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Screening of Zero-Valent Metal for the Removal of High
Concentration PCE and 1,1,1 TCA
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Abstract : Chlorinated aliphatic hydrocarbons (CAHSs) such as tetrachloroethylene (PCE), 1,1,1-trichloroethane (1,1,1-
TCA) are the contaminants most frequently found in soil and groundwater. They have a potential to be toxic to and
persistent in environment. This study is focused on selection of zero-valent metal and ores for the removal of high
concentration PCE or 1,1,1-TCA and mixture of two compound. For the screening of suitable metals, we measured
dechlorination rate, removal capacities and economics by using batch reactor test. ~ This results suggest that removal
rate and dechlorination of high quality iron and zinc are higher than slag and nature ores like zinc and manganese.
Among nature ores, zinc ores(64% purity) have highest removal capacities. And in economics zinc ores is 10 times
better than high quality metal tested. We conclude zinc ore is most suitable metal for the removal of PCE or
1,1,1-TCA.

Keywords : Zero Valent Metal, Dechlorination, PCE, 1,1,1-TCA
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Table 1. Properties of metals used in this study

Metals Size Purity Source
High Quality | 35) nosh | Fe 85.9% | Showa

iron(0)

High quality | 505 mesh | Zn 95.4% | Hayashi

Zinc(0)

Iron ore 100mesh Fe 48.7% Posco
Furnace slag 100mesh Fe 0.56% Posco
Dranage slag 100mesh Fe 1.12% | *+& ELC

Manganese ore 100mesh Mn 57.63% | Hanhab

Zinc ore 100mesh Zn 64% |Korea zinc

3. 21t 3

31 B =2 MH 5
3.1.1 PCE |7

Fig. 12 g¢E 97Hd, s grlordd, 4

- 25 -



H
2

90%%] PCE AAE

Ao Fig 1B (O] o] 23= PCE+= Fe 3} ool AHijoA 1 A ALSH FE5FE F
Zn%} Wkgsto] Wsksh= AS gl & ¢ Qe PCE W3t vlw4 g2l 2 ieE 97t
w, Qdaole o] FUIs AF|E F3| PCEE A, AFE Grtotd H ofed FAolgtes AS &
= 5 (e} 5 o _O S 5
goirsl FUNgoR WANNSS gl 4 & U
_ . o
ATt w3k oldABA [Fig 1(1D]1e] 4§ PCE
1.00 0.8 1.00 0.8 1.00 0.8
<A> <B> <G>
0w g 0 fos 5 000 -
E [=0) E“ E 060 E E 0.60 E
- 04 g ot q04 & ‘; 04 g
F 020 z E 0.40 ﬁ E 0.40 i
S 3 3 2
oz ¥ qoz © pz ©
0.20 0.20 0.20
Y
000 I 0.0 000 0.0 0.00 0.0
0 1 2 3 4 1 H 3 4 o 1 2 3
Time (day) Time {day) Time (day)
1.00 0.8 1.00 0.8 1.00 08
<D> <E> <F>
0.80 0.80 0.80
106 & 06 o 06 2
I E = E "® E
g o : §om P 3w :
= 104 B L 0. 2 04 B
E 0.40 E E 0.40 E E 040 E
= - 3
qoz © pe © 0z ©
020 0.20 0.20
0.00 0.0 0.00 0.0 0.00 0.0
0 1 2 3 4 1 2 3 4 0 1 2 3
Time (day) Time {day) Time (day)
1.00 0.8 1.00 0e
<G> <H>
-
106 = 06 =
~ I £
=
0w § g o :
< 104 B 0t 2
=] K = Kl
S 0.40 E S 0.40 E
= =
qoe © 102 ¥
0.20 0.20
0.00 0.0 0.00 0.0
0 1 Z 4 0 1 2 3 4 5 6
Time (day) Time (day)
Fig. 1. PCE transformation and the amount of chloride ion released [Control (A), 0.1 g High

quality Iron(0) (B), 0.1 g High quality Zinc(0) (C), 0.5 g Iron ore (D), 0.5 g Furnace slag

(E), 0.5 g Drainage slag(F), 5 gManganese ore (G), 0.5 g Zinc ore(H)].
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Fig. 2. 1,1,1 TCA transformation and the amount of chloride ion released [Control (A), 0.1 g
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removal capacity, total mass removed per metal

mass added, and total mass removed per price of metal(g) (average + 95% confidence interval)

Dechlorination Removal mass of Removal mass of
CAHs(ug) / Injection CAHs(ug) /
Metal (%) mass of metal (g) Cost of g metal (won)
1,1,1-TCA PCE 1,1,1-TCA PCE 1,1,1-TCA PCE
Control 7+1.5 6+1.0 - - - -
High Iron 43+11 35+5.1 7,129 4,258 2.35 1.91
High Zinc 37£3.3 38+6.8 5,546 4,215 2.14 1.56
Iron ore 16+6.7 26116 29 25 - -
Furnace slag 21+18 26+4.3 29 38 - -
Zinc ore 31+6.7 28+7.2 31 28 19 18
Manganese ore 5%3.1 27+21 25 27 19 -
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Fig. 3. Mixture of 1,1,1-TCA and PCE transformation and the amount of chloride ion

released[Control (A), 0.1 g High quality Iron(0) (B), 0.1 g High quality Zinc(0) (C), 5 g
Iron ore (D), 5 g Furnace slag (E), 0.5 g Zinc ore(F), 5 g Manganese ore (G)].
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Table 3. Dechlorination rate, removal capacity, total CAH mass removed per metal mass added,
and total CAH mass removed per price of metal(g) in Mixture

(average = 95% confidence interval)

of 1,1,1-TCA and PCE

Dechlorination Removal mass of Removal mass of
Metal CAHs(ug) / Injection mass CAHs(ug) /
(%)
of metal (g) Cost of g metal (won)
Control 1+2.7 - -
High Iron 29+3.1 10,633 4.63
High Zinc 18+2.1 9,221 3.67
Iron ore 11+0.5 23 -
Furnace slag 12+11 32 -
Zinc ore 20+12 43 27
Manganese ore 16£2.8 43 31
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