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ABSTRACT

Adsorption batch models for removal heavy metal ions and increase the pH from acid mine drainage synthetic by
bentonite and bentonite-Fe;O, composite were studied. The composite was prepared with mass ratio of bentonite
and Fe;0, of 2:1 and 1:1. The characterized of adsorbents by FTIR, SAA and VSM. Acid Mine Drainage (AMD)
synthetic for smulation has low pH and some heavy metal ions. The effect of weight of adsorbent and contact time
were investigated. The results showed that bentonite, bentonite-Fe;0, (2:1) and bentonite-Fe;0,4 (1:1) composites
havedifferent capacities toremoval heavy metal ions and increase the pH. The bentonite-Fe;O, composite in mass
ratio (2:1) of the most potentially to treatment acid mine drainage. Concentrations of heavy metal ions like Fe**,
Cu?*, Zn?* and Mn?'in the acid mine drainage synthetic can reduced from 15.89 to 94.45 % and pH increased from
2.97107.62.
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INTRODUCTION

Acid mine drainage (AMD) containing of hydrogen sofacidity), sulfate ions and metal dissolution.eTis
produced when pyrite is exposed to oxygen and viteH be oxidized. Characteristics of acid mideinage has a
low pH, and containing various heavy metals an@lsate in high concentrations [1-2]. The heavy mieta$ from
acid mine drainagesuch as barium, boron, coppe&mitan, molybdenum, manganese, chromium, cobald, lea
lithium, arsenic,zinc, nickel, selenium, and thaii [3]. The AMD has the potential to degrade thaligy of
groundwater, and when discharged into the riverehar impact on public health and aquatic biota][2is
necessary to remove heavy metal from the acid driamage.

Various methods were developed to treatment acitk rdrainage as chemical and biological method. Gtedm
methods or active treatment is often referred fogualkaline material to increase the pH, increatbedoxidation
process of F& and precipitate dissolved metals. Active treatnierdone with the addition of chemicals forthe
process of oxidation, neutralization, coagulatiod flocculation. This method is very effective dadt to reduces
pollution but it is very expensive [6].

Some chemicals used for acid mine drainage tredttikenlimestone, lime, hydrated lime, soda ashjstie soda
and ammonia to increase pH and precipitate medafi§. Passive treatment methods such as anoxictiimeslrains,
wetlands aerobic, anaerobic wetlands utilize ensmyces. This method is low cost but the processowly and
rarely operate naturally [7-8]

Bentonite is natural material that has the abtlityeduce pollutants both anions and cations tHrdag exchange

and adsorption. The reserve of bentonite in Indianes estimated to 380 million tonnesand has beznused
optimally [9].Modified bentonite with magnetic pigte expected to be increase of sorption abiligm® study are
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the use of magnetic particle to adsorption contamtinsuch as activated carbon/iron oxide magneticttie
adsorption phenol, chloroform, chlorobenzene anchahen red [10], silica coated magnetite parti¢t@sremoval
Hg®* from water [11], bentonite-Cuk®, for adsorption Ni(ll) from electroplating wastewaf12].

In this study compared the ability of bentonite éehtonite-Fgd, composite to reduce heavy metal ions and
increase pH solution of acid mine drainagesynth@tiee molecules of R®, is superparamagnetic. The magnetic
composite can be used to adsorb contaminants fratervand separation of composite after adsorptiongss are
simple and rapid using an external magnetic permafi$-14].The parametersstudied werethe effectedit of
adsorbent and contact timeto reducd"FEW*, Zn** and Mrf* ions and increase pH solution of the acid mine
drainage synthetic.

EXPERIMENTAL SECTION
Chemical
All reagents used in the study of analytical graBer examples HCI, Fe¢6H,O, FeC}.4H,O, NaOH were

obtained from Merck and also acid mine drainageistic (Table 1).

Table 1. Characterization of acid mine drainage synthetic

Component| Concentration mg/L Chemica
Fe' 101.98 FeSQ7H,0O
cuw 25.11 CuSQ.5H,0
zn? 25.62 ZnSQ.7H,0
Mn?* 25.87 MnSQ,.4H,0

Preparation of adsorbents

The bentonite used in this study was collected fRorolangun, Jambi provincBentonite has the main content of
montmorillonite is 69.8 % and the average densit2193 g/cr{15].About 300 g of bentonite which have a size of
200 mesh activated using HCI 5 % with a ratio oR ¥or 4 hours. It washed with distilled water adried in the
oven at 105°C for 2 hours. Bentonite-g®,composite prepared from the reaction of mixing beité and
Fe,04(FeCk + FeCh)in 1:1 and 2:1 mass ratio. The reactor was s@D@trpm. The solution heated at°COand
added 2 M NaOH by titration until pH £12[16-17h& composite was filtered using permanent magreetashed
with distilled water after neutral pH. Furthermotige composite is washed using ethanol and driedt@mperature
of 105°C for 2 h. The characterization of adsorbents waréied out using FTIR Shimadzu 5400, BET surfaeaa
NOVA 4000 quanta chrome and VSM Lakeshore 74004reearded as a function of field at room tempegatur

Adsor ption experiments

In order to investigate the effect of mass of adent on the adsorption of heavy metal ions andeas® the pH of
the solution were carried out with 50 mL of acicheidrainage synthetic with different weight of adents (0.1;
0.2;0,3; 0.4; 0.5, 0.6, 0.7 and 0.8 g). The mixtwas placed in the shaker at 120 rpm for 60 m@uer the effect
of contact time studies, 50 mL of acid mine drasmagnthetic was added optimum mass of adsorbehtshiking

at 15, 30, 45,60, 75, 90 and 120 minutes. The cdratéoons of heavy metal ions in the supernatahitism before

and after adsorption were determined using Atoniisgkption Spectroscopy Shimadzu AA 7000.

RESULTSAND DISCUSSION

Characterization of the bentonite and bentonite-Fe;0, composites

The FTIR spectra of bentonite and bentonitegzecomposite were shown in the figure 1 in the ranfyé000-500

cm’. These result confirmed that FTIR spectra of beittowas similar to bentonite-§@, composites. The FTIR
spectra that indicated to the Fe-O bond in the asitg at the strong absorption peak at 530 confirmed that the
molecules of FgO,were entrapped on the surface of bentonite.

Table 2 for the FTIR peaks of the bentonite anddrgte-FeO, composites. The peaks between 3550-3356 are

indicated of O-H groups and amplified with the sgigat 1600-1650 cth The peaks in the region 1200-400tm
corresponding band for silicates, mostly relatesttetching vibrations of M-O (M=Si or Al) [18].
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Figure 1. FTIR spectra of (a) bentonite, (b) bentonite-Fe;O, composite (2:1) and (c)bentonite-Fe;O, composite (1:1)

Table2. The FTIR of bentonite and bentonite-Fe;O, composite

Functional Group Characteristic Absorption (cth
Bentonite | Bentonite-E©, composite (2:1)) Bentonite-§&, composite (1:1)
Al-OH stretching 3618 3620 3620
H-O-H stretching 3394 3384 3384
H-O-H bending 1625 1620 1608
Si-O stretching, out of plane 1066 1066 1066
Si-O in plane 1026 1026 1026
Al-Al-OH 910 910 910
Fe'"-OH-Mg 792 790 788
Si-O-Mg 690 688 688
Fe-O stretching - 530 530

Table 3 shows the magnetic and surface area ckasditt of bentonite and bentonitesBg composites. Magnetic
measurements of bentonite and bentonitgFeomposites at 293 K. Bentonite particles show ntuevaof
saturation magnetization. The process of coatin@fehich has a higher value of saturation magnetinatioto
bentonite surface caused composites having magpeijeerties. The saturation magnetization increasiid an
increase of F®, content. Study of silica coated magnetite padic(E@O,/SiO,) indicated that saturation
magnetization is lower than &[11]. The surface area of composite decreased initeasing content of E@,,
because most of the pores in the bentonite bloclithy Fe&O,. Futhermore, BET surface area observed in the
following order bentonite > bentonite-f&, (2:1) > bentonite-F©, (1:1).

Table 3. Magnetic and surface area parameter s of bentonite and bentonite-Fe;sO, composites

Materials Saturation magnetization (emulg)  Surfaea (r/g)
Bentonite - 36
Bentonite-FgO,composite (2:1) 28 24
Bentonite-FgO,composite (1:1) 39 14

Treatment of acid mine drainage synthetic

Effect of weight of adsor bent

Effect of the weight of adsorbent tested in 50 niladd mine drainage synthetic and contact timeri@utes. The
increases in the pH of acid mine drainage synthitic different weight of adsorbent show in figi2eThe pH of
solution was observed that increased with incrggisinveight of adsorbent from 0.1 to 0.8 g.
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Figure 2. pH of acid mine drainage synthetic with variation weight of adsor bent

The mechanism interaction between bentonite aridrca adsorption and ion exchange [19]. Thereoimpetition
between H and metals ion in the solution for the exchangeations in the bentonite. The adsorption of Cu ldind
using activated bentonite showed an increase inspldtion causes an increase metal ions that caadberb
[20].Environmental quality standards for liquid wexalinindonesia, include pH 6 to 9, TSS<400mg#k<7 mg/L
and Mn<4 mg/L [21]. Weight of adsorbent accordingecia of pH 6-9 on the weight of bentonite 0.8@,
bentonite-FgD, composite (2:1) in the range 0.5-0.8 and bentdr@&®,composite (1:1) in the range 0.4-0.8 g. A
similar trend that bentonite 0.8 g/L increase pthofl mine drainage from 2.76 to 8.5 [1]. Othedsts, bentonite
blended limestone with ratio 1:1 can increaseddigpH of acid mine drainage from 2.3 to 7.5 [22he pH of
solution has influence on the solubility or pretafion of metal ions in the solution. At high pHwgon (alkaline),
metal ions tend to precipitation.

Effect of contact time

Effect of the contact time on adsorption was ingaséd using 50 mL of acid mine drainage synthetieight of
adsorbent 0.7 g in the range of pH solution 6.38-8The results are presented in Figure 3, 4, 56antliich show
that adsorption efficiency dependent to the contiacé. The adsorption efficiency increased withr@asing of
contact time for all metal ions.
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Figure 3. Effect of contact time on the removal of Fe**
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Figure 4. Effect of contact time on the removal of Cu?*
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Figure 5. Effect of contact time on the removal of Zn*
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Figure 6. Effect of contact time on the removal of Mn*"

156



Poedji L oekitowati Hariani et al J. Chem. Pharm. Res,, 2015, 7(9S):152-158

The adsorption efficiency established after thetesyshas reached the equilibrium, the process depenthe
difference in their ionic strength effects [23].elhentonite-F€, composites have reached equilibrium faster than
bentonite. The different of equilibrium sorptiordicated that modification bentonite withJ8g caused adsorption
time to be faster. The adsorption efficiency of ‘Fabout 94.46 % at contact time 90 minutes usinddvete, while

the use of bentonite-g®, composite (2:1) and bentonitesBg composite (1:1) were observed 94.45 % and 88.56
% at 60 dan 45 minutes, respectively.

The metal ions can be adsorb by bentonite wittptbeess of complexation on surface hydroxyl graaiphe edges
or cation exchange [24]. Each of the adsorbents Wéferent adsorption efficiency to the metal iaiepends on the
strength of interaction metal ions with the adsatbeand surface area of the adsorbents. Bentoageahlarge
surface area compared to bentonitgllzecomposite (2:1) and bentonitesPgecomposite (1:1).In this study,
according to result that the adsorption efficierinyorder of bentonite > bentonite-f&% composite (2:1) >
bentonite-FegD, composite (1:1). However, adsorption process ubsargonite longer than composites. In addition,
the separation of bentonite from the solution resgufilter. If using bentonite-E®, composite, separation without
filter. The separation can be using permanent ntafmatment of acid mine drainage synthetic usiegtdnite-
Fe,0, composite (2:1) having final concentration of F&€u#*, Zr?* and Mrf* were 5.66, 14.09, 15.34 and 21.75
mg/L, respectively. Therefore, it is recommendedde the bentonite-g@, composite (2:1) to treatment acid mine
drainage. The adsorption efficiency for all adsatbiecreases in the order K Zré*< Cu/¥'< F&*. The same result
in the adsorption process using bentonite blenateestone while adsorption efficiency to the #¥of the smallest
compared to other metal ions such as Fe, Co, Cr,PBuand Zn [22]. Another study that bentonite goison
affinity order of the metal ions from acid mine ith@ge was Zn<Cu<Ni [25].

CONCLUSION

Bentonite-FeO, composite with ratio of weight bentonite and;®gof 2:1 have been proven to be an effective
adsorbent for increase pH solution and removal In@ta as MR, Zré*, CU#*, F€* in acid mine drainage synthetic.
The using bentonite-E®, composite (2:1) can increase pH of acid mine @gegnsynthetic from 2.67 to 7.62. The
maximum adsorption efficiency is 94.45, 43.89, 20ahd 15.89 % for B& Cu*, Zr#* and Mrf*, respectively. The
bentonite-FgD, composite (2:1) can be potentially to used foatireent acid mine drainage.
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