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Abstract : According to the element analysis of Korean Quartz Porphyry, the ignition
loss related to porosity was 7.03, 3.36, 2.09 and 0.73% in the order of Suanbo, Yeachen,
Angang and Kyongsan. Extraction of minerals in deionized water and elimination effect of
heavy metals in water by Quartz Porphyry were examined. When the Quartz Porphyry of
the Suanbo, Yeachen of 0.5-~2.0% concentration and the Quartz Porphyry of the Angang of
1.5% concentration were immersed and stirred in deionized water for 3 hours at 180rpm,
various minerals concentration of the all stirred water were suitable for potable water. But
Quartz Porphyry of the Yeachen was not suitable for potable water because of excess ex-
traction of iron. The elimination rate of lead in single solution was 99% by Quartz Por-
phyry of the Suanbo, Yeachen and Angang of 3% concentration. Cadmium by Quartz Por-
phyry of the Suanbo of 7% concentration was eliminated about 98% in 1 hour. The copper
was significantly eliminated in Quartz Porphyry of low concentration. Especially in Quartz
Porphyry of Angang at 0.4% concentration, the rate of ion exchange was 99% in 4 hours.
But elimination effect of arsenic in water by Korean Quartz Porphyry was very low.
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F3 gyl o oA 2B 7129 Wt
M Aedulel, A wekFol Sake BAdge R, 1
A& KAISis0s, NaAlSis0s, CaAlSiz0s, MgAlLSi20s
5o gz or 1 F S0 S0 AAEA 7}
3249 dA 2 E e Tk FEEA S0 Alg
A2} AlOs AFHANZE A 1A ARRRNAE F-5-3)e]
A T2 AYAAE 7p= 2 sk

el viebel Wykd EEE A F 5,615km?el| @}
Joglen, AEE Atwlny AabdE 2,081km2R
7H W FEHAS veha led, 2 thge
AARE 1,480km?, Mebde 1,442km?, Hebd )
558km? % vhehb gick.

waba] A Bl o]o] MubAe] 7k x gl T
o] A S 0] 8% FFA Ay FRHl W E v
45 % E23 - e Aol A% FAE 28
gte] F-54 A A5 a3

2.4 9

Table 1. Elemental analysis of samples used

2.1. 78 WA

Agel AH4E e oy, ) H, feR, 183
RS 2 325 meshol] E3E Bgg AEE A}43)
gon, o] Zol ¥ AE ML YFAIFAYY’
o2 sterh B dFo) Aeq WMo YR gL
Table 15} 7o, A ¥oll X188 FFo} Yubrjere
A n'e) e}

2.2.7|17] % ER|

Wyl el oA #qslr] $8led SEM(JEOL
JSM-6400, JAPAN)-& Al-43l9de Si, Al Ti, P,
Ca, Mg, Na, K, Fe, Mn, Cu, As, Cd, Pb & F<2] ¢
4% A 1'9} ulr}x] 2 Inductively Coupled Plas-
ma- Atomic Emission Spectrometer(Jobin Yvon
JY 38 plus, France)el] 2]3lo] ¥4}

2.3. ojuigt BE

kel 23 vl SE2HYL WL, A, g
B, 223 HF4HE Bk & 350m/ AbzhE el Aol A
29} 2558 TAVIE, 05, 1.0, 1.5, 20% HA <
ob¥w A 2ol FAR o $Aste] ulm 24t

unit : wt%

Compounds AG SB YC KS
Si0: 68.80 58.66 62.59 7291
AlLO» 12.99 1344 14.70 11.46
Fe:0s 247 2.70 259 2.30
CaO 1.99 4.19 2.10 1.45
MgO 0.56 3.18 2.53 051
K:0 4.53 5.51 1.64 4.03
Na:0 6.25 4.95 9.80 6.18
TiO- 0.23 0.25 0.27 0.31
P:0s 0.06 0.07 0.08 0.07
MnO 0.06 0.05 0.05 0.08
Ig-loss 2.09 7.03 3.68 0.73

AG : Angang, SB : Suanbo, YC : Yeachen, KS : Kyongsan
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2.4. 50| B S HA

Wb o BE FI4 AAEYE A B
A8 FFH9 Pb, Cd, As, Cu 54 #F2E3E 77}
S0ppm ¥E2 A Zsto] A n'el e wpgez By
stod P 23}t

2.5. SX|AlZHoll olE B34 WA
Hub ¥ xo o F54 AA Al 2 £}
7 ¥ FEE Pbe) A% M, oA, kAl o)
uk o g zt7t 3%E AAse.on, A4 1029
o} o wfubdel] vls 2 Al A gl vig EeFslo
Aekslg o). Cdis kR4t 9wk el A% 7%, 19
wiubA.e ztzb 10% FEelA 7P okEale] Ajztel
w2 Askg Atw Hgrew, =¥ Cul iile
0.4%, A AL 0.6%, TLHAF 0.4%, 2212 ZAbAE
< 7% 322 7 AAsgo. aev Ase AHF
10% F50 A As AAFo] F3] ot A L &H
Z9-g 3133 2 AX A7 8 FEF5 AAAY
& A &3tgich

P, FH AL A 2o FAY o2 A}
o F549 MAEE AT of o 7] FEE
9] F%5- 247t S0ppmel it

3.3 9 g

3.1. ojdigel B&

WAk o) FF58 Hrhste Qubde] FHof wle}
£25HE 77138 &3 va 2A A3} Table 29}
7k}, Ca, Mg, Na, K, Fe 52 9utie] =7 &
FE AubRlog 42¥ e ofo] Friste Agelele
= Mn, Pb, Cu, As, Cd 52 §-8] e} &85 547
'8} FAY A& A ggkch §H, Fets 2% otz
Abz} ol Al WutAol ] §84 FH7)E2 0.3ppm
olslir} FA veldon, B3] AL EE FE
oA by o g Aldefo] HEE|o] Al LR AR5}
714 ¥-21¥slsch

g orr Ak A dukad e A Frel A &
£ $07)Fo W8l wlmH oFgslA vielgr} ol
24 7As) Mge) 7-$ A 2ol x3hwAl Wubaol u]

$2% - ol s

%o} AE

) 2% YT FxolA Q7FAr usd Aale B
Mgl ot dld, bR, AR zhzt < 6, 5, 2u)
o4 Eotow, it HlHME Addafe) &
t}. 282 Cad AL 2% X3z Atel wla HAukae
2 ¥ e g B FE ubd, Nate Cashes 23
22 5Y A 2~3u0 %, Ke s &
Qb ¥ ARS- 339, 4.08ppm 2 & 23} x Abw)} f-A}3hed ot
ol HAta}h A AR 7bz} 155, 1.56ppm 2 2 4719 A
X} ofF 24 o)A} wigkc), Fed 3 Al Wulsle] 3
$ 5 zjold] W vluld 22| FoNE YHY
7 gyt g2k RARS 0.04ppm, oM AR 1.3%9pm
2.2 oF 35uie] xto] & ¥ivh 18l 7€) 2z} st
Holl A 828 FF5HL 3 eitn) vikstgo. =3
PR AL A Fell o5t 2FHS 250miel] Hu
(Akxl o} ko] B AxE & 5 §18) 25g2 2o
AR g 72217t A F AR oS A1 9% 2
Ca, Mg, Na, K 52 77} 8.8, 1.8, 26.1, 29.8ppme] =}
31 B.asigdc)

gt & QA7 AE Fsied B o vt 42
T Ak e FF, A, FE, B4 A s, 283 3
SR So] v S0l E FYS FE A2 4
zhsle.

T, AR AubAe] A Ay B9 (Thble 1)
SiO 24k b, 4l A, Fetiat 2.2 bz} 7291,
68.80, 62.59, 58.66% 241 7} 7tek (]38} Ig-loss E §)
3 9AE #AC 2SS B F3 girh &, Si0:9]
FgaFo] ETE Igloss?} FolxlE A4 o2 o)A
£ wiubae) ) Fo shlql ohFAln) Ze #@e)
e Aoz A=Y o]2F AL SEM ZH3
(Fig. 88} A, B, C, D)ol M= B2 3 glck AlOx=
o xAate] 744 & 14.7%, AL ko] 11.46%
2 9 3%7F A& Aoz vepyto) 28w CaOs}
K0+ ot Ale] 4 B-A=9d, Na:Oe A4
o] 9.80%% FAM =] v £-2H Y (Table 2)3} o
82 Ber} 223 TiO:, P:0s, MnO & n]453}
BAzHS Hol uid, IgdossE ot RANe] 7.03% 2 A
AbAke] 0.73%¢)) wl#] oF Onl) oA}k £2 S HolW
aleh. zejut %] AL88F kA (AR o = gle)
SiOw2} AlOa7} ZHz} 56.36, 16.50%%] 20, 3 0] ¥4
g Ak (4] o = 9lH)-2 61.08, 17.98% At =
g R A8 st eAbn) ABALS 77} Si0:
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Tuble 2. Mineral composition of deionized water immersed with Quartz Porphyry and stirred at 180rpm for

3 hours
unit : wt%
Ca Mg Na K Fe Mn Cu As Cd Pb
Deionized
010 | ND | ND | ND | ND | ND | ND | ND | ND | ND
water

AG 05 486 | 012 | 074 | 106 | 016 | ND | ND | ND | ND | ND
wt(%) 1 565 | 019 | 157 | .79 | 022 | ND | ND | ND | ND | ND
15 555 | 021 | 237 | 235 | 028 | ND | ND | ND | ND | ND
2 569 | 026 | 340 | 339 | 048 | ND | ND | ND | ND | ND
SB 05 492 [ 057 | 105 | 152 | 007 | ND | ND | ND | ND | ND
wt(%) 1 541 | 083 | 211 | 281 | 008 | ND | ND | ND | ND | ND
15 579 | 106 | 302 | 38 | 004 | ND | ND | ND | ND | ND
2 617 | 118 | 368 | 408 | 004 | ND | ND | ND | ND | ND
YC 05 460 | 060 | 103 | 046 | 052 | ND | ND | ND | ND | ND

wt(%)
1 469 | 083 | 237 | 091 | 078 | ND | ND | ND | ND | ND
15 463 | 084 | 328 | 119 | 1.06 | ND | ND | ND | ND | ND
2 618 | 131 | 478 | 155 | 139 | ND | ND | ND | ND | ND
KS 05 103 | 017 | 08 | 053 | 011 | ND | ND | ND | ND | ND

wt (%)
1 178 | 028 | 142 | 088 | 017 | ND | ND | ND | ND | ND
15 225 { 032 | 193 | 109 | 019 | ND | ND | ND | ND | ND
2 303 | 044 | 271 | 156 | 025 | ND | ND | ND | ND | ND

AG : Angang, SB : Suanbo, YC : Yeachen, KS : Kyongsan

N.D : Not Detected

= 64.2, 69.76%, AlOs+= 14.7, 14.01%8A] =3ukA] A
x)o) apa} AubAde) F4 el Aelzie} dFulo] =2
A #ol7} e AE ok 4 ek

3.2. Mol o o EEE HAHEY

Huapd o] Fxol utd FFE AAEAE AWE A
= Fig. 1, 2, 3, 49} 2tk Pbe) A% 9H, A3, 54t
Bk waby] 8 vlmA AF oA Pb AAES o
99% olAeldan, Cusl AALIE o8 F557
= g So)¥ kg Bl 7 A, kAt
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ubd o] 3¢ 1% o|8t9) gl A Cug] o] & glo]
A48 o] Fo1 AL & o AR

T, As A A g FAY A 7, A3, 0
B, A ubd ) A4 vlay Fed ae} i 2
ol Aoy o AALLE #lS dgted O £S5
 wjas] B of Yoz Azslgich AL o]
48 Cd Al A FAL Fig. 4o =A1H nhe} 2he] 2 4]
A& pabR AL Wnkde] 71 Fgtedl, 7% FE
A} 0.43ppme] HHF o) oF 99%7} MAF A2, ¢
7}, A, AARL 0.2 10% FEA Cd ¥5& 7
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Fig. 1. Effect of Quartz Porphyry concentration on
Pb elimination in water. Mean=+S. D.(n=3)
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Fig. 2. Effect of Quartz Porphyry concentration on
Cut elimination in water. Mean+8S. D.(n=3)

7} 1.41, 5.16, 26.6ppme] gt}

el A7) AARES DAY A3 P, -, 7
okr Al WiubAe] AAbAb WubA W} FgE A A g0
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Fig. 3. Effect of Quartz Porphyry concentration on
As elimination in water.
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Fig. 4. Effect of Quartz Porphyry concentration on
Cd elimination in water.

A, B, C, D2l AR ML $15) 7 ok Wibaio]
F4e FASHE J1E A0Ao) 2T U ohBA
HAe) EHAE A sfo] BRI whgel Ssted 1
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o 710 Aeg 3= Uk

3.3 Ax|AIZiol R S34 MAHEY

A2} A)gtell ob 2 Pb Al A& Fig. 58} 2t} 3% 4
A T ol A] 1A)12F uhg F A7k wE s g 2
ALgr A3t 917}, oA, Sk Abe] o2 117, 2.88,
4.12ppmelgl v Auky FR{vic) ol 2ozt 9l
1 4A17F A3 Fellv= 0.34, 1.55, 1.0ppme & 4 3 of
Ewbsto] oF 99%7} A A= gL, 55 Al =ub
Ho) 7} $-siadret o|2F AP FY 26 A
BAg A B Al MwkAe] S 5% T E
AH8-gF # el wial obk, <A, FekRAF wWinkAd L.
2% & k& HU1RF Zlolgl ond, Al WukA (5%
Fx)as Ab3g alo] & Byrh F e x6A
A2 w217 F 54 E FEs 39.7ppm e &, o] o
Pbe] A7 &L 20.6%, 2427} Foll& 36.2% 2 w3
1A17H8 e 244]17F A3} Fol = Pb Al &0 15.6% A
= A" Ao s Hol 3harAl Wubao] Hub e 2
53 4 ¢ ddoh

AY e ¥ Y FUY S0ppm FH A 50
mesh2 ¥-#5 0.1% =k (AR &} 5 4 5 ¢l5)
< o] &, 209 A3} F kgZ Pb 32.9g0) A AR} ¥
FEHd| wla otk dlA, eotEAke] Wuby B8 14]
7b b2 ¥ kg Pb M A= 77} 1.63, 1.63, 1.62g0]1 %
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Fig. 5. Effect of stirring time on Pb elimination in
water. MeanxS. D.(n=3)
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Fig. 6. Effect of stirring time on Cd elimination in
water. Mean=*8. D.(n=3)
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2 zA3% Pb 50ppm £Aol 4] 37 WA F R
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Fig. 62 =7} 50ppmal Cd 4o g7, oA,
obyatel wubalg FHrbstl e wf AxX|Zte) upE
Cdel &&= H3E Bo F3 g}, Fig. 6ol £A|% 0}
o} 7o) 14|17} uH& ¥ HubA] E-Fol| BE Cd A A 7
sk AbwE A} kR, 9k, ol 3, AARAbe] zhzt
1.26, 7.57, 10.26, 34.26ppme] &% ol 1 A A &2 7}
z} 975, 84.9, 795, 31.5%dct 182 7% FEE AME
§ QERARS uEE 4A1ZHRE] B Tdste] U
g 532 A&l Qe i, 10% F 58 2t ol %
T b7}, ol M, el FAM)E Wb L gy 2R
7t a1, B3] AR 2 A AE R} s o)
w3 24417 AT FAE Cdo) FEE FUY 42
z+z} 0.16, 0.67, 3.46, 23.76ppmo] gt} o) Atel A&
A w'e) vwela g W 2L 2ANA kAl Wt
o] 7% 199ppme] &, of 60%7} A A= T
A W NEA & E o) ulel W Ao]r) g B F
i ek =3 YRAT fE2F ek 244072 A
3} ol = bz} 28%, 17%% A A=o] Huboz F
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AL kA o} oF 5 gk BAY 4 sk

g9, 3" pHell w2} Cd AA £571 z2A4 g}
Alels Ag-sksl e, 50ppme] Cd 44 100ml<l 0.1g
o} Ak -& Rol-g& uf F4 8 (pH 7.0)el A= 3%
73 ¥ Cde] 50%, 4H4 49 (pH 2.4) ol &= 90%,
dahe] Al 24 (pH 12) el A= A & A H-7} A A=t
o pastgleh Ema A 2 Cdol A$ WA (1)
% 5 & 5 95) 0.1g& S0ppme) 44 100m/oy @
o] of 647t LA F H Yol kst om, of w)
o) A A &L ket 9.9g012d et ©) & Cd 100ppm.e
2 2998 ¥ kg 6~10 meshd E5&F kAl (4]
o FF & 4 918) 2Bg, 5028 Wrhsked Auinty 3
Cd MAHALAE 2H3 A3} 2+2} 66%, 77%2] 77}
aiehar B v} glck Cdi Ao W ofol Al
A frebe), 22, ARl R, 287] 2 Bl F4
ol g EgEte EHT 29igoin, UM =
e wWe] ojAhE 1A e, At qle] o ahatel
& Yoy “olelolelod e Furgto g geix
171 B Foll Cde} A & oh-$ F a5t} & 4 v

ole} gro] FujAl k4ol Pb, Cd Al A %] & Al
& Ao} oha Alo)r) v AL wubAi ] Abx] 9} 2
Froll ab& Si0: ek} Ig-oss, oh-4], W=} =227) £9
zte] 21l Zl o g AR}
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Fig. 7. Effect of stirring time on Cu elimination in
water. Mean+8S. D.(n=3)
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S0, 24417k0] 23 Foll &84 5472 1ppm
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x85(7% AHE), EAHT% AMg) WHEA O uls)
Hl52E Cu Al A go] w9 g4slgict. ejvt A4akat
(10% AM-&) WA & o) Ea}l 78k fAlslg ot &
71 Wb p g v as) B A v)Eg Q) o
A, FARAF ek H) of 10wl o)A T & Frgle
w3, dEAL WakAe) vlE) 3% B FEaA
AAAG R AgAd 58 3ol £ o Cu AANE 3
= gstoich

AF7EA Sl AL kA o} e gl )4 7he)) w2
FEd AALA HA3E 23 A5 A7), AH, F
kR A} wjukaie] Pb, Cu, Cd 59 S84 Al A& )
¥ Rk wbE, AAkal Aukd e A A ez AR
7t wigie). o]} e AP A= Iglosse) L #
AZE e A2 Tuble 1o o5}H b7}, pabn, A
Ab e ubA -2 Tg-loss7h 22} 2.09, 7.03, 3.682 5 7 A4}
WREA 0.73%9R= oF 36l o] A} zlo] 7} vin, o] )
whalel shA Za g Adalal obgAlst 23 wA )
= Aew dedd ook’ ol & #alsly] 9t
SEM 2 % 438t A3 Fig. 82 A, B, C, D7} Bo =
srol Ig-loss7) 71ab & abiab ukadel 7% o}
Fde]l FNEE 5 U en oA kg e B
o xR eR #odgt & v o oFde 2
7b 288 Bod Fa gk e B R Iglosst 382
Fpeke olnlaln, & o] ghel mvlE SWA ] 27
o} gk A7} slekw & 5 sivk,

wheba] AnbH 02 A4 ol FFEe Ae)y
W& Ferrite' ] 2 24 $F4A sldo] FeSOiE ¥
o %<l ¥ NaOHE #71sle] pHE 9~102.2 & o}
el M F71E T FHA 2~3212F whe A A
714 AR AU ES FFEo) v doA WA
ok, eyt Ferriteto] 28t 2% el A)ef
B Y] B A 29E weE o Nads]efe) & A
ol @} 1E REgke] TR UL Wurd g
Al alol f4abw AjekellA L& 2% 294 ux
¥ b ol pHe} BODE #5147 & 7| 5% s

A
)
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Fig. 8. SEM photograph of Quartz Porphyry :
A : quartz porphyry of Angang
B : quartz porphyry of Suanbo
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C ! quartz porphyry of Yeachen
D : quartz porphyry of Kyongsan
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2 3o’ B4 Y AUz A5E PFAA A g}
Sole YA st Ao w43} A& H2 A
FA el YAl xe) ATHE A& F e Aole} B
sl

LR R

34 Auk o] 94 24 vjilg 84 9 o]
5] EAE ASE A o-ga g HEE Y
Arct
1. AL Aubale) Y48 s, Si02) T A

Abato] 7291%2 7HA EQEon] ALOsE o M 4ko)

14.70%, Fez0s, Ca0, Mg0, K209] %2 zhzt &5

QR Abe] 270, 4.19, 3.18, 5.51%% 20}, NazO+ o

AAle] 9.80%2 EH3o, FAaw U B4

7} sl Ig-doss] §Hi-8-2 akRAle] 7.03% 2 =)

£ Eobvt.

2. PRl FAA Wb o] A% 05%~2.0%, <t
FIANE 1.5% o)81e] FEoll A &85 Hysi e
o alHAF Yukde RE oA Ferl o= ¥4
= o R st

3. A5 & o] 43t JAA|be) B E A4
Wuld o] FF4& AASE AR A Pbe A%
b7}, oM, $atrAl dutse] zhzt 44|17kt oF
99% AA= At Cde 7%E A3 Tk Abo] 4
A7y A3 F oF 99% AAR g S3slsie o
7¥, A, A4 2oz 7asigdck Cudl AlA)
slol A e A E BuboA] wlg $pilHon &
3] 74l Wnkao) S-bgict. vl Ase) A%
HAukd o g A A 827} T3] M zslelch
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