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Degradation of Methyl tert-Butyl Ether (MTBE) by O,/H,0,
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Abstract: The degradation of methyl tert-butyl ether (MTBE) in water solution has been studied using the combination of ozone/hydrogen
peroxide in a bubble column. Effects of air ( containing O; ) currents, quantities of H, 0, initial concentrations of MTBE, pH values and
temperatures on the oxidation of MTBE have been tested> and it is implicated that under the conditions of initial MTBE concentration of 10
mg*L™", air current of 0.5 Lemin™", pH 6.5, 293 K and 2.4 mg*L.”" H,0, addition, MTBE can be reduced by 75.5% and the removal
rate of COD reaches 68.0% within 30 min. The main of degradation products identified are tert-butyl formate (TBF), tert-butyl alcohol
(TBA), acetone (AC) and methyl acetate (MA). On the basis of that, the probable mechanism and pathway of the oxidation of MTBE by
ozone/ hydrogen peroxide have been proposed.
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Fig.1 Schematic of ozone/hydrogen peroxide test system
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Fig.2  Effect of air currents on the degradation of MTBE
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H &l 6 AT %1: H,0, HIVS I MTBE ) B fif 5%
WK, B R B AE H, 0, W% 00 5 1K) 3 n i 44 ey . 134
I H, 0, W A4S «OH 1 155 2E s R 38 0, ALY
ST Z R, AT R T X MTBE 1 25 i 26

0, WINE M 0.24 ~ 6.0 mg*L~" 4], MTBE P& fift
FAAY R TS AE 6.0 ~ 12.0 mge L™ U8 1 3%
%% H,0, Aee gk 54 7 i 7= A « OH, AT i
MTBE [F 4846 2 62, (2 H,0, A & B A8 W #E - oH",



5 BB : O, /H, 0, VEPEAR H L BUT JEBECMTBED FR IR 7T 1247

KL 22 18 H,0, M50 MTBE IR B AR, 14 2338 1%
SUSED' N TRy I
2.6  WKMisrHr

MTBE A& KAL), Fowh ik 55.2°C . 78
SR SO RN, B KRR 0, I U H 7K
TR FEA, A A P A SR TN B #E  1R) JL ( MTBE)
AT, AR B BN 0, 5 MTBE X
IR TSN, T T MTBE I3 4 . IR A B A5
16 MTBE [ JviH, 2545 73 MTBE # Wi oK .

R 45 K WoR: /£ MTBE #1483 WK B ¢, = 10
mg* L™ H,0, WINE N 2.4 mg L' VAMEUWLE Q =
0.5 Lemin~', pH = 6.5, X Vil# B T =283 K 4511
SN 30 min Ji7» MTBE B0 2K 2045 159% oAy Wi
it il A R 3 SR U B TR 3G 0 T 3G s BE
MTBE 146 ¥ 5 (/) 14 0 1y 384 0 B pH- (%9 384 om0 1t 98¢
/b5 WAL BE 1R T s T S s B H, 0, VN N 1 3
I R AR 7K PR ORI A B T2 SR ki
FEEARI B 5
2.7 WALEI T

RN T =293 K, MTBE #IAAHE ¢, = 10
mg* L™, pH = 6.5, H,0, W INE N 2.4 mge L™ &
WA Q =0.5 Lemin ™' 51 1, X7 MTBE (1) B fig 2
S COD JEAT T , 45 Ran &l 7 fios .

10 L —e— MTBE [ [#f#
’ O COD [f1ERk
0.8 |-
0.6 -
= O
04 |- o
0
02 |-
0 | | 1 | | |

!
-5 0 5 10 15 20 25 30 35
t/min

7 MTBE &% (Li2E
Fig.7 Mineralization of the degradation of MTBE

M7 AR AE R N L FE Y, MTBE A & — T
LRI A A A R Ol — AR AT, TR R T T A
K, 2B T — R AU R =), SR R AR 28 0,/H, 0,
% . )NV 30 min J5, MTBE 2Bk #1X 75.5%, COD
ZBRFE I 68.0%, 7T WL 0,/H,0, F5fi# MTBE X%
e BT

2.8 HhiEEY K BN 3BT

h T € TR ), SR A GC-FID R B I [a) vk 5t
HRL = REAT T 58 R B L R S A L
THRFEECTBE) BUT BECTBA) LR S (MAD FIA
MCAC) . i T 3 — i & MTBE ¥ B filt 7=, % H
GC-MS X} [ /% MTBE ik #2 = 4T 7 20 Fr Kl
) MTBE A9 247 TBA, 1IX 5 GC-FID il
FHEL s GC-MS H TG I H AT 55 FH G 21 H R A A
Pl 5 J LA ILAth = 4, 3 2 TT i H 0 28 o i) = 4 7
AR IR B IR AR T JEVE R GC-MS JThs

0,/H,0, A AA LY £ ZEFH «OH B 5L K
T WL R ) MTBE 20 1 R 4745 o 2R B A
Il MTBE 7> T4l 5 O J5U A o B0 7 111
o E S5 2 B« OHBLT K, PR, 78 S ) 1 S A B
*OHM MTBE [ o i HUAEE BRI H A MTBE 22 24
(CH,),0CH, * H HH 2, 48R A 1 73 535 « OHZ il HX
Bk M A KE 1 H A MTBE Z£ 24 « CH, ( CH, ), OCH,
H %S, B 5 W4EAR K 7K 22 MTBE ERIACT 2
Rl NSy MRS 7R MR R S o L Rl TR VA E I
M LALE 55 — I [H) % 4840 . (CH, ), OCH, * H 1 3k 4k 4
SN PR I ST AE O 3, {877 42 TBF. TBF 33
—PIK MR A % TBA AT R . 73 4b, « CH, (CH; ), OCH,
Ak S A A B B A 2 A R S TR IS R R RR . TBA. it
UGS T, e TR A A A I

HEM MTBE v e i tean 14 8.

CH;0C (CHs)s
(MTBE)
(CH3);COCHO CH;COOCH;
(TBE) (MA)
(CH3);COH HCOOH
(TBA) (FA)
CH3;COCH; CH;COOH
(AC) (acetic acid)

El8 03/H,0, | MTBE R A BEIR1E
Fig.8 Suggested pathway for degradation of MTBE by 0;/H, 0,

3 g

(1)0,/H,0, X} MTBE HA7 5 I (1) B Al AE H , 1%
R 2R BE A R C O, ) T 5 (1) 389 o it 358 n s B v 9
MTBE ] 46 < B (/) 34 0 1 9 /b B pH (1) 384 o 1fif 34
Jonns B (¥ T s T 486 s B HL O, 9% 0 S (1 458 0 g



1248 7N 58

B

P

% 29 &

.

(DTES R N AsH, KM 0,/H,0, 5840 B
MTBE, 23 73 MTBE #% WK i H >k | W it &2 bl o5 b
HEASAR LR IR 1Y Iy 34 00 s B MTBE #1465
JEE (R HE 0T 34 s Bl pH D00 992> 5 B e ) T
R T3 s Bl H, O, VA8 0 2 1R 3 0 7 sk 2D

(3)0,/H,0, A AL FEf# MTBE i GC-FID £ M
SR = A7 BT 5 H G CTBE D AU T B (TBAD
LR EECMA T CAC) . 55, L GC-MS Al 2
) FZA BT BE.

(4)MTBE 1] BE I B fif 3 42 24 : MTBE #% 0, 8%
« ORI i 20 A A2 BBRCT ik YR CTBF) 58 4 12 HY e
(MA), TBF #2440 42 1% TBA 1 FA, TBA Bt &4
B T e T A A AT

SE -

L 1] Hei. The potential health effects of oxygenates added to gasoline, a
review of the current literature: a special report of the institute” s
oxygenates evaluation committee [ R]. Health Effects Institute,
Topsfield, MA, 1996. 158.

[2] ChunJ S, Burleigh-Flayer H D, Kintingh W J. Methyl rtertiary-
butyl ether: Vapor inhalation oncogenicity study in Fischer 344 rats,
BRCC Report Number 91NOO13BLR]. Bushy Run Research Center;
Exports PA, 1992.

[ 3] Cruzan G, Borghoff S J, DePeyster A, et al. Methyl tertiary-butyl
ether mode of action for cancer endpoints in rodents[ J]. Regul
Toxicol Pharmacol, 2006, 22: 101-106.

[4] Prah]J, Ashley D> Blount B, et al. Dermal; Oral and Inhalation
Pharmacokinetics of Methyl Tertiary Butyl Ether(MTBE) in Human
Volunteersl J . Toxicological Sciences, 2004, 77: 195-205.

[ 5] Michael J W, Asce A M, V Dean A, et al. Carbon adsorption and
air stripping removal of MTBE from river water[ J1. Journal of
Environmental Engineer; 2002, 128(9): 813-823.

[ 6] Sutherland J» Adams C,> Kekobad J. Treatment of MTBE by air
stripping» carbon adsorption and advanced oxidation: technical and
economic comparison for five groundwaters [ J1. Water Research,
2004, 38(1): 193-205.

[7] Fiping B, Stefan B H, Torsten C S. Sorption of methyl zert-butyl
etherl MTBE) and tert-butyl alcohol(TBA) to synthetic resins[ J].
Water Research, 2005, 39: 4164-4176.

[ 8] Sosa M, Bautista L, Melissa E L. Sorption of methyl rert-butyl ether
and benzene in fine-grained materials from northermn Illinois and the
Chalco Basin» Mexicol J1. Environmental Geosciences, 2006, 13
(1): 31-41.

[o]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

L19]

[20]

[21]

[22]

[23]

[24]

[25]

Stefan C. UV/H, 0, Treatment of MTBE in contaminated waters J].
Environmental Scienece and Technology, 2000, 34(4): 659-662.
Mihaelal S. Degradation pathways during the treatment of MTBE by
the UV/H, 0, progressLJ1. Environmental Science and Technology
2000, 34: 650-658.

Kaspryk-Hordern B> Andrzejewski P» Dabrowska A, et al. MTBE,
DIPE; ETBE and TAME degradation in water using perfluorinated
phased as catalysts for ozonation process[ J1. Applied Catalysis B:
Envieronmental, 2004, 51: 51-66.

Hung HW, Lin T F. Adsorption of MTBE from Contaminated Water
by Carbonaceous Resins and Mordenite Zeolite [J]. Journal of
Hazardous Materials, 2006, 135(1-3): 210-217.

Anderson M A. Removal of MTBE and other organic contaminants
from water by sorption to high silica zeolites [ J1. Environ Sci
Technol, 2000, 34: 725-727.

Yazaydin A Os Thompson R W. Molecular Simulation of the
Adsorption of MTBE in Silicalite> Mordenites and Zeolite Betal J 1.
Journal of Physical Chemistry B, 2006, 110(29): 14458-14462.
Centi G» Grande A, Perathoner S. Catalytic conversion of MTBE to
biodegradable chemicals in contaminated water J]. Catalysis Today,
2002, 75(1-4): 69-76.

Francois A, Mathis H» Godefroy D> et al . Biodegradation of Methyl
tert-butyl ether and other fuel oxygenates by a new strain,
Mycobacterium austroafricanum IFD 2012 [J]. Applied Microbiology
and Biotechnology, 2002, 51(4):498-503.

Yu X Z, Gu Y J. Uptake> metabolism and toxicity of methyl tert-
butyl ether(MTBE) in weeping willows[ J1. Journal of Hazardous
Materials, 2006, 137: 1417-1423.

David Ms Leen B> Frans O, et al. Evaluation of the intrinsic
methyl tert-butyl ether ( MTBE )  biodegradation potential of
hydrocarbon contaminated subsurface soils in batch microcosm
systems[ J1. Microbiology Ecology, 2004, 49: 121-128.

W1, BRH, BT, AF . RCT SLRE(MTBE) 1956 552
AT, A FREEREF 4R, 2005, 24:336-341.

AT . BHES T 40 X-GRL JYEHY UV. 05 05/UV 44K 4 BT
FALDI. B : TR, 2004 146-147 .

W, TS5 Rt 55 . UV/Fenton S AL RV Th T 26k
BT SRR AR AT L], BTG4 S BiiA, 2005, 27(8): 5-8.
B, TR, BRE, S5 UV/H,0, SRR AR TP AR CT
BECMTBED BRI BT S L ], T K22 22 4R CBR22 K50, 2006,
33(4): 439-443.

AL, R, Ml SLARSAL B RRH R K P oA il s
PR B T SELT]. MR EOR, 2005, 5:20-23.

WRighs, BB, sk . LA nl v P LA A4 1
BEFELI]. KA, 2006, 25(1):10-12.

B BRIBAR, 2224, 45 0,/H, 0, ERRA A FEIRACR
HHUEL]. SRR, 2006, 27(9): 1791-1797.





