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ABSTRACT

A recent study showed that MTBE can be degraded by Fenton’s Reagent (FR). The treatment of MTBE with FR,
however, has a definite limitation of extremely low pH requirement (optimum pH 3~4) that makes the process
impracticable under neutral pH condition on which the ferrous ion precipitate forming salt with hydroxyl anion, which
result in the diminishment of the Fenton reaction and incompatible with biological treatment. Consequently, this process
using only FR is not suitable for in-situ remediation of MTBE. In order to overcome this limitation, modified Fenton
process using NTA, oxalate, and acetate as chelating reagents was introduced into this study. Modified Fenton reaction,
available at near neutral pH, has been researched for the purpose of obtaining high performance of oxidation efficiency
with stabilized ferrous or ferric ion by chelating agent. In the MTBE degradation experiment with modified Fenton
reaction, it was observed that this reaction was influenced by some factors such as concentrations of ferric ion, hydrogen
peroxide, and each chelating agent and pH. Six potential chelators including oxalate, succinate, acetate, citrate, NTA, and
EDTA were tested to identify an appropriate chelator. Among them, oxalate, acetate, and NTA were selected based on
their remediation efficiency and biodegradability of each chelator. Using NTA, the best result was obtained, showing more
than 99.9% of MTBE degradation after 30 min at pH 7; the initial concentration of hydrogen peroxide, NTA, and ferric
ion were 1470 mM, 6 mM, and 2 mM, respectively. Under the same experimental condition, the removal of MTBE using
oxalate and acetate were 91.3% and 75.8%, respectively. Optimum concentration of iron ion were 3 mM using oxalate
which showed the greatest removal efficiency. In case of acetate, [MTBE], decreased gradually when concentration of
iron ion increased above 5 mM. In this research, it was showed that modified Fenton reaction is proper for in-situ
remediation of MTBE with great efficiency and the application of chelatimg agents, such as NTA, was able to make the
ferric ion stable even at near neutral pH. In consequence, the outcomes of this study clearly showed that the modified
Fenton process successfully coped with the limitation of the low pH requirement. Furthermore, the introduction of low
molecular weight organic acids makes the process more available since these compounds have distinguishable
biodegradability and it may be able to use natural iron mineral as catalyst for in situ remediation, so as to produce
hydroxyl radical without the additional injection of ferric ion.
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o= 8] AHH EF 9 sk MTBE 29A2)0] 3lo] 2] 1A ofegol k. ool & Aolae &

A9l HeE 9J5le] NTA, oxalate, acetate 52| chelating agent’} HolLy} HkS-5le] AAE A3IFE-S o]881=
modified Fenton reactions =93} F4 pHYFoIAE Holo] Hgsleo] &2 Halass vehd = I=s

3HATE. MTBE®] 31733k chelating agent®] S/} 5%, Hol w5 18]al pH WSl w} FA] F3ks e
Aoz yehdtt 7Pt H3et FABRMES AEskr] $18ke] F 6709] chelating agent(citrate, oxalate, succinate,
acetate, NTA, EDTAYS A3 A3}, 2| &E&F} chelating agent?] AE3N=, =43 sl HE A F
(oxalate, acetate, NTA)°] AAF]o] o]5o] Ado|r= $]2] 3FTS chelating agentZ ©]-83Hc}. TI3 AHZA
(H,05: 5%, chelating agent: 6 mM, Fe**:2 mM, pH 7)slollxe] H8d B71et 23} Fe-NTAZ} HH&A|1ZF 3054
ol 99.9%2] 7FF =& AAEES YERNITE Oxalate®] 7-9-, NTARUTR= 1 Esfago] Yoy} T2 chelating
agentR T} ATZ o2 =& G824 R & HUEE :91.3%)S HAFH, acetateS o83+ FF-= 2 Ao =
& AN T HEE :75.8%)5 YERITE 3 A HolR9] FTE+= oxalate’} chelating agentZ ©|-8-F
W Hole F=7F 3 mMAW] 7Y & Ee|E8-S HolH, acetated] A= 5 mMZIA] FET SU1E wlEt 1 &
S5 ZFA =Dl Ao® et ol9ko] MTBEY in-situ remediations $3F modified Fenton 3-3-& 29|
25 T4 pHIHNA FHSIAA A EYol A83s o], =& TallEES AS 5 Jom, ZAHA AA A

j=qye]
o=

Bk e ARA 7108 clgslons BEINA Ao QAR A5l e AS vehanh, B9 &
% U] EASKE RIS S0l 088 %, T Hol glol= 0PI hydroxyl radical 8 37 A
2 4 Qom ur AARels A84A A e =29 @ 4 ek,

ZFX|0{ : MTBE, modified Fenton W8, Z}218<=4 hydroxyl radical

1. M E

33} ke AR asE A A2 FAS HYo=A

Methyl tertiary-Butyl etherfMTBE)= 3%+ H7HAIZ
A, Agol SRS Folal YAksheiel B Aad
gslrte] e S0 di7]ede] A S8l =49
Edolr, v|=ke] A9 1990 71 HH (Clean Air
ActllA AFol 237 (oxygenate)S EFSI== S}
AH(Xu et al., 2004). THIEAQ] AAF7/HAZ = ollehs,
Methyl tertiary-butyl etherMMTBE)5©] 1™, MTBES]
749 B AFel 11-15% A= FH7E=]o] AtkJohnson
et al., 2000).

ey, MTBE= Q17Fe] 74733 iAol 91o] =i
o1, USEPAE= TW7Fsd 222 &/t o
(Squillace et al., 1997). 370l FIFs T+~ 7P 2 F
H 991> MTBEY] &0l tigh & &all= wizolH,
5 AR AU SR SRR s B 2 Askrel
LAS fFsttk(Squillance et al, 1996), HE3F co-
solvent effects &3to] WA, E74, ogulal, ==
2 A E fEAlY] 83lEE STV aE

7}A)aL 2TKSchinner and Barker, 1998).

71&e] MTBE AH2l34e Hlagolar, SEAQ] X
27} golakx] 2t} Air stripping®] A9 W& it
T2 ale] A7t ol on, BE AHE A e F

A

243} vlgd FAZ Q8] AR ek Aoz A
CHXu et al., 2004). 5=3F, AESHH Ao 79 s
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olefe EEAIE WET 4 e FAHRI Tiee] &
TEot.

olelgh A 7'M tijteEA IELEAEETA
(Advanced oxidation processes, AOP’s)S ©]-83F E-17]
HEo] A= dor, FEs 4HEAIQl hydroxyl
radicalell & MTBE®] &all7} v A=A Y-S HoF
+ o8 A7 Ayso] I U Chang} Young
(20002 FAIslEAe) A2 (UVYS 0831 hydroxyl
radicats WY, 24171] WES-ZS Sl 99.99%2] MTBEZ}
LlEe A%E IRk Fy 2E dol 5%
(transition metal)°] Zuljglz|o] FakslAoll A hydroxyl
radical2 WAJA]7]= Fenton’s Reagent(FR)E ©]-&3t
MTBE®] A A7} 7Fs3tH(Ray et al, 2002). Xu et al.
(2004)52 4k7t 8] e dEjollAe] MTBES
Bl as-s BRI, Burbano et al.(2005)= FRS
o]-8¢k MTBE®] Zaflol] Slo] 4lskg<4=9) pH Fal)
st Bkt

T=3), photoassisted Fenton ¥H8- 2 photolysis 3~
UV AR Qlste] 371 Ho] 27 H=2 9] &K=
gAA 28de] B3llEEE o, 3oz QI Hol
29] k] AE QIste] HEHAY WS A3
ZItH(Andreozzi et al., 1999). 1z} o]9zte
E BT BARE 7Y A7 & SRS B
pHE gk $xj2] &A9] s de] FR3IM, in-situ *]<]
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A B - A3l UV ZAE olelgozA Tl A
8ol AAE A,

AEARN FRIES o83 AT 8e w2 ool &
Holmz, olE 23]

EY 9 Agkpel A8 B, 1 ] =2
F5 Plre rES] S og AESE vt
7Fseh, 2) gukdes Eg 9 A Wo] pHe E
& Holl EAleke #7187 59 SEaAE sl 6-8
2 fAEER AYE A8l A Ahs ol FHslok
She o] )AL, 3) W2 pHYE oA WA= a4
o] 8=l o3t o5 TR MEE LGS oPIF 7}
40] Aot

I3y modified Fenton WF~2 7]& Fenton HF
SHAVES 831 T4 pHEYN =& WeAdE
g Jom, insitue] 80| BolForA ¢
9 2k Blol 71 Ajtgt Ag]7oltt.

olof], ¥ A ME chelating agentSS ARSI
A pH Gollre] Holo] KIS 77171 #Igh
Al

EE %3} modified Fenton reactions =J35ch =

g
%] 94Y (pH 3~4plAet 7Fs3 7]
)

3 FHskrsh MgEe] FwO| Folg nAsIgow,
pas

Z}o] chelating agentol] ™ISk A9l pH F=E 37|
AT ARSE & Aol EF= U
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2.1. Fenton Reaction

2.1.1. Classical Fenton Reaction

Fenton ¥F$~2 hydroxyl radical®] &2 4k}#S- o]
3= 7124, 9o Haverst Weiss(1934)0 I3l
QA& Fa|HAE hydroxyl radical®] AFslEol <Jgh
e Asidt. Holgsel e Sz olgd

pad

H,0,-Iron(I1)2] Z740149] hydroxyl radical A4 ¥k,

H,0,+ Fe** — OH:+ OH +Fe** 6))

o7 FAE =3 vhee] RS (1)9] vhe dd
S0 Lotk

OH: + Fe*' — Fe**+ OH™ )
OH- + H,0, — O,H: + H,O 3)
H,0 +Fe** — Fe**+ O,H- +H' )
Fe*'+ O,H- — Fe*"+ OH~ (5)

H,0x-Iron(IlN)9] ¥hs- 22 slollX= 919} Ao] AR
HEgo] dofui=t,

Fe*" + H,0,— Fe*'+ O,H-+H" (6)

ojuf A== o]o} A dojule due] ¥ (1)~(3)
o] ¥k} Zom, ol H o|EH iksrie] &
FFE-2 Fenton’s reagent(FR)°|2F &2 ot

9o} 2o whe-EE YA hydroxyl radicalS: AFSHA|
2 o]g3le] 9AELS #3l A7+ classical Fenton 373
& B2 pHY Yol MT 2&E = ve AlgHdS Ad

o}k 71 o= 49 pHY M= H o]o] FIsE
2 HA=)o] vhgAo] YolA|A Ho] FajEAe] 1 g
= woltt. o] st Algk agloZ RlEl FRS
A ES 9 Ak 294 Aol o83k & 7% in-
situ remediation®l] Z3HA] &t wEbA 4 pHE ol
A= A o]&& Y3t Al 4+ & modified Fenton
Hhgolgte tijte] Has)tt

2.1.2. Modified Fenton Reaction
FE FAolE FE Y (pH 2-3)°]2h= FR A5l
H|S 253517 93k modified Fenton ¥F3-0] =45
ok B2 ATES B3, AHSE chelating agent®] T+
°F ¥hg 7Fs pH FHe T4 FA6-971A F8A
] = o] HEAT} Chelating agente} A33F 2
|22 Z3etE-S At H ole] d(alne® A,
ZHIERIE RS A XA 7189 FREG A
£, o84, pH SollMe] AokS Y3}A17 o™, chelating
agent= d ol2ze] HslHo] B3 Hojumw EY &
2ol o5k d o] TAE S 7 Us B HEF V)
e = 3ot

7129] A7l A Fenton reactiond|X<] Hi} Z3lsHE
of gk 27}x]9] o]&e] AIQF=Stt. Rahhal?} Richter
(1988)y= system2] pH”} hydroxyl radicalo] A2 A
A ferryl ion(Fe* 0] A2 AJAE ZAH3= ARjolH,
A ZZ9 M= hydroxyl radicalo] WSS 51
o}, 24} Bossman et al(1998) 5 HT g u}
2 WS pHollA= hydroxyl radicale] obd HA}F olF
(electron transfer)® 2 hydrogen peroxide system®] HFS-
& diMEM, pH 79142] Fe(I)-DTPA(diethylenetria-
mine-N,N,N',N",N"-pentaacetate) system2] 2ISIAl= SA|
hydroxyl radicalo] oPd ferryl ion 22 Z2Fs}HE(iron-
ox0)Z, Fe(I)-DTPA Z3H:= Fe(ll)-DTPAZ 2F31ES
B

Hydroxyl radicalo]u} ferryl ion®] AJAdel sk A&
o}z AHgs] ¥hsizl ub gltk. 12fu} hydrogen peroxide

O, mY 0 O o
x
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o} F Fwjjo] A3t WAVt = 2 T, o] Ajt
Al (complex)ll 2J3ll A o]2o] P = U= pHI o]
FAEARo] HeHTh. mEbA 2 AFolAME Fe(lll)-
NTAS} 22 Z3HIE o83l MTBES 573 pHY el
A] Z2)3= modified Fenton reaction®l] T3t 11Zo] o]
Folxct.

3.4

ok

e o R

3.1 48 717 ¥ &4

B Ao ARS-E MTBEE ACROS ORGANICS
(Fisher Scientific InternationalA}ollA] T4k A& AME-
oM (99%), F=AZ 2221 &7 CARLO ERBA
RESENTI(99.5%) AF, #AFS4+ YAKURI PURE
CHEMICAL Co., LTD(Milan, Italy)(35%) AlollA A4k
d Zlo] o] &HAT H FujE 2220 Fe(lll) ©]&
KATO CHEMICAL Co., INC.(Tokyo, Japan)(97.0%)
Akl FeCly-6H,008 ARG pH 2783 $18te] 7]
] NaOH®} H,S0, &35 ARS8l

AFFAZ= &5 500 mLe] H-3-7](erlenmeyer flask)
o} 250 rpmo 2 FF3F= shaker’} 22AFH T} Orion
Research, Inc.(Ma, USA) A2] pH meterS ©]-8-5}¢] pH
(*0.005y5 Z743159th.

3.2.1. Chelating agent A1 23]

2 AALS F'Y 571 2 mM, IEAY] w57t
882 mM(3%), 18] Z} chelating agent®] FE7} 2
mM&] Zz8tellA ZIPEHAT. o] o] AAE ol
MTBEE &4 AX &, H8lras AT FAsisith
2]l 2 mM F=ol A AEE Z7] tE chelating
agent(citrate, succinate, acetate, oxalate, EDTA, NTA)
o} dAF] FeCl; - 6H,07F Yol erlenmeyer flaskoll
500 mLA &7 ©al pHE 24T § U319 Azt
¢ IAS AIzE 7HF(0, 15, 30, 45, 60, 90, 120,
150, 180, 240, 360 min)®Z 5 mL syringe®} needle
S o83l 5 mLY ARE AFHS)AL, sampling® -84
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Q% - A - 7

of 1:1 BHE&Z EFS %, vortex metersS ©]-8-51
MTBES =3} -8943<] MTBES] EF4lol| digh
FE8 249439 97%E YElyth FE9L Ga
Chromatography(HP 6850)2 ©]-8-5}>] MTBES] H#-4jo
o]FoiHt.

w

—

3.2.2. A =59l MTBES B=9] A3 1

= AlE

= 2 a

29 &) Az} Hhg 27| HAL 9] AR 2
T} Chelating agent2+= 919 A3ollA] £2 A9E B
Ql oxalateE® 6 mM9 EEE FYIAL, TG40
%9} Fe''o] ¥, I8]3 MTBEY SE& o] A3
7 o] Z+z} 882 mM(3%), 2 mM, 3,000 ppmO.E
AT Sampling 24413F 52t 1080, 1, 2, 3,
5,7, 9, 12, 24 hrell 23 AJBE|lon, g Yo z+
Esl= A9 R jodometric titration methodol]
o] A - BAEHU

323. 4% H o] T =& 43

B AoMe] 27 JYHHE oA] 9o AET 2
o] ZY=|AT}. Chelating agent 217 A A= 3
£9] chelating agent(NTA, oxalate, acetate)s ©]-8-3F3
o, I F¥5E BT 6 mME AU BalsaAa]
59t MTBES] ke old AAEx 2ol 77t 882
mM(3%), 3000 ppme]1om, A o]2¢] FEE 1 mM
A 5 mMZEA] 1 mM ©9I2 TGt ©, NTASH
acetate®] 73-¢-oll= 0.5 mMe] E o]& FTx T3 A3
BH3dth. Sampling 24417+ &%F 0, 05, 1, 1.5, 2, 2.5,
3,4,5, 7,9, 12, 24 AZM]| BH50] F 131 A= RACH

d

o

3.24. 7% Chelating agent 5= = 2

£ ARorel 27] AL ArE A
A A ol ¥E & A7 go] AF
chelating agent(NTA, oxalate, acetate)S ©]-8-3}%.0.H,
o] A3vh= 9] A o T 3 mME A
Z} cheating agent?] =5 NTAS o8¢ ZA-oll= 2+
Z} 02 mM, 04 mM, 0.6 mM, 0.8 mM, | mM&E
W3l A|FH o, oxalate®} acetate®] 7A--ol= 22 1
mM, 2 mM, 3 mM, 4 mM, 5 mME H3AA A3
31t} IpHskEAe] FE9 MTBES] H5E o4 A3
E3 o] Z}7} 882 mM(3%), 3000 ppm©]LLOH,
sampling® 6A17F &<t 0, 05, 1, 1.5, 2, 3, 4, 6 A7t
of go] F g A=At
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3.3.1. Gas Chromatography

Sampling® -89 o]l 2=8h= MTBES] g%, FA
& HXof| AR&-E Gas Chromatograph= flame ionization
detector(FIDY} #2FH Hewlett-PackardAl2] HP 68502
o] 83 tt. A8 column J & W Scientific®] capillary
column?l HP-5 (30.0 m x 530 uM x 0.88 pM)°| it}
Qe 7] L& 45°Co|eH B S 25F fA
AL ¥ 20°C/miné] SEEERE 2000C7H] 255 23
o}, vpA]9} holding time 1.25%-0]AT}. U+ (injector)
o] &= 250°CeIer, E&(split) Hl= 10: 1, T
(total flow)= 76.2 mL/min®]R{t}. £ A7l 22Q1 MTBE
o] A% (detection limit= 10 pg/LE SRt

332 IR AEEE S-S A8 Todometric
titration method

FikelrAaE 4K} molybdate S50l 27181004 iodide
iodine® 2 AISIA7IT), AAH iodine starch indicator
H7VsPA thiosulfate 802 44 24 2 4 Ut
54 v 2o

H,0,+ 2KI + H,SO, — I+ K,SO4+ 2H,0 €))
I+ 2NaZSZO3 d NaZS4O6 + 2Nal (2)

(T

(o

5 mL¥ sampling®l & 9]o] oz HAsIt.
Z7gell 2291 thiosulfate §-<2] Fo= 8o o] JEF
= TRl S 0.1% SR AT S AT

4. 2zt ¥ &

4.1. Chelating agent M& AME

Fig. 194 RoF+= ZAF} o] citrate, succinate,
acetate, oxalate, EDTA, NTA & 635F% chelating
agents ©]83l] MTBER3 A< 3 A7, #3llaso]
7Fd £& chelating agent= NTAZ, HJE8-2 WkgA]
2} 301 9ol 99.9%2] MTBEZF AlAE Aoz Yelst:
t}. T3 oxalate®] 7A-F-, NTAHU= 71 E3|g80] ©o
U gE ARG AFog 2 88 (AR 3 AA
B8 61.6%)2 HAFH, acetateZ ©]-83 F9E B A
FollA £& A (AIRE & AARE: 56.8%)5 HER
Aok 2 ATE(Graf et al, 1984; Winterbourn and
Sutton, 1986; Walling et al, 1970)°14] chelating agent
2 7FF de] 220 EDTAE ol v AlA &&
(30.5%)= YERH Ao vlg] uj¢lr % HL oxalate

—&— Citrate

- Succinate
—v— Acelate
=5 Oxalate
—&— EDTA
—0-- NTA

% - Control

MTEBE Concentration ratio (C/C,)

Time (hr)

Fig. 1. Comparison of the removal ratio for six different chelating
agents. Concentration of MTBE: 3000 ppm, pH 7, concentration
of hydrogen peroxide: 882 mM, and 2 mM of Fe (III).

9} acetate 2 AEA f714k] =90] o] £ 85
HERHSITH

NTAZ chelating agentZ ©]-&3F 7397} 453 a8
Hylou A4 o @ A8 A5 7IE AolA
Wz uiel e ST AR e ARER <l
sl 2 A8AES UERA] X8 A= AARAH JriF
o7 vk 247 w2 ARAEE Hole AEA frkt
Ql oxalate®} acetateE AMESR= Zlo| vAE Ao=
o dHc} AEH T2 chelating agent] citrate®} succinate
o] 7Bl 1 Zalaso] 22t 38.0%, 18.2%= U
st

Modified Fenton ¥+§~2 1 8] 7F& pHYGS T4
FHe=7A] SRR FHolER AA 'ES i
TS T AL oMtk 23]8 modified Fenton ¥+
o83k o8] ATES AHRTA F8FQ) SHAA B uf
classical Fentondh2-HT} 71 §80] ZF¥ "o &
T ATk FHE AFE B3l FRAl &g MTBES] &3¢l
gt A5 Aoy} dEEE Itk (Ray et al, 2002). ©] G-
o] Ail= 1,300 pg/le] Z71EEE 24E o] 10
o] WAL ¥ 20 pg/ll AEZE AYEIS HAFA
t}. o] A¥e] AL pH 5, IR}t A o] (Fe?*
o] & HIE2 1101t AlA B8 oF 98%=, &
T 3% NTAZ chelating agentZ ©]-8-3F modified
Fenton ¥Fg-02 A2 A|A &3} vISSIY. O #
7= (oxalate®} acetate)?] 739 A|A &80l Ao =}
o] Ho]A|9}F modified Fenton &7d°] MTBEY in-
situ remediation®l] Y] FLZFQI FHE A US H<l
sHA siAlE E& Bloloh.

o 2

=

~'
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1500 +
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H202 Concentration (%)
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(=]
o
2
o
2
5
g

Time (hr)

Fig. 2. Comparison of MTBE and hydrogen peroxide
concentration. Concentration of MTBE: 3000 ppm, pH 7,
concentration of hydrogen peroxide: 3%.

4.2, ISk A ST 2 MTBES| S| AfZHEHA &
Alg)

Fig. 204= #kslr4] =33 Fenton W&l o}
2} 7H8k= MTBES] skele] #AE HAFEth 4
pH GYAM%= chelating agente] &= Q5] & o]
S AAEA] a1 hydroxyl radical(-OH)YS AAsH=
Hhge] o] FnjZ AgHthe AoE Ay} UERTH
a2y Fig. 2= 3] IXI847} hydroxyl radical
(OM)E A1) SIol AHOR 2R A8 HolE
th A o] AAEES HW 72.7%2 o]e] Axn
o} &R =t} o]+ oxalate®] T} oA AR =%
7] W&o, o]ZM chelate agent] &7} modified
Fenton Wh3ol|Ae] AAREC & FEFS 7A = A
< HojFEnth

Z7] FsA FEe] g% e 7] i
9] FHA8}EA7) hydroxyl radical(OH)S 2§43 3}
MTBEZ 283}, Edfish= 2bs UEhlH Holile #ist
T40] o] HAF FolEel Wt RESEEE A E351E
of Hslaae] ZEFE] ol MTBES] 392k A9
MR P AT G T S FEE
15%Z 27] F& 3.0%9] 7] vt J=of F=
At} 2477 Fo] MTBES} ¥belrie] et
63.8 ppmI} 0.58%= EA=|Qth

HESAIRE SPA), Seel= 71 Eu, ZdEEe]
skt HoRleol® Eeal wheo] A 3
fr= 1) AR Holo] kg5 X|&EA7]7] FEg o
ol Al HAAY 2) ¥Ee-EQ] MTBES] o] ¥
sl ¥hE 57 T4 S R Ak ol ol

¢

i
b

1

N

d
A

¥ o

IJ:o<>r
X
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o

o) 24 Sl R S5} o EopCiEkE
AAEE & S 7IIA e AHS FES T 2
£ A} B, suel SRis FEE 489 U
HEHYPEE 1 ARdo] JFHEUT £ dFolxe ofF
Z|A] RAANE SEA LR 7 7HA] 1AL, S chelating
agent®} FRISAS] o) tigh A¥Eo] BT
2 FE FoPd = US Foltt wEbA, tee] A3
E9l|4= Fe(Ill) : chelating agent®] HIE 3}FEZ oz
FR3IaL oJAR 1308 ZAsle] APt

43. 4™ H 0|2 s =& 48

43.1. NTA

7P B340 MTBES] AAE $18kd 2t chelating
agent=°l ek 278 A o] &7} AU Fig. 3
2 NTAE chelating agentZ AFE3S 749 1 E3las
o] o} Houm, A o]9] Fxr} vhgEEe] JEkS
FAh= AHS S BolEth 1| mM olde] NTA
FEolAE HESAIZE 308 <tol]l Q] TE(99.9%)2]
MTBE7} AIAEA. 0.5 me] E o] v& ZpoA=
Fig. 30l YRt A} o] 1 &57} =, 12ARF &
e t& % X277 o] A B F3l7} o] FolA]
= Zo] Yeigth webA vk £5E st |
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Fig. 3. Comparison of the removal of MTBE for the different
concentrations of ferric ion with NTA as a chelating agent.

Concentration of MTBE: 3000 ppm, pH 7, concentration of
hydrogen peroxide: 882 mM, and 6 mM of NTA.

Oxalate

1.0 4 —8— 0.5mM
O 1mM
—w— mM
—7-- ImM
—&— 4mM
=0-- 5mM

—4— Conirol

094
084
0.7 4
0.6

0.5
04

034

0.2

MTEE Concentration ratio (C/C,)

0.1 4
0.0 4

15 20 25
Time (hr)

Fig. 4. Comparison of the removal of MTBE for the
different concentrations of ferric ion with oxalate as a
chelating agent. Concentration of MTBE: 3000 ppm, pH
7, concentration of hydrogen peroxide: 882 mM, and 6m
M of Oxalate.
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Fig. 5. Comparison of the removal of MTBE for the different
concentrations of ferric ion with acetate as a chelating agent.
Concentration of MTBE: 3000 ppm, pH 7, concentration of
hydrogen peroxide: 882 mM, and 6 mM of Acetate.
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Fig. 6. Comparison of the removal of MTBE for the different
concentrations of NTA. Concentration of MTBE: 3000 ppm, pH
7, concentration of hydrogen peroxide: 882 mM, and 3 mM of
Ferric ion.
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Fig. 7. Comparison of the removal of MTBE for the different
concentrations of oxalate. Concentration of MTBE: 3000 ppm,
pH 7, concentration of hydrogen peroxide: 882 mM, and 3 mM of
Ferric ion.
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Fig. 8. Comparison of the removal of MTBE for the different
concentrations of oxalate. Concentration of MTBE: 3000 ppm,
pH 7, concentration of hydrogen peroxide: 882 mM, and 3 mM
of Ferric ion.
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