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ABSTRACT

Zeolite was modified by HNO; solution and NaOH solution in order to improve the adsorption performance. The
characterization of the modified zeolite by scanning electron microscope(SEM) and infrared spectroscopy(IR) was
displayed. In order to obtain the optimum conditions for adsorption of Sb** and Mn?*, resulting in a better removal
efficiency, parameters such as the concentration of HNOz; and NaOH, dosage of modified zeolite, adsorption time,
initial concentration and adsorption temperature were examined. Results showed that the zeolite modified by 0.8
mol/L HNO; had better adsorption rate for Sb*, the zeolite modified by 1.4 mol/L NaOH had better adsorption rate
for Mn®*, and the highest adsorption rate of Sb** and Mn*" were 89.1% and 99.6%, respectively. |sotherm process
was well predicted by Freundlich model when adsorption S** by using HNO; modified zeolite, and the Langmuir
model fitting the equation well when adsorption Mn®** by using NaOH modified zeolite. Kinetic process was
predicted well by pseudo second-order model when adsorption S** by using HNO; modified zeolite and adsorption
Mn?* by using NaOH modified zeolite .

Key words: Adsorption, Antimony ion, Manganese ion, Modifieddfite, Isotherms, Kinetics

INTRODUCTION

Due to the large-scale continuous mining and miregparation for long-term, it has resulted in nensbof heavy
metals entering into mine soil[1-2]. Upon rainfalhe heavy metal pollutants from contaminated soiasy to
dissociate and transform in soil-water interfacgming a pollution stream of heavy metal along vilie rainfall
infiltration and transporting by surface runoffating to a heavy metal pollution to the water emwvinent[3-4].
Now heavy metal pollution in water environment ahd harmful to human are very outstanding[5-6]. ©tite
heavy metals into the environment, they could negrddation, and there will be persist presenceéhénwtater
environment. Numerous methods such as physicalmiché and biological processes including adsorption
biosorption, precipitation, ion-exchange, reversmosis, filtration and other membrane separationgm@ployed to
treat the heavy metal contaminated water[7]. Howeadsorption has proven to be economical andiefficfor
removing heavy metals[8]. Several adsorbents sactealite, silica, and active carbon could be ugettie water
treatment. Zeolite as an kind of adsorbent matéwal lots of advantages, such as wide range oteswf raw
materials, cheap and good adsorption effect, aisdwidely used as adsorbents, ion exchangers atadlysts which
could also be used for drying gases, purificatiod sewage treatment[9-10]. The present work aimagséd HNQ
and NaOH as maodifier in order to improve the adgonpability of zeolite, then the modified zeolieas prepared
and characterized by the SEM and IR techniquesrder to obtain better adsorption performance, sparameters
such as the independent variables, modified zeatiémtact time, initial concentration and tempemtuvere
investigated, combined with the study on adsorpgotherm and adsorption kinetics.
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EXPERIMENTAL SECTION

2.1 Material and instruments

All the reagents used in this study were analyiigatie. The hydrochloric acid (HCI) and sodiumhydite (NaOH)
were obtained from Hunan Zhuzhou Chemical Industhe antimonous chloride was obtained from Sinophar
Chemical Reagent Co., Ltd. Manganese chloride watsireed from Tianjin Fengchuan Chemical Reagent
Technologies Co., Ltd. Natural zeolite was obtaiffech Crystal Water Treatment Material Co., Ltd.nda Branch.
The equipments used in the experimental setup asfellows:

e Scanning electron microscope (SEM) (JSM-6380L\pUEompany, Japan)

e Fourier Transformed Infra Red (FT-IR) Spectrophatter (Niclet 6700, Niclet instrument Company, USA)
e Atomic Absorption SpectrometefAA-7001, East& West Analysis InstrumentCo., Ltd., China

e Water bath oscillator (THZ-82, Jintan Ronghuanmstent Manufacturing Co., Ltd., China)

2.2 Pretreated zeolite and modification

First, the zeolite was placed in a beaker which added 100mL ultra pure water for immersing 2herfdd, and
then washed three times and dried in a vacuum BiCL@r several days. Finally immersing the zeolii¢h 0.8
mol/L HNO; solution and 1.4 mol/L NaOH solution. In 50  watmth heating 4h, pouring the supernatant,
washing with deionized water for 3 times, driegimacuum at 85°C for use.

2.3 Batch adsorption studies

Erlenmeyer flasks (250mL) containing 1.2 g of madifzeolite in 100 mL of antimony trichloride saduts were
employed. Modified zeolite were dosed under tharsotshaker at 150 rpm for 4 h, the mixtures werenth
centrifuged at 3000 r/min for 5 min. The residubf*Sand Mrf* concentration in the solution was then determined
using atomic absorption spectrometer. The adsarg@épacity was calculated using the following eiqunat

_Co_Ce
w

Qe \Y

where Q is the adsorption capacity (mg/g)y & the initial DMP concentration (mg/L), Ce is tfiaal DMP
concentration (mg/L), W is the weight of adsorbesed (g) and V is the volume of DMP solution (LheT
experiments were carried out in triplicates to ob&verage results.

2.4 | sotherm study

Isotherm study was conducted using batch equilibraxperiments. Absorbent 1.2 g was added into evenycal
flask with 100 mL of aqueous solution containing teecentration solutions of $bbetween 5.0 and 25.0mgl/L,
and the concentration solutions of Mibetween 50.0 and 250.0mg/L. The pH of solutiordneet to adjust. The
mixtures were covered and oscillation in a shakea @onstant speed of 150 r/min and temperatureoo
temperature. The mixtures were then centrifuge2DAO r/min for 5 min. The residugb®™ and Mrf* concentration
in the solution was then determined using atomgogtition spectrometer.

2.5 Kinetic study

Batch kinetic experiments were performed by mixanixed amount of absorbent (1.2 g) with 100 mE*Sblution

of SB* concentration at 10mg/L for 30-240 min and the’Mwoncentration at 100.0mg/L for 30-270 min . The pH
of solution need not to adjust. The mixtures wareeced and oscillation in a shaker at a constaggcf 150 r/min
and temperature of room temperature. After a aepariod of oscillation, the entire suspension ved®n from a
conical flask and solid-liquid separation was ackikby centrifugation at 3000 r/min for 5 min. Tiesidual SB'
and Mrf* concentration in the solution was then determimgidg atomic absorption spectrometer.

RESULTSAND DISCUSSION

3.1 Characterization of the product

The SEM images of modified zeolite was depictedrigure 1. It can be seen that the surface morpotdghe
zeolite has been modified after Hi@&nd NaOH treatment. There was a significant chaufigen the original sizes,
shapes crumb structure, transformed into the piouetare. So compared with natural zeolites, itehavstronger
adsorption capacity. The Infrared Spectroscopytvasiatural zeolite, the product of zeolite modifisy HNG; and
NaOH.
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Figure 1. SEM images of Natural zeolite(a, b), Modified zeolite by HNOs(c,d), Modified by NaOH (e,f)
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Figure 2. IR spectroscopy of Natural zeolite(a), modified zeolite by HNOs(b), modified zeolite by NaOH(c)

3.2 Singleinfluential factor analysis

3.2.1 The selection of modifiers

The effect of the kind of modifier was investigatetNO;, NaOH, and EDTA were used, respectively. The tead
shown (Figure 3) that zeolite modified by HN@as had the best adsorption of'Sand the zeolite modified by
NaOH was had the best adsorption of?Mrin order to fixed the concentration of the HN& modifier. The
concentration of HN@ranged from 0.2 up to 1.0 mol/L was selected t@dtigate the adsorption effect. As the
increased of concentration of HN@nged from 0.2 g to 0.8 mol/L, the removal rat&i* increased from 63.1%
to 82.7%, and when the concentration increasedony/L, the adsorption decreased to 62.8%. SaodIA was
chosen as an optimum concentration. And in ordefixed the concentration of the NaOH as modifieheT
concentration of NaOH ranged from 0.2 up to 2.0/mulas selected to investigate the adsorption effas the
increased of concentration of NaOH ranged fromg0t@ 1.4 mol/L, the removal rate of Kfrincreased from 75.1%

to 99.7%, and when the concentration increaseddondl/L, the adsorption decreased. So 1.4 mol/k efeosen as
an optimum concentration.
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Figure 3.Effect of modifier on adsorption Figure 4.Modifier concentration on adsor ption

3.2.2 Effect of modified zeolite dosage on adsorption capacity and adsorption rate

The effect of the dosage of modified zeolite ad8orpwas investigated. The dosage of modified reatanged
from 0.6 up to 1.4 g was selected to investigageattisorption effect (Figure5). As shown in whendbsage was
increased, the adsorption capacity and removalwateincreased, that because with the increadeeadinount of
modified zeolite, the total surface area of the fifieed zeolite increased, which resulting in an ease of the
adsorbent effective adsorption sites. As the irs@daf HNQ modified zeolite dosage ranged from 0.6 gto 1.2 g
the removal rate of Shincreased from 69.2% to 88.5%, and when the dosageased to 1.4 g, the adsorption
decreased to 87.6%. So 1.2 g was chosen as anuoptitnsage. As the increased of NaOH modified zdliisage
ranged from 0.6 g to 1.0 g, the removal rate of Mincreased from 97.6% to 99.3%, and when the dosegeased

to 1.4 g, the adsorption increased smoothly. S@iv@s chosen as an optimum dosage.
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Figure 5. Effect of dosage on adsor ption

3.2.2 Effect of contact time on adsorption capacity and adsorption rate

The effect of contact time on adsorption was ingestd. The contact time ranged from 1 h up toveak selected
to investigate the contact time (Figure 6). As shamwthe adsorption of Sbwhen the contact time was increased,
the adsorption capacity and removal rate was isegtaespecially within 4 h, adsorption and remaffitiency
was increased sharply. When the time was 4 h, éhwoval rate reached 86.8%, while continuing to recktéhe
contact time to 5 h, the adsorption capacity reacheto 88.3%. Between 4-5 h, the adsorption capawreased
slowly. That indicated that the adsorption procsas the fast adsorption process, when the contiemtraf S
was higher, the more adsorbent exposure, the mupertunities for the Sb contact with the adsorbent, with the
extension of adsorption time, the concentratiothef S5* becoming lower and the chance of molecular adsrbe
contact with the SB reduced, resulting in the adsorption rate dectkaSe, the 4 h was selected as the optimum
time. But the adsorption of Mhwas a fast progress, the adsorption rate coukhr86.4% when the contact time
was 1 h, extend the contact time to 3 h, it coelgch up to 98.9%, continuing extend the contaat tion5 h, the

adsorption rate increased smoothly, so 3 h wasteeleas the optimum time when using NaOH modifiedlite to
adsorb the M.
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Figure 6. Effect of contact time on adsor ption

3.2.3 Effect of SB™ and Mn?* initial concentration on adsorption capacity and adsorption rate

The effect of the SB concentration on modified zeolite adsorption wastigated. SHconcentration ranged from
6.0 mg/L up to 14.0 mg/L was selected to investighie adsorption effect (Figure 7). As shown inttes initial
concentration of SY in solution increased, the removal rate of the ifiedi zeolite of the SB from the initial
concentration of 6.0 mg/L of 49.3% rising to 10.¢/mof 85.4%, and then gradually decreased to tagfl of
80.1%. So, the 10.0 mg/L was selected as the optinmitial concentration. The same principle the .006hg/L
Mn** was selected as the optimum initial concentration.
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Figure 7. Effect of initial concentration on adsor ption

3.2.4 Effect of temperature on adsorption capacity and adsorption rate

The effect of the temperature on modified zeoldsaption was investigated. The temperature wagecifrom 25
up to 4501 was selected to investigate the adsorption efféiciure 8). As shown in with the increased of the
temperature, the adsorption efficiency of 'Sdnd adsorption capacity increased firstly and thesreased when the
temperature exceed 35 When the temperature increased from 2% 35 (], the adsorption efficiency increased
from 85.6% to 89.1%. That because as the initisipierature of the solution increased, the movemeérghd'
increased, which lead to accelerate the opportwiityheir mutual collisions, and resulting in inased adsorption
capacity and adsorption efficiency, but when thepgerature exceed 35, the desorption rate on the surface
accelerate, which lead to the removal rate decde#se79.3%. But the temperature from 25  t0°G5 tlom
adsorption of MA" was not obvious, the adsorption rate were all ested to 99.0%.
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Figure 8. Effect of temperature on adsor ption

3.3 Adsorption isotherm

At room temperature, the initial concentration bf'Svere 5.0 mg/ L, 10.0 mg/L, 15.0 mg/ L, 20.0 mgZ6,0mg/L,
respectively, at the condition of contact time was, measured the residual concentration 8f Bbsolution when
reached the experimental adsorption equilibriumnpothen calculated adsorption capacity, Langmuid a
Freundlich equations were used to fit the data,résilts shown in Figure 6(a) and Figure 6(b) whigks the
modified zeolite adsorption isotherm of*§hthe adsorption capacity of by HNO, modified zeolite increased
with the increased of initial concentration, andchdyrally become saturated. Which due to the larg@iali
concentration, the greater the driving force fosalption, resulting in increased adsorption caga€iie Langmuir
equation correlation coefficient was 0.8198, theurdlich equation correlation coefficient was 0@1@hich
indicated the isotherm process was well predicie@reundlich model. And the initial concentratiohhn®* were
50.0 mg/ L, 100.0 mg/L, 150.0 mg/ L, 200.0 mg/LOA®Nng/L, respectively, the results shown in Figbfe) and
Figure 6(d) which was the modified zeolite adsamptisotherm of Mf", the adsorption capacity of Mnby NaOH
modified zeolite increased with the increased dfahconcentration, and gradually become saturaféhich due to
the larger initial concentration, the greater thigidg force for absorption, resulting in increasedsorption capacity.
The Langmuir equation correlation coefficient wa88D5, the Freundlich equation correlation coedfiti was
0.9386, which indicated the Langmuir equationrfigtresulted better.
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Figure 9. Adsor ption isotherm of Sb*, Mn?" fitted to Langmuir model and Freundlich model

3.4 Adsorption kinetics

The SB* adsorption kinetics on modified zeolite was stddiy using S¥ initial concentration of 10.0 mg/L. As
shown in Figure 10 that the $tand Mrf* adsorption capacity also increased with increasimgtact time. Two

commonly used kinetic models, pseudo first-ordet s@cond-order kinetic models have been appliedeseribe

the adsorption of $band Mrf* onto modified zeolite as a function of contact timke pseud first-order kinetic
model is expressed as below:

In(g, —q,) = Ing, — kit

where, g (mg/g) and g (mg/g) represent the amount of adsorbate adsasbdone t and at equilibrium time,
respectively, andkrepresents the adsorption rate constant. The gtitsorate constant (kwas calculated from the
plot of In(a-q;) against t. The pseudo second-order kinetic meaielbe expressed as below.
t 1 t
+

a B kz(qe2 q_e

where, k (g/(mg-min)) is the pseudo second-order rate eongif sorption, g(mg/g) is the amount of adsorbate
sorbed at equilibrium and ¢mg/g) is the amount of adsorbate on the surfdckeoadsorbent at any time t. The q
and k can be obtained by linear plot of tigrsus t. According to the calculated kinetic paeters shown in Figure
10, it can be concluded that the pseudo second-&idetic model can produce better fitting to theerimental
data of SB"and Mrf* adsorption. The result revealed that the chemiigorps significant in the rate controlling
step.
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Figure 7. (@)Pseudo first-order kinetic model of Sb* , (b)Pseudo second-order kinetic model of Sb*, (c)Pseudo first-order kinetic model
of Mn?, (d)Pseudo second-or der kinetic model of Mn?*

CONCLUSION

In this study, the adsorption test for removing*Smd Mrf* by modified zeolite have been researched. Thdesing
influential factor was investigated, including tesage of the modified zeolite, the contact tinteg initial
concentration and the temperature of the soluffére highest adsorption rate of*$tand Mrf* were 89.1% and
99.6%, respectively. The isotherm process was pretflicted by Freundlich model when adsorptiof*$ly using
HNO; modified zeolite and the Langmuir model fittingetequation well when adsorption Kby using NaOH.
The kinetic process was well predicted by pseudorsg-order model when both adsorptior’*Sty using HNQ
modified zeolite and adsorption Kfrby using NaOH modified zeolite .
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