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Basic Physico-Chemical Properties of Representative

Ca-Bentonites from Tertiary Sediments

Hi-Soo Moon, Jang Han You, Jong Hwan Kim and Han Ik Cho

Abstract: Some physico-chemical properties such as surface area, moisture content, cation exchange

capacity, swelling rate, pH, viscosity and liquid limit have been determined for evaluation of Ca-

bentonite deposit occurring in four localities; Yonil, Gampo, Haseo and Pohang, in Gyeongsang-do.

Montmorillonite contents can be derived from surface area measurement. Enhancement of liquid

limit values and swelling volume were observed in the samples which had higher exchangeable

Na ion and finer particle-size distribution. Identical results were observed even in the Na-exchanged

samples. This suggests that aggregation effects have a great influence on physico-chemical properties.

Aggregation of montmorillonite were controlled not only burial depth but also composition of

exchangeable cation. Consequently, sample occurred in Yonil area where has the greatest burial

depth in the area show somewhat lower physico-chemical properties than those of samples occurred

in the other localities. However, the basic test applied in this study provides very useful preliminary

information relating to its commercial potential.
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Table 1 Sample details.

JgotAso E3

ol g ol 2mPul L A= HJ—I:E.—

AH&etd = BEEEE Foster(1953)¢] 3he

BEE FE TR ALt AFEE 10g9] W
BV Bt FR4MIA Ao

Ao A9 FHHEL 9o Wz Es

= -]

%

SHTE 7H EE w%E ¥ 105°C 24 A
& F st 30~408 Aole] KWFE SHE fEe
ot pHEIES Ad A+ 1008 LTz sh=
FH &if F5E7 mulA® Hoja
F A 587 AL &
ol & A3 ¥
6% d8d oz W&

8g-¢ 100ml

% AEAYE A £
e AN ERS mdd 7078
Ex 100822 si" A==
of #Fu B F 2048 2dAz Ae)E & Fann
Viscometer Model 35A% o] 8 American Petroleum

HRoZ H s

Sample Sheet & Claim No. Stratigraphic Unit

Jugjeong Yonil No. 13 Janggi Conglomerate

Batdugol Yonil No. 3 Nuldairi Trachytic Tuff

Unjangsan Yonil No. 2 Nuldairi Trachytic Tuff

Dogujeong Guryongpo No. 132 Nuldairi Trachytic Tuff

Baekilryong Yonil No.1 & 2 Nuldairi Trachytic Tuff

Jangseungbaegi Yonil No. 34 Lower Coal-bearing Formation

Deungnum Yonil No, 33 Lower Coal-bearing Formation

Sinchangri Guryongpo No. 148 Upper Coal-bearing Formation

Jeongol Yonil No. 6 Upper Coal-bearing Formation

Imgogdong Yonil No, 21 Upper Coal-bearing Formation

Sinjeong Yonil No. 34 Upper Basaltic Tuff

Mopo Guryongpo No. 135 Upper Coal-bearing Formation

Sangjeong Yonil No. 3 Upper Basaltic Tuff

Bangsanri Yonil No. 16 Upper Basaltic Tuff

Seongdongri Yonil No,5 Upper Basaltic Tuff

Yangpo Guryongpo No. 138 Changam Andesitic Tuff

Jangsa Cheongha No, 84 Chunbug Conglomerate

Haseori Gampo No. 40 Haseori Andesitic Tuff

Beomsilmot Gampo No. 30 Haseori Andesitic Tuff

Wolchon Gampo No, 68 Hyodongri Volcanics

Jabut Gampo No. 46 Hyodongri Volcanics

Jugjeon Gampo No. 66 Hyodongri Volcanics

Yongdongri Gampo No. 41 Yongdongri Tuff

Hwanseo Gampo No. 29 Haseori Andesitic Tuff

Hwaam Ulsan No. 33 Haseori Andesitic Tuff
TFN A FFE F 2] | Lo Carterss (1965)0] Institute(1980)2] VKRB kel 93] apparent 2
et Ad HEe HESAT. kSeEe 20g®]  plastic viscosityz B4 AA AT BHERE 9
ARE MF F 105°C & 2ol A 3~amsy Az% RE EFETA 13771967 A 439t d4aA4 &
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Table 2 Some physico-chemical properties of representative bentonites from Tertiary sediments.
Surface Montmo- ' Moisture efczﬁ;grée Swelling | Liquid Viscosity (cps)
Sample area 1;;1(}11-1(;211:5 capacity pH rate ]
@) | ) | ) | el (ml/10g) | limi¢ | 2PParent | plastic
Jugjeong-1 661 82 14.35 67.5 5.2 22.8 89 1.6 2.0
Jugjeong-2 696 86 15.97 78.6 5.4 24.2 127 1.7 1.5
Batdugol 299 37 6. 04 89.2 5.4 14.5 66 1.7 1.5
Unjangsan-1 456 56 8.13 92.7 9.7 35.5 92 2.0 2.0
Unjangsan-2 380 46 8.81 52.9 5.1 18.5 78 1.7 1.7
Dogujeong 438 54 11. 20 50. 4 5.0 19.8 78 1.2 1.3
Baekilryong 435 54 10. 82 58. 4 6.4 26.0 85 1.5 1.8
Jangseungbaegi 780 96 16. 46 76. 6 5.0 26. 4 147 1.7 1.5
Deungnum-4 398 49 9.39 55, 4 8.7 15.0 72 1.5 1.5
Deungnum-5 485 60 11.56 72.6 8.9 18.5 129 1.5 1.2
Deungnum-6 441 55 9. 67 94.7 8.7 18.3 68 1.5 1.8
Sinchangri 699 86 15. 05 72.1 5.7 18.2 114 1.7 1.7
Jeongol 809 99 9.12 4.7 6.2 26.9 76 1.7 1.5
Sangjeong 428 53 10. 69 52.9 5.6 18.0 95 1.7 1.5
Bangsanri 493 61 9. 95 45.3 8.1 20 8 69 2.0 1.8
Seongdongri 491 61 11.19 53.0 5.5 24.8 106 1.9 1.8
Sinjeong-1 553 67 12.09 59.5 5.8 21.0 111 1.5 1.5
Sinjeong-2 686 85 15. 09 63. 0 5.0 24.2 113 1.9 2.0
Yangpo 448 55 10.16 76. 1 6.2 25.4 113 1.9 1.8
Jangsa 683 84 14.98 69.5 4.2 18.0 139 1.7 L5
Haseori 413 51 9.89 56. 4 8.8 71.0 109 2.4 2.3
Beomsilmot 722 89 16,72 86.7 6.4 26.0 105 2.0 2.0
Wolchon-1 642 79 11. 56 72.6 7.2 18.0 134 1.9 1.6
Wolchon-2 — — 11.37 70.5 9.3 40. 4 210 3.6 3.4
Jabut 554 68 12.18 67.5 7.8 19.0 104 1.9 2.8
Jugjeon-1 456 56 9.81 - 63.5 9.8 68.5 222 4.2 4.0
Jugjeon-2 516 64 10. 02 62.0 9.2 83.0 292 3.7 0.7
Jugjeon-3 479 59 9.71 70.5 9.5 70.5 211 4.1 6.4
Yongdongri 568 70 11.89 54.9 8.7 24.5 92 1.7 1.7
Hwanseo 509 63 11.90 62.5 8.0 22.8 89 1.9 1.8
Imgogdong 297 35 6.38 32.2 6.0 20. 6 76 1.9 2.0
Mopo 670 83 12.93 67.0 6.9 22.0 107 2.0 1.5
Hwaam 598 74 13. 14 70.0 9.1 36. 4 144 1.7 2.0
el Fo2M Zrdavdelee 4HE 1 Ak3tG, 50%7F rdz el READGT 445 A9 o

o Al BVl Ed A BIRA SR 23 Ewﬂ A%,
RE R hEEvel = &9 RE#ES o 20m/g Aist

2 ZRIBVIEY Ao b of ¢ A

R = G 2ol o &

FAE AR ol v HE

Fohl= &

BIR 84l o &t °S§}—‘°:
o] fERES

el B A4 Ao} B4 s 7517:6]‘4—7]' l‘\_
7H&el el Bel ted) REHC] = F 25--4mP/ge 2
+<# (Van Olphen and Fripiat, 1979), whek o] #h4yo)

T FAE Se) TAN vAE A5E 13mY/gow
A ErdaveEY gfez A4 A4S 23
1.6% 24 EGME 9% BEMRR 5% % vz
x84 kel el HEKe 2N Ay
CRAEVOIE SHEL 34~96% WS & vy o
T EREEVIEY §FH T w9
AARSRN o2 R Al E£EHKS EGMEs]
g% WED KREH WERET 25 29 3 —
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MONTMORILLONITE CONTENT (%)

Fig. 1 Relationships between relative(020, 110) peak
intensities and montmorillonite contents by
ethylene glycol monoethyl ether surface area
measurements.

BHE BRE 29 F v (Moon, 1984), o= HHEK
HEFERF 457t 52 AL drdd. o % 7z
E X-HREREN 929 g ostd Exd 2ol
EAEL EEY 4 QA 2 A5Y L A8 935
o FEAHoZYEH Al Erdzgoles &4Ho
(020, 110) =29 ¥°l & HFE A3+ ®geh. Fig.
Lol vrebd uks} 2ol B9 =9 mEsst 49 A
¢ ERIRUEY HBE 4 H%2H BE o
90%9 PAE veEblA z BMLiES %A PO
2 A% ¢ F A =29 FES 4mg 24 A
€ AFNE v HEE L 45% ntE FolA = A
F& glo, o E 30~40%9] WM FL wolx 9
o ol w Foluol ElMl ThE A, AATY %
BEd 8 Erdavoee] B9 X-A3d Kk
A% ERE 1S ojdtE AL ¢ £ 9. JQE
oTE 3 AelA #2Y F g£R = goids uo
o BEANA A HMMEGEE r=0.6100 24 B
b e AL AR ERMo = FIFHS L Wt
g el M Ak = e il 2xdmie]

N

EY g F2 A= Yud, ol Aoz g
E ARl Hdl #RES =AY 3L JERE HE
FhLRT Aol & A uleg AA EGMEd] o3 £ M
ER F71EAL] AL ERE] o HAA RFPd Ao
2 FEEeA olud #AA HHE dAAE 2o
AAA A HWREA Fohehel )t Lot A E —fp
e Jad BEL 55 ErdzJoE RS
Bins e B¢ ol AdiAqd FAE JAAE X-
A duct KEH WEd dete Fol v FRAES
4 At
KFERE

TFTERFE A5 wel & HolE BolEd o &
B 6.38~16.46%0°] ¢l & HiEHS A nE KB
€ -8 274344 H¥ Az"d & A A4
REHAYHG. R Ed 4FdE RES BIRSH
BE AR 2 RA%CZ BHd EEAS 3347 4
ded Kotel ERdavelEr B 22 23
g #3459 Y 8L B FEstE goled £
ol mat ozt Hol b Al ut BiE Erdadol e
= 2% Ca-REZA +AF ol 22 Cadl Mgo|th, #
RA = agq gFel &9 £/ fastnzg, od 9%
FHEE Y B %L A gEdn 424E £
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Fig. 2 Relationship between moisture content and
montmorillonite content (by EGME surface
area measurement),
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Fig. 3 Relationship between surface area and cation
exchange capacity.

Table 3 Cation exchange capacities by ammonium
acetat emethod and methylene blue exchange
of some bentonites.

Methylene* CEC by
blue ammonium
Sample exchange acetate
capacity method
(meq/100g) (meq/100g)
Haseo 45.5 56. 4
Jugjeon-3 63.5 70.5
Wolchon 45.7 77.1
Hwaam 48.0 70.0
Batdugol 39.3 89.2
Deungnum-5 36. 4 72.6
*taken from Moon and Morgan(1983).
CECE &A3ted e =74 Hikel deovd #A

w) A BF o] £ fd CEC(e] 3 MBCECY
2 238 4737 9ol Moon and Morgan, 1983) o]#
o] HEE CECE 9| J,js}ﬂd Table 3¢] Veld ule} 2
o] B ER/ US4 A z A U E
B QMR A EHE = R TRl v 53 497
2 % AT 49.9 2 36.2meq/100g L 24 HiEHIK
AA EHEE TE, HH, AR 2 EERdA
B}l 7~31. 4meq/100g9] £ R & AL & 4 9t
Mag §F A ASSs Ao A S REAd=z
71E o8 9% Eﬁf@ﬁ & LRHERREEST o2 iR
Bl A EHEE AZdA 2 %7 o
ol FAE LHEREAA 2.
‘+l E9 *id“tﬂ FFL A g2
AR o= Kty
Zg &%—% ZH 5t o & 2%
At EE o|Axte] F—7
= ohel =t AA4%d A ES S#ko] CECel v
= °§’-‘§Jﬂ—— o8] BEEd dle mwmg v et Bd
T AARA —RYeR W EYoEqAE Erday
ol &Eol ¥&+E CEC/F Z79v CECH =&
BEHYE dHete A4S ErdadoEe Ffug
© #AIglel CECAt EolAl7] wl Fo RS SuEK
2Ed CECutez Erdgviel=9d 48 & 4
EUolEE Hriste AL S 9@s ol

2

mlo

+20| 25 % (pH)
Hi 449l 4.5614 38 &sle) el 9.8¢] o] 27
77}2} hFR MSHE ol gtk EHMRC A EH

He ARES A gt Wge e mol:
Rl ZEAGY HBES A 3L gl
Ve 2 gleh EER MR A EHEE Ak pHA 4
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4ol ALAA ST AR5 E Ak o8 k- T
frel 9% FAG A BAE Bl T2l ¢
A4S G 2L HRA IR Aol it oy

vl deld, ol MR A4 B A4S AlLfERd
g8 Ao® AL}, Takesi Z(1978)¢] oote %
Statgel a4 20 24 Fol & F Ca* Mgt
£ 19 HYeleeog w3z ¢ggo] AAH = 9}
=S BALERCl #TEY Erdave) Ex sk
o webA k. REBSVE BAERA o FAus
o] 600°C ZHA Ptz Vel “EERECGA E
A =7 AYLFF 500~700°C W o] A T kLol
FAE e “EEER e 2 wistgo] Az g
o (Greene-Kelly, 1957). ol21gt #3A 47 stichs
SHAEY AL dI9AGgA EHEIE J2dA o
A “FFEHE] 714 5 4] (Moon, 1985) o] & =
SAEA AR AL iz & F 92 2 A=
2(89 Fol o] Hiol2oz A3, pHE Aoz $%
& Aoz JAAT. WEVeEY @& =3 pHel A
F Rolevl BE&AST 9 A ARE 449 pH
E veEhie
HERR

R Table 201 1l wle} o] 6604 2209
AL 2o & AYFA D Allen(1942) 9] A 2] o] 2] 5}
oI e 2 AHdA Fikez vl Yw
Fit7b 2t B9 B¢ 105°C L8204 Azxd Ao
YE-E2 vl A7l o] & Atterberg [R5
Yol e}, White(1959) 1t Bain(1971)e] o]3}= Ca-Ex
d2uo] Ex 50~1999] W49 z+& 1A e Na-Zx
d2polES] A4 500~T00 Aol e it
Morgan (1974)o] 232 93~97%9 Ca-EZ =g 21}o]
EE &F%e AR 484 E 146~1729 e 2
ALz A It o2 nol ERES 4% Ca-
LEg2vte]E9 AulAql gholH, tha %e JEE
< ETES EiEd MdstE ALY 4 vk, White
(1958, 1959) & Ca-E2 P 2 to] E= B9 KFg} 15~
17 L4 A3 & T 5 2 oo s Na-
TELZYo)EL 50FAd o Gt TERT ¥ 4
Ak @tk ol A i B st nsg o
o] 2% %9 Naojgo] £ drizts o 434
ol MAe GFo] ¢ At AL ik oA
3 Fol &% Naol29] FAu| 7 Aund g 7
A

TEI ROl ES fRo —EKIdHE I HA
2 3A GE 5 Aok BEHMNE A9 g6 1

0 4o M

AEAGY Azge]l G4eAL 2 A ¢+

3l
A=l ole MEeR HEHIKS A28 2gA

Fol 2% Nadl F#u|7 & o slolgd
B E

BAEE WFZA 89 14.5ml/10g] A 38 FAA
89| 83.0ml/10ge] o] &k, ze vt R AaEe
20ml/10g Peste] BEEUfyQl Ca-wl EvtolEe RS
vebd e 8 HiEIRS A 588 60ml/10g LA ko
B2A AdAer g AsErdgd 953 =& @7
Rolt} A4 Na-gl Evlol E] sl To = & u]H =
FE Bolx ok Hite AFEE 2 FYFol 2y F
T RS, BB RERE 2 339 2 ¢ &
fikgiBe] w2l 24 JFe wEedE Ao 47 R
3z H Yt (Mielenz £, 1955). & WoeolA] #%Ee +
ASE 2 HAZE THE F gAT 2B F] L9
FF MESMS] AAE 33 AdE G 2
G dAIAGA AAH A2 PA = =g Naol &9
Gt EFE AREE 29, JEEE} A4S
BFEE v FoF) §igel Hs = o Fo) A
BAEG AAJAE BF B9 T g JAdeolm
EF A S 94T AAE 2 Ed g2t
S/t AR RA =3 FokEE FO RS 23
= (Fig. 4).
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Fig. 4 Relationship between liquid limit and swelling
index.
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Table 4 Swelling index of some montmorillonites after addition of sodium carbonate.

Original Na,COs(wt+%)
Sample :
bulk sample 2 l 3 4 5 6
Jugieon 7.6 8.8 | 7.6 7.2 6.7 7.0
Mopo 2.2 4.8 | 6.1 6.2 6.5 7.3
Sinchangri 1.7 5.3 ’ 6.0 6.5 6.8 7.2
Jangsa 1.8 7.0 1\ .2 8.4 8.1 9.1
Jabut 1.9 49 | 5.5 6.6 5.4 | 5.6
HED BRE 29 HimRy 2A2WH, A ol
e TEREDE ﬁﬁJ%ﬁ}S’— B8 o gz 59 . A dongsa
FEF 2785 AdEoklAdE Ago] o3¢ e s .”// o o /: o

e 2o Ca—%aegi»}o] Ex Naolgez o

LRBFTE AL F Yol 2 HHE AL S e
A, S el Fhe Asad A ols A2E ua
Bs #% AFEE MEF cH(Table 4). o] L2
5 FRAMELE A8 e FANE A7) 2,3

4,5,6%% 100ALFE st Az %3 4ol w5
& el AFAN AR ol Yol FEF B
% diden APAAAE o LnPNe L neh %

284 & & ‘T— A FA s A s 45 A4
A gwg AEstg e Fig 5ol A 2ol AAH W
Ed 579 x1“" A, 22, AR 2 ALY 4
AR FKHEY FF =7 18~22ml/10ge 2 o} 9~ §-A}a
Ca-ZrdzvolEe] 54 g %z e} o &
AXAEE At 6% FRAVEF A A Bk
BE 7HAH, AXAsE 4%001A, FAA X 2%6 A
HA AN E vebllch ol v Fo] Y A4S 24
Fol &% Naol 29 TAH 7 Aoz A £, ¢
ol ARAE, thgo]l UrA Azde & 4 At}
YrE-12] 74 9 CECE 63meq/100gq1s] ©] CECREH
olEdeoz Add Bel HA2Y aBASE ol
Nad] ul7F 20%%= A3 %L < 5 A A o %
o BF=7t Ztasted ol & Bain(1971)¢] Naol-&
22 23 Cafl BVl EdA 243 &4 g4 A
FEH A A —~BHG, o) AFAFE Ca-
WEVe 29 Hlks kg 9d Naolgo 2o miiurg
A CEC¥ut obvs} 2@ dol &9 5 9 MRS
ok A o) (LTRSS FRNE Ao ¢ &E
HE o F 9
FTHAVGEFLZ Ay A FAA5S A% 4
N Age =L A A e s Z

HF HEAMAA et A%E A2 de AL @
T Tk #8 AAA R A Moz ¥A8 &

» j//‘ Sinchongri
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Fig. 5 Swelling index after addition of various
amounts of sodium carbonate.
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Table 5 Viscosities after stepwise increase of montmorillonite contents.

Dispersion Viscosity (cps)
Sample
Method 6% 10% 15% 20% | 2% | 30%
simple* AV 1.7 2.4 3.3 4.8 5.8 9.5
. dispersion PV 1.5 2.3 2.5 4.5 5.5 10
Jugjeong-2
forceful** AV — 2.6 4.6 7.5 11.0 14.5
dispersion PV - 2.2 4.2 5.5 8.0 11.0
simple* AV 3.7 7.5 26.3 56.3 — —
dispersion PV 0.7 7.0 21.5 42.0 — —
Jugjeon-2
forceful** AV — 12.5 58.2 — - —
dispersion PV — 10.0 34.5 - — -

* Clay was dispersed by simple stirring.
** Clay was dispersed by ultrasonic generator.
A.V is apparent viscosity and P.V is plastic viscosity.
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