A BERSAESR]  Vol. 11, No. 5, pp. 35~42, 2006 : <FEE>

|

Eein SajuIST EHSNY TE 97

el - AN - SR
A S

A Study for Reductive Degradation and Surface Characteristics of
Hexachloroethane by Iron Sulfide (FeS, FeS,)

Sang-Won Park* - Sung-Kuk Kim + Jae-Eun Heo

Faculty of Environmental Science and Engineering, Keimyung University

ABSTRACT

The following results were obtained in the reductive degradation of hexachloroethane (HCA), and surface characteristics
by using iron sulfide (FeS, FeS,) mediators. HCA was degraded to pentachloroethane (PCA), tetrachloroethylene (PCE),
trichloroethylene (TCE) and cis-1,2-dichloroethylene (cis-1,2-DCE) by complicated pathways such as hydrogenolysis,
dehaloelimination and dehydrohalogenation. FeS had more rapid degradation rates of organic solvent than FeS,. In liquid-
solid reaction, the reaction rates of organic solvents were investigated to explain surface characteristics of FeS and FeS,..
To determine surface characteristics of FeS and FeS,, the specific surface area and surface potential of each mineral was
determined and the hydrophilic site (N;) was calculated. The specific surface area (107.0470 m%g and 92.6374 m%g) and
the pHzpc of minerals (FeS pHzpe = 7.42, FeS, pHzpc = 7.80) were measured. The results showed that the Ns of FeS and
FeS, were 0.053 site/mm?” and 0.205 site/mm?, respectively. FeS, had more hydrophilic surface than FeS. In other words,
FeS have more hydrophobic surface site than FeS,.
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Thste] wdg 44 e UERA WH3E /7] 31
FEo] frl8ulEA iFLekA Hlem, O AR
o] vid Z71zel wel EYT AskrE BrHsisAl .8
AFIE k. ol FFEL I 7] SR HlFo
Bar & A oy, WisA, 4o A4 &
A2 AESA Yl g8k Fall7} vilg- o]l vt
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NN fEHY, L & EHEY], ME, vided dHE
A& T ez 204 f7189E A=
5] 2FA1711 ATh(Barbash and Roberts, 1986).

ofs siRHE FollA 4 AIE 7RI dEHY /71
3{HE FFHE tetrachloromethane, hexachloroethane(HCA),
pentachloroethane(PCA), tetrachloroethylene(PCE)®} 1,1,1-
trichloroethane(1,1,1-TCA) 5], o5 3TE )R]
Eo Aslg e e 58 24850t 2 &

244 A= 35S (halogenated aliphatic compound)
< 3JehA 8l AR wrliEe] gle s8N delA] X|g
Hhesl g i 2 A3 (dehydrohalogenationys: M-
H Hog o]F whg-2 g =gA dojuH, 470
2 (months)lIA 441 W(decades)2] WHA7|(half-lives)&
7R, dgbE o2 vl A4V e BEA €3 3%
2.2 25000l ZRalEls vivle of UiE A= B
CH(Vogel et al, 1987). Z1&8u T G4l T BHEA
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T Bubgel 93 A2 T AHER Eadnh
Matheson and Tratnyek(1994)= G247l ™| Eh(chlorinated
methanes)Oll TH3F A7ollA 3 W2 F& 3l 2
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hydroxyl site density, NS Al4FE 4 i},
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2.1. Ao & 719|

oA F7) SikEe] $eF Eofivhs Aol AE
AJeFe HCA(99.5% Aldrich), PCA(99.9% Sigma), PCE
(99.9% Aldrich), TCE(99.5% Sigma), cis-DCE(99.5%
Sigma), sodium sulfide 9-hydrate, crystal, (J.T. Baker),
pentane(GC analysis, 99.9% AldrichyS AF8-313ich.

pHZEE 913 HNOs%F NaOHEFAI%E, he AME-
o™, pHEA buffer A0 FEE= Tris(hydroxyme-
thyl)aminomethane (Sigma)S AR8-5}t}.

BB (FeS, FeS,)e % 99%2] Wards Natural Science
EstablishmentA}2] Y (EA)YS AFESIATE FeS9t FeS,
BERE B7) T AEE Al i 99.9% dse
= N7 YR Zg]d"dl 228 (polyethene glove)
A HRAPES o83k EafetTt.

8 AIEE 170~200 meshdl|Z A3l N7t
Z3E 50 mL W2l LDEAIA ARSI Al AR
He SRTT 999 33 FRTE NYERE 227L o
%3 B+ (bubbling)el] & LS AAAZ] & AMESISA
th< 107 M, Oy).

Had) 7] 35kEe] BAel AMSE 7171E GC/ECD
(HP 6890 gas chromatography/electron capture detector,
Hewlett Packard, USA)S ARE-3}4TH.

gAY AENL) A= zeta master(Malvern
Instruments, 37)E o834 S733T. AElHY 54
& AeoA ZFHS 1 Lol 200 mesh Fed=d 02 g&
FUska dake] T3 F4ke SiEiAl RE AJAFEA
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pHE 243} ZﬂEPH-‘HE pH 3~11 9N 2}z 24
® pHollM SA%Ict. AEbAS] &4 Aol Aanz e
BY 8E E}o} 7] $EA N, 7R 85 AJAFET
pH= 27t 0.1 N, 1 N HNO;9} NaOHZ ZH319.01H,
% BAOF= 10 mM tristhydroxymethyl)aminomethane
= AHgsiant.

NyRAZ dgzoa 91 AH7 HH A 17} 7Vs% &
ZH(glove)oll A 33Tk AlEe] 2F (s
solutiony> =74 1 Lol ©F 10 mL HCAZ 23 oF
1271 B A ZAE AMESl] FES] Z3pAIZ] £ 2
v 8493 RS AR AR B5F A9 2] F
TE Z}Z} HCA(170~160 uM)yS A1-8-3153tt. A3dl A}
45 = 25 A (ampule, 45 mLy2 ABlE wpi7} A=
o] zdtEl= 244 BES AMESIAH F28 WS
mLy 37 vp7t Qe e 72 BES ARSIt
a2 BE F FEE AES 10%-EAHHNO;) S0
2 1= AR o 29 # o3t SRR AR 1
23 AHE PZS oF 110°CY LA 12A7FERE A
ZAIZIT} 45 mL Y=ol B3R (FeS, FeS,)e 22t 035
g ¥a Alxd RTINS oF 43 mL ¥ LEIT
d5E BEZ oF 50 pme] YA ST g AlA
T 9hS S IAS ARt AR E b A8
4 045 pm YEHS FE|(Aldrich Chemical Co.)E
o83l g F GC A& it

pHZA-& HNO,;, NaOH%} tris(hydroxymethyl)amino-
methane 212} 0.1 M 1 M| 8403 AFslo] A}
3t} Bebd e FgolA Raje] g3koz pHI}
W] wiZol pH 288 580z AL

GCEAS 9siy teal 22 wgo= Ago F&3
RIS 33iet. 5he- 8elo] Sof3le AEE FH 5 mL
138 FAPE o]83lA & % =3 5 Byl 4

O
27

B2 o343 1.5 mL L 28 430 ¥

1.5 mL #Hek(pentane)S % ]’5‘ FEJTE a3 of
200 rpme) YAT &2 oF 208 B EE) E F
o =

24717 5°C ¥ BHAZE & GC #4918 ?SJE}

Gc%i’;é#% HCA, PCAS} PCES] GCEAY ZAC=EE
2B 0°CollA B3 25°CO1]H 250°C77]-X] 29 5}
S ? 28 AR F 3000k 52 AZTh
FRIT 25 250°C, 7&'%‘—‘?’— LEE 300°CE A3k
BAslget. 183 TCESH DCEY GCEA] 2o gi=

v -

F

3 A2 2 2oete] 3917 ek SHEA ) B AT 37
SHOTE 1B Eol 75000 52032 S§2AF] &

oo
= 15°coﬂA1 250°C71A) S8 sl TA] 17 528
FAAZ F 300°C7HA] S AATE FYT 25
250°C, HEF S5 300°CE A3k B339t
S (carrier gas)e 99.99% I N, JRAE AF
£330, A8 FPERS 1 uLE 31FUh HCA, PCA,
PCE, TCE®} DCE®] 5+ Z}zke] 3 Aokl thalA
Y] HEAE JPgeled vlm Y B4 a8
T FoiZ GCY B Z7AM Zzhe] TFA ke s
-2 AlZHretention time)yS Hlnl HA38)0] vkg- XA

=7 vl EAsi
3. Zz ¥ E9f

3.1. HAIZ220f|EH(hexachloroethane)2| EH:
HCAS] tist #3) w8 A== 393 wﬂ LacE
37} vhg-0 2 pCEY PCACE €43} whe-S 3t
o} 22al PCAT E54Asiihga 7 pAA%k
302 PCES} TCER H#3sl€t} PCES} TCE & VA
ke 322 HZE methane®] H3NE-S Fig. 13 20|
78 & 4 Aot AR PCEE TCES) acetylene® F+
IR ARe] BapeE Y & 3, E/ TCEE
trans-1,2-DCE, c¢is-1,2-DCE ¢} 1,1-DCES] 3714 33HE:
2 BalEle A=Z9 chloroacetylene® 2 E3|El= ZAS
7 & 4 St ole)h 22 A el vhe s
7148 2olA Fshdel 9§k HCAe] BE Ed) 7te
ZoltWilliam et al, 1999).
714 Z70M 035 g/43 mL FeSol] ot
1503 uM HCA Z7] %o tialx] wg Alzte] W3}
of w2 A Ea) vhE Agolr}, ¥k AlZlol| w2t
HCAY =%V] Brv 7AERlon Hauks AAHdER
PCA, PCE, TCE$} cis-DCEZ} A5t} PCAE HHS-
AlRE 2700 &) Bl AHEE AP sAIRE
1S o] FollME 3] AT
3 AAHER] PCAT Eragasulg) A427) H
492 PCE 9 TCEZ #3ld Aoz Algdr} g
A7k} ZFell w} PCE AdE0] F71eien, ot
PCE AHAIE-E BalHrh. 28)a 1547 ¥8<llX TCE
o} 18A17F HESOlA cis-1,2-DCE 3FHEo] 4239 T
2 AAEJ oM, PCESH TCEY 317 Zallehe AHE
ojct.
trans-1,2-DCES} 1,1-DCE= &3l A= Jeh A &
Ut} S0RZE ol el Wk-golA PCEY AFEL 25 1A
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Flg 1. Observed pathways for reaction of HCA with Fe minerals
(William et al, 1999).
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Fig. 2. Reductive degradation of HCA in the presence of FeS at
pH 6.50.
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Fig. 3. Reductive degradation of HCA in the presence of
FeS, at pH 6.50.

Table 1. Observed pseudo-first-order rate constants, product
and mass recoveries for HCA dechlorination by iron

sulfides (=&AL, 2004),
kobs (hril)a

product®

PCA
PCE
FeS .
0.0518 TCE 11.9

cis-1,2-DCE
. PCA
FeS, 0.0207 PCE 275
TCE

#Uncertainties are 95% confidence intervals.

®Values of Ko, were calculated by iterative solution of the first-
order rate law for HCA disappearance. i.e., [C;Clg],= [CoClg]oe"
‘Half-lives

Iron sulfides iz (hr)*

A ottt 7] T 7283 vEEOlA <F 60% 7
2=9th. 1831 TCEY cis-1,2-DCES £8 S-S v}
ERAA] 2k} Sivavee et el (1995)= FeSet 2F 20004]
ZF ¥kgolA TCET acetylene, cis-1,2-DCE$}  vinyl
chloride®] AAEE aldcty B stk Butler and
Hayes(1999)= &2, FeS, titanium(lll) citrateZ -3+
cobalamins®] ¥8ollM TCEE cis-1,2-DCEE E3fuk3- 31
oz Bustgrt. & =M vinyl chloride™ £311/873
B2 YERA] AR cis-1,2-DCE= WERGTEH

Fig. 29} 30l et & @48} 9h3-& v’ S = Table
19 #slHe] FRol| W2 FUA] Bapihs £ A38F
02 ARl HERIITHE 5 &2 4, 2004). FeSe] 7
S BEaEErE 00578 hr'® UER} FeS,(0.0207 hr)e)
AR o 33 9] =3 vl o)A FeS7h LR



P3P (FeS, FeSy)2 o83 A lga2olete] 812 Balhea &

3.2. 513 AN 7 Xi2| WEt

FeS%} FeSo} 22 S35 5~8adolx 39 A
A7} HE3eAE @al 24790 Tt -8l
A FEEAE ME O weAde) XA (surface
site)s 7P & 3943 Al (hydrophilic site)dE 7}
24 A2 (hydrophobic site)iEHo] FAAETE f-7]8-0)
T 25 BAE THRE SRR FlEA 2 a4
ol S W8-S 3] witell A WA 9] =Tl
29 3l ¥hg £t ARE sk $
d7 Fel whe-2 1A B FEe] 39 {3 ue-s
31| wiiel Y kS £=8 o|dlsket -8l delA
A543 A B283 A4 A 89S Ak AL
o9 a3kt

F-gaidolA FEF TP =FeOH,", =FeOH, =
FeO™ &2 FH= S8l 28 4 EHol} o,
FBIEA] od2 x| BES 4] sEHolE) gt o]
A H'9 OH 9} Zo] I-BA AAS ARFA <15
T Ue S 7 o] TS A AH ol (potential
determining ions, PDI]2} &}, H'S} OHE pHOIEA
< 7RIt W2 pHEYo M= Yoz siHE Zd F
=FeOH," ¢]2F°] $AI8laL, H& pHIHM= 0=
ShHE EH =FeO™ o] 2] FAHTE. 534 (isoelec-
tric point) pHollAe] FAALE O(zero)olth. o2} pH
= 738}e] %H(zero point of charge, ZPC)E} gt} o]
23F B2 B idol|lA Akslel BE-d(oxide mineral)
FH 4-8}HkS-(surface hydrolysis)@} A FFH Wehrli,
1990). FEA] tigh T8 79 34 vlolEHE ]88
] A 9EE Akl galE 1HS AR
oz Ak 4 o

Aet A9 @k o183 o X FEE i 4
7] Ag] W (hydroxyl site densityy= B SAlel 9
3 HE}. Fe(OH)y; 9.8 sitenm’(Davis et al 1978),
FeOOH; 10 site/nm*(Day and Parfitt, 1967), SiO,; 3~6
site/nm?, y-ALOs; 8 site/nm®l| g T =3} x| 2
T2 AFIIthBenjamin and Leckie, 1989). Yo g
S8} 25F(FeS, FeS,)e A1 (oxideyth B4 @ 43y
= A2 I#A Uth(Park and Huang, 1989).

A FeAe] A ¥ ARE AAE] Ysixe
Ale} 1) =4 dloels 18814 pHue, Ka™, Ko™
Ngts AXRICHHaim, 1983). 144 EWoIA 4417]
(hydroxyl groupy= Fig. 4o YERA nke} o] US4
AAS 7HIT) FeS FEAL 73] vhEox A
FANE pHzpe ©13H) pHEGAME FdAF ¥h8-(pro-

£
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i
o
=
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e
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+H, O

OHy" +H" OH -H* Fet O
H Protonation H Dapratonation
PHzpe

Fig. 4. FeS surface hydrolysis and amphoteric reaction. Boxes
represent the FeS surface.

Hydrolysis

tonation)© & ¥FHate] o] PAFIL pHzpe O
pHA ol M= B2t W&-(deprotonation)© 2 2-3131]
FHo] A EHU. ol5o] B Hdh= pHoll 73t o4
< 7FAcKSun et al., 1991).

# 43PHS-(surface hydrolysis reaction)} 717+

P @& ot 2ol vekd 5 sleh
K, — +
_ e ot ont_[=SO J[H ]
=SOH 2 =80+ H' s Kyl =g (1)
K, . +
‘ int_[ =SOH][ H
=SOH, > =SOH+ H*;K;’;‘=[——L+—] )
‘ [ =SOH; |

T4 FEA T s s UehiZ] 9
A =SOHZE YERE & ot =S&= W 2 (site)E
7hs) el 93] FERAY BuAeE 7)58) sl
HERA AT R
- elE A FAFSEEN)E 3709 hydroxo
Z-a71e] oz TP

Ng=[ =SOH , ]+[ =SOH]+[ =S0 ] (3)

otk pHyt Al A} EHe] ZpCHTh B AS- %W
& FHEE GAHT NE thea o] mdedt

Ng=[ =SOH, ]+[ =SOH] “ 4)

pH7} A YPAF W] ZPCrRE} HS A9 TS &
e HAHEL Ne= vt Zo| ddr

Ng=[ =SOH]+[ =SO ] ®)

[=SOH,"], [=SOHJ¢} [=SO= &z AAHe=n
A=, g8 o] vERd 4= 9t
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Fig. 5. The Zeta potential of FeS and FeS; as a function of pH in
0.01 M NaCl solution.

2 Stumm(1980Y} Huang(1981)°] &3] F3ld AkSE:
(hydrous oxide)®] 54 A7-5 B3 Ru=de 1
21 FHEANE 7189 A (titration) *Hol ofd AE}
A9 viole| 278 S ATk(Park, 1987).

B =ioxe dolgd FEAd uE 3l vks- £
& Al SlsiA FEA 194 19 HE 23
3t e FEAL He FH A B
Ho] P FEFE HHES [=FeOH,"|2} .[=FeOH],
[=Fe0 ]9 FEIZ Feleed] I SHs AA=Z 4
Z43P )= oyt e e BHe (+)
S}z (chargeyS 7] wiio] W A (surface
potentialyS S5} 481l ¥ Ae] WE(Ns) gk Al
Aty Fpa S o g AN 4 glg. 74 A
BEH gt 9] 8 ARE golEy] fjEiA 1H
AE AT 97 19 A= AN ©) g
2 3¥¥g.

Fig. 5= FeS9 FeSol thajx] pHHS}o] whE et
A =43 Avolt}. FeSQl pHyce 71502 pH
w3l wel +432 mvolX —46.4 mvel AE [
eIt 22t FeSy®] A9 pHze 7.92& 71F0=2
pH Wzl w2} +312 mV~—28.6 mve] Ae} A9 7k
S JERNITE FeSE FeSET} H2 At A9 o] |
A5 HERASITH

Ale} A9 SAHFCZRE HHSSL S (surface hydro-
xyls site density, N)E AXJISIA. A8l == pHHAS}
o] W& AEFIY 3kS Bolzmann}# Gouy-Chapmann?)
O 2RE] ARk TR S (g)e) [H'12] BARIoER
B ALFETE & pHpcE 71502 78t o) tishA

P
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31 (FeS, FeSy)& o8

Table 2. The data associated with hydrophilic site for various

minerals
Parameters FeS FeS,

N 0.053 site/nm? 0.205 site/nm?
Asp® 107.0470 m%g 92.6374 m?/g
pKa™ 8.097 9.636

pKa™ 6.799 ~ 6.086

=SOH° 3.303x107° mol/L 1.102x107 mol/L
pHzec 7.15 7.92

%surface hydroxyls sites, surface charge density
bspecific surface area
‘=SOH : hydrophilic concentration at surface

1/[H+] o 1/6E, S48 ZH) tisiA [H A /o=
E5 3] Nsghs Tt 7 FEH) oigk B¥ 5
AT NS HAHoz ANty YeiA wEHA
(107.0470 m%gs} 92.6374 m¥g)} AE} AYS 3o
B AoJA pHzpe(FeS, pHzpe=7.15, FeS,, pHypc=7.92)
e olgaiM AR Aib FeS9} FeS,l Ngkd zhzh
0.053 site/nm?, 0.205 site/nm?2.2 UERGTE o]Se] o
3k AlLke: MathcadE o834 ¥H 438} s AKX
Hrt.

Table 2= A@ZA oz =A% Ael A ) vlE
=3 o]&aw N, #k& slaL, o9 d=F 2 2144 39
SEE ARk g& vepiSlth o714 N, gho] A=
A A4 4”401 B Ag ovjein, EE 89

Ko

o] Wol 43 S-S UEPATE FeSY] N, k& FeS,HT}
ok 387l A e A4 TAE 7R Yot =4
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