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ABSTRACT

The removal of reactive black 5 (RB5) from agueous solutions by adsorption onto multi-walled carbon nanotube
(MWCNT) was studied. The effects of some operating parameters such as solution pH, initial dye concentration,
adsorbent dosage and adsorption capacity on the adsorption of RB5 were investigated. It was found that RB5
removal by adsorption onto MWCNT was best achieved at natural pH. The adsor ption efficiency of RB5 by MWCNT
decreased with increasing initial dye concentration, while the increase of adsorbent dosage resulted in an increase
of decolorization efficiency. The maximum adsorption capacity was reached at 36.2 mg/g after 90 min. The results
obtained from kinetic studies reflected that RB5 removal fitted well with the second order model. Also, the isotherm
data correlate well with the Freundlich model. The findings indicated that MWCNT can be used as a suitable
adsorbent for removing dyes from wastewaters.
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INTRODUCTION

Textile dyes are widely used in several industliks cosmetic manufacturing, paper and pulp andileAll of
these generate a huge amount of effluents contpivanious pollutants from organic matters and dgesurface-
active agents and textile additives employed dutimg process [1]. Textile dyes can be structurdiffjerent
classified into three categories (1) anionic: adigect and reactive dyes applied to fibers suclsilks wool and
nylon; (2) cationic: basic dyes mainly applied toydic fibers and (3) non-ionic: disperse dyes, ethimproves the
fastness of the dye against water, light and pexspn [2]. AlImost 45% of all textile dyes producaxnually belong
to the reactive dye class [3]. They are the mostrmonly applied among more than 10000 dyes appligebitile
processing industries [4]. This widespread appboatan lead to release of a high amount of readtiyes into
water bodies. Discharge of dye-containing effluents the environment, especially surface watess, lrecome an
urgent environmental issue because they have asleffscts on aqueous ecosystem and are toxic t@msifis].
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The human eyes can detect a concentration of Or@fJk of reactive dyes in aqueous environments. dloee, dye
concentrations exceeding this limit would not benmitted aesthetically [4,5]. Most dyes are resistardegradation
by heat and light as well as biodegradation undestac processes [6]; of course, high level ofitextyes may be
toxic to microorganisms, and their removal fromlwefhts is difficult. Moreover, the technology thatkes these
dyes resistant to various factors causes themonlo¢ removed from conventional wastewater treatrpestesses.
Nowadays, many various chemical, physical and aféebiological processes have extensively beed tséreat
textile wastewaters [3,4,7]. Adsorption processesns to be an alternative process for removing ireactyes.
Therefore, activated carbon, as an adsorbent, éas Wwidely applied to remove pollutants from aquesolution
[8]. In recent years, nanotechnology has been densil as a promising technology to treat water.tiMudlled
carbon nanotubes (MWCNTSs) have shown an abiliticieffitly absorb various organic pollutants suctdains,
polychlorinated dibenzo-furans and biphenyls fraqmeous environments [9]. In this study, MWCNT waedi as
an adsorbent for the adsorption of reactive blagRB5) from aqueous solutions. In addition, theseff§ of some
parameters such as solution pH, initial dye cometion, adsorbent dosage and adsorption capacityhen
adsorption of RB5 were studied.

MATERIALSAND METHODS

The preparation of dye

The dye: molecular formula: ,gH,:NsNa;016S5, molecular weight: 991.82 g/mol was purchased fadiran Sabet
(Hamadan, Iran) and used without further purifeatiThe RB9 is highly soluble (>50 g/L). Its molkehas a size
of 3.15 nm x 1.23 nm x 0.92 nm [2]. All samples aveaken in lab temperature using distilled water.

The preparation of MWCNTs

MWCNTSs were obtained from Merck (Darmstadt, Germaiye preparation of MWCNTs was accomplished by
stirring them in nitric acid for 12 h (70 °C). Nexhey were filtered off, washed with distilled wataind then dried
at 110° C for 6 h. Then, MWCNTs were refluxed w&0% nitric acid for 12 h under stirring conditiorEhe
product was then filtered and washed with doubsjikiéd water and finally dried in the oven [10].

Table 1. The characteristicsof MWCNTs

Appearance Black powder
External diameter 20-30 nm
Length 30 um
Purity carbon 95%
specific surface ar 110 n’lg
Density 2.1 g/crh

'_' WD =10.9 mm EHT = 20.00 kv Mag = 4000 K X Signal A = SE2

Figure 1. SEM image of MWCNTs

Characterization of MWCNTs
In order to determine the surface area of the &#sts, scanning electron microscopy (SEM) was uEkd.SEM
photograph of MWCNTSs is shown in figure 1. Alsoetburface functional groups of MWCNTs were obtaibgd
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FTIR spectroscopy. The point of zero charge (gHbf MWCNTs was determined using the pH drift methdo
determine pll. of MWCNT, NaCl solution (0.01 M) was used as agrirelectrolyte. The quantities of MWCNT (8
mg) were added to each flask. The flasks were glat¢he shaker (Model GFL 3017) with a speed df gtm for
48 h. Then, the contents of each flask were fittarsing 0.45 um and final pH was measured usingl anpter
(Hatch Sinsionl).

Batch experiments

The adsorption experiments were carried out intahbeeactor. First, a stock solution of RB5 (1000/l;) was
prepared. Then, working solutions were obtainedlibyting the dye stock solution to the required temts. In this
study, the effect of some parameters such as pHalidlye concentration, adsorption dosage and ratism
capacity was examined in different contact timeé&120 min). In the first step of experiments, tifflea of pH on
the adsorption efficiency was tested in the rarfge-10 (under the selected conditions: initial dpamcentration= 50
ppm and adsorbent dosage= 0.5 g/L). The pH of¢thdisn was adjusted from 4 to 10 using HCI (1M}l a¥aOH
(IN). In the next step, after the optimum pH wadidated, the effect of various concentrations obRfBom 50 to
200 mg/L) on the absorption efficiency was evaldata order to determine optimum dosage of MWCNT shie
adsorption process, various dosages of MWCNTs w&eenined in the range of 0.05 to 0.5 g/L. The sempl
solutions containing the adsorbent and dye wemeedtiusing a magnetic stirrer at 120 rpm. To sdpatiae
adsorbents from the solution, the samples wereaifigggd using a centrifuge (Sigma-301, Germanyhvetspeed
of 1400 rpm for 15 min. The final pH was measurgdubing a pH-meter (Sension 1 model). All samplesewv
withdrawn from the middle of the reactor in diffateontact times (15, 30, 60 and 120 min).

Analysis
After adsorption process, the concentration of desi RB5 was determined at 598 nm using a UV
spectrophotometer (HACH DR 5000, USA) [7]. Percgataf dye removal was calculated according to Eg. (

E=Q—C%%xmn )

Where Gis initial concentration of the dye (mg/L); 8 instant concentration of the dye and E is thegntage of
dye removal.

Adsor ption isotherms
Langmuir and Freundlich isotherm models were usedietscribe the equilibrium at lab temperature. Taegmuir
model can be described by Eq. (2) [11]:

_ Qo K! Ca

=-max 1 s 2
1 +K,C, (2)

E

Where @ is the amount adsorbed per gram of the adsorbegtgjnand G is the equilibrium concentration of
adsorbed in the solution (mg/L),4 and K are the Langmuir constants related to the maxiradsorption capacity
and energy of adsorption, respectively.

The Freundlich isotherm model can also be desciilydgq. (3) [11]:

1y
!
g

QIE:K}'E i (3]

Where q is the amount of adsorbed (mg/g),i€ the equilibrium concentration of adsorbed ia olution (mg/L),
and K and n are constants.

RESULTSAND DISCUSSION
Characteristicof MWCNT

The FTIR spectra of raw MWCNTs were studied. ThéR-photograph is shown in figure. 2. As revealddbré
were various functional groups detected on theaserbf adsorbents before adsorption. A broad peaka4 cnt
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indicated the presence of carboxylic O—H stretaugs and H-bonded, which cover the N-H groups amdiren
the presence of carbonyl groups on the surfacelsdraents. The second peak appearing at 291'drafitated the
presence of S-Kthe peak around 1576 énindicated the presence of carbonyl C=0O bonds.peek around 1271
cm® corresponding to the C-O bond may be attributethéobonded cysteine bonds, and the formation cra®
types of amides. XRD pattern of MWCN is shown gufie. 3 presenting a peak around 25 indicated iésepce of
carbon element and the peak around the 43 indithéedresence of oxygen element.
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Figure2. FTIR spectra of raw MWCNTs
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Figure 3. XRD pattern of MWCNTs

Effect of pH

Solution pH affects the nature of the adsorberfasear the solubility of the dye and adsorption cétyaSince pH is
one of the significant factors influencing the agision process, the effect of initial pH of tlelution (at three
different pH values; 4, 7 and 10) on the adsorpgiozcessinder the selected conditions was studied in tait qf

present study. The results of this part have baews in figure 4. The maximum adsorption efficieredyRB5 was
seen at pH 7 after 120 min. Thus, when pH of tHetiem increased from 4 to 7, the adsorption of dlye onto
MWCNTSs increased from 90 to 95%. In contrast, atliithe adsorption efficiency decreased to 85%shksvn in

Figure 4, the dye removal by adsorption onto MWCNMEs best achieved at pH 7, which can be attribtdetie

influence of solution pH on the surface of MWCNTL g values lower than 7, a negative charge isgmtesn the
surface, so, it is expected that the adsorptionegfatively charged dye ions onto such surfaceficuli. On the

other hand, lower adsorption capacity in alkalioadition (at pH values higher than 7) is due to ¢benpetition
between hydroxyl ions and negatively charged dyes ifor the adsorption sites. Therefore, it decredbe
adsorption efficiency of RB5. This observation sopg the results of copper iomsmovalfrom water solution
using chemical modified MWCNT [12]. In the curresitidy, an increase in the adsorption of copperatserved

270
www.scholar sresear chlibrary.com



Samane Shanesaz et al Der Pharma Chemica, 2015, 7 (5):267-274

with increasing solution pH from1.5 to 6. In a damistudy, the optimum pH in the adsorption of chiwm (VI) for

the normal activated carbon was found to be 4, enthibt for the MWCNT supported by activated carb@s 2
[13], which are inconsistent with our results. Ttés be attributed to the influence of activatedboa that is coated
with MWCNTSs. In addition, the obtained results skeawthat the pk. of GAC was 7.2. Previous studies have
suggested that in adsorption process at pH vatwesrlthan pH,.the adsorbent surface is positively charged. Thus,
the electrostatic force of attraction betweeygatively charged dye iomsd positively charged adsorbent surface
ultimately leads to higher RB5 adsorption.
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Figure4. The effect of pH on the adsor ption of RB5 (conditions: Initial dye concentration= 50 mg/L and adsor bent dose= 0.5 g/L)

Effect of initial dye concentration

Initial dye concentration is another significanttfar in the adsorption process. Therefore, in tresgnt study, to
investigate the effect of variation of initial dgencentration on the adsorption efficiency in realosf RB5, the
dye concentration was varied from 50 to 200 mgtwe Adsorption of RB5 on MWCNT vs. contact timeiffedent
initial concentrations has been presented in figurét was observed that the adsorption of RB5 dvité/CNT
decreased with increasing initial dye concentratidecording to the results, the adsorption efficierndyRB5 at
initial dye concentration of 50 and 200 mg/L was &8l 37.2%, respectively, after 120 min. This ig do the
limitation of free places available on MWCNT for REadsorption resulting from the increased initige dlose.
Previous studies have observed similar resultseimoving Reactive Orange 12, Reactive Red 2 andtReaBlue
4 [4]. Based on the results, adsorption increas#ddincreasing contact time.
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Figure5. The effect of initial dye concentration on the adsor ption of RB5 (conditions. pH= 7 and adsorbent dose= 0.5 g/L)
Effect of adsorbent dosage

To examine the effect of adsorbent dosage on timeval efficiency of RB5, adsorption experiments evearried
out with different concentrations of MWCNTs (0.0&B1 and 0.5 g/L). The adsorption of RB5 on MWCNT vs
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contact time at adsorbent dosage has been predarfigdre 6. As shown, the adsorption efficiendyRB5 in the
presence of 0.05 and 0.5 g/L of MWCNT was 13.8 @Bith, respectively, after 120 min. Therefore, theoagtion
efficiency of RB5 increased with increasing adsatbgosage. This can be attributed to the greatailability
surface site stemming from the increased adsorbesdge. This observation accords with the restilReactive
Orange 12 removal with coir pith activated carbonducted by Santhy and Selvapathy [Hiese findings were
also consistent with Zhang et al. who studied ttigogption of copper ions from Water using chemioaldified
MWCNTS [12].
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Figure 6. The effect of adsorbent dosage on the adsor ption of RB5 (conditions: initial dye concentration= 50 mg/L, pH= 7 and adsor bent
dose=0.5g/L)

Variation of adsorption capacity and equilibrium time

The variation in dye adsorption capacity in addorptprocess by MWCNT has been shown in figure 7e Th
adsorption capacity increased sharply with increasiontact time from 15 to 45 min, and then incedaslightly,
even with increasing contact time to 90 min. Theref maximum adsorption capacity was found to he &gy/g in
90 min. This figure is higher than the maximum agton capacities reported for some other activdhaa as
adsorbents in previous studies [14,15,16]. Thislltds important because the adsorption capacitgnis of the
considerations for economical application in th@egal of pollutants from water and wastewater fiezager scales.
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Figure 7. Thevariation of adsor ption capacity with the incr easing contact time (conditions: initial dye concentration=50 mg/L, pH=7
and adsorbent dose= 0.5g/L)

Kineticsanalysis

The adsorption kinetic models are used to deterntiree adsorption rate and adsorption system dedipe.
adsorption rate coefficients are important phydiemgical parameters to assay the quality of adstsljem]. In this
study, in order to analyze adsorption kinetic ok&/CNT, three simplified kinetic models of pseudaaerder,
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pseudo first-order and pseudo second-order weré. Ugee results obtained revealed that the adsorgirocess
followed the second-order kinetic model with a etation coefficient values of 0.91(figure. 8).

15 30 45 60 90 120
t

Figure 8. Theresultsof kinetic study: second-order model

I sotherm analysis

To describe the dye uptake capacity and its adsorfitehavior onto MWCNT, isotherm data were analyby
using Langmuir and Freundlich isotherm models. fdsailts illustrated that thieotherm data were fitted well with
the Freundlich model with a correlation coefficieftd.91. This can be due to different sites wakiesal adsorption
energies are involved. The results of isothermistudave been shown in figure. 9.

Freundlich isotherm model Langmuir isother mode

2.5 y=0.2975%+0.5557 10 y=-17394x+7.3414
R#=0.5101 R2=0.6806
5 8
6
= 15 &
o .
] g
2 4
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log (ce) 2 Ce

Figure9. Isotherm modelsfor adsor ption of the dye onto MWCNT
CONCLUSION

In the present study, the efficiency of MWCNT irsatption of RB5 from aqueous solution was studidw effects

of some parameters such as solution pH, initial cygcentration, adsorbent dosage and adsorpticacitgmn the
adsorption of RB5 were investigated. It was fouhdttRB5 removal by adsorption onto MWCNT was best
achieved at pH 7. The adsorption efficiency of RB% MWCNT decreased with increasing initial dye
concentration. The adsorption efficiency increaseéth increasing MWCNT dosage. The maximum adsorptio
capacity was found to be 36.2 mg/g after 90 mine Tesults obtained from kinetic studies showed tRBH
removal followed the second order model. Moreotle,isotherm data were fitted well with the Freuctdimodel.

As a whole, it is concluded that MWCNT can be uae@ suitable adsorbent for removing dyes from evester.
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