FFEHA A 16 # A 1 £ (2003)
J. Miner. Soc. Korea, 16, 33-47 (2003)

Al WE ol Eo] o 28383 54 A7} (ID:
et 54, AEAd 9 g@std 47 1 AA4

Applied-Mineralogical Characterization and Assessment of Some
Domestic Bentonites (II): Mineralogical Characteristics, Surface Area,
Rheological Properties, and Their Relationships

[Pl

5 (Jin Hwan Noh)' - & R & (Jae-Young Yu)' - & € & (Woozin Choi)?

H

Bohem 228
(Department of Geology, Kangwon National University, Chuncheon 200-701, Korea,
E-mail: jhnoh@kangwon.ac.kr)
AN o R kb Bk}
(Department of Environmental Engineering, Suwon University, Hwaseong 445-743, Korea)

2t TR WEYe|EL] H18y 543 o 74 8AS Hotety] A 24 8%
BA3 ARAEE, J2RY, P4 2 ANEE 23y vny AETYEEL2JolE
30~75 wit%)E o] F+= Al Ca-3 u!lguro]EEO 2~4 ymé YEE Zt1 GEE uxEe
4 AAAE o2t} g AoM HEUE FEAEEY] Y5 B¥E YAHE 10~100 "
AollM £ HIng Holn AFHog= thi BT o]FHI BRI FIS e o] 2
de AgolEd WEVo|EdA R AstA vehdcl o] WiEUEEY EGME A %3 4
269~735 mY/ge] gl WHE zZbe A0S SR o] ARV g ERYIyo|ES] T
FESF g CEC £x¢ YA=Z Andshe 248 Yeldt Algelo|EAR mlzwouzjy A&}
OIEE FfehA B AMT AMAHOR ot £ ARWA gS Aetk FHD YEYIESS
Aoz v Agrol YHAEE etk 2~5 wi%s NaxCO; H7td] oA F28 it
HEUOEES] A4 P HdAe Erdayele fan BESE, 53 AgeoEY i
ol ghe}t 250~500% FE2 AR 2 HAUD Na X5 o] 23 Aol EE Firshe Wl
EUolEY A% ol E0 2L ¥ NaxCO7t 228tk AR oixe F4 9] dako]

T gUHes v dus dYEE e fEYOEEC] Hud & £AE E°1L &l 3
th =3 dgdo] pHyt AU HoE 58 $AE Holg AEEC] A2 FAEI} 5L Aoz Y
Ehd o

a8 WELUo)ES Fa3 &

m{u
ol
Y

kot
&

=4
rlo Ond o% R O

rlo

l“E

34 5459 Boee 44EE ErgzyolEe dao)

U HE RASIEokE FUP AEAYU AUUAL HolA BE AT Tkt oo HaA 3
FEE MEY|ES B4, HUNS 54, 9% 2 I §9 TSy 4L et 4
294 £X9 qgHos vegEd BAS B oy WEgels dgtaldAe] s
S gndeuol=e Ruds 54, Y0, JE % 23] 59 Fojo] a4 2 @E 3]
259l %@EH % ARARA Y B F2 FAHD xﬂ—@—a}cﬂéq Ze UAT B FEAR
Eo 9FE o902 BANE BYA AT AT HAEL

20| WEUE, s 54, BRIZY|E, AgejolE, BAQE, AXUA, BEE, B4

=, HEA4A



=AE - 4G - 497

/

ABSTRACT : Various applied-mineralogical characterization including measurements of surface area,
size distribution, swelling index, and viscosity were done for some domestic bentonites in order to
decipher the rheological properties and their controlling factors. The bentonites, which are Ca-type
and relatively low-grade (montmorillonite contents: 30 ~75 wt%), occur mostly as subhedral lamellas
with the size range of 2~4 ym. The size distribution of mineral fractions in bentonite suspension is
dominant in the range of 10~100 ym, and though rather complicated, exhibits roughly bimodal
patterns. The feature is more conspicuous in the case of zeolitic bentonite. The bentonites have
surface areas ranging 269~735 mz/g, which are measured by EGME adsorption method. The EGME
surface areas are nearly proportional to the montmorillonite contents, moisture contents, or total CEC.
In the surface area measurements, zeolitic bentonites have slightly higher values than those zeolite-
free types. The measured swelling index and viscosity of domestic bentonites are comparatively low
in values. The swelling values of bentonites were measured to be 250~500% at maximum by
progressively mixing amounts of 2~5 wt% Na;COs;, which varies depending on the contents of
montmorillonite and other impurities, especially zeolite. Much amount of sodium carbonate is
required for optimum swelling property of zeolitic bentonited which has usually strong Na-
exchanged capacity. The bentonites, which are comparatively feldspar-rich and low in size and
crystallinity, tend to be higher in viscosity values. In addition, the viscosity is largely higher in case
of the bentonites with higher pH in suspension.

However, the rheological properties of bentonites such as swelling index and viscosity do not show
any obvious relationships with montmorillonite contents and mean particle size in suspension. In
contrast, roughly speaking, the swelling index of bentonites is reversely proportional to the values of
surface area which can be regarded as a collective physico-chemical parameter encompassing all the
effects caused by mineral composition, surface charge, particle size, morphological form, and etc. in
bentonites. Thus, the rheological properties in bentonite suspension appear to be rather complicated
characteristics which mainly depend on the flocculation of clay particles and the mode of particle
association, i.e. quasicrystals, controlled by surface charge, morphology, size, and texture of mon-
tmorillonite, and which partly affected by the finer impurities such as zeolite.

Key words : bentonite, rheological property, montmorillonite, zeolite, dispersed particle size, surface
area, swelling index, viscosity, quasicrystals
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#HE FHEHE EA(theological property) ©
HEA B4 &AM 7HF 7R Aol F
83 Aot WEUo|Ee fHEH EAHL
T AN FHtEE HEYO|E] ZE3 3
4 (swelling property), A = 21X (thixot-
ropy) 5 #2 £ ANALLES T
3t 7l ojth(Guven, 1992). ©o] 22 fH8HH
E4e MEGOES 43 YEFES 27
Efo] E(smectite)] £4F Y= 2 F4, AEHZ
(surface area), =7+ 3}(layer charge) 5o 7|9l
3l EAXog delA Ydeom(Low, 1992; van
Olphen, 1992; Schoonheydt, 1995), A=
TE S8EokY 7le LAY gEo] o] g

§87 E40 B ATSE oRE 2ug
o|Eo Uigt AFEA, HEV|EZRE 54
3] JAE 2HElo]E AEE YFOE o]Fo
Atk 2egoEe] WA S4S U9
HEAH o]2Fsk(ion hydration)o] Fdol]
2 JAET ALeE g3, H2de HadH
2.2 & (computer sumulation)S E3jA AEE
YEz olgroz} A¥HOE 1 Ad v
go] ol= Ax HYH o] Ye o] th(Given,
1992).
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o H(opal-CTye] £3] Zurth =3 4o
gl A9 ‘ALPo|ERA  dlE o) E(zeolitic
bentonite) 831 A AT 5 US WF ZYFEE
glol E-FH}o]E A <(clinoptilolite-heulandite
series)?] A LE}olEE 3] FHte Aol &
Aot (=713, 2002a). A|EE}olESE E 3=
HEYESL 2 AFAY avE 34
(A7) 1 m mjgke] FANE o] F 1 FLA G A
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EYEEL F2 AAFAA EHT
XRD A #FEA | o34 ?‘ﬂ—%i}ﬂé, o A
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Hla] Aurgog o F FF(30~75 wt%)
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ZUYA HEYO|EEL tlFE Ca 30|V
W 2o, dulo]E o] Fe AR WEUOE
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AAHeZ g Ca FHEE Btk (=38
2002a, 2002b). YurAH O & o}F L MZS Ho|
HEY)E GF 50| Fed Bt} Bol g3}
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FukslE MEYCESS BluE £ SiO; &
Bt} oo HIFA HjaH RFHE o]F
HEUO)EES Yo Si0/ALO; TFHHE
ol Aol 54 OM.
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Zrdzuo]lEE HEF WEYOEES T
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&4 2 YAEES FASE F29 299 B
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e BEEY Y B4L FABARN A
2 Algs] #2319 Bk ol 4% v
(100 g2 Eo Eitd dEUE YAREY
A=EIE ZASATH

Ergzyelze o4He BAYE 474

A(hexagonal lamella)o] X%t o] Zo] HZEH =
AeE Bolis] olgn uRE AR 44
24 ¥ (subhedral lamella) 2 Jelbdoy, 1 w7
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AHfibre) 0. 2% AEHE Aoz 44 o
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Fig. 1. SEM micrographs showing the microscopic occurrence and characteristic morphology of mon-
tmorillonite from some domestic bentonites. (A. Typical honey-comb aggregates of montmorillonite
crystals, B. Domain-like aggregates of montmorillonite crystals: Note the differences in crystal size and
crystallinity, C. Characteristic crenulated morphology of montmorillonite lamella, D. Subhedral lamellar
form of montmorillonite crystals: Note the non-crenulated morphology (cf. Fig. C)).

o} xd ZndzudeExE AMA Y wit 2EX)
W 4~5 ym A7) E BHEE RoPU% &L
(A5 =9, B001244), HF A He) d7 WEY
O|E(B001253-Nel e FFHA %& H(lath)
9 232 APAZ &EH7)= FhFig 1 C, D).

HEYolErl Eo #AbEo] Ff=(suspen-
sion) AEHE o]#H, ErdZijolEs T ¢
A Bl oA wiade] o] JEFEY A
(face)# S(edge)o] Az AdE = #HHog &
A(flocculation)Fo] HEZEE9 AJAEZE o
FE Aoz dHA UkGoven, 1992; Low,
1992). o] o] A HEYAES] dxe Wl
EvolEY BAH4Le Z8, 384 2 AANRE
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Fig. 2. Distribution curves of particle size in suspension for
some domestic bentonites.

7 tBo] HAFAo 2= o]ZA¢l(bimodal) B  FAHRERTU ¥ Hojth o] AW 3 ¢4
Fokge YehdthFig. 2). 100 ym o)Ae] Z7] & 2vElo]Ee] AEHHL 800 mYg ALl
2 zte YAEe EXxE fiRE AlgelolE, vlElA, 1A (kaolinite)r} MHEA FEES
FHF, dnyz} g BEEs g o 77 <40 mUgel <5 m'/ge] £XE Hole A
2 7bFH o)l BLEe F7F gekstn o2 4 A duk(Inglethrope er al., 1993). uhe}
FHE7t 225 0‘3—1011*14 BE gl A o] AT FAE VIEeE W EHos
ERaAa O et FrtEE AoE2A e WEYO|EY FARIIIL o] FofA e ).
gt T HEUo]E ] EGME F&W ol ¢f3) 4
T ARHAE FEFH, FEXY % CEC
HIELIO|ES MEHMDI} +Z S wEH ulAA Etth(Table 1). W4 HE

UolEe] AXAHL AR meh 269~735 mY

EGME F3Hol o AMuwz Fadae g9 ¢o Mg ze Zez AN, oe
Agagel o BFIAT /159 EE AE oW Bud FIF 9(1987) S8 EAs} 2
M A (total surface area)o] 3 ZA4o] 7458tk Aole fle Ao dddnt. WEYVE A
T FolA dEYUc|EdAME 7|29 BET A& HUH e ERHIUo|EY T, FEFF
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Table 1. Surface area, mineral composition, and other characteristics for some domestic bentonites

Zeolitic_bentonite

Sample no Surfage Moisture Mean partilcle Montmorillonige Major Total CEC
area(m’/g) content(%) size(um) content(wt%) impurities (meq/100 g)
B001241-1 734.7 19.8 8.2 62 Clinop, PI 111.4
B001242-1 679.6 15.9 8.2 61 P, Ksp 115.8
B001243 496.3 13.8 8.4 54 Pl, Heul 85.4
B001244 667.6 15.0 8.9 55 Pl, Heul 86.6
B00125t 632.1 18.0 6.9 62 Opt, Qtz 98.0
B001256 5199 14.0 6.8 49 Clinop, Opt 80.9
Be0102131" 466.4 12.7 11.6 40 Clinop, Opt 105.1
Be0102235-1 401.1 14.3 7.6 31 Clinop, Opt 1024
Normal bentonite (zeolite-free)
Sample no Surfa<2:e Moisture Mean partilcle Montmorillonitze Major Total CEC
area(m’/g) content(%) size(um) Content(wt%) Impurities (meq/100 g)
B001241-3 610.2 14.1 5.7 42 Opt, Qtz 90.7
B001242-2 493.5 15.0 13.4 78 Opt 64.7
B001252 592.5 17.3 6.4 76 Qtz, Pl 103.5
B001253-1 539.6 13.2 6.6 56 Ksp, Opt 91.4
B001253-2 531.1 12.7 6.3 59 Pi 100.7
B001253-3 479.2 12.1 7.1 63 Ksp, Opt 733
B001255-1 303.0 9.1 5.5 31 Pl, Opt 54.6
B001255-2 269.3 9.1 7.2 40 Ksp, Pl, Opt 494
B001257 609.2 19.6 9.6 64 Pl 105.2

I . . . . . .
; determined as surface weighted mean diameter in suspension.

% error range: +0.5 wi%. Abbreviations; Clinop:

clinoptilolite, Heul: heulandite, Qtz: quartz. Op: opal-CT, Pl: plagioclase, Ksp: K-feldspar.
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Fig. 3. Plots for correlations of EGME surface
areas with montmorillonite (MMT) contents and
the amounts of impurities (ZEO: zeolite, OP:
opal-CT) in some domestic bentonites.
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Fig. 4. Plots of correlations of EGME surface
areas with moisture contents and CEC values in
some domestic bentonites.

ool ZZk WP Q] Na-¥ 2 Ca-3 WlEL]
E9] HFEA(Source Clay)Z4 & &#HA )
& m)5e] ‘sho] 27 HlE}o] E(Wyoming ben-
tonite) 9} ‘BWA}A WlE1r}o| E(Texas bentonite)
Aax g7 dastdnh. £3 Ca-F WEUo]
EE9 Na-ZA(soda activation)o]] 2]3F BH =
S} AFHE 3] YA, NaCoE FHL
6 Wt%ol O|E7|7A 1% HALE dAFde=
M7 A At

A Ao o3, U4F FeAM FEE
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Fig. 5. Swelling values for some crude and sodium-exchanged bentonites.
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BrEn 9% NFo2ZE A B8 BiAF
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e E7E BAPT dAE 3 wi%(NaCO; 3
7HE) oA BEeY AHE olFE A7t
g EEo] A5, YR A Lo EF HEL|E Y]
AgolE 5 wi%ol olE AEE Audez &
of £8F+e ZLE UgyH. ol EvEER
EAste AgetolEd oA H7ME Na,COs
o] YRVt iExe FHoe FHstA ALt
o|& PxAe FE WA orlE & A= @
o] & mEHg ARHY] Wi AR o
ARG o] AFE FIAM o]FAH HyHEe
FU ZIHEF gE)e 250~500% TFE
A met 24 vehdth AlSgelES F
Hhela) e HIEUCEEY AaE FUHAATL
doEez w4 Jehdth ol Na-#Ao] 9
A Hgdo]l Hold ‘9o] 27 WEU]EY
AFde e BEE VFELE = 0% e

FEoZ AU HEUCERS] AEE /)4l
o)2old 4 A AR

WEGolzel Fad GWH B4 34
T+ API(American Petroleum Institute)$} OCMA
(Oil Companies Materials Association)7} &S
2 A= sk %jE_ﬁ](FannTM Viscometer)& A}8-3
H 24T 24 B Az AH A
9 BHe 93 ARALI AUF WA (n-
glethrope et al., 1993)2.2 o|F oA} =4t
HEYo|EEL I ARES AYstas ARt
Hog g YT E Holg AR ZAHIY

thTable 2). HlZd HAT/} =& A5
(B001241-1, B001242-1, B001255-1)& &4
S} Na-ghd Zsfol @ Bedel glon o

3l Be HYS E‘ﬂﬂ—(Flg 5, Table 2). 3
%E%]EL}O]__ T5E 30 wthe AERE v $
Aok 03] 7}2} Lo YHEE Holt WE
UolE9] A$-(B001255-1)o 4 HEo], XY
ZUolE9] FiFo] IEUC|ESY HAHYEE 4|
ste FE 29e obd Rozm JERdth oY)
A E7)18uket Abgke AA(53] 2413 7]
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Table 2. Viscosity measurements(unit :

cp) of some domestic bentonites

Zeolitic bentonite

Sample no 0600 8300 8200 6100 086 03 830k 0310mn /31222:?:; v:filﬁy ‘({llssl/dl Ovoaflg; pH*
BOOI241-1 23 18 16 12 10 8 23 30 115 5 13 8.0
BOOI242-1 205 16 13 11 10 8 17 19 1025 45 115 8.5
BOO1243 4 2 15 0 0 o0 3 3 2 2 0 6.5
BOO1244 7 5 3 2 0 0 6 10 3.5 2 3 6.2
BOOI1251 9 8 5 3 0 0 7 8 9.5 b 0 7.4
BOO1256 4 2 1 05 0 0 3 2 2 2 0 8.5
Be0102131° 4 2 1 0 0 0 3 2 2 2 0 6.4
Be0102235-1 4 15 1 0 0 0 2 25 2 2.5 1 5.8
Normal bentonite (zeolite-free)
Sample no 6600 0300 6200 8100 86 63 B3i0ec 8310mn ljiz Ei:tnyt VZ?Z;; E:Sl;ilovoa;;)e pH*
BOOI2413 5 3 25 2 0 0 4 6 25 2 1 5.1
BOOI2422 3 2 1 0 0 0 2 2 15 1 1 73
BOO1252 7 6 5 3 1 1 1 6 3.5 1 5 9.3
BOOI253-1 10 7 6 4 0 0 8 1 5 3 4 8.3
BOOI2S32 5 3 2 1 0 0 3 3 25 2 i 8.6
BOOI253-3 4 25 2 1 0 0 2 3 2 1 1 6.9
BOOI255-1 47 30 26 21 9 2 43 50 235 17 13 9.1
BOOI2552 8§ 5 4 2 0 0 8 7 4 3 2 9.0
BOO1257 3 2 1 05 0 0 2 2 15 1 1 6.4

cp: centipose(mPa

AALEE Zt= wWEU0EES] Hud =&

TE Hole Ao Jdtke Ho|tiTable 1,
Fig. 2). 3 "HlELUE AN B/EFF:
10 g/25 mhe] pH/} B HOE ¥e $3T 1
oJ& NEEo] WAZ FH=st xe Aoz
EbdtH(Table 2).

e vioh 22 é_‘}j 2 A Ao &

53 2 HEY
Uo|EY] BARE
%Oﬂ xi;ﬂoi Z]HHE’}‘—
B} B9l 29l0] #AHE A}
=, L#Eiuroleq B PugRs
9 ZART = o5 FEEAY r U A+
2L 223 540 dEHE A¥E Bdde

|

O:

Rolty. gutHo g 43 EndIi}o]EY]
et oMo S38%, Wad 2 HAHe

pAAozE o HEIE AAE Aboldl AL

- s), 8: rotor speed(rpm), pH™: suspension

pH

3= v}kl 9 EE(van der Waals' force, double-
layer force, hydration or structural force 5 )ol
e se AgelAY, dAdes &

dEvolEe] FEEAY, A 27 2 A,
kel pit D A e Fal £
29150 gEHE A2 Aeg deA ot
(Low, 1992; Olphen, 1992). 28 U4t HI&E
HolEe f4g of De FEEY 243
A0 A4F tAA 1 B F2E et

AL A4 9% AAEET ERgRoE
o Wy w3 9 ARHAA BDE Asl
s7] old7] MEe] AAZAL 25 37
olt.

ZrpdzgijolEe 71 9 v A}, I,
P4 oz HE JAE -4 272 TR A%
(stacking) J &S FAH o7 o] HEFE AT
Aol £ 54 FFE v 2450t
(Schoonheydt, 1995). =3 F-Eo| £575 9 IJA
o] Zolo wE AZHAH BANA Given
(1992)0] Ut o = A A ulse} o), YEF
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Fig. 7. A plot illustrating the reverse proportional
relation of swelling index with surface area in
some domestic bentonites.
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