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ABSTRACT

The degradation characteristics of perchloroethylene by ferrate(VI) oxidation have been studied. The degradation efficiency
of perchloroethylene in agueous solution was investigated at various values of ferrate(Vl) dosage, pH, initial concentration
of perchloroethylene and aqueous solution temperature. GC-ECD has been used to analyze the changes of perchloroethylene
concentration. The optimum conditions of perchloroethylene degradation were obtained at pH 7.0 and 25°C of aqueous
solution temperature. Also, the experimental results showed that perchloroethylene removal efficiency increased with
the decrease of initial concentration of perchloroethylene. Lastly intermediate products were identified by GC-MS techniques.
Trichloroethylene and chloroform were identified as reaction intermediates.
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2] Ar3F 12, holding time $lo] BFZ 20°C/min2] <
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2 WE F(direct injection method)d}ch. 13 A
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1 2eF B X 7](mass spectrometry)”} 72+l Shimadzu
AF QP2010 GC-MS7} AR E|QIth @Bo] erxg ]
Mo z7] 35°CoA] 105 2|&E 7} 8°C/ming] &%
2 120°C7HA] A58 o2, thA] 1059] holding time
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THA] g5t 3 T2 5<% A& =A| sta, thA] 15°C/min
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Fig. 1. Effect of the ferrate(Vl) dosage on degradation of
perchloroethylene. (Experimental conditions : Co=1 ppm,
pH=3.0, Temp.=25+1°C)
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Sharma, 2002; Kim, 2007; Lee et al., 2003).
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Ferrate(VI)= 8H 9] pHo| wtg} HzFeOs , HoFeOs,
HFeO; 9 FeO, ] 4712 FOo & ZAGrh(Park et
al., 2006). Y2 pH FHo| A £A3}+= protonated =
ferrate7} B2 &SIl WhgAdo] =7] wfwof A
pH 0|4 ferraied] g4l v Z7ksll et
(Park et al., 2006). we}x pH 3¢1 7HAMY =AY o,
ferrate= % T &AL RESAd o] AXA = o]
ferrate(VI)7} perchloroethylene S E-3|A|7]+= Zl 1} FA]o

100 7 T T T T T

Concentration (C/C,)

O pH=11

B pH=3

pH=7

0 L ! L L !
0 1 2 3 4 5
Time (minute)
Fig. 2. Effect of pH on the degracktion effidency of perchloroethylene
by ferrate(M). (Experimental conditions : Co=1 ppm,
Ferrate(VI)=29 mg/L, Temp.=25+17C)
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Fig, 3. Fit of perchloroethylene degradation by ferrate in neutral
and acidic conditions with second-order reaction
kinetics.
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7] 2AY,E Ao m EA s RESAdo] Hol
XW =< Ziii ke Th
! «] k8- 22} ¥ HlAY

T AT (Lee et al., 2009; Yang
et al,, 2011)& H ﬂoi %/\j%oﬂ Z A3} AL gl 24
of| 4] perchloroethylene®] E-3ll- &3} &9l 9] ferrate &%=
7h42 vlsio] el Aolck o] Zafol ek uje}

7o), FY3t 9F2] perchloroethyleneo] 4= 59 5

A QoNo|| A ferrate7} H-3)] 5= oFHTF AbAQol 270
A R E B ferrate7} ARELS & 4 9l
wl2lA] perchloroethylene 32| %2 pH 352—_]% pH

79 4 270, ferate(V)SF §-57] 248
o Wge BUME BE WMILEs vAUZOR

o] ol A 218 A, H20e) piE st 3
Aol 2% Aoz waE

i)

3.4 X7| perchloroethylene s H3l0f| (M2 25H=

Fig. 42 perchloroethylene®] %7] %% ®H3}o|| oz}
perchloroethylene®] E-al|l-&0) v|z|= FaFof sl L
Bl Aolth. Femate(V©] 59)%& 20 myLz 1%
3}a1, perchloroethylene®] %7|°5%=% 0.1 ppm, 0.3 ppm,
0.6 ppm, 1 ppm O =2 th=4] sto] AF-S XYt
wE Wgas] 18 Yol e y % | Qlojgroni,
perchloroethylene Z27]°5 =7} 0.1 ppm¥ o, 91%=

100 " 1 1 1 1 1
() Co=1mgL
B Co=0.6mg/L
80 T Co=03mgL]]
) V¥ Co=0.1mgL
¢
) 60 F i
=
2
-
I3
&
g40f L .
s " s L] n
O
20 F b
Y v v v v
0 L L L 1 1
0 1 2 3 4 5

Time (minute)
Fig. 4. Degradation of perchloroethylene at different initial
perchloroethylene  concentration.  (Experimental
conditions : Ferrate(V)=29mg/L, pH=3.0, Temp.=25=1°0)

Mg 2 Ehee Ml Teli WA sE o
perchloroethylene % 7] %7} 0.3 ppm, 0.6 ppm, 1 ppm
A o) 21z} 82%, 69%, 50%7} £33} %] o] perchloroethylene
o] 27 5E7} ZA4E Heje tastar).

3.5 2 25 H3l0)| [}E perchloroethylene =sliE

8ol 2w o] H3lof| w2 perchloroethylene®] H
382 Fig. 59 YeEFlch Perchloroethylene <=8
9 225 10°C, 25°C, 40°C, 50°C= t}ofstA H3l=
F9lom, ferrate(VI)Q] UL 29 mg/L=E LATHA
sfo] Felstlch. ARAT WEAT B F S8
2% 10°C, 25°C, 40°C, 50°Col| A E3j&& ZH7ZF 39%,
50%, 45%, 43%= JEFGTh 7P Be 291 10°Co
A 7P R EelleE Hlom, 25°Cl A2ollA 7}
Z}

o

—

%:%
ool whet ferrate(VI)A oLA Ao o

2 HdE o]} wElsA 2= Eﬂﬁ}
o wheh femate(V)S] Qb4 o] Hebick gl
T HuE vl 9thMacova et al, 2009). Wl 2%
7} ot ol wet ferrate(VI)2] oHgAdo] A As] 7ha
sHA HH, ferrate(VI)7} 6’7 oA 3712 SYEl=
AR Bl 7 whelx| Al Elok(Svanks, 1976; Macova et
al., 2009; Kim et al, 2008; Lim and Kim, 2007).

100/‘ T T T T 1)
O 10°C
B 500C
80 F AN 400c M
5 A V 250C
= ¥ Y A P
S f O / B
Seofl o % = m %
= v ' AN AN N
-2 v ? v v
8 - I
=
8 40 F .
(=]
Q
Q
20 F b
0 1 L 1 L 1
0 1 2 3 4 5

Time(minute)
Fig, 5. Effect of the temperature on degradation of perchloroethylene
by ferrate(VI). (Experimental conditions : Co=1 ppm,
Ferrate(Vl)=29 mg/L, pH=3.0)
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Ferrat(VI)E ©]-83to] e 9=da A= 4H
2 o] ollA AT 5= U= ferrate(VI) X}Zﬂ%ﬁﬁ‘ﬂ&
5ol aHEo] HHLES = do] 8T er

e,

271 % 1 mg/LY perchloroethyleneE 29 mg/L2]
ferrate(VI)E ©]-83}0] 5871 HE3-A|A perchloroethylene
£ Bl the FTALES GOMSE EAH5HY

o AR SHEE £42 Y Clo] x3td =2
2 trichloroethylene®} chlorofo o] A=x|qith
Cl cl
PCE >C :C<
Cl ¢ Cl
N cl
TCE . \C:C/CI l
/ \ H—C—cCI
Cl H |
¢ cl
cl N H Chloroform
Dichloroethylene C=cC :
/ \ '
Cl H !
Y :
Cl\ B /H ¢
Vinyl Chloride ~ CTC
H ¢ H CO,, H,0, HY, CI
H\ H
Ethylene =
/C C\
H ¢ H
H H
Ethane H—C-C—H
||
HH
i
I
I
C0,,H,0
Fig. 6. A proposed perchloroethylene degradation pathway
by ferrate.

Fig. 69] A|A]%l v}e} 7o), perchloroethylene 2] E-5}
A2 AL hydrogenolysis®} ferrateo] 2]3F oxygen
transfer H|AYZ0 2 A& o]& 4~ Q)T(Elizabeth et
al., 1999; Sharma, 2002; Kim, 2007; Yoon and Choi, 2006).
M} perchloroethylene= 4=4~3}4F-3-(hydrogenation) &
2 013 =AY 1S whol 23 L2y} AojR T
chloroform®. 2 E3fEthCoute et al., 1998; Elizabeth
et al., 1999). E3} perchloroethylene ferrate(VI)of 2]
QF Ak (Oxygen transfer)of] &8 Cl (Haxo]2)o] E
oA Y7t H' (4240]2)0] Al A] trichloroethylene
o2 ZojErh Ferrate(VD)ol 23t Abaidgo] o3
trichloroethylene © 2 5-€| dichloroethylene©] AJAJ &1,
A3 A dichloroethylene © 2 €| vinyl chloride”} A3
etk 2a oo Akedddge] 98 vinyl
chloride 2 5 €] ethyleneo| YA =11, ¢=A5HHESof 2]
3]] ethane ©. 2 E.3|| ¥ th(Elizabeth et al., 1999; Jeong et
al., 2007; William et al., 2000).

Ethane2 X]452]Q] HE3-0f 2J3) clycolic acid, Glyoxylic
acid, oxalic acid=2 H3jx]a1, ZZO =2 carbon dioxide
2 El=ti(Yan et al., 2000). 181l F7I2 FA L
+ perchloroethylene®| £3]7 2+ perchloroethylene”}
Chloroform©. &2 Haj¥ 3 ZEHog CO, CO, H,
Cl 2 E3|5= A ojtHKang et al., 2003).

4. 2 E

2 Ao A ferrate(VI) S ©]83te] 4250
perchloroethylene2] E-3f- A Aol T3t EALS A+
71 Gt Ae we 2kl sk on, the
e AnE Ak

1) Ferrate(VI)9] FU=Fo] F7}
sl&e] S7rskdlen, & ded=d
A HE7h 58 mgld uf, 78%E 7P He Rl
A %

2) Ferrate(VI)©]| 2]3} perchloroethylene &3 w32
pH 7.00j|4] 71 &80] £3kom, wabA] perchloroethylene

Mo N

E AT we 4 2AA Z&Hd ZeAEE
g 5 Qe Aow godn.

3) Perchloroethylene E-3}|&-0] 7} =9t pH 7.09]
A ferrate(VI) U555 29 mg/L= 3]0, perchloroethylene
2715 %5 0.1 ppmo|A 1 ppm7HA] S7HAIZIS W,
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37]5‘—57]— ZrA-8=E perchloroethylene?] H3-8-90]
Z
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4) Ferrate(VI)i 213t perchloroethylene 3f] HF-3-0])
A g 2EHste] whE *EH%QJ Aol & of

7] 9]3}o] perchloroethylene o] L= 10°C,
25°C, 40°C, 50°C® 4z = ], 2=8olo] &

o
E7F 25°ColE W 7MY =& EelileS Hdth
5) Ferrate(VI)oll &]3} perchloroethylene®] S7HIAE
2=, AHEXS E5) trichloroethylene™} chloroformo]
sRel=] it
6) Ferrate(V)E 9|
v & & Otog 75 s S Hgon g A
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