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The interfacial characteristics between various heavy metals and hydrous FeS were in-
vestigated. Heavy metals which have lower sulfide solubilities than FeS undergoes the lat-
tice exchange reaction when these metal ions contact FeS in the aqueous phase. For
heavy metals which have higher sulfide solublilities than FeS, these metal ions adsorb on
the surface of FeS. Such characteristic reactions were interpreted by the solid solution
formation theory. The presence of ligand such as EDTA reduced largely metal removal ef-
ficiency due to formation of metal-ligand complex in the solution. In an attempt to elu-
cidate the interfacial characteristics, zeta potential of the hydrous FeS in the absence
and in the presence of various metal ions were measured and analyzed.
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Fig. 1. Schematic diagram in sedimentary
FeS and pyrite formation.
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Table 1. Solubility products of Metal Sul-

fides
Metal Sulfide | -log Kso

Cds ; 27.70
CuS ' 35.41
NiS 20.00
PbS 27.48
ZnS 24.46
FeS 17.22

{CdS (s )}

D= {CdS(s)} - {Fe*'} = {FeS(s)} 2)
{FeS(s)} - {Ca*}  {Cd™}
{Fe*'}

28] 3 FeS(s)9} CdS(s)e] &3] =8 A4K,,)
= 4 (3)3 .

K _ {Fe*} - {§*}
keSO T (FeS (s )
_ {Ca*} - {s¥}
Km,CdS(s) - {CdS(s)} (3)

#ilAS DE zztel TAYEY SHEAA
42 Jepid A (49 2.
Koo casey _ {Fe¥} - {CdS(s)}
Ko pesisy  {Cd*} - {FeS(s)}
_ {Fe?'} 'XCdS(s) ’ fCJS(:)

{Cd2+} 'XFeS(.w) ’ szS(:)
A7IM = Xe &9 B E e, = 8
F XA (activity coefficlient)E el
feas/frest 12 71T glon 2] (5)2 v}e}
W 9l

— {Fe?} - Xease)

- {Cd™} - Xres(s)

meba (Aol ebd AXY Fe(l)9 Cd
()7} & Fgd&od ENY o fs=
Put 7 A gHEALS ghol 9EF
= A& dAgs gl

B3EF59] L4445 ¢S Table 1
vrehd k.

D=

(4)

(5)

3. AY 9y

3.1 Aef ¥ Aj8

A& o] Al43 NaCl ¥ NaOH¥ Sigma
Chemical Co.2] 72, Pb(I), Cd(I), Cu
(I), Zn(1)5L ¥ &H3}ee 1340
Ab2-519) 0 v], EDTAY Aldrich A|9}-& A}&
3lgct. ZH++ Delonized and Distilled

ZAA Fese] §4 A% A7

FeS
(0.5g/L, 1g/L)

Heavy metal(Pb, Cd, Zn, Cu)
(107°M)

Adjustment of ionic strength
and N2 gas bubbling
(0.1M, 0.01M, 0.001M)

Adjustment of pH;
(3 ~ 10)

Shaking
(12 hr)

Measurement of pH;

Filtration
(0.45/m )

Analysis of AA or ICP

Fig. 2. Flow daigram of adsorption ex-
periment.

Water(DDW)E N, 7}~ 2 24]7} bubblings}
o AR-g-3tedct.

FeSt d¥& TA3EY 13A%E N, 7t~
7+ %] 3 Atmosbag (polyethylene chamber)
Zoll A LrRpAPL-E Abg-ste] Bt $4
3 AR+ 170~200 mesh sieve® A1 3}
AlR2 A48l o9 particle sizex= 75~
95pm o]}

3.2 Zeta Potential 23]
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FeS9] Zeta potential 42 Zeta Master
(Malvern Instruments, England)& A}-4-3}¢
2439

0.1M, 0.01M % 0.001M NaCl 49 500
mLel| FeSE& 0.25g #7}3led mechanical
stirrer2 w3l HA 33 pHE &35 7)
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pH W9 3~1028 zAstgdct. 28m &9
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$42 a4 stach

3.3 3 ¥ FIF5 AAAY

FeSel 2|% Pb(I), CA(I), Cu(ll), Zn(1)
9] AAAMYL Batch 22 A A3zt 7
FEE5F o] xS ¥ & 23 A5E
g wE3 AA7FAE bubblingA A g
o]AbstetAE g2 mdict. o] 100mL po-
lyethylene #o] ¥ 2% 0.1N HCl¥ 0.1N
NaOH £-<§2o 2 pHE 43yt &4 A&+
A7)l A3t 2447 FF ALeA]
ubate] FAAQF XHF pHE A3z 0.
45pm filter2 4 AL F P& A A-
tomic Absorption Spectrophotometer
(Varian SpectrAA)¢} ICP(Jovin Yvon 38S,
France)g A3t {5 E 4oz
AAHE Foech AYPE) £ Fig
29} 2},

4. 27 9 2%

4.1 ERE5A

Colloid A& 83 AL F=2 A4 8
A xE A3 (potential)el] ojs) HAAS A
o} o]o) FAE Wakkst A EEol o
) AAHARE Aoy 434 Ut AYE
¥(potential distribution)x= ] A}7tel of-g3}
€ dVAE AAsA AN dEe) A 9
ZLe] A A &4 vix A =HPark,
1987). Zeta potential(ZP)2- 2 29|t 3g]=}¢]
RS AEE dehie RoZ ¥ @&
74g Hele) kR FRolo Al E, whd 3
& 2 A Ae] G BAHR TRz A
] &2 Jeh A} (Benefleld et al., 1982).
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Fig. 3. Zeta potential of FeS as function of
pH.
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Fig. 4. Zeta potential of FeS in the pres-
ence of EDTA as function of pH.

3 FAAe] LHE2A 5o os AA =
FeSe| A713 XHEAE 248l ¢sl ol
=5 WEA7IHA pHl @& Zeta po-
tential & 23 3}¢]cl(Fig. 3).

Fig. 34 B wlel o] mAEH A
pPH7} Z7hgtel wie} A7 FA Yol A
+HHE A2¥E Mg F = pH g2A4YS
&< glch. A47F 02l pHE zero point of
charge(ZPC)2} &#=dl, o= FHASYE 74
&+ o](potential determining ion, PDI)E
o] atsslH o] 0o wolrl. FeSe AS
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[ ® 0.5g/LFeS
40 |- B 0.5g/L FeS + 10°M Cd(lI)
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Fig. 5. Effect of Cd(I) on zeta potential
of FeS as function of pH.
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Fig. 6. The dissolution of FeS in the ab-
sence of metal ions.
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Fig. 7. The dissolution of FeS in the pres-

ence of EDTA.
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s 10 o
v o a
5+ J
2 a
v
v s

pH
Fig. 8. The dissolution of FeS in the pres-

ence of benzoic acid.
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Pb(ll) = 10°M 1
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£ %7 & o05gLFes 7
s 4 1g/ILFeS
g
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Fig. 9. The removal of Pb(I} onto FeS.
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Fig. 72} Fig. 8& EDTAS®} benzoic acid7}
72t A% W FeSelAl Holhee Fe(l)s]
% E pH 5% el 7lolch. pH 5 o] 3}
dl4l& EDTAZ} £23lH Fohte & Fe(l)
o] ofe] Z7lsle A& ¥F Ut 10°M
EDTA7} 2% 75 4w o)A Fe(I1)7} =0}
e e e 45 A o7& {71 23HA

A i

100—7Aw—,-—rﬁb7ﬂ—rrarrrn—rrh—w
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[ °
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Fig. 10. The removal of Cd([l) onto FeS.
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AlY-& ¥ A3E Fig. 99 it}

FeS& Hr1slx 93 Pb(ll) @53 &A1&
g+ pH 8 o|AHRE FAlslEe] AHE YA
3le] pH 11elM+ ¢F 90% A= AASH= A
< 4% qlct. z2lz FeSrt EA¥d= A
pH <dgdx Pb(I)7} A2 100% AAH=
A& BZY 47} sk o)A Fig. 63 v
5te] pH 7 o]3}ellA] &= Fesl Pbr} A2 At
ghut-g(lattice exchange reaction)®} F-2A]A
ulgo] ZAld dojrte AE dFESs X
(Park and Huang, 1989), pH 9 ¢]AtellA =
AL FASLES] -] FAjd ¥AH
o Pbrt AAHE AL 44 U 2=8xn
FeSe] ofo] 0.5g/LelA vt 1g/L4d o =5}
712] 100%°) 7}7+8- AAH &L BHrh

Fig. 10& Cd()9] ¥E£& 10°M= 33 o]
27} 2 0.01M NaClZ & £ 980 FeSe| ¥
& 0.5g/L, 23]3 1g/Lg o AA Ad
gl ZAFle|t}. FeSE AHrskxA| ¢ Cd(1)
=8t 2w+ pH 8 o4 FE FAEE

A ste] pH 11 ¢ 85% A

A4
AA=EE AL & gl 283 FeSr7t &

folo oo
oo rix
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80 [ - .
u® [ ]
70 | [ ] e
a »
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£ 0F w -’ ® 210°MEDTA ]
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© 40b b
a a
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Fig. 11. The removal of Cd(I) onto FeS
in the presence of EDTA.
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E
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Fig. 12. The removal of Zn(1) onto FeS.
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& Fig. 63} u)asled pH 7 o]3}ol| & Fe
2} Cd7F AE AAzuk$-(lattice ex-
change reaction)?} F 23| Axkg o] FA ol
dojutes AS &4 9l pH 8 o] AbelA
= PSR AAE PAste Cdrt AAH
A& &4 AUt

Fig. 11& Cd(I)9 ¥X& 10°M= 3z
o] £7t=E 0.01M NaClZ 3 $No) FeS9
F5E 05g/L, 183 EDTAE wx¥E
7hste] AA A¥E & ZAelt}. Fig. 103}

dr
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100 g AR A S P A B By
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Fig. 13. The removal of Cu(ll) onto FeS.
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Curt M2 Azl uk-g(lattice exchange
reaction)s} FEA A Aul-go] FAo =
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9] AHE FAo YAsle Zn D Curl A
AE e AL g5 Ao

5.2 &
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EAE 9 Fe(I )} Solte s Axe 294
B AR Friske A4S e
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A8 F2428 Pb(I), CA(I). Zn(l), Cu
(I)E AH83le 324 Ay-S & 27, Ay
$19] pH 9HelA 100%2] AAELIA}E et
Welon, 895 {#7] ligand?l EDTA7} &
A A FF4& o]2EH I FEL Y
Aste] AALEE ZA FAaAH.

olg} 2L AMAE F¢ 2 o HrA=A
oA A S} FF&L AT AES Y
4871 % 3Rk A4 Ea) FeSrt W &5
53 L3 E Alolo @B FI mv AR
$hil-g-(Lattice Exchange Reaction)e] o}
3, FAlo Fe(l )y} &3 AS A3
t}. webr] o] FHo|A 9 ubgo] oA
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Atz
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