ke ® FASS uixn AztE ¢
AUTHEEE AolaRiolr FZWrZe) TeHsle 9l
EUolE Z7hHsle] w2 ARl FAEEE 93

> 32 of
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Fig. 5. Plot of lognormal parameters for CSDs distributions
measured using BWA method (SWy-2: Wyoming bentonite,
STx-1: Gonzales bentonite, SAz-1: Cheto bentonite).

gl MEVelE 7F FxEuE SolA ). AU
5(2002)2] AFAze] olsid, AA AR FAs
CSDsell ®jal 1l 749k o =27] ool 7barel &
o MIEYUo|Ex Hd 4.86.42FE AFAE A
o] AHAAES 7|Fo2 ThS AHUALTAIE 9n|
the g A5 e Ao Algdh

Z4Eet dY WEYolEY HF CSDsE AAESE
lELjo|E9} B|w3lH, Fig. 3be}t Zo), tix|H ez A
E HEYe|Erts Ay FEE| 29 goloy HE
L}o|E Alole) zhe 1o}, 3, a9} PP 0|83k
CSDs £¥ ¥els vlws] RH(Fg 5), ZEe} 9d
HELo|Er 7] 2dase) ooy WEL e ey
o7 B3E £ 9o AE MEL|EdE & o]
& Bl vl ERAdelA AYE zjol= Bs

A ee=th,
5 & £

£ A7 XRDE o] 83t ZE9} AU 1=
e HE »} |9 HAA3 CSDsE =4l &
AAZE WELo B9} vl ws| ®otrh 7hEet AY Wl
E"‘r°lE—l WAL 77-100%Sxzp & BH2W, GP-

562 A)2)3 thEES RO ISE 74 HS Uk RO
IS—J 3%, EG-A8] A182) 001 ¥3E Méring®l Al

xloﬂ ,]3} Bi'd:lo] ul—Agol,o;] CSDs .__xooﬂ Hx%é
o}ﬁt} b, d-Xg] AlE9] 001 YaE E§Ed

3 ARee e a7 7

o3k W] WA %o CSDs A4 A3t
Ack. e} AU WEVe|ES] Hi CSDs= 3.8-54
FTHEE 4.8-6.4%F)0E ZHEHUCH, AAEE HE
YolE9} ¥walhS w, CSDs E¥E 23d29) 9
ol HiEUo|Ee FAISIA.

A A

AR AR E22 A ABAAATY LA o
Ash ajststol ZAI=ct,

iy

o=
_T'_T_":l_

AR, B8, DAL, S8T Q002) Dejol=Luielo]
= 53248 BRAS} Mackwan 294 2 7|2
AAFA] A3 A S=BESFA, 154, p. 95-
103.
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