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Abstract

The adsorption performance of bauxite for thmaeal of As(V) and As(lll) from contaminated wat®as investigated. The
effect of initial pH, contact time, and the presemd silicate, phosphate and chloride, at conc#atra typically found in the
ground drinking water in India/Bangladesh, wereestigated. As(V) is adsorbed at a rapid initiaé rgt96% adsorption within
1 minute) followed by a slow process, reachingeady state within 6 hours. In comparison the gatgor of As(lll) is slow,
only 40% is adsorbed within the first minute thaadyally rises to 85% in 6 hours. The presencenhtifrile has insignificant
effect on both As(Ill) and As(V) adsorption. Siliesand phosphate both significantly affect adsorptif both the arsenic ions.
Phosphate affects adsorption more strongly thacatel and their effect on As(lll) is higher than(¥s When silicate and
phosphate are present together, the adsorptions@f)Ais almost the same as for the individual iodswever, the As(lIl)
adsorption is significantly affected. The adsonptis 61% as compared to 73% for silicate and 71%pfwsphate when
individually present. While chloride alone has grsficant effect on the adsorption of the arsewigsi, it has some influence
when present together with silicate or phosphatdor@e + Phosphate combination increases As(Vpm@ud®n by 3% and
As(Ill) by 8%. Chloride + Silicate combination imases As(V) adsorption by 9% but decreases Adfiilalmost the same
percentage. As compared to the influence of séisaphosphate, the combination of the three iogstteer, lowers the As(V)
adsorption by 4% and increases As(lll) by 4%.
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1. Introduction

Arsenic contamination in water and soil is a woliildisvproblem (Hingstomet al., 2001; Ghostlet al., 2011; Abidet al., 2013).
In aqueous media, arsenic exists as arsenate (As(Mhe form of HASO, (pKa1 = 2.20, pK,= 6.97 and pkg= 11.53), and
arsenite (As(lIl)) in the form of ¥AsO; (pKa= 9.22, pK,= 12.13 and pkg= 13.40) (Cornelis, 2005). One of the most common
methods foarsenic removal from water is chemical precipitatidcdowever, a fine or amorphous precipitate ifiaift to filter.
Removal of arsenic by adsorption on a suitable rgsd is another commonly used method. This metbibers several
advantages (Mohan and Pittman, 2007). The solabrbénts can be packed into a column or form eafiiin bed to allow
contaminated water to pass through. This avoidexra filtration step and allowsuse of the adsorbent after regeneration
(Vagliasindi and Benjamin, 1997; Yuan and Luo, 200Ganet al., 2002). A number of synthetic solid adsorbent mal® have
been reported, which include pre-formed iron oxidesnd coated with iron oxides, or a polymeric make(polystyrene)
(Subramaniaret al., 1996; Vagliasindet al., 1996; Vagliasindi and Benjamin, 1997; Yuenal., 2002). The use of polymer
adsorbents is expensive because of the cost ofrtfagiufacture. Natural iron ores containing higmioxide mineral content have
been shown to be promising adsorbents for ars@&hianget al., 2004). Bauxite is another potentially attractsadid adsorbent
for removal of arsenic from contaminated wateis lin abundantly available material. The main actomponents of bauxite ore
are iron and aluminium oxide minerals. There avedecumented studies on its use as an arsenicpigomedium (Baraét al.,
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2007; Bhakatet al., 2007; Mohapatrat al., 2007; Alshaebkt al., 2009; Wendling and Douglas, 2009). Red mud, thstev
product of the ‘Bayer’ bauxite refining processsaso been shown to be an effective solid adstfbenemoval of arsenic from
contaminated water (Whiet al., 2003).

In studying adsorbents, account must be takethefeffect of ions which commonly co-exist wittsanic in water and may
interfere with the ability of adsorbents to remaasenic. Silicate and phosphate which commonly oatwgroundwater in
particular have been shown to reduce the adsorpti@rsenic on ferric hydroxide adsorbents (Mehgl., 2000; Jiang, 2001;
Singhet al., 2005). The ability of phosphate to compete witbenate for goethite surface sites is well doctieae(Parfitt, 1978;
Perssonet al., 1996). Phosphate, like arsenate, is adsorbednasrer-sphere complex via a ligand-exchange meshan
Likewise, numerous investigations have shown tbaitde silica also shows high affinity adsorption surfaces of aluminium
and ferric oxides (Hingston and Raupach, 1967; Sigg Stumm, 1981; Davit al., 2002). Species which result from Al(II1)
hydrolysis are known to form complexes with Fe(Hhd soluble Si(IV) (Taylor, 1988). A yellow-brove-Al sol is reported to
be formed by reaction of a ferrihydrite with the W\drolysis species at pH 4-4.2. This solution esn shown to be stable over
long periods (Taylor, 1988). Since the functiomaimponents for arsenic adsorption on bauxite asa &nd aluminium
oxides/hydroxides, it is likely that silicate antigsphate would reduce the efficiency of arseniconahby bauxite. Chloride,
which is also generally present at reasonably leigincentrations has been shown to reduce significéingé effectiveness of
arsenic removal with ion exchangers (Kornglél., 2001) but has not been investigated for bauxite.

This paper reports an investigation of baux#@a adsorbent for removing arsenic from grounakitig water. The effect of co
- presence of silicate, phosphate and chloride watis As(lIl) and (V) at concentrations simulatitigpse found in typical ground
drinking water of India/Bangladesh was examinedesghtypical background concentrations in grouncewate reported to be.
(As(V)=As(l11)=0.5 mg/L, silicate=50 mg/L, phospleat5 mg/L, chloride=180 mg/L (Khoa al., 1999).

2. Experimental

2.1 Materials: Bauxite was sourced from Alcoa Australia’s Wordbeyxite mine, Western Australia. It was firstgnd to a fine

powder using a ring mill grinder and then dry-siugsing mesh screens to produce particles in thgeraf 65 — 107 um
diameters. Disodium hydrogen arsenate, arsenigideo sodium dihydrogen phosphate, sodium chlosdejum hydroxide, and
hydrochloric acid were of analytical grade, whitedsim metasilicate pentahydrate was laboratory egréd the reagents were
used as received.

2.2 Experimental procedure: For each experiment, stock solutions of As(V) everepared by dissolving B#AsO,.7H,0 in
Milli-Q water. Stock solutions of As(lll) were preped by dissolving A®; in Milli-Q water. All the arsenic solutions,
particularly As(lll), were prepared immediatelyqrito being used. This was to avoid any oxidatibAs(IIl) which is known to
be a slow process (Sumner, 1999). 250 mL conieakfi were used as reactors for the adsorption iexgratis. For each
experiment, unless otherwise stated, 2 g of baiRideg/L) was charged into 100 mL of a solutiontagming 0.5 mg/L As(V).
The same procedure and concentrations were usexkp@riments involving As(lll) as well. Solution pMas manually adjusted
to desired values with dilute HCI or NaOH beforagahg the flasks on a shaking talCl| was selected to adjust the solution pH
in all experiments even though it would introdudé iGto the solutions. The intention was to avoidadtiction of another anion
to the solutions by using some other acid. The amnofUHCI used to adjust the pH was insignificand @s it will be shown later,
chloride had negligible effect on adsorption of #imsenic species investigated in this study. Tlaetien flasks were capped
tightly and immersed in a temperature-controlleéiter bath (25°C) and then shaken for the iredutime at a rate of
120+10 cycle/min with a mechanical shaker (Jula-ZC). Samples were taken at regular intervals @andrifuged at 2500
rpm for 30 minutes, followed by filtration throu@45 pm membrane filters before sending for analp$eotal As, Cl, Si, and P
by ICP (VISTA Simultaneous ICP-AES spectrometerridg. Standard hydride generation (HG) followed IRy detection
method was used for speciation of As(lll) and Asifv)he solution sample (Woodward, 2001).

3. Results and discussion

3.1 Effect of contact time: Figure 1 shows the effect of contact time on arsenisorption. For As(V) the amount of residual
arsenic in water initially decreased rapidly. Ab®&6%6 of the initial 0.5 mg/L As(V) was removed withlL minute (Figure 1),
after that As(V) concentration decreased very sidwlbelow detectable limits (0.01 mg/L) in approgtely 180 minutes. Thus,
the adsorption kinetics for As(V) was very fast.domparison, the kinetics for As(lIl) adsorption smvaitially fast but then
dropped gradually. About 40% of the initial 0.5 ingks(lll) was removed within 1 minute then gradwaithcreased to 85% in
approximately 360 minutes. Thus, bauxite is mueh kffective in removing As(lIl) than As(V).
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Figure 1. Effect of contact time on arsenic adsorption (ter@8p°C, initial 0.5 mg/L As(V) or As(lll), adsorbedbsage =20g/L).

3.2 Effect of pH: Figure 2 shows the effect of solution pH on As(Ahd As(V) adsorption on bauxite. The As(V) remogaés
through a maximum in the pH range 5-6. This is moéxpected because at low pH, the iron ahgninium oxides and
hydroxides, which are the active components in baudgr adsorption, undergo partial dissolutiorertby decreasing adsorption
sites. At high pH, decrease in As(V) adsorptionunsdecause OHons compete for adsorption sites on the surfddeaoxite.
Furthermore the bauxite tends to dissolve via fdionaof soluble aluminium species at pH higher ti®a(Takeno, 2005). The
As(Ill) adsorption reaches maximum at pH 7.548comparison to As(V), As(lll) adsorption on batexivas lower and varied
with pH in a different manner (Figurg.2
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Figure 2. Effect of pH on the adsorption of As(lll) and As(kY bauxite with initial 0.5 mg/L As(V) or As(lll).

It is likely that As(V), being a charged spedieshe range pH 2-9, and hence is easily adsoi®adhe other hand, As(lll) is
present as neutral arsenous acid in the pH rang§gTakeno, 2005)Hence it is only weakly adsorbed. At pH higher ti8arthe
adsorption is limited by the tendency of bauxiteligsolve forming soluble iron and aluminium spscie

3.3. Effect of chloride: The results of co-presence of chloride in soluttonthe adsorption of As(V) and As(lll) on bauxite a
compared in figure 3. As can be seen from the testloride had negligible effect on As(V) remowu#s.residual concentration in
solution remains almost zero at all the investigatencentrations of chloride. On the other handdéisedual As(lll) concentration
increased marginally from 70 pg/L to 77 pug/L whérocdde was present up to around 50 mg/L. Beyorsl ttie change was
negligible. All the added chloride remained in gwdution suggesting that adsorption of chloridebanxite was negligible. It is
therefore concluded that chloride has no noticeaffct on the adsorption of As(V), but small effea As(lIl). This result is in

accordance with literature (Chesgal., 2015).
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Figure 3. . Effect of chloride on the adsorption of As(ldhd As(V) by bauxite (temp.=25°C, initial As(V) Qrg/L, pH=6, initial
As(IIl) 0.5 mg/L, pH=7, adsorbent dosage =20g/L).

3.4 Effect of silicate: The effect of added silicate up to 100 mg/L wasestigated in view of its naturally occurring concation
in ground drinking water of India/Bangladesh (Khaeal., 1999). The results are shown in figure 4 whicbvshhat silicate
affects adsorption of both As(V) and As(lll) quignificantly. As the concentration of silicateinereased, the residual As(V)
concentration increases rapidly from zero to 33ugpLto 10mg/L of added silicate, then it increagesdually to 50ug/L at
100mg/L of added silicate. This means that in these@nce of silicate the adsorption of As(V) drogsatmost 7% when added
silicate concentration in solution is 10mg/L or @boln contrast, the presence of silicate affes¢sadsorption of As(lll) much
more strongly. The residual concentration of Aj(iicreases rapidly from 70 pg/L to 118 pg/L wh@mg/L of silicate is added
to the solution. Then it increases gradually top gV at 100mg/L of silicate. This means that theaadtion of As(lll) drops from
86% to 72% (14% drop) at concentrations of addiécht >10mg/L. These results are in general agee¢mwith the findings of
others that the presence of silicate in water reslilce effectiveness of arsenic removal by adsormth other adsorbents such as
ferrihydrite (Meng et al., 2000; Singh et al., 2dBon ores (Zhang et al., 2004) and magnetic axide (Cheng et al., 2015).
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Figure 4. Effect of silicate on the adsorption of As(l1l) aAd(V) by bauxite (temp.=25°C, initial As(V) 0.5 vhg pH=6, initial
As(Ill) 0.5 mg/L, pH=7, adsorbent dosage =20g/L).

3.5 Effect of phosphate: The effect of presence of phosphate on the arselsiorption on bauxite was investigated under dinees

conditions as for silicate. As phosphate is addedhe solution, the residual concentration of As{N)solutions increases
moderately. As can be seen from the results inrdidy the addition of up to 5mg/L of phosphate ltssin the residual As(V)

concentration change from almost zero to 15ug/lanirg that only 3% of the adsorbed As(V) is reldas#o the solution, that is
97% of the As(V) remains adsorbed. At added phdspbancentrations > 5mg/L the residual As(V) com@ion gradually

increases to 65ug/L. This indicates that with 1Qmaf/added phosphate, 87% of the available As(Waims adsorbed. This is in
contrast to 93% which remained adsorbed in cassilmfite under similar conditions. Thus phosphéffects the arsenic
adsorption more than silicate.
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Figure 5. Effect of phosphate on the adsorption of As(llIiaks(V) by bauxite (temp.=25°C, initial As(V) 0.5gh, pH=6,
initial As(lll) 0.5 mg/L, pH=7, adsorbent dosage0g2.).

Figure 5 also shows the effect of added phosphat&s@lll) adsorption. With the increase of phosjghfiom zero to 10mg/L the
residual As(Ill) concentration increases linearyni 70pg/L to 190pg/L. This indicates that the apon of As(lll) decreases
progressively from 86% to 62%, representing 24%pdeben 10 mg/L of phosphate are added to the solufihis is in contrast
to the drop of 14% observed for silicate noteddati®n 3.4. This result is consistent with thatarted by Cheng et al (Chery
al., 2015). Phosphate is known to be strongly adsodretbauxite (Kamiyanget al., 2013). Thus, phosphate competes with
arsenic species for the adsorption sites on bauxite

3.6. Effect of chloride, silicate, and phosphate combination: Since chloride, silicate, and phosphate are presmgdgtherin
groundwater, it is important to investigate the bamed effect of these ions on arsenic adsorptiocoatentrations simulating
those actually found in ground water (Khatel., 1999). The results of the investigation are showhable 1.

Table 1 Comparison of arsenic adsorption from wedetaining various combinations of the interferiogs. (As(V)=As(111)=0.5
mg/L, silicate=50 mg/L, phosphate=5 mg/L, chlorid86 mg/L, bauxite= 20 g/L, pH =7)

Combinations %As(V) ads. | %As(lll) ads.
No interfering ions 100 85
Chloride 100 84
Silicate 91 73
Phosphate 97 71
Silicate + Chloride 100 64
Phosphate + Chloride 100 79
Silicate + Phosphate 93 61
Silicate + Phosphate + Chloride 89 65

93% of As(V) is adsorbed when silicate and phasp are present together. This is almost an agertithe individual effects of
these ions, 97% and 91% respectively for phospaatk silicate when present alone. The adsorptioAsgfil) is 61% when
silicate and phosphate are present together asarechpo 73% for silicate and 71% for phosphate wihey are present alone.
Thus, about 10% less As(lll) is adsorbed when Ibla¢hions are present together. When chloride isgmtewith either phosphate
or silicate or silicate + phosphate combinationdigplays a noticeable effect on both the arsems iadsorption. Chloride +
phosphate combination increases As(V) adsorptio®%yand As(lll) by 8%. Chloride + silicate combiioat increases As(V)
adsorption by 9% and decreasing As(lll) by the\Asfdsorption increased by 9%, and that of As(iktreased by almost the
same percentage. When chloride is combined witlspitate and silicate present together the As(V) ratiso decreases from
93% to 89%, a reduction of 4%. Whereas the A(ltl3@ption increases from 61% to 65% ie an increfgés.

4. Conclusions
The removal of As(lll) and As(V) from water bgsorption on bauxite under various conditions igestigated. The effect of

co-presence of chloride, silicate and phosphatadsorption of the two arsenic ions has also beamied. It is found that an
adsorption maximum for As(V) occurs in the pH raigé and that for As(lll) in the range 7.5-8. Thdsarption kinetics of both
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the arsenic ions is initially fast. About 96% of(X$ is removed within the first minute and thenwlp increases to 100% in 180
minutes of contact time. Only 40% of As(lll) is remed within the first minute which gradually chaage 85% in 360 minutes.
Thus bauxite is a much better adsorbent for Astdntfor As(lll). The presence of chloride alone ladgmost no effect on the
adsorption of both the arsenic ions. The presefh@ach of phosphate and silicate ion individuakécikases adsorption of both
the arsenic ions. The effect is dependent on tmeerdration of the added ions. In the co-presericBOmg/L silicate, As(V)
adsorption drops by almost 7% and As(lll) by 14%the presence of chloride, silicate and phosphatoncentrations which
simulate their concentrations in the ground drigkiwater in India/Bangladesh, it is found that whdbkloride alone has
insignificant effect on the adsorption of the aisenns, it does have some influence when pressgether with silicate and
phosphate. Chloride + Phosphate combination ineseass(V) adsorption by 3% and As(lll) by 8%. Chitei+ Silicate
combination increases As(V) adsorption by 9% butrelases As(lll) by almost the same percentage. Wherhree ions are
present together, As(V) adsorption decreases byddd@s(lll) by 20%.
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