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Applied-Mineralogical Characterization and Assessment of Some
Domestic Bentonites (I): Mineral Composition and Characteristics,
Cation Exchange Properties, and Their Relationships
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ABSTRACT : Mineralogical and chemical characterization of some domestic bentonites, such as
quantitative XRD analysis, chemical leaching experiments, pH and CEC determinations, were done
without any separation procedures to understand their relationships among mineral composition,
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characteristics, and cation exchange properties. XRD quantification results based on Rietveld method
reveal that the bentonites contain totally more than 25 wt% of impurities, such as zeolites, opal-CT,
and feldspars, in addition to montmorillonite ranging 30~75 wt%. Cation exchange properties of
the =zeolitic bentonites are deeply affected by the content of zeolites identified as
clinoptilolite-heulandite series. Clinoptilolite is common in the silicic bentonites with lighter color,
and occurs closely in association with opal-CT.

Ca is mostly the dominant exchangeable cation, but some zeolitic bentonites have K as a major
exchangeable cation, The values of cation exchange capacity (CEC) determined by Methylene Blue
method are comparatively low and have roughly a linear relationship with the montmoriilonite
content of the bentonite, though the correlated data tend to be rather dispersed. Compared to this,
the CEC determined by Ammonium Acetate method, i.e. ‘Total CEC’, has much higher values (50~
115 meq/100 g). The differences between those CEC values are much greater in zeolitic bentonites,
which obviously indicates the CEC increase affected by zeolite. Other impurities such as opal-CT
and feldspars seem to affect insignificantly on the CEC of bentonites. When dispersed in distilled
water, the pH of bentonites roughly tends to increase up to 9.3 with increasing the alkali
abundance, especially Na, in exchangeable cation composition. However, some bentonites exhibit
lower pH (5~6) so as to regard as ‘acid clay’. This may be due to the presence of H' in part as
an exchangeable cation in the layer site of montmorillonite. All the works of this study ultimately
suggest that an assesment of domestic bentonites in grade and quality should be accomplished
through the quantitative XRD analysis and the ‘Total CEC’ measurement.

Key words : bentonite, cation exchange property, CEC, quantitative XRD analysis, methylene blue
method, ammonium acetate method, chemical leaching
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zRog REHE WEUE FAE My WEUCEES Aég].‘_c. x\jgﬂ”it gggi
E A0S AU Gk Futt WEGEIE  olEs HR S oIFAY, FoE ARYS)
o] REYS, NS, B R A #3 AsdAAME oA A 15’354 HEZEQ &
A Azl FHHCE EAYYUH=AR, 2002 ZojAbol Ehalloysite) 5. Fl e ubETh(=AS
=383 o] 4 F, 2002). wetA o] AT T FH o|4F, 2002). FL EFFEEE FE
48 "HEYE AgEY EAEe A2y °‘°ﬂ/\1 frefe AEd A9 2 AR A, =
Aol g GA Jlee A= 1 SR =EA AZTolES} dyo] E3) b
o} #&E FF 29 BEY Y 5HE UF Q% Aol EAoltHFig. 1). A& AEFHY
# 708K Table 1). atE AT 1 m e F£A)E ofF=
TS AEDOIEE 999 949 B3 AT Y A9 MEYCIENE 29 AL
Table 1. Summary of occurrences and characteristics of some domestic bentonites
Sample no Locality Host formation . Characterls.tlc Color
mineral constituents
BOOI241-1 Geumlfwang-dong, Lower .Coal-bearing M(.)ntm(‘)riuonite, Plagioclase, Dusky Yellow
Yeongil Formation Clinoptilolite
BOO1241-3 Geumkwang-dong, Lower Coal-bearing Montmorillonite, Opal-CT, Dark Yellowish
Yeongil Formation Quartz Orange
Shin 3 K P :
BOO1242-1 1nje9ng dong, Lower 'Coal bearing Mfmtmf)rll?omte, Plagioclase, Grayish Olive
Yeongil Formation Clinoptilolite
L Coal-beari S .
BOO1242-2  |Seock-dong, Yeongil ower *-oal-bearing Montmorillonite, Opal-CT Yellowish Gray
Formation
BOOI1243 Gongdang-ri, Yeongil Janggi 'Conglomerate Montmo.rlllomte, Plagioclase, Pale Greenish
Formation Heulandite Yellow
I-beari illonite, Plagi
BOO|244 Mopo-ri, Yeongil Upper .Coa earing Montmo.rl onite, Plagioclase, Dusky Yellow
Formation Heulandite
- : P -
BOOI1251 Naah-ri, Gampo Hyodongri Volcanics & |Montmorillonite, Opal-CT, Yellowish Gray
Tuffs Quartz
H i Volcani illonit artz
BOO1252 Juckjeon-ri, Gampo yodongri Volcanics & Mon.tmorn onite, Quartz, Pale Olive
Tuffs Plagioclase
. . Hyodongri Volcanics & |Montmorillonite, Opal-CT, Pale Greenish
BOOI1253-1  |Juckjeon-ri, Gampo Tuffs K-feldspar Yellow
H i Volcani . . Mod Reddish
BOO1253-2  |Juckjeon-ri, Gampo yodongri Volcanics & Montmorillonite, Plagioclase oderate Reddis
Tufts Brown
. . Hyodongri Volcanics & |Montmorillonite, K-feldspar, .
BOO1253-3  |Juckjeon-ri, Gampo Tuffs Opal-CT Grayish Orange
BOO1255-1 | Suckchon-ri, Gampo Hyodongri Volcanics & Mon'tmorlllomte, Opal-CT, Pale Yellowish
Tuffs Plagioclase Brown
. Hyodongri Volcanics & |Montmorillonite, Opal-CT, Light Greenish
BOOI1255-2 | Sukchon-ri, Gampo Tuffs Plagioclase, K-feldspar, Gray
P I
BOO1256 Seodong-ri, Haseo Haseori Andesitic Tuff Mf)ntmf)rluomte, Qpa CT, Moderate Yellow
Clinoptilolite, Plagioclase
BOOI1257-1  |Songsung-ri, Haseo  |Haseori Andesitic Tuff |Montmorillonite, Plagioclase Moderate Yellow
- y beari Tloni -
Be0102131° Sang]e.ong dong, Lower .Coa bearing M(')ntmfm .omte, Opal-CT, Yellowish Gray
Yeongil Formation Clinoptilolite
Be0102235-1 Sang]elong-dong, Lower .Coal-bearmg Mf)ntm(.)rll!omte, Opal-CT, Yellowish Gray
Yeongil Formation Clinoptilolite
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Fig. 1. SEM micrographs showing the microscopic occurrence and mineral composition of some bentonites.
A. Honey-comb aggregates of montmorillonite in the zeolite-free bentonite from the Gampo area, B.
Crenulated smectite lamella associated with coffin-shaped clinoptilolite in a typical zeolitic bentonite from the
Yeongil area, C. Opal-CT aggregates forming lepispheres associated with montmorillonite in some silicic
bentonite from the Yeongil area, D. A morphological transition of montmorillonite from the crenulated lamella
to the lath-shaped in some weathered bentonite from the Haseo area.
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Fig. 2. Chromatography and lightness of domestic bentonites.
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<Results>
Montmorilionite 61.9 <Results>
Clinoptilolite 20.0 Montmorillonite 77.8
Plagioclase 15.5 Opal-CT 21.6
Alkali-feldspar 1.8 Quartz 0.6
Quartz 0.7 (unit - wt%)
{unit : wi%)
ﬂ ) {\. Original Original
> >
hod =
[72] L]
o | s
2 2
S Calculated = Calculated
I Difference A Difference
¥ ) T T 1 1 L Ll T ) 1 1
10 20 30 40 50 60 10 20 30 40 50 60
CuKa 26 CuKa 26

Fig. 3. Observed and calculated XRD patterns for some domestic bentonites by the quantitative analysis

using the computer program, SIEROQUANT™

bentonite (zeolite-free), B. Zeolitic bentonite.
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Table 2. Quantitative XRD anayses (wt%) for mineral constituents of some domestic bentonites

Zeolitic_bentonite

MMT Opt Clinop Heulan Qtz Pl Ksp Cal
B001241-1 61.9 — 20.0 — 0.7 15.5 1.8 —
B001242-1 61.2 — 6.6 — 2.2 242 5.9 —
B001243 54.4 — — 10.2 1.8 27.6 6.0 —
B001244 54.7 — — 18.4 1.5 25.1 0.3 —
B001256 48.7 14.3 235 — 1.2 11.9 37 —
Be0102131' 39.5 22.1 36.8 — 0.3 — 1.3 —
Be0102235-1 30.8 28.1 41.1 — 0.2 — — —
B001251 62.0 323 0.5 — 44 0.8 — —
Normal bentonite (zeolite-free)
MMT Opt Qtz Pl Ksp Cal
B001241-3 41.9 30.0 18.9 5.8 34 —
B001242-2 77.8 21.6 0.6 - — —
B001252 76.2 — 13.3 4.9 23 33
B001253-1 55.9 13.0 2.2 6.1 20.5 25
B001253-2 58.9 0.3 1.3 39.5 — -—
B001253-3 63.0 13.1 — 5.8 18.1 —
B001255-1 30.5 16.6 2.1 50.8 5.1 —
B001255-2 39.8 16.2 1.4 18.7 214 2.5
B001257 63.8 — 0.7 32.6 2.9 —

Abbreviations:
plagioclase; Ksp, K-feldspar; Cal, calcite
—: trace or absent

X-Ayg33¢ EqHor BAMdE dELUo]ES]
FRHEEY FJgAS Yy S, FEZX
4 g AdAERE & RolE HItKTable 3). &
& 7+2HLOI: loss on ignition). & AAIE 3
= EH—,—-—r- —r‘-r‘ g,a]:o ,]U]o}t 7)4\03 Bﬂ

EUolE F9 Fitg FES(EEERY
oE, AgTolE B WU FHEE 04
Hog A FuUlat IEYo|EELS gl
o]E dtFo] o X WlEUEZ A5}

= oAuHog e Na H43a Aoz
=L Ca %‘%E% 31?11:}. ol o] HIEL}o|E

go] URE CaFolzhs AAS AAshE 3
© oA¥G. K9 FHEE ANFHo2 v
S AR 1 wi% wvho g 4R, o

Aol dF AgeolER WRELfo]Ed A
= AUAHLE wel FfrHw K-FH 9FL
2 vuy & %&(23 2.8 wt%)S HRlth
durg o g o] $ AZE Hole HIEYOE

HAFE°] Fed EE} #o] gf{alE Aog )
Ehdth. g Aol} A &eto]EE Futsle Wl

MMT, montmorillonite; Opt, opal-CT; Clinop, clinoptillolite; Heulan, heulandite; Qtz, quartz; PI,

EYO|ESL HuF £ SiOz fé}ak% Heloh
g FHeA Wy JYHOR DEAS o
FE HEUO|EEL o] lﬁﬁf‘i < Si0y/
ALO; FHFHIE Hole o] §H ot

=AM

4o

El

ss

[

0|22

or

T4 WEYo|EVL Ca-8 WELo|EZE
AL oju] 2 <A th(Noh ef al., 1983; &
3|4 9, 1987, =238k, 2000). ol dHF o7
Nao] Af¥ A3}ets =3, & vlgZa](sub-
alkaline) 7| 9] 4144 AFEAH S4u
2 BgolAe) Nao| £8 Pl 9B Row
2ol SAHAH =R, 2002). Ca-d WHE
UolEE ¥ F4%E O NaCo; &
2} Z A (soda activation)S E3) 4 B9 A7)
Ae ©rmdtx guMe B84, SHA(the-
ologlcal property) 2 HA 39 £rzE &
257 oJd}. ek Ca-8 H“EL}—O]_E_}E o}
o] WA L FaAA YFo frTo F&



Table 3. Chemical analyses (wt%) for major elements of some domestic bentonites'.

FUHL WEVolEd YE $EBE

=
54

37} (1)

Zeolitic bentonite

BOOI1241-1 BOOI1242-1 BOO0I1243 BOO0I1244  BOOI256 Be0102131° Be0102235-1 BOOI1251
SiO, 57.88 56.42 58.13 55.04 65.42 63.47 64.47 68.73
Fe,O5* 6.15 7.71 4.15 7.41 3.46 2.04 1.17 1.30
ALO; 17.20 19.14 19.20 16.94 15.52 13.53 13.12 14.42
TiO, 0.74 1.15 0.63 1.38 045 0.24 0.24 0.14
MnO 0.09 0.12 0.04 0.06 0.04 0.07 0.02 0.07
Ca0 2.96 2.77 3.01 295 2.16 1.72 243 2.19
MgO 3.65 2.44 3.36 3.79 2.13 1.47 0.98 3.33
K20 0.68 0.89 0.54 0.58 0.78 2.27 2.82 0.29
Na,0 1.10 1.56 2.24 0.93 1.77 0.57 1.91 0.50
P,Os 0.20 0.07 0.15 0.53 0.02 0.05 0.03 0.05
L.OI 9.35 7.71 8.59 10.38 8.19 15.96 14.77 8.97
Total 100.00 99.98 99.99 99.99 99.94 101.36 101.97 100.03

Normal bentonite (zeolite-free)

BOO01241-3 BOO1242-2 BOO1252 BOOI1253-1 BOO1253-2 BO01253-3 BOQ1255-1 BOO1255-2 BOO1257-1
SiO, 53.67 67.85 59.85 62.05 5733 62.05 62.89 63.57 54.75
Fe,O5” 9.59 2.15 3.07 2.95 4.60 2.95 2.13 1.75 6.56
ALO; 21.05 14.51 18.52 18.23 21.53 18.49 16.64 16.15 18.39
TiO, 1.54 0.26 0.17 0.32 0.40 0.33 0.27 0.25 1.15
MnO 0.13 0.13 0.06 0.03 0.10 0.03 0.05 0.03 0.08
CaO 0.48 1.39 2.10 2.73 295 2.35 2.06 1.94 2.81
MgO 1.32 1.72 4.34 3.01 1,98 2.37 1.99 242 3.73
K,O 0.66 1.69 0.67 0.65 0.54 0.92 0.93 0.42 0.66
Na,O 0.15 1.36 1.06 1.75 2.18 2.31 4.10 3.80 0.81
P>Os 0.08 0.04 0.01 0.09 0.07 0.07 0.08 0.06 0.14
L.OI 1143 8.90 10.18 831 8.27 7.60 478 5.61 10.93
Total 100.10 100.00 100.12 99.95 99.93 99.93 99.89 99.98 101.01

' determined by XRF method, Fe;05*: total iron

o] mA ook et FuUit Ca-F WIEYO|E
o 949 22 SLITAE 1Y, ol59 %
ol Wiy e ey B4
gt Zlo] deHolin Fadh ARto] &
o7 AgAAL

A, S AEVo|E9] ol =43
FEAS Lot 7] F3iA, 1 MO IFEFOIA
HolE &dog Fi 2 X& wgAA &5
B ol XAL ICPS EAS E34 73
CHTable 4). 3+ of AN FHol Eitd
W EvtolE & et (sample/liquid: 10 g/25 mL)
o 12A1F &<k v Al A pHE £330

4 Ze] 23td, HuUlst HELEES
& Cadt Mgo] F8 w34 Fo]-2(major
exchangeable cation)& ©|F+ ZHALoE vehd

r

o 28R 95 A2EolEL WEV|E A
EE(Be0102235-1, Be0102131)o| A& o]& 9]
o KE 8 w34 Jol2g o2tk w3 ¢
HRolE ZAZ4de] APAS Bo] gRdte WE
o] E(BO0I255-1)E Eo]dtA s ofole
°Z X Nag 7} o] g{sls Aoz 2A
HAAo #&0Aer 24" WEYE de
Ao pH FXE 5.1~93 HYEH, 2-<Lg]
Fgel 2A HluAd £ Q& g9 zolE 14l
THTable 4). ti7/] ¢@2)A(~9.3)S KHojA|Th
AR A ZE(B001241-3, Be0102235-1)& Ko-
bayashi(1919)7} 2502 g3 29 kg
E(acid clayyE 778 4 A& ©F v+& pH
#(5.1~5.8)S VeER|7| = g

HEGIES ol APELL A& v
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Table 4. Cation exchange capacity (CEC) and pH of some domestic bentonites

Zeolitic bentonite

Exchangeable cations leached b, .
Samplé No pH ammor%um ac(;?;t(t)e imeq/l 00 g)y Methylene blue Ammonium acetate
Mg Ca Na K Total method (meq/100 g)| method (meq/100 g)
BOO1241-1 80 | 21.8 472 1.9 1.5 72.4 54.4 111.4
BOO1242-1 8.5 256  33.0 5.8 3.8 68.2 56.8 115.8
B0OO1243 6.5 220 368 1.9 0.5 61.2 16.8 85.4
B0OO1244 62 | 240 486 31 1.4 77.1 335 86.6
B0OO1256 8.5 120 494 0.9 1.8 64.1 35.0 80.9
Be0102131° 6.4 16.6 336 8.9 11.2 703 21.2 105.1
Be0102235-1 5.8 186 354 105 277 92.2 17.9 102.4
BOO1251 7.4 8.0 62.6 3.8 0.9 75.3 472 98.0
Normal bentonite (zeolite-free)
Exchangeable cations leached b .
Sample No pH ammorﬁur: acet;tz zmeq /100 g)y Methylene blue Ammonium acetate
Mg Ca Na K Total method (meg/100 g)| method (meqg/100 g)
BOO1241-3 5.1 208 156 1.7 0.4 38.5 25.9 90.7
BO01242-2 7.3 146 254 7.3 1.9 49.2 382 64.7
B0OO1252 9.3 176 540 100 1.0 82.5 66.7 103.5
BOO1253-1 8.3 1.6  54.0 3.0 0.4 69.0 55.2 91.4
BOO1253-2 8.6 10,0 546 4.1 0.6 69.3 449 100.7
BOO1253-3 6.9 110 418 34 04 56.6 41.5 733
BOO1255-1 9.1 132 146 153 0.9 44.0 352 54.6
BOO1255-2 90 | 204 150 102 0.9 46.5 345 494
BOO1257-1 6.4 142 53.0 1.3 0.6 69.1 432 105.2

9} Zro] 37}A HMA|(Methylene Blue Method,
Chemical Leaching Method % Ammonium
Acetate Method) 2.2 274 5 A THTable 4). Wl E
olE8 CEC gt SRl w 2 3ol
2 ynag. 1 e g8 delt AL
SZAR]AE o] 7] oo ’\19*/3
ERERYC|Ed T Fas o] *
ZAz}o]ti(Inglethrope et al., 1993).
AT FolMEHolE §AS ALE3}
Se gndzdol= oo A&
B Yot HEvgol
dHo2 5e §e 2
wordeo)s ot A0 Sl
497 e Geles 2Ag mde Avd
CEC ge #E2 AB3 507 Puy ol
< dXF 9 FHAA S F(Ammonium Ac-
etate Method) CEC =Xt} Az og e

%
o 4
Hl

%328 HQItk(Table 4).

UtH o2 4% FREZYO)EY F
= 80~150 meq/100 g, HEYO|EL 42
110 meq/100 g W o] CEC %2 714 Zte
o8 dgx YrHGrim, 1962; Inglethrope
al,, 1993). ojo} wjdhd Ak W Eo|E

£&, &% ‘Total CEC’ o2 7tF=HE ¢
ZgolEolEH 93t EAHR] J|EOE, 494
~115.8 meq/100 go] ¥l Zﬂ Z o zko =
o]& EQlty o] CEC #HE “ﬂ/‘l‘"ﬁ" BF 9
o3t S| Hlwahd, Zﬂ%ﬂ}O]EE FHsl
A A& ER WEUoE
A QN 2 AE Bolte A & 5 4

ALGoEE Bo| FFdte 05‘% A
gB wlEL}o) E(Be0102235-1)E ¢
Z CEC %94} zlolS ®molth

70 Oﬂ

39;>i
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=k WEVol B g S8FE8H §4 H7) ()

E 9
HIELIO|ESl A2 X MI} 0|2 WEts
HELC|EY] kol nFEAL o] FEF
9] B3ty Auk 2L Aoste M V)
XA Atgyd wink olyzl &% WHoME &

238 Prlr)Eo] "Arke AL FA)9 Aot}
UutA o F WEL|ESY CEC & o] #4
9 EEHERZYolEY T3 dAHe Ao
2 o84 AT Grim(1962)0] 2 Ho] o]
0] 235 vhe} o), A &glo]Eo] Ay F o
2 Hro & oko)le WZA(CEC: 100~300
meq/100 g)o] U= FEE] EA2 ALde=
CECol] djgt o] 2 B¢FEEY o] &
A3 e olok gt} A LEolE 9o GulA
2 ANRE &9 ‘S8 =AM (broken edge)
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o} e} *
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8 204 .
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AN oztel Fele TBHE WE Ao
B4 917] WEo)(Grim, 1962), Bol B4
2o o5 9% CEC gol WaE ¥
F 92 RoE AN

HEG) =9 oFole A o

).,ﬂlﬂl'm
% o 1l

]

, ALGolE
g oMol S CEC g uinlA)A B¢t
CHFig. 4). IEYo|ES FEZA T #H sl
CEC 9 9nle 1 2w g 2o 3
Axojor st Apbdoe] B Hh = WA
B2 o8 CEC gt 17~67 meq/100 g)
<> FE ZEEE ol gt &= ud
o, &EaolAHe]ENH,00CCH;) &4 9
T W3S }Noz =AHH CEC FX/(H
50~115 meq/100g)v= 23|18 EEREZUolE
S ALHolEY S Y g3 dA A (+)
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Fig. 4. Correlations of mineral composition with CEC values in the bentonites. CECyp: CEC measured by

methylene blue method, CECaa: CEC measured by ammonium acetate method.
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ke dEHA FABAE Ze oz Y
A tHFig. 4). ol= A&l EY ?J%Eﬂ ot
BgolAElo]Exol] &gt A9 ‘Total CEC gk
o 2 9L vde AEE 9nste

I‘

Z

g

drdzetolEnt FAttelEY ATz WE
AQS Gl B FUAL S+ g

th(Fig. 5). 12 A% Johnston(1996)0] F-2 & &
Jolo| tia fdAES olee F2 w7y

E JH€n. F, AScolER '%lELP’]E"ﬂ/H F F7oM AAZ uet Zol, AlgtolE o
Total CEC'S} | AEFHo] 9% CEC Abo]  zpe] HWo] w250l g A% Lol #¢
o] gkl Aol AeetolEY ZAo] sl o YAt Fo|LEHE o]LmE o] 7}
g 7Ad Aoz vehdd. 5% AoE AR o] 2 olfE Aget
F=4EF CEC ge] AR tuldM ta  o]EA HIEYO|EES CEC F#3& EE%‘&
ATHE AFS Holk AL 2HA oA YolEe dH 8AA Fud BAE £
B2 dAENe AFS EY 5 fle g2 A Estn A AEIPe AR Eo]‘—
8RIE F, CECV} v 2e=59 9oy Aoz dfddy. dEwoHbolEYd o)
o] WG9 Ao JFAFE mA = WEV] A EHE 49 ‘Total CEC' ZH(HH7| 50~115
EE 7438 FEEY 945, 23 2 ¥4 5 meq/100 g)> WAANEZH oM ZAHH
% Ue UAEe] 2P Aesel o SAuT WU E UL UTh B Rl 4

23z fMdch HAAEF(CislisN;SCHE & EUOEEANRE 453 CEC +F& Eo]
e 27 8.2 A(Rubenstein, 2001)0] %‘8}‘— o7 Hrigag. o7)A g;g;g}z_y_}z}oi :]o}
g 2 {70l o] F 7] W, EEEREY (negative charge)E 71 T fie ﬁAPogq_]
o|E9 Z27AJE gAY XA A gl e trold] CEC #3le] ¥WuE ogs
A(small pore: <43 A) ALeolE §8 2 FA gk AT Yehdth £3 Fo BEE
14 A

IOSSY /
HaC\N s T’_CHS

/

H:C CHs

e :
¥ ]

12.30A

T

Fig. 5. A schematic illustration showing the layer charge and exchangeable cations of montmorillonite

and the configuration of methylene blue ion: modified after Chemdraw™ (Rubenstein, 2001).
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Fig. 6. Plots of pH vs. CEC differences (A=Total CEC - CECy) and exchangeable
Na abundances in the bentonites. Total CEC: CEC measured by Ammonium
Acetate method, CEC.: CEC determined by Chemical Leaching method.
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