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Study on the relationship between the decanposition
rate of ozone and the ranoval rate of
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Abstract This work investigated the rehtonship between the decanposition rate of ozone and the
removal rate ofMTBE wihn a contnuous reactor The effects of different resdence tme nithal ozone
dose and different catalysts on ozone decanposition andMTBE degradatbn n catalytic ozonatonwere e
valhiated The results indicate that the ranoval rate of MTBE mncreased with the ncreasng of the rest
dence tm e and mitial ozone dose by the catalysts used n the experments But the decan position rate of
ozone showed different tends it increased w ith the ncreasng of the residence tine and initial ozone dose
n the presence of iron hydroxide and ememed a peak atresdence tine of 5. 7m in in the presence of cer+
un dioxide No correlation could be estab lished beween the decan positbn rate of ozone and the removal
rate of MTBE in catalytic ozonation because of the mechanian s of catalytic oxdation n the presence of
different catalysts The resulis of this study could also help us to provile specific reference for catalysts
selection and sane mnn ng paran eters of catalytic ozonaton for degradng MTBE
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0 Introduction

O zone has recently rece ved much attention nw ater tream ent because of its high oxtation and disn fectbn pe-
tentia] and it has been used n many drinking water plants br the oxiaton to mpwve taste and cobur aswell as
to ranove the organic and norganic canpounds in water Despite several advantages of using ozong it has a few
disadvantages which lm itis applicaton nwater treaiment Theman disadvantage is partial and selective ox dation
of organic canpounds present inwater Sq different ozone calalystswere used to mprove the oxilation effiency
Catalytic ozonation was bund to be effective for the removal of several organic compounds fran the drink ng water
The hanogeneous cataly tic ozonaton and heterogeneous cataly tic ozonation usually be consdered to be theman cat
alytic ozonaton processes The heterogeneous catalytic ozonation pwocesses usually be taken in the presence of metal
oxides ormetals /metal oxtles on supports ,

However the relatbnship between the decanpositbn rate of ozone and the ranoval rate of organic matters n

catalytic ozonation was notwell siudied Itwas usually consdered that the ranoval rate of organ ic matters increased
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wih the increasng of the decan position rate of ozong but there m ight be different mechanisns n catalytic ozona
tonw ih different catalysts and the decanpositbn rate of organ t matterm ight be different So the relatbnship of
he decan positon rates of ozone and the decanposition rates of MTBE was discussed n this paper In oder to be

close to the use of he catalysts experiments were carried outw ithn a con thuous reactor

1 Materiak and metods
1.1 Materials

The catalysts used n the experin ents were as follows iron hydroxide (FeOOH ) supported on natural zeolitg
high silica zeolites m agnesia (M @0) supported on activated alun na ceriun dioxide (Ce0,) supported on active
ted abm na and actvated abm na The catalysis were washed w ith distilled water before they were used until the
H of the washed waterwas equal to the raw water and then catalysts were dried at 100 C before use

The stock soliton of MTBE (10 g* L") was dilted to a concentration of 2mg* L by distilled w ater w hich
was adjusted to a set fH valie (7. 0F0. 1) by adding dilute N @OH. O zone was pwduced by an ozone generator for
laboratory pumposes The source of ozone generatorwas the pure oxygen
1.2 Experimental systan

In order to smulate to the realistic situation experments were carred out n circu lar contnuous fhw reactors
0, /05 gasm kture was bubbled continuously through the reactor I contanng the distilled water at a set fH value
(7.0 £0. 1). The omnew ater fbwed into reactor ITby gravity and m ked quickly with 2mge 1. 'MTBE solution
reactor I] then flowed mnto reactor III 1 mL of 0. 1 mol* L~ '"H,S0, solution and 0. 6mL of 0. 04 mol* 1"
N & S,0; solutionswere added nto colormetric tube The solitbn sanples fran the outletw ere taken and added -
to colormetric ube to 50 ml, then the solitions was extracted by 10 g 0fNa; S0, and 3 mL of n—PTL

A Il experinents were perfomed at ( 20 £2) ‘C. Different nitial dissolved ozone concen tratbns could be set by
varyng the ozone gas concentration and work ng current of ozone generator G lass sand core was used to support the
catalysts bed n the reactor 111
1.3 Analysis

The concentration of MTBE was detem ned by gas chranatograph (Agilent 4890D, GG-FD) with 1 mL of
splitless injection

The ozomne content n distilled waterwas detem ned by ultraviolet spectrophotam eter ( 752)[2|.

2 Results and dscussion
2.1 Effect of residence tin e on ozone decan position and oxidation of M TBE

Fig 1 and Fig 2 showed the effect of residence tme on ozone consumption and the removal rate of MTBE n the
presence of FEOOH and C €, respectively The experinents were carried out at (20X2) C and (H (7.020. 1).
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Fig. 1 Effect of residence time on ozone consumption and the Fig. 2 Effect of residence time on ozone consumption and
removal rate of MTBE in the presence of FeOOH the removal rate of MTBE in the presence of CeO,
(pH=(7.0+£0.1),T=(20£2) C, 05 )=4.0 mg* L, Comgz=2.0 mg-L™") (pH=(7.0+0.1),T=(20+2) C,[03)=4.0 mg* L, Coprge=2.0 mg* L")
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Generall, itwas considered that the longer the residence tine was the higher the renoval rate of organic
matters was but the nflience of the residence tine on ozone decan position was rarely studied Fran the result n
theFg 1, the ranoval rate ofMTBE and the decanposition rate of ozone increased w ith the increasing of the rest
dence tme it showed that themost ofMTBE and ozonew ere removed when the resdence tinewas at fourm inutes
and the ramoval rate changed little because of the lower concentratbn of ozone n water w ith the ncreasng of the
restlence tme Our privious study proved that iron hydroxide could catalyze ozone to induced hydroxyl radicals the
most of organ ic m atters were removed in wom inutes by catalytic ozonatonw ih ion hydroxile catalyst Under our
experinental condition the high removal rate of MTBE and decamposition rate of ozone showed the high catalytic
actwity of 1on hydroxide

Cam pared w ith the catalytic ozonation of iron hydwxide te ranoval rate ofMTBE was bwer and the peak of
the decam positbn rate of ozone an erged at residence tine of 5. 7m in n the presence of cerum dioxide The reason
of abovem ight be the sorption desomp tbn and decanposition of ozone appeared smu ltaneously on CeD,, thereforg

he ranoval rate of ozone on C D, emerged a peak as the ncreasing of the residence tme A further studywould be

taken to learn about the mechanisns of ozone decanpositon on Ce0..
2.2 Effect of initial 0zone dose on ozone decom position and ox datbn ofM TBE

Fyg 3 and Fig 4 shoved the effect of ozone dose on ozone consumption and the ranoval rate ofMTBE in the
presence of F€OOH and M g0 respectively The experiments were ako carried out at (20 £2) 'C, H (7.0 %0. 1)
and the fbw rate 0. 85m* h .

The nital concentratbn of ozone p lays an mportant mle in the ranoval rate of the organic m atters durng the
cafalytic ozonatbn fran he Fig 3 the decanposition rate of ozone rarely changed and were all above 90% at d iffer
ent initial concentraton of ozone The ranoval rate of MTBE increase fastw ih the ncreasng of ozone concentra
ton and nearly 40% of MTBE were removed at4.83mg* L " of nitial concentraton of omne The results sug-
gested the high catalytic actwity of iron hydroxide Therew ere enough surface active sites on the iron hydwxie that
catalyze ozmne decanposition and the removal of MTBE under our expermental conditions But fiom the catalytic
ozonaton of other catalysts the decanposition rate of ozone m ght decrease w ith the increasing of ozone concentra

tonwhen the active sitesw ere not enough for cataly tic ozone decan positbn, w hich wou ll be taken in further study
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Fig. 3 Effect of ozone dose on ozone consumption and the  Fig. 4 Effect of ozone dose on ozone consumption and the
removal rate of MTBE in the presence of FeOOH removal rate of MTBE in the presence of MgO
(pH=(7.0£0.1),7T=(20£2) C,V=0.85 m*h™", Coysz=2.0 mg* L") (pH=(7.0+0.1),7T=(20+2) C,V=0.85 m*h™", Cosr=2.0 mg- L")

Contrary to ron hydroxde¢ the decan position rate of ozone decreased sign ificantly w ith the increasing of ozone
concentration the decanposition rate of ozone and the removal rate ofMTBE acted differently (Fig 4). The de
can positbn rate of ozone was only 4P at 4. 83mg* L' of nithl concentratbn of omne The reason above was
that ozone decanposed more slow ly than the increasing of the nital concentration of ozone so the decomposition
rate of ozone decreased sgnificantly w ith the increasing of ozone concen tratbn Under the same initial concentration

of MTBE, -the ncreasng of ozone concen tratbn could, mprove reacton rate beween. ozone and MTBE,  so. the re-
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moval rate ofMTBE ncreased w ith the increasing of he mitial ozone concentratbn w hich was the sane as the phe
nanenon above

M agnesn showed weak catalytic activity n catalytic ozonation but it might be used for canb ning with other
cafalysts because of the enough ozone concentration n the outlet solution.
2.3 Comparison of ozone decom position and oxidation of M TBE by different catalysts

Fi 5 and Fig 6 shoved the decan positon rate of ozone and the ranoval rate of MTBE catalyzed by several
cafalysts at flow rate of 0. 85 m* h' and 1.49m=+ k' respectvely.  The experin ents were also carried out at
(20%2) Cand H (7.0 0. 1).
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Fig. 5 The decomposition rate of ozone and the removai Fig. 6 The decomposition rate of ozone and the removal
rate of MTBE catalyzed by several catalysts at rate of MTBE catalyzed by several catalysts at flow
flow rate of 0.85 m-h' rate of 1.49 m-h!
(pHe=(7.0£0.1),T=(20 £2) C,[ 0;]=4.0 mg*L", Coume=2.0 mg-L") (pH=(7.0£0.1),T=(20£2) C,[0;)=4.0 mg-L", Coym=2.0 mg- L")

Under the sane condition the owder of ozone decanposition rate by different catalystswas as folbws hih sil+
ca zeolites> iron hydroxde (FeOOH ) > cerium dioxide ( CeD,) > m agnesia (M@0 ) > actve alm na ( VA 1O3).
The order of the ramoval rates of MTBE by d ifferent catalysts was as follws iron hydroxide (FeOOH ) > hgh silica
zeo litles> magnesia (M @0 > cerm dbxie (Ce0,) > actve alumna ( ¥A10;). The ramoval rate of MTBE by
cafalytic ozonation was not proportonal to the decanposition rate ofozone n the presence of different catalysis

It is now w dely assumed that ozone reacts in aqueous solitbn on varbus organic and inorganic cam pounds
either by a direct reactbn ofmolecu lar ozone or through a radical type reaction nvolving the hydroxyl radical -
duced by the ozone decanposition n water For heteogeneous catalytic ozonatbn n the presence of solil catalysts
[1]

it is generally consilered that there are three possiblem echan im s (1) Chean isorpton of ozone on he catalyst

surface lead ng to the fommation of active spec ks which react with non-chem isohed organicmolearle The hydroxyl
radical and sime other radical species are generally nduced by catalytic ozonatbn Themechanisn of catalytic ozo-
nation i the presence of mon hydroxde is just thism echanim'™™ Y. The hydroxyl radicals that are high ly reactive
and nor-selective and can react w ith alnost all types of oganics and inorganics are nduced after add ng iron hy
droxde nto aqueous ozone system. (2) Chem isorption of organicmolecu le ( associative or d issociatve) on the cat
alytic surface and its further reacton w ith gaseous or aqueous ozone The snall molecular oanic acds comp lex
w ith m etallic oxide on the surface n sane certan conditions and the canp kxing organicmolecule is easy to be ox+
dized by ozone directl. Themechanisn of cataly tic ozonation n the presence of cerim dbxie is just this cerium
dioxide can canplexw ith he omanic acd to enhance the removal of the organic acid (3) A dsorpton of both ozone
and oganicmolecules and the subsequent nteractbn beween chem isor species The weak polar organic matters
and ozone are enriched on the nonpolar surface at the san e time The mechan isn of catalytic ozonaton n the pres-
ence of high silica zeolites is just hism echan in, adsorptbn of both ozone and organicmolecules increases he re-
moval of the organic matiers e

The, different calalysts processes showed the different catalytic ozonation mechanisns, so they showed differ
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ent ability of degradatbn of organic can pounds and decam position of ozone n aqueous soiton The removal rate
of MTBE by catalytic ozonation w as not proportional to the decam position rate of ozone n the presence of different
calalysts

3 Conclusions

The ain of his paperwas lo nvestigate the relatbnship betw een the decan position rate of ozone and he removal
rate ofMTBE. For he different catalytic ozonation mechanisns w ith different catalysts the mpovanent of he de
cam positbn of ozone by catalysts did notmean better decam position of the organic matter by catalytic ozonat bn.

Ion hydroxide showed the hihest catalytic activity n ozone decan position and renoval of MTBE. The ranoval
rate of MTBE increased w ith the ncreasing of the residence tme and mitial ozone dose by the above catalysts But
he decan position rate of ozone show ed different tends it ncreased w ith the ncreasing of the residence tme and i+
ithl ozone dose n the presence of iron hydroxide decreased in the presence ofmagnesa w ith the ncreasing of int+
tial ozone dose and en erged a peak at residence tine of 5. 7m n in the presence of cerm dioxde

In aword te higher decanposition rate of ozone did not mean the higher ranoval rate of MTBE because of
he differentm echanis s of catalytic oxdation the results of this study coull also help us to povie specific refer

ence for catalysts selection and sane running paraneters of catalytic ozonation for degradingMTBE
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