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SUMMARY

Hazardous wastes, when improperly disposed of, pollute the
environment, creating such problems as the contamination of soil,
groundwater, and surface water. Secure landfills, which are known
to be the most-used method to dispose of hazardous wastes, can
prevent hazardous wastes from escaping into the environment. For
such prevention, the landfills must be lined with an impermeable
material, such as a clay.

Bentonites were collected from Kyongjukun and Yongilkun, whilst
kaolines from Hadongkun and Sanchongkun. All the collected samples
were tested for their Atterberg limits, specific gravity, free
swell, pH, CEC, chemical composition, and mineralogy. The liquid
limit and free swell of bentonites varied from 72.8 to 403.0% and
from 30 to 240%, respectively: the liquid limit of non-expansive
kaolines from 38.2 to 60. 8%,

Bentonites are mainly composed of Ca-montmorillonite, comprising
more than one of the following minor minerals, plagioclase,
quartz, opal-CT, cristobalite, muscovite, mordenite, illite, and
calcite, Kaolines are composed of kaolinite and halloysite.

Based on the test results, bentonites having more than 80%
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liquid limit and 90% free swell together with kaolines possessing
41 to 60% liquid limit and 17 to 34% plasticity index were
determined to use for the 2nd year study on liner material.

In addition to the bentonites and kaolines, a sand sample
collected from Murungri was tested for its gradation, etc., being
classified as SP according to the Unified Soil Classification
System., This sand also was determined to mix with bentonites and
to utilize for the 2nd year study.

A clayey sand collected from the waste of Sangrari bentonite
mine was tested for its physical and engineering properties,
chemistry, and mineralogy, its hydraulic conductivity being 2.3 X
10”7 m/s. The test results revealed that the soil can be utilized
as an impermeable material for the control of subsurface

contamination.
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Figure 1. Ways in which industrial wastes are disposed of.(From USGS Circular 875)



Chemical waste Buried
stored in barrels chemical
on the surface wasie

Waler Table Unlined “lagoon”
with chemical waste

L

- Ty

-4

"h ” -
Rl
pmbdy 4t

Figure 2. Ways that uncontroled dumping of chemical waste may pollute

soil or groundwater(From Environmental Geology, Charles
E.Merrill Puvlishing Co., 1982).
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Solid-waste-disposal site where the waste is buried above the
water table in permeable material in which leachate can migrate
down to fractured rock. (After W.J.Schneider. U.S.Geological Survey

Circular 601F, 1970).
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Figure 5. Pollutants entrained directly in ground water. (From USGS
Circular 601F).
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ojn} ojH4 ¢lo] Bt HIEL ¢HIA uiFdske & ol gich e A
71t BAY ¢ AR oiAolr.

1) Process Modification (7F2A 2] HA)

2) Resource Recovery and Recycling(AFd %<~ ol zj48)

3) In-House Volume / Toxicity Reduction ( A}A|H o g £z}

T E Hi)

4) Waste Fixation ( A|HEZSQ} 2 Edo HY HF2 F2A7)

5) Incineration ( £2})

6) Solar Evaporation / Land Treatment ( XAHXjo]A VA7 S
AL ¥ AAEF B9 EY)

7) Chemical Treatment (Z}¥3 A 2] vjgl )

8) Deep- Well Injection (A SH7|E HAE F4)

9) Secure Landfills ( QFH uj§l)
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Al2]ste= & YREL.  Figure 6= HAnP & HoFEs =AY SHIIE
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Figure 6. Idealized diagram of the secure landfill for hazardous

chemical waste(From Environmental Geology, Charles E. Merrill
Publishing Co., 1982).
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Table 2. Category and genetation of the special industrial wastes in 1991.

53 WIS

Aoz 1992d% ¥zl 20,4277) wiedLrt EXse A

H SHAHIZIEY U g3

< #3E7Ee st AR U 4 de

A= A

ulel o] 1991de] 2 683uEo] Yot
o] 2 9V, SN, SN, WA, US| o

S8 7IE0] 8

& 2

(unit : ton/year)

+ ¥ |wax| 3 & |wa oz |
| At 315, 532 ¥ J 3= 2,435
H ¢ 7t g 190, 186 [ 2 zt 2t = 1,935
| s 202,212 | ¢ 3 3= 16, 437
| H % 71 & A 51, 588 H & v 1,812
sigtd TEABUE | 483,092 | w & 2 A 721
¥y o o 7,219 | = T 9 | 354
=1 ol 71,866 | P C B | 8
i il % 38, 284 2 3, 309, 673
H £ & A 9, 882 ¥ 4 32 1, 765, 555
=8 = 175, 140 H M ¥ 189,183

z A 6,833,144




A 2 d SIS A2 8%

1991 d UBY o 68HIWIME HIZIEY Az HH2 AYLHY Zo
39.3%, 4Zlo] 9.2%, ujYPo] 34.2%, Zle} ol ¥t o] 17 3ot}
(Table 3).

N2 Nel wee A% iYL BEF, VAFALHEOE AN Al
de] Al 3o |WA LGAEY T 1991a ¥, 2297]0] S e
U 1992d 2o X5 e Zol 290710 iz il oy HE
= asiveie AjEo] ULEE o] EXE FA= tiE HIIEH A uf
Y& 3tA nidolrh

82 7tE5d w3 H7E FFAANEREE B2 e FE EFE 2
Aol ZtZ} 14 60E% 1008 FR2 A2]%o] A& Polth

Table 3. Amoumt and percent of the special industrial
wastes treated by various methods in 1991.

(unit : ton/year)

S 0 ]

d % 2 2 & a 2 | o ¥ 7l B | R

P

A 8] & 6, 682, 769 629, 757 2,337,669 | 442,998 739, 921

I‘

¥ T - 39. 3% 9.2% 34. 2% 6. 5% 10. 8%




A 4% HERE

AEFES X Al, Mg FeE F+48H T4 F+419g(Hydrous silicate)o|r}.
o] AEFEZ EY 4£% EREH g wox I EYY FHH AFo 2
S 7 Wieel FEXSY i Fgo oyt 1¥2 & dFol Eas
Ch. m2tM tiSHoAM HEZEY S8 ol 3] 7z} jir).

A1 E BEHESY 5§74

RE FERSS AEF=(clay mineral groups)o] K3 Q+e=d], I +2
kaolinite minerals, illite minerals, smectite minerals % chlorite
minerals & TCTJHEEC}. Kaolinitegr& kaolinite®} halloysite, illitedt
illite®} vermiculite, smectitew> montmorillonite?} saponite, chloritegt
< chlorite & o|fof ZIt}, Tables 4 and 5= A 7|¥ BEIEL] AL S
FHY Zojrh

BN E T & Ao FE HIEE= FES montmorillonite,
kaolinite W halloysitegld], o|&o] tidt HAAE U] 7|&31H 22 L
cl.

Figure 7& smectite structure diagram®} montmorillonite®] schematic
diagram ¢ld], smectites % montmorilloniteRlte] Z3| E ol $rH-Xlo] arc}.
B]ia ¥+ C.E.C.(cation exchange capacity)®} SEEE 231 U=

montmorillonite= Na-montmorillonite2} Ca-montmorillonite® o] A=



Table 4. Clay mineral charateristics.

Type schematic

1:1 Kaolinite
=N

2:1 I11ite

2:1:1 Chlorite

T

g

Subgroup a

S

i

Mineral

Kaolinite

Halloysite

( dehydrated)
(hydrated)

I11ite

Yermiculite

Montmorillonite

Chiorite

— il i il il

1deal formula/unit cell€

e o .

{OK)g S1aALgO1p
(CHlg ST4A14010
(OH)}g SigAlg010.4H20

(K1H20) 2(S1)g{A1,Mg,Fe) g g Oppl0H}g

(OH)4{Mg.Ca)y(Sig.x Alx)(Mg.Felg 02g.YH20

x=1-1.4, y = B
(OH)4S1g(AY 3,34 ,M9,66)020.nH20¢

Na.b6

(OH)4{S1Al }g{Mg.Felg 0xpl2:1 layer)
{MgAl)g{OH}12 (interlayer)

Cations
octahedral /tetrahedral
Alg/51g
Alg/Siq

(Al ,Mg,Felg.q/(A,51)g

(Mg,Felg/(S1,Al)g

Al3.34M9 g6/Sig

(MgFelg (2:1 layer)/{S1,A))g
ng.Al?ﬁ interlayer

See notes at end of Table 5.



Table 5.

Clay mineral characteristics.

- .-

S — il —— il

Jquid JPIH?M: Shrinkage

Activity

[ somorphous Basai o 2 Specific 1imft limit Timit plasticity index
Mineral substitution Interisyer bond spacing {meq/100g} surface {m2/q) (%) (%) (%) < Zpm
Kaolinfte Little 0-OH 7.2h 3-15 10-20 30-110 25-40 25-29 0.5
Hydrogen-strong
Halloysite
{ dehydrated) Little 0-OH 7.2 5-10 35-§5  30-45
(hydrated) Hydrogen-strong 10.1 5-40 35-70 50-70 47-60 0.1-0.5
1114te S1 always replaced X jons-strong 10k 10-40 65~ 100 60-120 3580 1547 0,51
by some Al, Balanced
by K between layers
Vermiculfte A} for S1; net Weak 10.5- 144 100-150  40-80 primary
charye of 1 to 870 secondary
1.47/unit cell
Montmorillonite Mg for Al; net 6-0; 9.6 -complete 80-15%0 50-120 prieary 100-900 50-100  6.5-1% 17
charge always » Yery weak separation 700-840 secondary
0.66~/unit cell expanding lattice
Chlorite Al for $i (2:1/1ayer) 0-OH 144 10-40 4447 36-40
Al for Mg {interlayer) MWydrogea-strong

b AR oA, U LD I ¥
YT g S o, PP TT el Ty = VR VT M

Safter Mitchel) (1976),

s {ndicates silica tetranedral sheet.
G indicates gibbsite octahedral sheet.
B indicates brucite octahedral sheet.

X indicates potassium fons,
0 indicates water layer.

CTwo formula units required per unit cell.

Oarrow indicates source of charge deficiency.

€Cation exchange capacity.

Equivalent Na listed as balanCing cation.




(a)

O Oxygens @ Hydroxyis @) Aluminum, iron, magnesium

O and @ Silicon, occasionally sluminum
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waler
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Notes
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(a) Disgram of smactite structurs,
(b} Schematic diagram of montmaoriilonita.

Figure 7. Diagram of smectite structure (a), and schematic diagram of
montmorillonite(b),



q, A== Fxlo] vl3l YA Y} sF&Ado] €53 &rl.
Figure 8& kaolinite group minerals®] structure diagram?} schematic

diagran?ldl], v]"&gold vlad W& C.E.C.& 23 Arh

(a)

(b}

- o Watsr Molecules

{a) Diagram of kaolinite structure, G = Gibbsits sheest.
{b} Hydrated halloysite.
{¢} Kaolinite or dehydrated halloysite.

Figure 8. Structural diagram and schematic diagram of kaolinte group
minerals. (From Grim, 1963:Mitchell, 1976).



] 2 A Bentonite

Bentoniter= BEHRFo] oflc} ol= HEFZQ montmorillonite® FTE
F45o] ol UM(EE clay deposit) ©|C}. montmorillonite?] ¥R/}
2t 2 bentonited] ¥4 WA= 24¢0] Hrl. 18 tEEH S ¢
2] bentonite® M7} JlHzle F4EE HFe Y S WAASHA He= ZeE
gdajd gt gAHolA dAFAWxol Ca-montmorillonitedmr H-F3IL AUE
bentonite= Na-montmorillonite & ¥-¥35}3. QU+ bentoniteHr} SiIFAlo] F

il Figo] &



A5 F ANE AH

= = YU ARAHL g2 g 2 #3718 HAUR S XAHA BF
2} dAF drie} M 7Halo}r]o) MP3l= anorthosite XX e sHE+3
AP dich. BESEHEAM XA = bentonited, FAIAM= IABES

2133t =, AMHUZ4 ${*|= Tables 6 and 7 2} P},

Table 6. Location of bentonite samples.

Al EWH 3 2 A # x|

K -1 28 ZAEa GEY Fate] 4t 57

K -2 BE BEL Y5 FAe At 57

K -3 25 BFT GEE FAkg] 4 57

K - 4 BE BT YEW &4z A 385

K-5 25 FaEd g5dH £dg A 385

K- 6 e BFET ¥5H FHe A 214

K -7 3w BaT S=E F4¢ 4t 214

K -8 25 BT YW A5 &7 efFIHF)F3F

K-9 BE B4 95 dEe 2 efFHHF)ZF

K - 10 25 BFT SEB Aete] 4 250

K - 11 2 ZAF Sdd k] 4 250

K - 12 A5 BFT G5W el 4 250

K - 13 B3E BFE ¥dEE AFe] 4t 194

K - 14 25 B4 ¥EE AFe] 4 194

K - 15 BAE BFEa SHEH HFe] 4 194

K - 16 25 BFT BEE A5

K - 17 2E BAFET SdEH BA] A 205

Y - 1 AE U FIAH S8 |
L Y-2 | AR 4UdF A 2R J




Table 7. Location of kaolin samples.

2} # $ A]

a3
Lok

A 5T 92W Qe At 42
A 5T 92W e A 42
Ay 52 939 7 A 42
A SHEZ FW Qre) A 42
A SISE S22 QT A 42
Ay SIEE 939 @7 A 42
A ASE 92 P A 42
A SI5Z 927 A g A 138
Ay SEZ 931 BEa AL 138
Ad SHEZ B spye] A 138
A S5E K2W P4e) 2 60-1
A AZ AW Pore] A 183-1
A AT AW yoe] At 183-1

>
N U0 =2 & &= kT T I X X X h-u
[ I {
et et et (O Q00 O~ O T e WON
— D

I
0N

Table 6 oj]A] R bentoniteA|E F B 718 AlExj3] XAHAE AIRLoE 4
715P8, Figure 9= B E ZHFL 45H FHe| 4t 2149 £2§3}+= bentonite
P2 AVAM A|BHIE K-6 K-7& 23l Tt. Figure 10 BH BFT
oy i F=a] Ab 1940] A3h= bentonite HAHLE HI7IAME 37 AR
(K-13, K-14 @ K-15)F 23314l

Figures 11 and 12+ Z}Z} Zd 3t S3FH S+el Al 429 ¥ g2l A
1380]] &zf3l= AHE FAUY, HAxjoAM= A|EHZ H-1 to H-7F, FA}
M AlRHZ H-8 & H-95 23|33t

=
=

Bentonite2} IFE ARF AAHY A o] ¢ HEFHA YN
2|3 9 FIY ANEE vUY FYZ HT 4 34 SR 39 FIFEE T

Sel FRFAolM PR (Figure 13)F AT 2P 38 F2Z

f



Figure 9. Bentonite sampling site for Nos. K-6 and K-7, Yangbukmyon,
Kyongjukun, ~

Figure 10. Bentonite sampling site for Nos.K-13, K-14 and K-15,
Yangnammyon Kyongjukun,



Figure 12. Kaolin depasit at Chongryongri, Hadongkun,



i Alglz] AF 2508] bentonite #At2] mine waste(AEZA B )E 23] 314

Figure 13. Sand deposit along the Kumkang River near Murungri,
Kongjukun,



A6y AU I

A 1 3 Ag S W AEEF

2 E bentonite R IHE AR 65ToA] ARA|ZI ¥ NO. 40(0. 425mm) A
& FTAI=S EHsidcet. Sul8 A AlRE A8 FHol wel o] 3
ZA AT}, AZF obyd Arzlg)oA] 2j3]3 BER R montmorillonite?}
dulzt FREo] ATt Kol g4 65T =AZRAZeH $¢d FFT FF
glof A A3 3hA Rl 100THA AxAZc)

2E bentonite Y ILFE AR RN Ee]F F5¥& uo}3hr] 9131
NEWIRIA, free swell F H|FAHZ Ao FEHY FY& 3¢
871 918 Xray HAEH, SBIUY U EAKE Th¥29] bentonite AlE2 571
9 ZHE Azolw UASAh et BYS FEs] AT wet vethods)
3}t B4, C.E.C.(cation exchange capacity) W pH&E 32 R E bentonite A
wo] AAlstdey, AP E ARo] UjHE pyt BE Algo] AA3ta 33
B3} C.EC £ 57 A|8oqt A5},

HEZ Reo] sy EHIRAANE, dx &4, v|FAH, A oA
AlE, F5A18, X-ray HEEA, SEMEQ, EDAX, 33EM 9 pH & 314A
o Bl A= HFU YEEE AJHES +H¥3tAct

E Aol tIE AlEUHL A2]5l3 free swell test (Gibbs and Holtz,
1965)el o3} 483l RA riZ Zrh WA No. 40 E FA3ln €44 AxH
A EE cylinder®] 10ml &7 =314 x2ch thf, o] A|&& 50ml7}X]

B2 A3 cylindero] 2324 Xo] Yir}. na|gto g 2713 A Q2
—929



¥ o34 4], free swell = (V-10)/10X100%0j A 3382t BA ¥Hrl {3k
o] 50%0]3t E 2 SPYAdol HE Q= B WHH 100%0]44d A2 »33g

o] & A& ZFFHrl.

A 2 2 A" 2

2-1. Bentonite

FAtg] Al 570} H-E5}= bentonites(A]®E K-1 to K-3)
= ZA-¥EA FeNE il Qled, AYTALL LGB ATE 85.1 to 90.5%
) 31.5 to 49.9%0|1§ free swelld} B] S 212} 110 to 130%2} 2.26 to 2.38
A ZeE SFFACE. £ Fel¥ FEo Uit EE Z= Table 8o 7|7
cl.
- Yy S8

= bentonites® X-ray AT ZZ(Figure 14)of 2|3PH 37} A8 BF

L.
£2

montmorillonites = WIEZ L1881 3oy Qlory, B B2 A
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Table 8. Physical properties of bentonites from kyongjukun and Yongilkun.

7 — T r
Sample |Atterberg limits (%)| Free swell | Specific
Color
Pl (%) gravity

K -1 88.21 49.9] 38.3 130 2. 38 Yellowish green
K - 2 90.5] 31.5] 59.0 125 2.26 Brownish to

yellowish green
K - 3 85.1} 41.4] 43.7 110 2.28 Yellowish green
K - 4 74.8| 53.6] 21.2 115 2.23 Grayish green
K - 5 104.0] 36.9] 67.1 50 | 2.37 Grayish green
K -6 338.0f 44.9| 293.1 170 2.19 Yellowish green
K - 7 403.0| 40.2{ 362.8 240 2.25 Yellowish green
K - 8 182.07 63.6| 118.4 160 2.28 Yellowish green
K - § 334.0; 44.4! 289.6 180 2.34 Yellowish green
K - 10 79.6} 57.9! 21.7 110 2.19 Yellowish green
K - 11 80.9| 42.67 38.3 70 2.20 Yellowish green
K - 12 84.9| 52.6] 32.3 90 2.26 Grayish green
K - 13 93.8] 47.5F 46.3 150 2.10 Grayish green
K-14 |- 91.21 48.6] 42.6 165 2. 30 Yellowish green
K - 15 85.4] 41.7| 43.7 155 2.47 Brownish red
K-16 | 113.5] 46.2] 67.3 120 2.15 Yellowish green
K - 17 73.5| 46.8| 26.7 40 2.50 Grayish green
Y -1 72.8F 55.9| 16.9 30 2.49 Pale brown
Y - 2 105.0| 60.1f 44.9 70 2.56 Grayish green
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Figure 14. X-ray diffraction patterns for sample Nos, K-1, K-2 and K-3
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Figure 15. Scanning electron micrograph of sample No. K-1 showing
montmorillonite aggregates(Mo) and palgioclase(Pl).

LY

Figure 16. EDAX pattern of the plagioclase in Figure 15.
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17. Scanning electron micrograph of sample No. K-1 showing
globular montmorillonite aggregates.

Pt | T T s = 11525 it

Figure 18. EDAX pattern of the Ca-montmorillonite in Figure 17,
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Figure 19. Scanning electron micrograph of sample No. K-2 showing
montmorillonite aggregates(Mo) and a crystal of palgioclase(Pl).

Figure 20. EDAX pattern of the plagioclase in Figure 19.



Figure 21. Scanning electron micrograph of sample No. K-2 showing boxwork
of montmorillonite aggregates(lower left).

Figure 22. EDAX pattern of the Ca-montmorillonite in Figure 21.



Figure 23. Scanning electron micrograph of sample No. K-2 showing curled
habit of montmorillonite aggregates,

Figure 24. EDAX pattern of the Ca-montmorillonite in Figure 23.




Figure 25. Scanning electron micrograph of sample No. K-3 showing
calcite(Ca) and montmorillonite aggregates(Mo).

Figure 26. EDAX pattern of the calcite in Figure 25.



Table 9. pH and C.E.C. for bentonites from Kyongjukun and Yongilkun

Sample

No.

l
WL 00 ~1 O A = W o =

e e KR AR AR RARAEBE AR A XA AW AA R A
I T I S SR R R S
P T T N T S e
- O O o W N = O

i
)

8.3
8.5
8.1
8.5
8.7
9.1
3.0
10.5
10.2
8.7
8.5
8.7
8.4
8.1
8.0
8.8
7.9
5. 4
8.1

C.E.C. (meq/100gr)

75.4
81.1
73.1
76.9
63.7
81.0
84,8
71.3
78.4
84.1
86. 1
59.6
93.0
96.8
95.9
80.0
81.9
40. 4
59.6




Table 10. Chemical composition of bentonites from kyongjukun and Yongilkun

Sample Chemical constituent (%)
_ —
No. Si0, Al0s | Fes0s Ca0 | MgO K20 | Na

I E—

K -1 59.50 | 20.96 | 2.64 3.71 3. 29 0.40 | 1.68
K - 2 59.32 |. 21.01 | 2.49 3.93 2.58 0.20 1.50
K- 3 58.26 | 20.94 | 2.50 4.15 2.15 0. 34 1.98
'K -4 ! 66.24 | 16.95| 1.45 1.91 2. 64 0.98 1.98
K - 5 70.60 | 14.90 | 1.36 1.71 1.85 0.79 1.96
K -6 58.62 | 19.82 | 4.32 2. 47 3.38 0.35 I 2. 04
K -7 | 58.72 | 19.96 | 4.24 | 2.53 | 3.29 | 038 | 2.14
K-8 | 61.28 | 18.66 | 2.60 2. 84 2.74 0.47 | 5.12
K -9 62.24 | 18.78 | 2.92 2.19 2.97 0.58 4.15
K-10| 62.16 | 18.73 | 1.65 2.53 3. 67 0. 46 0.90
K-111| 62.96 | 18.40 | 1.54 2. 69 3.66 0. 39 0.98
K-12 | 68.40 | 16.24 | 1.26 2.16 2.66 0.67 1.48
K - 13 ‘ 55.48 | 20.27 | 2.35 3. 03 4.66 0.28 1.12
K-14| 58.06 | 20.44 | 2.56 3.14 4,88 0.25 0.11
K - 15| 58.26 | 20.28 | 3.34 3. 59 4. 31 0. 24 0.90
K-161| 66.28 | 15.68 | 2.82 1.80 2.74 0.26 1.05
K -17 | 54.04 | 19.63 | 6.15 3. 70 3.78 0.97 1.29
Y -1 61.60 | 22.28 | 2.92 1.57 0. 87 1.65 2.03
Y - 2 57.92 | 20.04 | 7.10 3.09 1.95 0.71 1.24
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Figure 27. X-ray diffraction patterns for sample Nos. K-4 and K-5
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Figure 28. Subhedral montmorillonite aggregates of sample No. K-4.

Figure 29. EDAX pattern of the Ca-monmorillonite in Figure 28.



Figure 30. Scanning electron micrograph of sample No.5 showing plagi-
oclase(P1) and montmorillonite aggregates(Mo).

Figure 31. EDAX pattern of the plagioclase in Figure 30.
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Figure 32. X-ray diffraction patterns for sample Nos, K-6 and K-7



Figure 33. Scanning electron micrograph of sample No. K-6 showing
subhedral montmorillonite aggregates.

Figure 34. EDAX pattern of the Ca-montmorillonite in Figure 33.



Figure 35. A typical montmorillonite texture, sample No. K-7.

Figure 36. EDAX pattern of the Ca-montmorillonite in Figure 35.
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Figure 37. X-ray diffraction patterns for sample Nos. K-8 and K-8
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Figure 38. X-ray diffraction patterns for sample Nos. K-10,K-11 and K-12



Figure 39+ A|&EH3E K-108] SEMQIY], & A}z oA montmorillonitel] 3F}

Figure 39. Scanning electron micrograph showing subhedral lamellae of
- montmorillonite, sample No. k-10.
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Figure 40. Scanning electron micrograph showing monomineral montmorill-
onite, sample No.K-11.

Figure 41. EDAX pattern of the Ca-montmorillonite in Figure 40.



Figure 42. Scanning electron micrograph showing plagioclase(Pl) and
montmorillonite aggregates, sample No. K-12.
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Figure 43. EDAX pattern of the plagioclase in Figure 42.



Figure 44. Scanning electron micrograph of the montmorillonite in Figure 42.

Figure 45, EDAX pattern of the Ca-montmorillonite in Figure 44.
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Figure 46. X-ray diffraction patterns for sample Nos. K-13, K-14 and K-15
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Figure 47. Scanni
! 1 '
: ng electron micrograph showing montmorilloni
gates, sample No. K-13. A iR

Figure 4
gure 48. EDAX pattern of the Ca-montmorillonite in Figure 47
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Figure 49. Montmotillonite flakes(Mo) perched on a grain of plagioclase
(P1), sample No. K-14.

, Figure 50. EDAX pattern of the plagioclase in Figure 49,



Figure 51. Scanning electron micrograph showing a flake of muscovite(Mu)
and montmorillonite aggregates(Mo), sample No. K-15.

Figure 52, EDAX pattern of the muscovite in Figure 5.



Figure 53. Scanning electron micrograph showing foliated aggregates of
montmorillonite, sample No, K-15.
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Figure 54. X-ray diffraction pattern for sample No. K-16.
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Figure 55. Scanning electron micrograph showing steps of montmorillonite
aggregates, sample No. K-16.

Figure 56. EDAX pattern of the Ca-montmorillonite in Figure 59.



Figure 57. Scanning electron micrograph showing mordenite fibers and
montmorillonite aggregates, sample No. K-16.

Figure 58. EDAX pattern of the mordenite in Figure 57,
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Table 11, Physical properties of kaolins from Hadongkun and Sanchongkun

|

Sample |Atterberg limits (%)| Specific |

' — gravity | Color
No. LL PL PI J (%)

l — I
H -1 01.5{ 35.1| 16.4 2.57 Whi te
H- 2 4]1.8 NP 2.49 White
H-3 | 48.3] 33.3] 15.0f 2.55 | Pinkish and brownish white
H -4 49.61 31.6| 18.0 2.56 Yellowish brown
H-5 47.3( 25.0 22.3 2.62 Brownish red
H -6 60.8] 26.9] 33.9 2.58 Brownish red
H -7 58.9| 29.4| 29.5 2. 66 Reddish brown
H - 8 41.0} 24.0{ 17.0 2.93 ¥hite and brown
H-9 45.5| 33.3| 12.2 2.57 White and reddish brown
H - 10 48. 2 NP 2.43 Greenish white
H - 11 51.0] 35.0] 16.0 2. 61 Reddish and yel lowish brown
S -1 38. 2 NP 2.62 ¥hite and brown
S -2 45.01 19.9} 25.1 2.95 White and pale green
o = L=

471 A& (H-1, H-2, H-8 W H-9)of ti¥t X-ray¥HHEM ZAI+= Figures 59

and 600j|A4] Hi= ulgl Ztl RE Al§ = Kaolinite?} hallogsiteZ} 3% of

Qlom H-2A|ZE ZAake] illited 8312 Qrt.
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Figure 59. X-ray diffraction patterns for sample Nos. H-1, H-2 and H-3
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Figure 60. X-ray diffraction patterns for sample Nos, H-9 and S-1.

Figure 61 A|EWHIZ H-128] SEMQIG], o] A}XojA ti¥PY vermicular

kaolinite stacks& & 4 qit}. Figure 62= Figure 612] kaolinite®] EDAX
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Figure 61. Scanning electron micrograph showing vermicular kaolinite
stacks, sample No. H-1.
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Figure 62. EDAX pattern of the kaolinite in Figure 6l.



pattern ©|TC}. Figure 632 A|RHE H-28] SEMO. T kaolinite?} halloysite®
o] Fo| A ﬂt}f Figures 64 W 65+= ZZ} H-83} H-92] SEMo|c}.

o ¥H J

117] A& E7ol AAIRF pHSHo| &3t S x| Hel= 5.0 to 7.40|

47§ A1 2 (H-1, H-2, H-8 W H-9)ol] ©jizt C.E.C.o] Hel: 16.8 to 22.9
meq/100gro]tHTable 12). LHEL UFEL 8  Si0%} Al0:E T o]
St 47§20l iyt el Table 1304 H&= uje} o] Si07} 42. 96. to
44.02%, Al0,7} 39.88 to 41,6324 2] 1:12] u)&olc}.
2-2-2 A o

AR dololM = 271 AHAN AEE AMASHATE E2F AP 27 A
T BEFo) AAstgden pH, CE.C. R HIPEEH L2 17] ARt A3
t}.

o =2y JN

Figure 1104 R ule} o] 27JA]8(S-1 Q@ S-2)9 JAHIALE S-19]

38.2 %, S-27} 45.0%0|0 A AL S-10] NP, S-27} 19.9%0|c}, ¥]ZL S-1
o] 2.62, S-27} 2.55¢1 Ao T AL 2R 25 u|BEAol].

o A=Y B

A|ZHZ S-10] iyt X-ray¥]HEA A2 Figure 6004 B ule} e

dl, ¥ I ELE halloysite?} kaoliniteR T} t ©lo] UFE UL Aow Hol
T}, Figure 66 S-1A|&&] SEIMQIH], & AL t]EF halloysite tubed X
o &£T}l. Figure 672 Figure 662] halloysite®] EDAX pattern o|t}. Figure
682 HA] S-1 A& 28] SEMlY], specimen 5 kaoliniteZ} $AM|¥F HFojc} E
kaolinite®] EDAX = Figure 690j4 B u}e} Zt}.



Figure 63. Scanning electron micrograph showing vermicular kaolinite
stacks with tiny halloysite tubes, sample No. H-2.

Figure 64. Scanning electron micrograph of halloysite tubes, sample No.

H-8.



Figure 65. Scanning electron micrograph showing tubular halloysite and
vermicular kaolinite, sample No. H-9.

Table 12. pH and C.E.C. for kaolins from Hadongkun and Sanchongkun,

Sampl e
pH C.E.C (meq/100gr)
No.

6.4 22.9
7.4 16.8

|
D 00 ~3 O O &= W DN -

.4 -
5.0 -

5.0 -
6.1 17.3
6.6 20. 4

< ] 6.5 14.3

) U a3 e v T O R tre M
|




Figure 66. Scanning electron micrograph showing halloysite tubes, sample
No. S-1.

Figure 67. EDAX pattern of the halloysite in Figure 66.



Figure 68. Scanning electron micrograph showing vermicular kaolinite
stacks with tiny needle-like halloysite, sample No, S-1.

Figure 69. EDAX pattern of the kaolinite in Figure 68.
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AP F Aol 17] AlE(S-1)ol ©iyt phel C.E.C. X IRIPEEMAIHS

2}2} Table 122} 13ojA4 X.&= uiel Zt}l pHes 6.50j C.EC.&= 14.3
meq/100grgl R o8 FZH Gt FHIAPTE Sil2} AlLy7} tiFELE o|l&F
S R ofo] HARFL] 83xo|AtE AX|3IAL gt} Ca0AdE= A8 ¢e ALeE

225 gct,

Table 13. Chemical composition of kaolins from Hadongkun and Sanchongkun,

Sample Chemical constituent (%)

No. Si0, Al 405 Fe 03 Ca0 | Mg0 | K0 Na,0
— |

H - 1 42.96 4]1.02 0. 56 tr. 0.22 0, 20 0.29
H-2 | 44,02 | 40.82 | 0.36 | tr. | 0.26 | 0.72 | 0.34

H -~ 8 43. 30 4].63 0.31 tr. 0.25 0.75 0.20
H-~-9 | 44.00 39. 88 1.58 tr. 0.17 0. 21 0.21
S -1 43. 06 40. 40 1.82 tr. 0.10 0. 18 0.18

2-3 o]=LAl bentonite
=Ujoll HFE3F= bentonite?} 8|3 XJ] $[3tq ©l= Cook County,

Wyoming 2]

Na-bentonite(sample No.

U-1)2} Apache

County,

Arizona?]

Ca-bentonite(sample No. U-2)& =3l o]&o] i3] o|EH I UAAIY, ]
5%, free swellA|qH, X-ray3]HEA, pH&FH, CE.CAE 9 IR EAN
< AA34 Tl



AZEHT U-18] 8849} 24831 47 521.8%2} 97.6%, A|RHIE U-2
o] AFA} AEFAIE 102.3%2} 51.9%F U3k o ] free swellZ} H|FS A
2} 7} 400%0] 432} 2.600.%2, FX}7} 40%2} 2.58%E &SFE|2crHTable 14). A1 ¥
Aol & 4 ¢1%o] Na-bentoniteZ} Ca-bentonite BT} A U A%
42} free swellgtol MA wrl WZZ U-10] ©wy, U-27} @@Molc}.
X-ray¥ HE2 A2 (Figure 70)o] &3tH U-1AE+ F F=¢U Na-montmo-
rillonite$} ¥ HEQl quartz} calcite® FAE o] Q= ¥iBo U-2A|8&=
Ca-montmorillonite®E 0]—?—01?] olent A8k quartzE ISt At

E 27) AJ528) pH&} C.E.C.x= U-10] 22} 8.99} 77.4 meq/100gr, U-27} Z}z}
7.6 114.1 meq/100gr® A S 2TtHTable 15). APZEL U-1AE7} 60.96%
2] Si09} 21.38%2] Al0s, U-2A]E 7} 57.82%2] Si0.2} 19.71%28] Al 038 o] Fof

2 olt}(Table 16).

Table 14. Physical properties of bentonites from U.S. A,

Sample !Atterberg limits (%)]| Free swell | Specific r=
r Color
No. LL PL PI (%) gravity
T 1
U -1 521.8| 97.6| 424.2 > 400 2.60 Pale green
U-2 | 102.3] 51.9] 50.4| 40 2.58 Pale brown
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Mo: montmorillonite
Q : quartz
Ca: calcite
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Figure 70, X-ray diffraction patterns for bentonites(samples U-1 and U-2)
frome U, S. A,
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Table 15. pH and C.E.C. for bentonites from U.S_ A.

Sample
pH C.E.C. (meq/100gr)
No.
r ¢ : - - |
U -1 . 8.9 77. 4
U- 2 7.6 114.1
o — i, —

Table 16. Chemical composition of bentonites from U S A.

— Pak el

Sample Chemical constituent (%)

| . , |
Al20; Fes03 Ca0 [ MgO | K0 | NasD

L 1 L | {. . 1 . }
U -1 60.96 | 21.38 | 3.80 1.66 2.51 | 0.56 1.52

U - 2 57. 82 19.71 1,31 2.92 [ 5.94 0. 20 0.18
1 1 i —

—

No. SiOz

2-4. 52 2
B ngLt 2xdso 3y 7Y 47§ Y EFFY dhyolrt. U=«
M Az} (Figure 71)o] &l3ld & RelE medium sand® F/gEe] glon T
e (Unified Soil Classification System)%t SPE BFHCl & Zeje] H]
2 2 630| Harzen®] E4] (k= (Di)® /100 w/s)oll wlel BFAs-E A1&E3)

oy B o] 2244 6 x 10! m/so|t}.  Terzaghi and Peck®] F48

=
L L

4

2 (Table 17)ol &l3}H 2 Rt pedium A Eofl &3l TS Ad &3

2 ¥
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Figure 71. Grain-size distribution curve for a sand sample from
Murungri, kongjukun



Table 17. Classification of soil according to permeability (Terzaghi and

Peck, 1948).

Degree of permeability Range of Coefficient of Permeability,
m/s

High ) Greater than 10“3

Med ium 1072 - 1077

Low 107> - 107’

Very Low 10_7 - 10_9

Practically impermeabl¢ Less than 10-"9

2-5. Aeleg] AR B
~ AEH Rdge BF BFE 2 kel 4t 2502] bentonite At
Ao BIAFE= BAA Ao g ity o] 2331t
+ =32 AuUdAM AAEE A=Y, ANEFHEES YETHE v
E3lq g R LGUA, vFAE, pHSE, HPYYEEM X-ray¥HEH, ¥

ngd 23, AR % FAE Folch

&)

wasteE A] o] ERAo] &

2-5-1 Bz ¥ IYHY JFg
= 3o U3t UEFXEAHES AFM2 v|FAXANHE 3 B3] AA A
=4, 3 A= Figure 728} Yt} & FHLE 21%4 gravel-sizeQ] A}, 52%0]

3| W3t = sand-size YAIL} 27%2] fines (silt and clay)® FAlElo] Qlr} H
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Figure 72. Grain-size distribution curve for a clayey material from ,
Sangrari, Kyongjukun.

E32 u]F2 2.710lt}. £ EAZE No 40 AE EYL AR tisio = oE
HIOAIL} free swell AHE HABIG =, QETAE 63.0%, L£3TAE
29. 42 }3t o free swell 105%2 & X gjc}.

ASTM D608-70 Method C of 2] A3te] AAIRE TlRIAIY Z=} (Figure 73)of £
shal 2 BAL AFY4u7} 15.6%, HjAd2 Y=} 1.798 g/em” U THEHAS
& ztm9lch.  Compaction moldE AME sl AZWE7} 1.795 g/em’ 2 TR A
AlZof Slo) W49 BEAES 3 A, 25 20°C oM k= 2.3 x 107 m/s &
2 Ysirh
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Figure 73. Moisture-dry density relationship for a clayey material from
Sangrari, Kyongjugun
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No 40X Sy Eo] ti¥t X-rayHEMZAzlo] o3t & Eu
montmorillonite & F HEE, plagioclase &} quartz & ¥ FEE T{3lx
glom njge illite® HRE U= Ao=Z eyt

Gravel-sizeo] 3|@3l= Y=to] tijr e UAE AH2sto VFAn|F LS

sy, ¥ gravel-size Yz} tIHFEE shale, tuff, rhyolite,

T

A}

feldspar porphyry 528 FAES AUSS YT}t Figures 74 and 75 = 4

713t ¢4 F tuff 9} rhyolite?] &n|7 Apzlolcy.

2-5-3 33 F7
No 40A]& FY ol tizir pHET 3 Y E £4& AAIstach

pH:= 8.8 Ustom P EL 22 Si0, o Al03 EA] Si0, 7} 60.7%, Al0s

7} 18. 4% A ¥},
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Figure 74. Micrograph of tuff fragment in a clayey material from
Sangrari. Crossed nicols.
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Figure 75. Micrograph of rhyolite fragment in a clayey material from
Sangrari. Crossed nicols.
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Z2E FFT S5H Fade]l 9 Sz Ao BE BFE eEB Ao,
Fxe] U MEe dujo] £&31= bentonites & YA ¥A7} 74.8 to 403.0%
SA ¢xjo) ulzl Alolrt edxut 80 to 120%2] Zo] RHAo|jo free swell
2 50 to 240% o]X|TF 100 to 170%2] ZHo| cfF-Folct. ol¥ EX& 18
P wl A7 duolM Y BE ARE WBEE EHoltl. BE B
SEH Bl U F3MHE FHe| dolol EXE31= bentonites & 47| ¥
drflof] EXE5H= bentonitesol] B3| FFgo] 2, o|F2 YA 72.8
to 105.0% o] free swell X]:= 30 to 70% ©o|ct}. o]A}8] bentonites ¥ A&
ol 718 2 L BFEL ¢=E S A 2ol &I A
bentonites 2] 4d¥HA7} 338 to 403%BEE H O free swel XX 170 to
240%.} Hr}. & bentonites = 1 HAtoM 22 E = bentonites F “FAd0]

2 Holl &3h= AEEAN ¥HAE i 2dod EEE (2 ¢gMdH)o] A
2] Q= IFHolt}. o] ity ool A ZH bentonites & EFE(FH
HE)E BEGol 2F Hoixl&= v}, o] EHY YguAIL}l free swell S
Z12} 182.0% £} 160%0]t}. A}7]%} bentonites of WIdlo] 223 RE HE
= free swello] A& zeroo]7] wjFol H|S¥&dEMoln JHEA= 38.2 to
60. 8% o]t}

Figure 762 B33 4 duiolA 2§33 EE bentonites2} 3ha+2}
A8 Aol 2T BE LG ESY AJRALY £8AFE o] 83t TE

HAxzoltl, o] BAXEOA “A” line AH-2] bentonites (DFD) ¢} kaolines
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Figure 76. Relationship between the liquid limit and the plasticity index
for Korean bentonites and kaolines,.

(D)= 42} 13 3152l bentonites((D)2} kaolines(®) Xt} Fido] dlr}

2]2]3t 2 E bentonitesd] F F4#FE¢ montmorillonites X-ray 3 AH-EA]

3'-]‘ SEM ‘}Z EDAX C’“ 5’—]'3“ Ca-montmorillonite % -F{—‘%,!E] ﬂE]- -E- Bentonites+—

plagioclase, opal-CT, illite, calcite, cristobalite W muscobite® 17§ ©]

s R FEE RSt gl agy o]yt EeF2 bentonites 2] Ti-gA
2} F4dol & d¥E 54 4= ALE AlRHUL
T Atjo] ¥-&35}= bentonites & pHi= 7.9 to 10.5 ©o]7] ufjFo U7}
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g]Adoln] oFo]& IF=YH(cation exchange capacity) < ti¥+ 70 to 97
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ntmorillonite &] C.E.C. 7} B% 80 to 150
meq/100g (Table 5)¢Q] AL ] B RF oxinl 7 x}jo]li= bentonites o]
UFEo 2= thE 3HE ( plagioclase, quartz F)of 7|elgt Zo 8 AlgH
t}. R E bentonitest= HIUAMEA £E Si0, 2 Al 0T o|Fo|A =4, o]

52 32 76 to 86% olm Si0/A103 ER/Z8|&= 2.75 to 4.74F A|Ro] u}e}

EM 9 EDAXo] 3t MY EE IPELE kaolinited
ol {3 U= AE AUAIT BF kaolinited} halloysite® FgEHo] 4l
th Algo] wet illiteg 47 HFII7|E Fich

e W APl FE5= LB ES pie ti¥-E 5.3 to 6.9% 4H%
ol A Aol il AAIY xFo} &EPH CEC.= 14.3 to 22.9
meq/100gr ZA| Table 52} kaolinite®} halloysite®] C.E.C.& 231 ¥ ujf

¥ C.EC & %= 1PEE 10.12 9 halloysite & ¥/3l3 7] &<
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1. 2o B35} bentonite &= B Calcium-bentoniteEA] Yutygow
75 to 403%2] AAAFAL} 70 to 170%2] free swell L 2t ). o] 3t
bentonite % FF-/go] H|ZAH w bentonite (44¥A 80% ©o]4, free
swell 90% o|4})& 2,32 dxo] 3 WY Ex oy &F 4= HE
HEEZY ¢ T2 134

2. Bentoniteo] Wo] ¥KEo] U= montmorilloniter= F/do] uvl-$ Yo}
Aol x|t tiil " FFY HYFH= 37| wigol o] -l HF
H& o= o] a¥ol 3| 1 Fido] HHE Fido]l wole BY
o] itz ¥c}. ubHo] L E = bentonite BT} F4do] w2t 33HEA =}
&YUST T HHE 3R] 7] w2l elelyEF Id7F HY A2y AEE
AR MA3Igc) shed dulol EX3le IHE+E kaolinite?} halloysiteE
850l 3lem 41 to 60%2] Y PAILY 17 to M%e] APA|+F Z3L qlrt

3. AESAHY ZUSIA AHRY &2 S YR YT A2 T IFL
F3ele 72799 R UY, & Rl TLEFYA SPoll &3t ER
E R

e
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AER] Rl FUEFHA SC2 ER¥r). 2 EAL 27%2] fines(silte}
clay) 8 FgtAAE o] =4, ©¢] finest= Ca-montmorillonited F HAEUEZR

35312 Qct o] finese] AYWEE clay fraction off 33ict.
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