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ABSTRACT

Landfill leachate is highly loaded, toxic and is bad for the sanitation of wastewater. In this paper, the treatment of
the municipal landfill leachate from Shaoxing landfill was evaluated by using gas-liquid fluidized bed with Fenton
reagent. The effects of various operating conditions such as treatment time, initial pH value, initial [H,O,], initial
[Fe™], and ventilation volume were examined. It was found that the optimal operating conditions existed as:
COD=2500mg/L, reaction time of 30min, pH=2.5, [ Fe*"] ;=0.05mmol/L, [H,0,] ;=0.075mmol/L, ventilation volume
of 0.12m%h, and temperature=60(1. Under these conditions, 61% COD removals rate were obtained.
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INTRODUCTION

Landfilling, compared to other technologies suchinemeration and composting, is a common way &padse of
solid waste. It is reported that about 90% of thenitipal solid waste (MSW) is disposed of in lafidfin China[1].
Landfill leachate, comes from the waste degradatiolandfill sites, especially those from aged filhdites, has
been a challenge for complete treatment economichif both biological or combined treatment with
physicochemical methods. The focuses of old langfiichate treatments are the significant amournafonium,
high organic matter contents with nonbiodegradabdanic substances, such as humic type of constiuetc. [2].

Advanced oxidation processes (AOPs) have already beed for the treatment of wastewater contaihamprdous
and recalcitrant organic compounds such as pesficisurfactants, and pharmaceuticals and endodisnepting
chemicals[3]. They have also been successfully asegretreatment methods to reduce the concemtsatibtoxic
organic compounds that inhibit biological wastewateatment processes. A great number of methaaslassified
under the broad definition of AOPs based on théimixig agents applied. Most of them use a combanatif strong
oxidizing agents (e.g. #,, Os;) with catalysts (e.g. transition metal ions) amdhdiation (e.g. ultraviolet,
visible)[4,5]. Among chemical methods, especialtivanced oxidation process, such as photocatalyigaton,
photo-Fenton, electro-Fenton, UVL®), and ozonation processes eem to be more prontgingfiese processes
base on generation of powerfully oxidizing radicédspecially -« OH). Degradation of azo dye by Fenton type
processes could be significally accelerated inptlesence of UV irradiation, resulting with completseralization
of the azo dye[7]. The use of Ti@s semiconductor photocatalysts for environmeriégn up promises increasing
attention because of its low cost, non-toxic, inbel, highly reactive nature and relatively highroiwal stability of
TiO,, especially when sunligh is used as the sourceradiation[8]. Photocatalytic methods with catatysvas
successfully applied to the decompositon of maiggaoic contaminants, i.e. including azo dyes[9].

The Fenton technologies such as photo-Fenton,refe€enton, and fluidized bed Fenton processes haen
already investigated for degradation of a numbeorghnic pollutants [10]. Multiphase gas—liquid+gdluidized
bed reactors have been widely used in all typeseséarch such as physics, chemistry, energy, emagat,
medicine, and materials[11-13]. The advantages@fltiidized bed reactors have been proved axdsllent mass

2033



Jianxin Shou et al J. Chem. Pharm. Res,, 2014, 6(7):2033-2038

and heat transfer characteristics, high ratesaaftien resulting from the close contact betweendifferent phases,
and the continuous operation [14]. The applicatidriluidized-beds Fenton process in the oxidati@matment of
organic compounds from the municipal landfill leathhas not been studied extensively.

Therefore, in this study, the treatment of the roiail landfill leachate from Shaoxing landfill siteas evaluated by
using gas-liquid fluidized bed with Fenton reagéltie effects of various operating conditions sushraatment
time, initial pH value, initial [HO,], initial [Fe?*], temperature and ventilation volume were examined

EXPERIMENTAL SECTION

2.1 Municipal landfill leachate

The municipal landfill leachate was obtained froha&xing landfill site at Shaoxing, P.R. China. ALUJeachate
sample was obtained from a wastewater pond inahéfill site. Then, it was filtered through a gldi=er filter to
remove coarse suspended solids. The municipal iladachate characteristics on average were pH=7.5
COD=4600mg/L, BOR=550mg/L, NH-N=1500mg/L, TOC=820mg/L, SS=730mg/ln this study, the municipal
landfill leachate samples were diluted to the @&gslLOD strengths (2500mg/L) with distilled waterddransferred

to the fluidized bed Fenton process.

2.2 Experimental apparatus

The gas-liquid fluidized bed reactor is compose @lexiglass column with a diameter of 50mm arfteight of
2000mm. It is equipped with a gas-liquid distritrué the bottom, and a round water bath surrounttisgcolumn.
The gas-liquid distributor is connected to the gampressor through a gas flow meter. A buffer talalso
included to prevent backflashing of air and fluid the reactor. Air flows through gas-liquid distribr to the
reaction column to form air bubbles in diameteabdut 2mm.

2.3 Experimental methods

The municipal landfill leachate samples were tramefd to the fluidized bed Fenton process. COD evaliithe
municipal landfill leachate sample was 2500mg/LteAthe cylinder reached constant temperaturepxidant was
added, and the pH value in solution was adjustgoedetermined value. Air was then compressed gir@und flew
through the bottom of the column, and the flow nates adjusted to form bubbles with diameters of 2i@amples
were taken as predetermined intervals and were zaxl

2.4 Analytical methods
COD values of samples were determined by usingdlosflux method described in the standard metfitielsThe
value of pH was measured with a pH probe.

RESULTSAND DISCUSSION

3.1 Effect of reaction time on COD removal rate

The effect of reaction time on COD removal rate wested to determine an experimental conditionféother
research. Fig.1 depicts a typical reaction curvanéing the COD removal rate of the municipal larid&lachate
changes with reaction time.

The results demonstrated that organic compoundsn fle® municipal landfill leachate were rapidly dedgd by
fluidized bed Fenton process. Most organic compeuramoval occurred in the first 30min. After 30mthe
decrease of residual organic compounds becamenifisant. More foam was observed as the oxidatimteeded.
This was evidence of carbon dioxide formation. @D removal rate was about 61% at 30min. Basechen t
result, the reaction time for fluidized bed Fenpsacess was determined to be 30min for further exaants.
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Fig.1 Effect of reaction time on COD removal rate. Experimental conditions: COD=2500mg/L, pH=3, [H20],=0.075mmol/L,
[F€*']¢=0.05mmol/L, ventilation volume of 0.12m%h, and temper ature=333 K

3.2 Effect of pH value on COD removal rate

The pH value of the solution has a great impadhenCOD removal rate. pH affects the activity oftbthe oxidant
and the substrate, the speciation of iron, anddgeir peroxide decomposition. Sedlak and Andrenagxgd higher
hydroxyl radical product yields in the pH range2sf#t by a reaction involving the organometallic cdempwhere
either hydrogen peroxide is regenerated or reaatides are increased [16]. Fig.2 showed the efiéqiH in

solution on the COD removal rate. Either too higham low pH value caused low COD removal rate.hgtveen
2.0 and 3.0 has been found effective, and best @&Dioval rate was obtained at pH 2.5.
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Fig.2 Effect of pH value on COD removal rate. Experimental conditions: COD=2500mg/L, reaction time of 30min, [H,0,],=0.075mmol/L,
[Fe*16=0.05mmol/L, ventilation volume of 0.12 m¥h, and temper ature=333 K

At low pH, the reaction could be slowed down beeahgdrogen peroxide can stay stable probably Solyad

proton to form an oxonium ion (e.gH 3O;). An oxonium ion makes hydrogen peroxide electiiapto enhance

its stability and presumably to reduce substantitide reactivity with ferrous ion. At the same tintke formed
complex species [Fe@®)s]*" and [Fe(HO)s*" also react more slowly with hydrogen peroxide.atidition, the

scavenging effect of thdHO" radical by H is severe. On the other hand, at high pH, the atixidefficiency
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rapidly decreased, not only by decomposition ofrbgdn peroxide, but also by deactivation of a fesroatalyst
with the formation of ferric hydroxide complexeadting to a reduction ofHO™ radical[17].

3.3 Effect of [F&] on COD removal rate

In Fenton process, iron and hydrogen peroxide \are rhajor chemicals determining operation costs ai as

efficacy. Determination of the favorable amountled Fenton’s reagent is highly important. Fig.3vehahe effect
of initial [Fe€**] on the COD removal rate.
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Fig.3 Effect of initial [F€?"] on COD removal rate. Experimental conditions: COD=2500mg/L, reaction time of 30min, pH=2.5,
[H20,]6=0.075mmol/L, ventilation volume of 0.12 m¥h, and temper ature=333 K

From Fig.3, it can be seen that the COD removaliratreases with increasing initial fleconcentration. It may be

explained by the redox reactions sin¢#Q" radicals may be scavenged by the reaction with hydrogen
peroxide or with another Eemolecule as below. The lower COD removal rate cipanf Fe* at small

concentration is probably due to the lowdsfO" radicals production abailable for oxidation[17].
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Fig.4 Effect of initial [H,O;,] on COD removal rate. Experimental conditions: COD=2500mg/L , reaction time of 30min, pH=2.5,
[F€*']6=0.05mmol/L, ventilation volume of 0.12m%h, and temper ature=333 K
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3.4 Effect of [HO,] on COD removal rate
Fig.4 show the relationship between the COD remmatal and the initial concentration of®}.

As it can be seen, the effect of increasing theeptration of HO,from 0.025mmol/L to 0.075mmol/L was positive
for the degradation of organic compounds from thmicipal landfill leachate. This is due to the atidn power of

Fenton process which was imporved with increasi§)’ radical amount in solution obtained from the
decomposition of increasing hydrogen peroxide. Harrtincrease from 0.075mmol/L to 0.2mmol/L causes n
significant change in COD removal rate. This mayelsplained by the fact that at a highesCbiconcentration

scavenging of HO" radicals will occur, wich can be expressed byghe.(1)[18]:
HO; +HO" - H,0+0, )

3.5 Effect of ventilation volume on COD removalerat
Fig.5 illustrates the effect of the gas flow ratetbe COD removal rate. It was found the COD rerhoate had a
chage with the flow rate.
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Fig.5 Effect of ventilation volume on COD removal rate. Experimental conditions: COD=2500mg/L , reaction time of 30min, pH=2.5,
[H205]6=0.075mmol/L, [Fe**],=0.05mmol/L, and temper ature=333 K

When the gas flow rate was below 0.F#imthe COD removal rate increased with the indrepflow rate However,
when the gas flow rate was above 0.3Zmthe COD removal rate decreased. When the gas rfhte further
increased, the fluidized bed was in a completedidiged state, and heat and mass transfer wereniapti.
However, when the gasflow rate became too high, ttinmel effect reduced the mass transfer procesd, a
consequently decreased the COD removal rate [19].

CONCLUSION

The effects of major parameters on the fluidized Benton process were evaluated through treatnfiehé @rganic
compounds from the manicipal landfill leachatewHs proved that the organic compounds from the cijei
landfill leachate could be treated effectively wsituidized bed Fenton process. The optimal treatnoendition
was determined as: COD=2500mg/L, reaction timeOohi®, pH=2.5, [F&],=0.05mmol/L, [HO,],=0.075mmol/L,
ventilation volume of 0.12fh, and temperature=333 K. Under this conditior, thaximum COD removal rate
reached 61%.
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