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Y-ALO; Catalyzed Ozonation for Removing Taste and Odor Substance

2-Methylisoborneol in Drinking Water
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Abstract: - Alumina was used as a catalyst in ozonation, and efficiency and influencing factors in degradation of taste and odor substance 2-
methylisoborneol (MIB) in drinking water were studied. The result shown that - alumina was activated in catalytic ozonation for degradation
MIB not only in distilled water> but also in tap water. In distilled water condition, catalyzed ozonation could enhance 47% removal efficiencys
in tap water condition, catalyzed ozonation could increase 40% removal efficiency. The concentration of ozones - alumina, MIB can affect the
degradation of MIB observably. ¥- Alumina catalyzed ozonation for removing MIB did not depend on rigidity in water> but was affected by
norganic negative ions. By capturing the hydroxyl radicals produced by - alumina catalyzed ozone decomposition, the bicarbonate/carbonate in
natural water can restrain the effect of - alumina catalyzed ozonation for degradation of MIB. Lower concentration of humic acid can promote
the effect of oxidation of the MIB, but higher concentration of humic acid may reduce the efficiency. As pH values can affect the process of
catalyzed ozonation and fert-butyl alcohol can inhibit the efficiency of catalyzed ozonation efficiency of MIB; the mechanism of - alumina
enhanced ozone oxidation of MIB can be identified as that 7- alumina catalyzed ozone to decompose into hydroxyl radicals which further break
up the molecule of MIB.
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2.2.2  fEATIBLET S

F a7 A T B0 SR AR S AL 22 B MIB AR

R, A5 R 4 s

HPE] 4 A 560, AT A 7 5 Y LAY A7) 43¢
HEONEAL AL MIB 52BN W2, A R i oy
0.2 gL' I, %46 20 min 5 4 MIB WKEH 7.7
pee L MAEA A A 0.5 go L' I, 04K 20 min
JE R G MIB W EEALA 2.42 pge 17" 2B il
FIHEE R 1.0 g* L™, Y 20 min I MIB (1) 25 B 2% 14
KR BEAR /N, ARSI S min (9480 A 3 22 KT 4
e SN A 7R B8R A S AR SR 25 B M R 3 A 0
K B 1T BEAS (A ) B R 884, AR H RS e

PG PEAL I 22, 0 T Sy 7 MIB AT - AL O, K
T (12 ik ) Lo, DT v s WV %6

1.0
08 —o— fE4k50.2g/L
’ —m— fE4LF0.58/L
0.6 - —h— fE46F1.0g/L
g
© 04 |
02 X
0 1 1 | |
0 5 10 15 20 25
I} 1] /min

S A I B 1CBR AL RIS )
4 FREATREMECREE MIB B0
Fig.4 Effect of catalyst dose on removal efficiency of MIB

2.2.3  MIB UG FE B 5200

SEIGIEIL 11 pge L'\ 22 pge L' Fl 44 pgeL7' 3
Flt MIB WIUG <L, 25 AN [R] MIB 1) 23 94 55 % A0 4
12 B MIB 2505 [R5, 25 5L LI 5. S 56 30, #]
TR IR AR I S AN [RS8 A0 I B 1 25 B R Y e vy, Bl A
MIB 46 ¥ B2 14 38, fe 4k 2840 MIB 11 25 bR % —
SEMR LT B 31X — 25 JEAR WY, 47K MIB #1465 e JiE
Hhn, v] 6 H LA A R A A I 1B 10, MIB 1 e 48 2:
R BRAR s [A I, 40 MIB 3 A2 v 7= 2 1 oh i) 7= 4
AT BEA AL A AL MIB (2K RE T B

1.0
—e— [MIB]=44pg/L
0.8 —a— [MIB]=22pg/L
—A— [MIB]=11pg/L
0.6
g
T
04
02
0 I | | |
0 5 10 15 20 25

it 8]/min

SEIG A R 1CBROMIBIAM)
5 MIB ¥R EFELRE S L MIB RIS

Fig.5 Effect of MIB initial concentration on removal efficiency of MIB

2.2.4  JKFIGHLE T I RS

RIRKAET S/ Z R EHLE 1, BTN+
(1 il E ) LT R L A mge L' Lk I 8
FAR AR P IR A9 I () 94 P Gl fEnge L1, P & AH
ZEA 10° 4% . 43 A A ) LA R R I 2 1 2 o, AL
AT DA B 26 G 7K TR e 7 AR AR Ak LA



2 1 MR ABAREE : = AL O, A0 5L S S AL 7K A IR IRAY) S5 MIB RU RERIT T 325

e R AT AR TR B % S N, 5 4 8 AR A I R T
PEpA MY K, 5 - AL O, Ak SR N A
o ZTCHLES T3S 2 1 J Wb LI | S5 FH 28 1 7K
BC 7K, 75 RN AR 58 o 43 I R SR 7K A v DL 1) 6
PLES 7 CBH B 1 Ca®* ~ M@ s B8 72 ¢+ SO2 -
NO; PO} DHEAT LRI |

(D ST SLREH ca Mg 1E N E T
R, FERHT ca WM KRR AR,
LK ARAE 6] - AL O, M b 5L AU A AL MIB 1 5%
Wi A 1 W] LA, KA ca®r WMt IR L 4y
A0 BEINE 1 mmol* L™ A1 10 mmol*L~", #HEE A X}
7-AL O, LSS AL MIB 7= A2 B 2 s . Ak, 7K
PRBE FE X - AL O, AL 5L A4 46 MIB 11 5% 1 ] LA

F1 KPEEFHELCRESEN MIB M /%

Table 1  Effect of cations in water on removal efficiency of MIB/%

B Ay o7 -1
B 5 Rk B W fmmol - L
0 1 10
Mg+ 84.8 88.6 86.3
Ca®* 73.3 72.4 75.1

DSR2 3 Wk %0 0.1 mmol * L', pH=6.6,[05 ], = 0.5
mg* L1, MIB WURIRIER 22 pge L1, Hoh M2+ S50 9 S8 AL I 1) 20
min» Ca®* SEI6 4L IS /)24 10 min

(2) BB SEEREI T /K Aerb s DL B &1
NO; ~SO2™CL™ F1 PO}~ , WF 5T T ML BH &5+ 5 i 1k 41
A AR

TE PR AR AL S Ak MIB IR 6 BT,
T - AL Oy ST TRAR I BT 24 45 g 1 155, DRI G A
PR AR X 4240 MIB IR R AR K

1.0
—o— THERARIK E=0mmol/L
0.8 —a— TR E=1mmol/L
—h— BRI =10mmol/L
0.6 —
$§
© o4l
0.2 —
0 ! L ! !
0 5 10 15 20 25

I ) /min

S e < I 1
6 RBRRR L RARIL MIB ORI
Fig.6 Effect of NO; on removal efficiency of MIB
Bl 7 2 S 10 AL S S5 AL MIB K . 5
B TR AL S A MIB AT — € (R R, 2 BRI
RGO PR S PR R, B A G IR B R

MIB [ B il 3 26 328 7 A . MIB 1R d5c 28 3 il 250 R 2
AEFWRE RN 7= AR IR % 0] B At 5 A
HTA S BT R ILAE - ALO, RINAT A
KRBT BATE B, 5 b i) R A S L i
AT B A AL R OH | N, T FE T 4 Ak
HLAE TS5 MIB 3292 558 i [ VY, I 4T
b R A A MIB (1) B AR 2252 3 T 52

1.0
—— S THE=0mmol/L
08 —a— HEFRE=1mmol/L
’ —A— W BT HE=10mmol/L
0.6 —
§
Q
04
02
0 | ! ! |
0 5 10 15 20 25
i /i) /min

SEUG A1 TR
7 SBTMENRKSESENL MIB HFM
Fig.7 Effect of CI~ on removal efficiency of MIB

BRIRAAT - AL O, AL S S AL MIB 11 52 Wi G
Kl 8 T B R AR T MIB [ BH S iR 4l R
S EL ) 2 B B AR R R T A MIB 1) 532 Wi 0 A
SEARA ) R A — e R 4% & RE ), Rl
7-ALO, AT — RS G, G T - ALO, K
(3 VA, AR A TRV VT B

1.0
—o— TR E=0mmol/L
0.8 —a— R E=1mmol/L
' —A— BRI E=10mmol/L
0.6 -
S o4 b
02 |
0 | | | 1
0 5 10 15 20 25
B} 18] /min

SR A F 1
8 MERIEMRES MIB MM
Fig.8 Effect of SO~ on removal efficiency of MIB

9 KN T R AAT - AL O, M fb 5L 5 5 1k
MIB [¥] 52 1], Bt A Vv ol 19 RRAC 152 1 389, MIB. 25
ik 2 5L LR B AR Ak, P A A8 R R i B AT . B TR AR 2
1 Fl E ISR, 5 At AR T A B
FAGRE I WL, JkAg T B AR MIB 1 S B s



326 N S 8%
LRI, R R A AR 0 S G RE D, B O 10 ]
2 1% [ SRS AR wh 4 % [ —=— NaHCO;=0mg/L
7- AL O P bR T R R IRAR A 7- AL O, W B £E o oo
ok, Bk T oy-ALO, KRG EAL, s T —0— NaHCO;=200mg/L
7= AL O, A6 35 P T2 B, BERR AR X 9~ AL O, ST
AL LA AL MIB AR 25 04 -
10 —o— BB RRAE-Ommol/L 02
0.8 —a— EBHRAR R =1mmol/L 0 | ‘ » |
: —A— E R =10mmol/L 0 p 10 1s 2 25
it [6]/min
0.6
° 04 - LA FE 1
E 10 EREBRBRRMELCRESSENL MIBHZN
0.2 - Fig.10 Effect of HCO3 on removal efficiency of MIB
0 I | I !
0 5 10 15 20 25

I} ) /min

[0y, =0.5 mge L~ 1, HEALGUBEER 0.5 goL=', [MIB]) =22 pgL™!
9 WERMEMRESE L MIB T
Fig.9 Effect of phosphate on removal efficiency of MIB

2.2.5  EEOKIR Eh /IR AR 1K 5

O, /42 8 A S N 7 AR TR S AR R AR m) DL
A K TP AR IR S RS E PE A LA AR 2 R AR K A
AR KEITENLE 7 AL, X edy il DL S i
BEH I RN, AR 2 SLAR A R ) R X R
P TR R R K A AR E MR LA ) A AL
A H R SR K AR A A7 A 1 S R A B R AR T 2 PR AR
Bynr DA SRR 5L B o 2, 2k i BELAS LA 20 i = A 72
B el A s T

HCO; A& RARKAR A & fe i W B 1, HCOy
523k A i A 8 m 1 R NV IS P (CHCO; 5+ OH 1)
TR F Y N 7.9 x 107 Le Cmoles) "L SE K
ik B HCO;, B R SR K Ak b B ML B -, B 82
HCO; XAk S b ry sgmm, &5 SR Wil 10 P

JKH HCO; B % A4 4 B A A A 5 K5 i
10). R R B HCO; B 8 o i 1 5 S8 Ak 4 461 4
X FEEURECh HCO, TR S A BT P R
(¥R 3E A B, A B4 AR R O PR S A o s 0 28
1N MRk T i 2R A MIB (R T
HOX AP E B HCO, ¥R B4 KT 2 BLAS 5
W ARIKREE HCO; BT MIB A A 15055 1 40
YRR, 5 7K v TG B FE A7 A5 IS AH B, 25 B 2 AL BR AR
7% RIRIKAR S HCO; B8 &3 %5 /1 100 mg*L™' /2
A1, W] y- AL O, A R AR R /K A b MIB I,
% HCO; Bl 5 AN AR, BRI & BA v AT PR

2.2.6 JEIHIR M)

JETEIR Chumic acid, HA) & RKIR KK & BB
R A B R 5 R AR AR R, S L
FINST PRITTE ST HA XA 58 420 5040 MIB 1) 56 i A2
A EEL .

M 11 AT BUE 2 HA MR 1.13 mge L'
I, dpe 2484k L bR 3 5 T8 HA AFAE AR, {H /& MIB
(1) SR B S 3 v . L ) AL EGIR B 1) HAL X 44
A MIB A REE ] X0 th T HA o 45
A, AR — LE LA ] BRIUKR O, B if = A
B A A, AR T MIB FIAAAL I 2 HA KR E
IKF2.27 mge L7 5, BEAE HA W BEE— 034 K, HA
XA S A A MIB 2 T 0 HIE A, MIB 44k
ZRRA LT FRAC AE FA F A R AR T AR = (Y
FRHE, Ay U PR AR i I 3 [, AL UL PR B MIIB B %
Gy 5 ROy T R FR B FEREAT S A RO M
HH B TR PR VR B e i I HA 2 5 MIB 77 A 5 4
N, 530 MIB 125 B 2 A7 55k Il (1 A

1.0
—O—-[HA]=0mg/L —& [HA]=2.27mg/L
-#-[HA]=1.13mg/l. —& [HA]=4.54mg/L
08 I - [HAJ=9.08mg/L
0.6 —
S
T
04 [
02
0 | | | |
0 5 10 15 20 25

it I8l /min

YA A 1
Bl EERMECRESE N MIB IR

Fig.11  Effect of humic acids on removal efficiency of MIB



2 1 MR ABAREE : = AL O, A0 5L S S AL 7K A IR IRAY) S5 MIB RU RERIT T 327

2.3 7-ALO, fiEELAE A MIB HLEEYIHR
2.3.1 pHXF y- AL O, AR A A AL MIB 152 0

0, RATHLYIMEALAT 2 Fhig i 1 B2 AR
ST EBSA IR, [N RS C5 A X
NI B 10° L (mol*s) "B EHLLT) B %
PR, FERAEAEAR pH E AT 59 1 B2 (a3 X
IV, RS AR IE e o0 il O 2 1 R S AL O,
wOR AL pH H 4T Ol & T REfEREKF o,
INlE s PR AR ARG RE D) A1) « OHC 5 A LA R IV 3 %
WAL 10° ~ 10° Le Cmol*s) ™ B O A AL K A ML
W, « OH RNV JGIEBEME B Wk B Al P

L TAEAA pH AT, AR A AL MIB
Hly- AL O, AL S 5L MIB [RI2% B, 5256 45 R LK
12. B & 12 WA, pH B B4 S A MIB # - AL O,
AL SLA AL MIB 3 235 529 .Y pH = 2.0 B,
B B A ALK MIB A BB AR, MIB & BR R AN
19.1%; 4 pH M 6.6, F 5L A AR A0 25 B 2 A7 e W
AR, MIB ZBREFIX 40.7% ;4 pH = 9.0, BB 1k
ZAET, BUAAEAL MIB fEJJ555%, MIB A 72.9% )2

100
90 - O FUAMRAHLL
g0 |- B HEHRASEA
70
60 |-
50
40
30
20

10
2.0 6.6 9.0
pH

MIB3: B /%

SLB ST 17 ) 1CBR pH A1)
12 pHMELRESL MIB HIFIT
Fig.12  Effect of pH value on removal efficiency of MIB

R SO K, OH B 1 R DA D K
AT O, 233 7= 25 « OH, M3 =44k 22 B MIB 13K
HOOH™ BB, B4 7 fil 7= A2 1« OH 8 %,
MIB [ 25 B 288

[N AT LA 2, pH AE X - AL O, fiEAL S48 54k
MIB )2 BeARAT Bk BH 2 1 52 i, ZEAH A pH B 4% £
N A LA A B R R AR A 2B MIB T %
B ey SR AE PRI, A A A B S AR AR AL
X MIB 2 BRFZERE K.

2.3.2  HHFEAERR - AL O, LIRS A AL MIB

1) 5 M)

DL B S50 25 L3R, - AL O, X LA A AL 25 B
MIB HA AR L (A A0 2R, #0029~ AL O, HH] T
PR SLA i N P2 38 B IR Ce ORD IRAE T BT i
¥ A ARG O M RN IR HOA k=5 x 10°
L'(mol's)’lm] e SR FE E S AR i T A e
Wi, 2k B O R SR Y, DRI, AT I 1 A
B A B T RAE - AL O, ik
MIB Jof #2 HOm i e 5L [ e B LB, SR R TR
FE 1 H A 5 BT BE Cgert-butanol ) X - AL O, fiE
b SLAR A MIB IR RE N, 5 A&l 13 s .

100

80 —

60 [
40
20 H
0
22 4.4

0 1.1
BT ERE /mg- L

MIBX R 3%E/%

g AT F A 1
Bl 13 MTEMELRESAL MBI
Fig.13  Effect of t-BuOH on removal efficiency of MIB

B P 13 W) D, B A AL T AR B K, - AL O,
AL BL AU A A MIB 1R 200 2R 3 7 AR 22, BT I )
7- AL O, HE AL 5L S Ak MIB A5 PH S5 A 3k 4 . mT LA
A N BT BEHI T /K 4K b R 56 1 il SR Ak
MIB 1] s B, fff MIB 2 Fi 2 K B, B uE W T
7- AL O, i 1L B4 SR Ak MIB 48R RE h: - AL O,
ML S i AR FR 0 11 e 5, PR 0 1 ey Rk o 4
1k MIB i H 43 .

3 #it

(1) 7-ALO, X 5L AL MIB A5 W 2 (1 10 1
FH L BL AP i A TR B D 3 LA A& MIB (R 4] 4 ok T
XA SR A o R LA B R S K R B R CCa? s
Mg DX AL A A MIB 2 S 52 i 3 55 . /K b T ML
BT R 3L 5 4 Je8 A A ) 2 T 8% TR B A D 1 i
55, LA 5 LA R A A O TR RN R BE T, 6F MIB
(1) B2 it 2 R AT A TR 2 B s i o i PR AR R TR
FROGH AL A5 A0 MIB I A FH B A2 0 IR &k /0 1R
ARBERE, VE A 1T R IR A SR AR, 6] i A AL MIB 2
BT HWEIVE R IR - AL O, HEALE AL MIB AT



328 7N 58

B

P

% 28 &

HLE YA, JE I R B R A CHA = 1.13 mge L™ "D,
A DU IS A AT 2 1 R AR 5 34 o, U 3R TR
2 e

(2)pH {H T iy XAk 3 R A (227 F S DL A
TR AL S A A MIB AT W R IR L E ] T
7- AL O, HEAL AL MIB HLIE A : - AL O, flEAL R
SR, R IE T R AR B BRI A, R R R
MIB AT AL M . - AL O, fHEAL R A AR AN H 1]
DAAT R0 25 B LA 28 18 7K Ol AR T 11 7K Hh MIB, i HL %
PLUE SRZK AR I K o MIB B3R B0 AR v i 26 B
LES

SEH:

[ 1] Suffet I H, Khiari D, Bruchet A. Drinking water taste and odor
wheel for the millennium: Beyond geosmin and 2-methylisoborneol
[J]. Water Science and Technology, 1999, 40(6): 1~ 13.

[ 2] |Lalezary S, Pithzazri M» McGuire M J. Oxidation of five earthy-
musty taste and odor compounds[ J]. Journal American Water Works
Association, 1986, 78(3): 62 ~69.

[ 3] Lionel H, Gayle N> Jean P C. Influence of the character of NOM on
the ozonation of MIB and geosmin[] 1. Water Research, 2002, 36
(3): 511 ~518.

41 BRikIEDE, B3coe, RAAMBARBIELT]. HEREE
AR, 2004,27:143 ~ 161.

[ 5] Cooper C; Burch R. An investigation of catalytic ozonation for the
oxidation of halocarbons in drinking water preparation J]. Water
Research, 1999, 33(18): 3695 ~ 3700.

L 6] Andreozzi R A, Tnsola V, Caprio Rs et al . The ozonation of pyruvic
acid in aqueous solutions catalyzed by suspended and dissolved
manganesel J1. Water Research, 1998, 32(5): 1492 ~ 1496.

[7]1 GraciaRSs Cortes J» Sarasa P> et al . TiO, -catalysed ozonation of

[o]

L10]

[11]

[12]

[13]

[14]

L15]

L16]

[17]

Raw Ebro river water J1. Water Research, 2000, 34(5): 1525 ~
1532.

Wood N F> Snoevink V L. 2-Methylisoborneol, improved synthesis
and a quantitative gas chromatographic method for trace concentration
producing odor in water[ J1. Journal of Chromatogram, 1977, 132
(3): 405 ~ 420.

Bader H» Hoigné J. Determination of ozone in water by the indigo
method[J]. Water Research, 1981, 15(4): 449 ~ 456.

TR . O 7K LR A BT 2- R e R 1 A AL 2 R E T
[D]. ME/RVE: WE/RIE TR, 2004,

Kasprzyk H B, Ziolek M> Nawrocki J. Catalytic ozonation and
methods of enhancing molecular ozone reactions in water treatment
[J]. Applied Catalysis B: Environmental, 2003, 46(4): 639 ~
669.

Yunzheng P> Mathisa E; Jean C S. Effect of phosphate buffer upon
CuO/AL, 03 and CuC [l ) catalyzed ozonation of oxalic acid solution
[J]. Ozone Science and Engineering, 2003, 25(5): 393 ~ 397.
Staehelln J, Hoigné J. Decomposition of ozone in water in the
presence of organic solutes acting as promoters and inhibitors of
radical chain reactionsl J]. Environmental Science and Technologys
1985, 19C12): 1206 ~ 1213.

AWWA Research Foundation and Compagie Generale des Eaux
Foundmental Aspects. Ozone in water treatment: application and
engineeringl M]. Michigan, USA: Lewis Publisher, 1991. 18 ~
19.

T A EIMI. dst: A% Tk ik, 2001, 252 ~
253.

Von G U. Ozonation of drinking water: Part I. Oxidation kinetics
and product formation[ J1. Water Research, 2004, 37(7): 1443 ~
1467.

Young K, Wei J S; Yung S S; Decompostion Kinetics of Ozone in
Aqueous Solution[ J 1. Industry Engineering Chemistry Research,
1996, 35(10): 3369 ~ 3374.





