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ABSTRACT

Reactive reductants of cement/Fe(IT) systems in dechlorinating chlorinated hydrocarbons have not been identified. The
previous studies showed that a hematite/CaO/Fe(Il) system had TCE degradation characteristics similar to those of
cement/Fe(IT) systems with regard to degradation kinetics and that lime (CaO) plays an important role in enhancing the
reactivity for TCE dechlorination. The current study shows identified the formation of gypsum (CaSO,) in the hematite/
CaO/FeSO, system through the XRD analysis. The amounts of the gypsum increased with increment of the initial CaO
dose. However, when CaO in the hematite/CaO/FeSO, system was replaced with gypsum, TCE degradation was not
observed. Ca-removed Portland cement extracts (CPCX) in combination with FeSO,(CPCX/FeSO,) showed no TCE
degradation. On the other hands, the Portland cement extracts (PCX) in the presence of FeSO,(PCX/FeSO,4) and CPCX/
CaO/FeSO, systems degraded 0.2 mM TCE within 5 days, indicating that CaO also played an important role
dechlorination reactions in the systems. The pseudo-first-order rate constants (k) of the CPCX/CaO/FeSO, systems were
0.20, 0.24, and 0.72 day™', when the CaO dosages were 25, 50 and 75 g/L, respectively. The XRD analyses showed
identified the common peaks having the d-values of 3.02, 2.27, and 1.87 in the reaction systems that showed TCE
degradation. However, it was not possible to clearly identify the crystalline minerals having the three peaks from the
references in JCPDS cards. This study reveals that the reactive agents in the cement/Fe(Il) and the hematite/Fe(Il) systems

are likely to be those containing CaO and Fe(II).
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Hematite, A|HE 2 Fe(Il)2 ©]-83F TCE &3
ARE3E AJoke T2} 2} Trichloroethylene(TCE)(99%,
Acros Organics), hexane(99%, HPLC grde, J.T Baker),
Ferrous sulfate heptahydrate (FeSO, - 7H,0) (99+%, Kanto
Chemical), Calcium oxide(CaO)(97%, Kanto Chemical),
KOH(Cica reagent, Kanto Chemical). Bayferrox 110M
hematite(Bayer, 96~97%, SiO,, ALO; 4%), A|HE 3
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Table 1. Various reactive systems for TCE degradation

CaO
Reactive systems concentration ~ pH
(gL)

) Hematite/FeSO, - 2.5
(‘;f;‘eatgf) Hematite/CaO/FeSO, 516 122
systezrn; Hematite/CaO/FeCl, 51.6 12.2

Hematite/gypsum/FeSO, - 12.0
Cement/FeSO, - 12.3
Cement PCX/FeSO4 - 2.5
extract CPCX/FeSO, - 23
systems  CPCX/CaO/FeSO, 51.6 12.3
CPCX/KOH/FeSO, - 12.1

FZ3F hexane2 GC vialdll 74 €0} GC 48 A3}
3199t} Bk Matlab 322 13 (version 7.1, The Mathworks,
Inc.)& o83l WHEEIFKE skt Bk 4
HollX TCE #3lls 2 7Hdwe] Wsks AuE7] 23]
og] 71x] BAS Eg8le] wke A|AES FAEI o,
1 FH 2 9heRe] A4S Table 10 A3t

23. 717124

TCE #39ll= FID(Flame Ionization Detector)’} 32+
¥ Gas Chromato-graph(Younglin M600D, Korea)S ©]
2319t Injector?] 2% 260°C, detector®] =%
290°C, column®] &% 57°ColA 5L FA3I3oH,
carrier gas®] flowe= 2 mL/min, split ratio= 3: 12 3}
ot T3F GC column HP-VOC(Agilient, 0.5 mm x
30 myE ARESITH

Ca 7329 A& SlsiA FAksh -5 2345wl
FEAgZel=nl A#E3A(ICP-MS, ELAN DRC-¢)
S oElsle] Aagks dler B AlRe] 34
E48 93] XRD(Rigaku D/Max-1IA, Japan)s ©]&
s1em 10~80 26 Hlolx =783 F JCPDS card®]
Al 7H 2 ] 9ag vlusie] MRS RS

shlaigley.
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Fig. 1. XRD results of the hematite/FeSO, systems with different CaO doses ((a) CaO 0, (b) CaO 25, (c) CaO 50, (d) CaO 75 g/L).
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Fig. 2. Degradation kinetics of TCE in hematite/gypsum/Fe(II)
and hematite/CaO/FeCl, systems.
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Fig. 3. Unknown peaks detected in the systems that are reactive for TCE degradation ((a) hematite/FeSQO,, (b) hematite/CaO/FeSQ,, (c)

hematite/gypsum/FeSQO,, (d) hematite/CaO/FeCl,).
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Fig. 4. Degradation kinetics of TCE in various cement extracts
(PCX and CPCX) systems.
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Table 2. XRD results (d-value, 1/1j) in various systems for TCE
degradation

Cement/FeSO, PCX/FeSO, CPCX/CaO/FeSO,
d[A]  VL[%]  d[A]  TL[%]  d[A]  VI[%]
7.49 22 7.49 100 733 5
7.33 10 4.24 34 5.94 5
6.96 9 3.77 27 3.84 14
6.74 9 3.26 9 3.02 100
6.55 9 3.22 8 2.81 19
5.61 9 3.12 21 2.63

5.53 13 3.04 54 2.55

4.24 25 2.85 12 2.49 16
3.83 15 2.66 12 2.34 7
3.02 100 2.49 8 2.28 23
2.85 11 221 16 2.14

2.75 11 2.06 9 2.12 5
2.67 11 2.01 8 2.09 20
248 21 1.98 11 1.99 12
2.27 24 1.94 8 1.90 21
2.08 21 1.89 13 1.87 24
2.07 17 1.80 13 1.74

2.06 9 1.77 9 1.73

1.91 22 1.64 9 1.62

1.90 17 1.61 9 1.60 13
1.87 29 1.60 9 1.43 11
1.60 13 1.56 11 1.42 5
1.52 12 1.45 9 1.41 8
1.51 12 1.42 9 1.30 5
1.46 10 1.37 8 1.26 6
143 11 1.36 10 1.25 7
1.42 9 1.24 8 1.21 6
1.25 9 1.23 8
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