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Clay minerals have been used in pharmaceutical industries as active ingredients and excipients without pharmaco-
logical activity such as diluents, emulsifying agents, viscosity-increasing agents, and lubricants. For example, bento-
nite, kaolin, magnesium aluminum silicate, and talc are generally and extensively used pharmaceutical ingredients,
which are restrictedly regulated by Pharmacopoeias. We discuss the physicochemical and biopharmaceutical proper-
ties of clay minerals. In addition, we introduce the cases of pharmaceutical applications of clay minerals. From this
review, pharmaceutical applications of clay minerals can be one of strategies for the development of high value-
added products from clay minerals.
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oFs}t HopolN HEFEL HEFE AAe] A8 lety PuojekFon Fgay 34Al, w3k, BF
|, & 5 ook A HHEE =ole H/MHAIEAM AREI Q). WlELo] E (Bentonite), 71H-¥ (Kaolin), 7+
Atk nl Al 7|4 (Magnesium aluminum  silicate), ®=(Tale) 5 YEYE 5 H7HIEAN &8 7153 UR
Al HE FEZ AU JoFF 38 FAlEY AL, oFshd BEA] JFEFFFORE FAEIL Utk B =&
Me 384 A HE FES FA0E A 74E ERle, IEZES] 54 F AR%E Z2 oF
HA7HIEA Y] HE FEol it & AelE st dith ABF o JEZES AR &8ss A2 3
Edee] ARTPIAEE % 3 7] el E 4 flow, Akl

2

o i gl ggolzhs FHlA wig- §-83 Flo]
g AR
FO| : HE FE, oF3, oJofF A, dRIFE, M
1. M = al, 1993; Carretero and Pozo, 2009). FEAY &

HEZFES 75 ol old7] wiiel, AEdES o

oftror MEFES a7t = 7o, 5 Bap7] feide A AhS A3 st FAlshks &
FoJokE(Active ingredients)O. & ARSIAL -2 oF 7} Be=Aot}, T3, AAE AE PEo| TAS IR
g3+ 2732 7|8k ¥ F7HA (Pharmaceutical 3171 918 thghel=t b (Korean Pharmacopoeia, KP)
excipients) 24 Ahg-o] 7Fg3slth (el-Sayed AM ef % dEFd(Japanese Pharmacopoeia, JP), d=oFd
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BP), {7 <k (European
Pharmacopoeia, EP), 1=} (U.S. Pharmacopoeia,
USP), "=k ¢] National Formulary(USP-NF) &
FAE U I FA4 mEr Hrlslok st
oekE SHFOE HE|F ook g} (Viseras et al,
1999; Dogan et al, 2012).

HEZE| oFeld &8-2 HEFE] 553
S HEHAF o] 3%

(British Pharmacopoeia,

ge e F2%,
ol v T ok $A ATEN AEGE
o 2318 weh =EEWA 99, o) 59 Ao

(Biological fluids), A2 ZZ](Tissue)=}
A (Pharamcological activity)2 WEFATH (Paineau
et al, 2011; Carretero and Pozo, 2010). =, 73+
FoAl HE FEo| Yd=} wkgsie] Al a3E
B3, gl mxEo] RS a5 e
71 gtk =g, AE FE0] o] w3 pH 59
EXog Al S Hole ALE Ut} (Otto and
Haydel, 2013). 4202 HEZES vlHo| E¥3)
Agolle gt HEES Fsl] RS 53
2 Ueld = At} (Carretero and Pozo, 2010;
Hopkins, 1946).

HEFES FHoTA Mt ofyg} Fok] AA|s}
(Pharmaceutical manufacturing)®ll 23k 7| 24
= 28 U1ssit JE FEo] HA (Tablets)H <A
(Capsules), =+4~%o] A|#)|(Topical formulations) 52J
AAA H7EA2A ARGEO] 34 (Diluents), 2 EA
(Binders), %Z#) (Viscosity-increasing agent) 5¢] Tt
It 75s T T At B3] AT Fo ARE A8

<,

M o

Table 1. Classification of clay minerals

HE #E9] 7% liberation, absorption, distribution,
metabolism # excretion 7 (LADME)YS A4 w4
=, g o= I Fogk A5 FAT BefEe
FEAGo T R FEAIE XA F UerE
2, k5o QA AF 54 FRlsler st Fo7t
2 Q3lt} (Rodrigues et al, 2013).

AEZES oFshy &g-2 Ao M ¢ &8, ¥
FrPR|stelels SHolA ulg- Fasit). 2R Ay
W 2 ggo] SN HE FES ARl &%
Shom U ookg FE Ao it F4 Fu
g A7E EASE F Uk WRE oluE ofokE
A2 A AAR R AL ZAstal e Sl A
HE FEo] AAEo] ookge] s HVH=E
g 7, IPIRE FEAE 7 A Aol
Hek mepr, 2 =RdX e AE #E] B4 3

AE F=9] o3k 28 Alol s Avlsted,
02 HE FEo] ot &8 HHoT sfdE =
o] w27} g},

o >z

N
==
i

F1oHO N ox
Srm N

o

2. HEZ=S| ER

AEZES o Fxd w2t 7% & doH,
Table 1oll= HE F2o gk 722 EF ofAlst
2 e, B 59 W82 Aelsiirk(Bailey, 1980;
Rieder et al, 1998). A EZE-2 APAA| 9} FAA| TS
2 A" WEe 3 Y BELOE oA
2 A& (Pharmaceutical name)2 2+ HlELlo|E
(Bentonite), 7+ ¥ (Kaolin), TFA+&-F Aoty 4

Structure Clay minerals

Pharmaceutical names Definition

Phyliosilicates (Sheet silica)

Smectites
(montmorillonite
and saponite
mainly)

2:1 Phyllosilicates
(Octahedral alumina<}
two tetrahedral silica
sheets three-lattice layer)

Smectites -
Montmorillonite

2:1 Phyllosilicates
(Dioctahedral smectites)

2:1 Phyllosilicates Smectites -
(Trioctahedral smectites) Hectorite
2:1 Phyllosilicates Mica
(Dioctahedral micas)

2:1 Phyllosilicates Talc
(Talc-Pyrophillite)

1:1 Phyllosilicates Kaolinite

Magnesium Mixture of colloidal
aluminum montmorillonite and saponite
silicate
Bentonite Colloidal hydrated aluminum
silicate/ clay minerals with high
content monmorillonite
Hectorite Used in Cosmetics,
Hectorite clay
Muscovite Topically used cosmetic creams,
powders, and emulsions
Talc Hydrated magnesium silicate
Kaolin Hydrated aluminum silicate
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(Magnesium Aluminum Silicate), 2 =(Talc) 5Fo& 311 HE FE] & 44

£71€th HAEFEo] ook A5 AHE FeHe A
Aukr oz FHA, YRR o FAjEo} 145 E

3. HEZEO| ofsty &2 3 0tk 9k 4703+ Bentonite, Kaolin, Magnesium

Aluminum Silicate, Talc 5 FEZE f2 <<kE o
oA 713 vl o] HERJES ooz ofof B 2 H7HE 09 o] oFde FAjEe] A

E 48 =2 ookEe] HVKIEA &8 JFesiH, o I Yot oM E FEFES] A, B3R, €%, 1
ot TR AE FEo] &8 JYri(Table 2). ©] AE e A 5 s A, A B89
o) ARSEE FEZEY] B9k B d4sH 4 EAS HrlsleE slal 9t E3|, AEGES
Ao} o)ekEe] TS FXASHEE slal Ut Ego iy {3l T84, HA, olES 45

TEAIE 9 AESEAIES FsEs st Uk

3.1. o= =5 (Maisanaba et al, 2015).

HAE FES ooz daslr] eire ok Bentonite?] 7-%- KP % JP BE EP USP-NFol
5 (Pharmaceutical grade)oll AsloF gth(Viseras FAE ] low, Table 3el= oFdl A tigh
and Lopez-Galindo, 2000). 2]2FE SFo|g oJoFE 9] Bentonite®] AlE A703HATE 94 Bentonite= 2
A5 2 ATHE ARSsP ol AFEE onlsi, 4 2 GFRulgd AT AT vidigely Ay g2
T oa e ofd 2 e Fehe 38419 2 5402 X34 & e 73 ¢FvE At

710l wet AlFsIS wl 2 AFEE WESAIACk efe] montmorillonite® A ¢]3}a 2Uc}. Bentonite2
st} ool ol e HE FEe] ARIE vl |9 opd Aol thsll AR, Bentonite®] 2]

o HEFEo] thek opd A3 eFdollx AlA st oFsts JAE wiEgow 44 9 EIXE, pH, ¢
ENEPE 9 HE 9RO Bk B4 ol o), AR0d, 434, BeY 5 Bk, 9
27l 71&gk vpot o] WiEUe|ES] 4 fAE 93 &
Table 2. Pharmaceutical applications of clay minerals
Clay Chemical formula Administration Function
minerals route
Magnesium Polymeric complex of e Oral e Tables, ointments, and creams
aluminum magnesium aluminum, silicon, » Topical » Suspending agent and stabilizing agent
silicate oxygen, and water e Binders and disintegrators in tablets
Bentonite Montmorillonite: e Oral * Antacid
(Al 67 Mg 33)Si4010(OH),M ) 33 « Topical « Gastrointestinal protector
« Antidiarrhoeaic
e Dermatological protector
» Cosmetic creams, powders, and emulsions
Hectorite (Mg2.67Li0’33)Si4O]0(OH)2M+O’33 e Oral o Antacid
« Topical » Gastrointestinal protector
« Antidiarrhoeaic
» Dermatological protector
» Cosmetic creams, powders, and emulsions
Muscovite KA(Si3ADO;o(OH), « Topical » Cosmetic creams, powders, and emulsions
Talc Mg;Sis0,o(OH), « Topical » Dermatological protector
» Cosmetic creams, powders, and emulsions
Kaolin Al,Si,0O5(OH), ¢ Oral « Gastrointestinal protector
« Topical » Antidiarrhoeaic

» Dermatological protector
» Anti-inflammatory and local anesthetic
» Cosmetic creams, powders, and emulsions
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Table 3. Regulations of clay minerals in Pharmacopoeias: Bentonite

KP11 JP16 USP-NF BP7
3% ° ° X °
(Characters/
Appearance)
310 4] & ° ° ° °
(Identification)
pH 9.0-10.5 9.0-10.5 9.5-10.5 X
D= X x X o
(Alkalinity)
FEANY-Z=FE < 50 ppm < 50 ppm < 0.004% (Lead) < 50 ppm
(Heavy metals)
ST AP A <2 ppm <2 ppm <5 ppm X
(Arsenic)
SEA Yol & 20054, B2 A No.200 (74 pm), No.200 (74 um), < 0.5%

(Fineness of powder)

A EE =V

No grit is felt when

No grit is felt when

(Coarse particles)

goz FAE the fingers are the fingers are
2o} Ze Aol rubbed over the rubbed over the
STt wire mesh of the wire mesh of the
sieve. sieve.
SEAE- X X [ X
HAEE =
(Organic volatile
impurites)
Az 5.0-10.0% 5.0-10.0% 5.0-8.0% < 15%
(Loss on drying)
2% A = <2mL <2mL <2mL <2mL
(Gel formation) (Sedimentation
volume)
= > 20 mL > 20 mL > 24 mL > 22 mL
(Swelling power) (Identification B)
A== T3NS X It meets the require-  TAMC 1000 CFU/g
(Microbial limit) < 1000 CFU/g ments of the test for
ZRA 35 absence of
< 100 CFU/g Escherichia coli.
g, Arde,
sFd 2 S E
=TS A&
A gofof i}
Z| 2 29 87] Well-closed Tight containers X
(Packing and storage) containers
=%, B4, olF 59 =AY, HAESEAE, A t}. o]elox= #H E2A=2M Purified bentonite 2
W 58 9AskaL ok 53], 43943, W42 5 Bentonite magmaZ} USPNFel $=4j=]o] lof ©]E9]
AT AA 9 248 Al WL Bentonited) F AL WAaE S Uk

w5k EAS Hrlsla ok (Viseras et al, 1999;

Viseras and Lopez-Galindo, 2000).

Bentonite®] =Ule] °Fd 77 W88 vlws|RH,
KP 3! JB BP USPNF 2% fAlsht, KP
USP-NFol|41= pH, BPoXE A2 =S A3

USPell

USPNFellM& 32df71=S SAHH=S wof 3l

Bentonite ©]¢]9ll, Kaolne KP JB BP EP %
FA o] dow, Magnesium Aluminum
Silicate> KP. BB EP % USPNFo| A, Talce
Kaolins} v}71X2 KB JP, BB EP % USPo )

wo] iA=L Tt
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3.12. EFES EA
HAEFES 4 T8 9 ime] 2 d& 2718
SEAK-E
=

7 gom, vEwAe] ¥, 4 FANAE 2
0, 2P| B2 FF o] oHgo] Uit taste maskingel
g8 71s3ltt (Oh et al, 2013). tiE-Re] HERE

ol S, BaY, ¥ A= 7Y 5o E
2 B o3 = okF oA Wt ole}
THIR &8 7Fssith o] W ARSEE H7RIEAS
AE FE2 o= HAY A 5] A7AA
2 F4HL8-S 913 HEA| (Suspensions), AA (Gels),
W A (Semisolids) 5= Az=sl7] #18] ARt
(Paineau et al, 2011).

AFAA 23HE HEFELS Yol =S F
Fsle] oFEo] W& A7 XAAIE = Atk webA,
W o2 QoM FEZES FoHoR AMSE 7
, B E583k= B e X Axy 1S
3L B-83leE b, thE oFEe] AW Al o
b ogake FAskelar Stk wHA, o]t EAJS o] &
3lo] HE FE S T F AX3] oFEo]
WEEA Fo=x 24 WE AdDA|2H(Controlled
release delivery system)©2 &-g3l3a} ks A5
% A= 9lt (Campbell ef al, 2010; Rodrigues
et al, 2013; Calabrese et al, 2013). ATAA = &
e HEZEL dFE S7EA &3, A o]
208, A, A X 5o IS Holn, Mo
2 g}, B ot AAA W HUHIR 2e-
g 7ol Foe] 850 JEFHS F F JorE F
oke] AW AT Fdes HIAE F domz Xt

N

o rfo
)
s

N

% 41 Ho n2

Table 4. Clay minerals as active ingredients

AEGES] A= 9 &8 5 B9ty 54
&8sl F4A LS B sl AANES ATt
Solch(Valenti et al, 2012). =448 Ex 2] HEH),
AA|, 9td AAE AT A5, 2E

S FEA 7 AY, oil/water 34 Emulsifier)S

rlo
);
Of
2
2
M

3
frate 29 Wolxg Axshed AMgER ok ¥
NHHow IRNE S 2 Y= AEFE FS
YEAL AAZ B sFssh, SHE Bolox A

72X 2893 AtHElmore, 2003).

32, dEotEo =M MELE

AEZELS s de1gdS 2ol o] Y899
Fo7 8 7153l Table 40 YT FEOEA A}
& 7kse AEZES] ARIE AT i e s
HE4EL Al (Antacid) 2 $1782HR A (Gastroin-
testinal protector), XA (Antidiarrhoeaic), ¥|5¥-X &
A (Dermatological protector), 35 -=+4-1}2 A (Anti-
inflammatory and local anesthetic)2 &4 ek
TH(Carretero and Pozo, 2010). Wb X EA=A A
EFES 248 o ATAAZA HAY "8, 4F
A & AMEFAY, FALHE AARA ZHA
(Creams) 2 <1324 (Ointments), 34528 2k (Topical
powders), 7}E}Ze}2m}A] (Cataplasmas) 52 AR&-sle]
A& 7¥ssitt.

Smectite, Tale, Kaolinite 5& & H|ZHZ 2
B FA5l o8l Al 2 $ERS, ZAL Al
HRES S 2 H, 53] RE%S 2 Q)
FAS-=anty a3E Uehl7l= ghok(Carretero
and Pozo, 2010; Moyo et al, 2014; Otto and

53]

&

o

Activity Clay minerals Physicochemical properties Dosage forms
Antacid » Smectites « Surface adsorption of H' in gastric juice o Tablets
» Release of non-toxic ions » Suspensions
» Powders
Gastrointestinal protector » Smectites e High sorption capacity o Tablets
« Kaolinite e Large specific surface area « Suspensions
* Powders
Antidiarrhoeaic » Smectites » High sorption capacity o Tablets
« Kaolinite o Large specific surface area » Suspensions
» Powders
Dermatological protector « Kaolinite « High sorption capacity o Creams
« Talc » Non-fibrous habit  Ointments
» Smectites * Powders

Anti-inflammatory and local « Kaolinite

anesthetic

» High absorption capacities
e Heat retention capacities

 Cataplasmas




226 2291 - o

125 ]Q‘” ‘%3}04 A& \/}E} 1’% Kaolinite‘:
Arkso] A Z
A ¥

Smectite, Kaolinite 2 Talc®] o] &34 2 =
Egao] 2dl, Smectite?} Kaolinite= $7H 54,
AAA|, ARESAZME GEE™, Talce HFES
A= Z-gFh(Hopkins, 1946). 53], Kaolinitee &€
of tigh ] 44 2 o], FEF 2 AR
M AMEE, FIEREEAnRA ] ARoR TR F
L3RS o 259 FF WS AT, F4F
07 Z85S AHANIE 92 HolEt} (Hajizadeh
et al, 2005; Hong et al, 2005). %3t ojz}
Bentonite= X5 &3} o]e|o] etk ZH 2] magnetic
BAZME AH7Fs3E

resonance imaging(MRI)e] =
tH(Dvinskikh et al, 2009).

3.3. HIINMZEMe HEZE

H7H= AAQ] SAEE =o)ar, Feko] ok
< FAslehe T kgl S ke HAHoE
oheFsl Al AFEEtHGoel et al, 2008; Al-khattawi
and Mohammed, 2013). HEZEo| A=A ALE

Table 5. Clay minerals as pharmaceutical excipients

g A, 72 A 2 fHEAY 18 AARAe A
JA, YA 5 F4HE AA, SPEE, AEY] £
A Sof| ARt (Carretero and Pozo, 2009). HE
Feo] H7HZ Al ARg-E Aol thal Table 5
o AeJslsict. H7HIEA S ARE HEZE A o
A7 25 meEtek &b, <Al Fafist
Foke] mao| FEFE WIXA] eotef s, 8
Aol Z7go] glofok gt Bgk HIHAIEA AR
AEZE A AR FF/e wet o8 7] 852
ARREY, 22 HEZEolE sfelEie S o}
2 Ay 5 ke 58 HIAA H7He] S5
= ga)st 2 9ok

HA7HIE w4l wet $2A) (Adsorbents), 94
3}A| (Stabilizing agents), S EMA| (Suspending agents),
AEA 59 E52 &8 rFsap, AR wet AF
o] SHEE =o|7] Hs thFstAl AREEHI Stk
(Loyd et al, 2011). &AM 713t nie} 7ol HE 3
B2 T2 1F AFARAS g 540485k ARl
o] H7HZA AEch dutg oz g YA S
ez AL RS AR 34, AdA, a4
(Disintegrators), 534 (Glidants), 4| (Lubricants)
59 H7H17F AFe-Et (Alkhattawi and Mohammed,
2013). A7) Aelot Sxof tha) Auinm, 544

i

_]

Clay Dosage forms Function
minerals
Magnesium o Tablets » Adsorbents
aluminum » Ointments « Stabilizing agents
silicate ¢ Creams « Suspending agents
o Tablets-disintegrants and binders
» Viscosity-increasing agents
Bentonite » Topical suspensions, gels, and semisolids » Adsorbents
¢ Oral formulations o Stabilizing agents
« Cosmetics » Suspending agents
» Foods » Viscosity-increasing agents
Hectorite » Topical suspensions, gels, and semisolids » Adsorbents
» Cosmetics » Emulsifying agents
« Viscosity-increasing agents
Talc ¢ Oral solid forms  Anticaking agents
» Topical powders o Tablets and capsules-diluents, lubricants, and glidants
» Cosmetics e Topical formulations-dusting powder
 Foods
Kaolin o Tablets  Adsorbents
« Capsules » Suspending agents

» Suspensions
o Topical formulations

o Tablets and capsules-diluents
e Topical formulations-dusting powder




2% AL f2i
Fofo] 23] B 3
A=A, 154, 7
F9 B4 5 o Az s A
d AR A 3 20 Qo] AL 3347
B EERETER EEREEIEE
Aeleh, g HE AFASE JHAZE A 7
o Belle Aol BelE SAske BASE, 4%

HEE AR BgA xﬂu&ow

BalE] oFEo] SEH= A
SHoRE %FF FTFE &
= AA9 B #Es 34
st HA7HAIEREA, A FH Alolol] 2 FAste] wl
Zh oJgh wiks, @ A 5 AT fESA
718 AAsl E2 G §588 S
3 ARG, SEiAl= =
< A7) Sl =2 /\F&Q‘:} 3|0 FA424E
ke AAzE 03_11%] YA, FrerEE2mtA] 5ol
Aom, 2 el AEA, F3A 5o qE=A il
T2 ZgHr.

Z¥z2re] A FEo] AVHIEA E8EE ARIE A
H B (Carretero and Pozo, 2009), Magnesium
aluminum silicate= &2 2 FYsA|, desiA|, H
FA o2 ARHY, AAdAME B84l 32 A
A 59 9gS 3t} Bentoniter: FA4hFE 29
AgsA, A, ¥y AAol AMrFsab, AT Al
Al ek opgk 5}1}*, 21F woflx AREHT. o]
o} Bentonite: 32 2 <3|, AERSIA|, EA)
9] 71%5% 7t o). Hectorite= Bentonite$} vkt

rlr rr

2

N

=

& z
o

5 0
p
O
EY
s
et
i)
2

AT SIRE B WM AR A7 227

TR, FFA, F8HA, HS5A %91 S o], =
229 =490 detslA|, A, wvd Ao ARt
%

A, SPEE ol g3 olu} Talce 28 7
AA F AL A AR, SPEE, AF Eof
o o127|7kx] gl F4Hrh T3, Talcs PA 2
HEA ] SNA|, s, A 5o J8E st
HE =& A HeAle ARE 8] ==
Aol ggxm, =428 AA2l dusting powderZ
AR E)7) = S} Kaohn~ A, HeA, dEA, 71
oAl Fgsle] FEA|, dESA, F4A4 59

715S s, Talcet PRRVEAZ 4248 AA|olA
dusting powder® &-8-%t}.

@7]_141 E}ﬂ g] ;g E e %‘;]Okaxq /K-lzl H}E]—o
2 715E sk, A AE e, uigE
Aol w2} AA] €8 7153t} Bentonite, Kaohnte
T dEadE 2 9 = TR EAe] HE FEol
A= &84 79 A 45 A T 197
o] 1d 8 FHAF 156 ool sthk(Loyd et

i

al, 2011).
3.4. HEZE 7|89 2|9f§ E2 HIIN|
A S HEFE 7]uke] o|okE o 2= Smectite
AAZA A} 2HA7F Al Fol] . S TR

ZH9 WE BE /M AL AR Qe
e 2R R BRolhn FHUR BF shsaw,
A =228 Aol 283 It} Table 69 =W
AR F9 R BE I SR S WAl oE
HeIsirt.

Table 6. Currently available products of clay mineral-based drugs and excipients in domestic market

Clay minerals Products (Company)

Function Dosage forms

Smectites 2w g} & gl () -2 A oF)
(Dioctahedral el =3 eholl () OF o)
Smectite) ]S EE e N (&

1;]9__3@1::' ou(/\] =4 ok)

o -3 22 BT -6 A )

£l ek =2k vt ooy

ofo] u] = 4(o) 47 2)

FU AR o = o)
Magnesium Veegum (Vanderbilt Minerals, LLC)
aluminum Veegum F (Vanderbilt Minerals, LLC)
silicate
Bentonite Veegum HS (Vanderbilt Minerals, LLC)
Hectorite Hectabrite DP (Americal Colloid Company)
Talc Purtalc (Charles B Chrystal Co.)
Kaolin Kaolin (Fisher Chemical)

Active ingredient Oral suspensions

Active ingredient Oral suspensions
Active ingredient Oral suspensions
Active ingredient Oral suspensions
Active ingredient Oral powders
Oral powders
Oral powders

Oral powders

Active ingredient
Active ingredient
Active ingredient

Excipient Tablets, topical formulations
Excipient Tablets, topical formulations
Excipient Tablets, topical formulations
Excipient Tablets, topical formulations
Excipient Tablets, topical formulations
Excipient Tablets, topical formulations
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4, & =2

HAEZES A 71t vpel o] ofgl olollA|
AN 52 HIHIZEA &8 7Hs3H, ol o ¢
o8 AEGEe] 2 FRE 93 394l A=A
TA WL Qlth HEFES] Sue] 374 E S H
N AES JEFES BeY, H&24 5 EYY
T A BRlst, °J§9]91}‘% T A=A A

B AR Az % 4 5ol BE FEL A
Qo Phaie AL AT BB FPIAE 2247
7] Sl Ak F s, S A A 2 B2

Fal LIS BETomA Fulel Al AAl
Aol Eua 91 Sl mgol ¥ 5 9 Rl
g,

HAel 2

o] A+ I=EAAEAY
Geoscience and Mineral
322008 Wo} FYE S

AT (Korea Institute of
Resources)®] A L(15-
olof] ZA=—IT),
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