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ABSTRACT

It has been widely recognized that dye removal by activated carbon adsorption is due to the surface action between
the dye and the functional groups present in the surface of the carbon. An effective usage of the adsorbent
necessitates a deeper understanding of the adsorption characteristics. The present study examined the use of
modified activated carbon derived from the seeds of widely available plant source of Martynia annua L and
Xanthiyam strumarium. A series of activated carbon samples were prepared by subjecting the materials to various
chemical processes. The physico-chemical properties and sorption abilities were compared. Adsorption of
commercially used dye materials of various concentrations were studied with prepared activated carbon samples
from batch tests. These materials accrue superior properties and good adsorption behaviors. The adsorption
capacities of four of the selected derived carbon samples were much greater than the capacities of the other carbon.
The results reveal that the prepared activated carbon could be employed as a low cost alternative for decolorizing
the coloring agents from waste water and industrial effluents.
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INTRODUCTION

A dye can generally be described as a edlosubstance that has an affinity to thestsate to which it is
being applied and is used to impart color to matemf which it becomes an integral part. Many stdes such as
dyestuff's, paper, textile and plastics use dyesriter to color their products and also consumestsinial amount
of water [1]. Synthetic dyes and pigments are esitey used in dyeing and printing industry. Oven thousand
tons per year and approximately 10000 dyes areugestl annually worldwide, of which 10 % is lost imet
industrial effluents [2]. The presence of very dnaahounts of dyes in water even less than lppnsdone dyes is
highly visible and undesirable [3]. The removalofor from textile waste water is a major enviromtad problem

and they are the first contaminant to be recogninedater [4]. Colored water is also objectionable aesthetic
grounds for drinking and agricultural purposes E§.synthetic dyes in wastewater cannot be efftbredecolorized

by traditional methods, the adsorption of synthdites on inexpensive and efficient solid suppors wonsidered
as a simple and economical method for their rembroah water and wastewater. Adsorption is operaitivenost

natural physical, biological, and chemical systearg] is widely used in industrial applications sashactivated
charcoal and synthetic resins. Carbons with excelfirface properties and specific functionalitggsuld be
developed to create a high affinity for adsorbatsoaption.
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Activated carbon has been extensively used for ghpose of water purification. In particular, itshéeen
commonly used for the removal of organic dyes frmxtile waste water. In order to improve the adsorp
capability of the raw carbon, it is subjected toiomas suitable chemical treatments. Carbon basdiests show
excellent adsorption properties for a considerabimber of synthetic dyes. Activated carbon adsonplias been
cited by the US Environmental Protection Agencyme of the best available control technologies lfgjwever,
the preparation of carbon sorbents is generallyggneonsuming. Consequently, the commercially amdd
products are fairly expensive. Since, a large amoficarbon sorbent is needed for the removal ekdyom a large
volume of effluent, the expenses involved hampeirthapplication [7]. The use of carbon based omtietly
expensive starting materials is also unjustifiedrfmst pollution control applications [8]. Henceidely available
plant sources are utilized to deduce the conceémtraf dyes from wastewater and industrial efflgerithe physico-
chemical and adsorption characteristics of acttatarbon derived fromMartynia annua L and Xanthiyam
strumarium have been measured and their capacity to removenooiy used synthetic dyes such as Direct Congo
Red, Basic Methylene Blue, Reactive Blue MR anddAiue has been evaluated.

MATERIALSAND METHODS

The raw seeds dflartynia annua L and Xanthiyam strumarium were collected from in and around Erode Taluk,
Tamil Nadu, India. They were broken in to smallggig, dried in sunlight until the moisture was evaped. The
dried materials were used for the preparation tifaied carbons using physical and chemical aétimanethods as
stated below.

2.1 Carbonization Procedures[9]

2.1.1Acid processes

The dried materials is treated with excess of Suidighacid and Hydrochloric acid. Charring of the temals
occurred immediately with evolution of fumes andtsein both the cases. After the reaction subsitedmaterials
were left in air oven at 140-160°C for a period2dfhours. The dried masses were washed with exdéegater to
remove the free acid residues. They were dried @°C, sieved and finally activated at 800 °C.

The material was soaked with 10% Phosphoric aadichfperiod of 24 hours. After impregnation, the esg acid
was decanted. The treated mass was subjectedbionization at 400 °C and powdered well. It was wedswith
excess of water to confiscate excess acids preBeatmaterial was sieved and subjected for actiaadi 800 °C for
a period of 10 minutes.

2.1.2 Carbonization with Sulphate and chloride salts

The materials to be carbonized were soaked withd6itions of NaSO, and ZnCj salt solutions for a period of 24
hours. After impregnation the liquid portions deeahoff and dried at 120 °C. The dried and neuedlimass was
subjected to carbonization process at 400 °C, paedeell and thermally activated at 800 °C for aique of 10
minutes [10].

2.1.3 Carbonization with Base

The dried raw materials permeated with the 10% KgdHition for 24 hours and dried well for over 12utwin air
oven at 120°C. They were washed with excess ofraaid the dried mass was subjected to carbonizptioress at
400 °C, powdered well and thermally activated & 8D for a period of 10 minutes.

The powdered materials are sieved to get the padize in 180 to 300 um. Materials treated witm€d+S0O,,
Conc.HCl, 10% HPO,, 10%KOH, 10% ZnGland 10% NgS0O, which are named as M1, M2, M3, M4, M5, M6 and
X1, X2, X3, X4, X5, X6 respectively. The physicoeshical properties of treated activated carbon weeasured
by suitable standard methods [11]. The pH and cctidty were analyzed using Elico make pH meter{R0) and
conductivity meter (M-180) respectively. Moisturer@ent (%) by mass, Ash Content (%) by mass, Bugkdity
(g/L), Specific gravity, Water soluble matter, Acibluble matter, lodine number (mg/g), Surface Ag®a/g),
Phenol adsorption capacity were analyzed as pedatd procedures[12]. The Zero point charge ofcrbon were
measured by using the pH drift method [13]. Theotleizing power of the different activated carbavere carried
out using Basic Methylene Blue dye solution of kmogoncentration dispersed with known quantity dfvated
carbon and stirred for a pre-determined duratiopesighe standard techniques [14].
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2.1.4 Batch adsorption studies

Different concentrations of individual dye solutsosuch as Direct Congo Red, Basic Methylene BliegcRve
Blue MR and Acid Blue were prepared with distiliwdter. The concentrations of dyes in solutions vaetermined
before and after adsorption using Perkin-Elmer UWlible spectrophotometer. The amount of dye adsbebel
adsorption efficiency was calculated as follows:

Efficiency (%) = ((G-C)/Co) X 100

Where,
C, = initial dye concentration (mg/l),
C = residual dye concentration (mg/l),

RESULTSAND DISCUSSION

3.1 Physico-chemical characteristics

Physico-chemical parameters of activated carboaiéd fromMartynia annua L and Xanthiyam strumarium were

illustrated in table 1 and 2 respectively. The gHhe carbon derived from acid treatment was shglawer than

the carbon impregnated with KOH and other saltsee Tdsults reveal that the acid treated carbon ssrimve
effectively adsorbed the basic dye. Conductivitjuea indicated in tables 1 and 2 shows that theoresamples
were almost free from dissolved impurities. It bagn found that the pores of the carbon were cdeiplavailable
for the accumulation of adsorbate [15, 16 & 17]wlbmoisture content of carbon indicates that thé@arsamples
have poor affinity on water. Eventhough moistuomtent of the carbon doesn't affect the adsorpgioever, it

dilutes the carbon which demands the use of additiveight of carbon during treatment processek [15

Table 1. Physico-Chemical parameters of Activated Carbon from Martynia annua L

Parameters M1 | M2 | M3 | M4 | M5 | M6

pH 6.9 | 6.24 | 6.1% | 7.6E | 7.2E | 7.3Z
Conductivity, mS/cm 0.18 0.19 0.2 041 044 035
Moisture Content, % 3.18 4.2 3.34 3B6 4|23 3|12
Ash Content, ¢ 175147 |41 | 2.7 2 | 13.¢
Bulk Density, g/L 0.77, 0.78 0.73 0.58 0.9 0.48
Specific Gravity 0.83 0.89 166 0.61 0.63 0.56
Water Soluble Matter, 0.8¢ | 0.5€ | 0.8C | 1.9€| 2.1% | 3.31
Acid Soluble Matter, % 049 123 0.8 1.12 0/96 70,8
Zero Point Charge in pH Units 7.5 7.8 7.1 74  7.8.0
lodine Number, mg; 871 | 64z | 90€ | 43€ | 64z | 102¢
Surface Area, filg 882 | 688| 1028 532 786 1142
Phenol Adsorption Capacity, mg/g 5.83 4/21 6/43684.5.17| 6.64
Decolorizing Power, mg, 26 18 32 16 18 38

Ash content level of carbon derived froanthiyam strumarium were higher than the carbon prepared from
Martynia annua L. The ash content of the samples substantiateXirahiyam strumarium have higher inorganic
constituent tharMartynia annua L. The carbon having little amount of ash content mayove the inorganic
contaminants effectively [15 & 18]. Higher bulk d#ties of the carbon from Xanthiyam strumarium suitable for
treatment processes, as the low density carboresdspon water and the treatment processes canreffeutive.
Also the lower bulk density values illustrate ttta¢ carbon samples are highly branched and pordabhswore void
space [19]. Carbon prepared from the treatmentd WiDH, ZnChL and NaSQO, gives higher water soluble
constituents, which implies that the presence dewsoluble impurities may have impact on the géatvater. The
values of water soluble matter and acid solubletenare low in carbon prepared from acid treatm&his depicts
that the acid treatment lowers the leachable dmestis. According to Boehm, only strong acidic oasttic groups
are neutralized by weak bases like sodium carbofteng bases like NaOH reacted with weakly actienolic
groups. The zero point charge value @PBy treated carbon X3 indicates the presence of acixiigen functional
groups in its surface [20].
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Table 2. Physico-Chemical parameters of Activated Carbon from Xanthiyam strumarium

Parameters X1 X2 X3 | X4 X5 X6

Ph 6.25 | 6.36|] 7.05 7.67 7.44 7.57
Conductivity, mS/cm 0.23| 0.27 0.24 04 0.49 0[46
Moisture Content, % 3.39) 329 412 314 424 413
Ash Content, % 18.84 5.12 6.23 14p7 11102 4.19
Bulk Density, g/L 0.88| 0.911 086 0.63 0385 073
Specific Gravity 091| 185 0.97 0.73 0.6 1)38
Water Soluble Matter, % 096 0.86 0.67 2.37 2.26 041.
Acid Soluble Matter, % 055/ 0.92 136 0938 1.34 811
Zero Point Charge in pH Units 8.2 7.6 6.2 7.8 7.837.9
lodine Number, mg/g 899 984 670 10%2 80P 511
Surface Area, Afg 901 1056 717 1136 815 56/1
Phenol Adsorption Capacity, mgfg 5.98 6.48 456536, 5.32 | 4.76
Decolorizing Power, mg/g 29 35 25 43 24 21

The zero point charge implies that the preparetiazais free from surface charges nearby neutralbéhce the
carbon samples are suitable for the treatment démeven at the neutral medium. The higher levelodine

number reveals that the presence of high porosithé carbon. These results are supported by tifacsuarea,
phenol adsorption capacity and decolorizing povadues of the carbon samples. Chemically modifiath@a was
found to be an excellent adsorbent for the basidi@and dispersed dyes but direct dye showed dégsty for

adsorption [21]. The usefulness of carbon is alresfutheir specific surface area. Carbon X4 and néthoves
effectively the Direct Congo Red dye from its aquesolution.

The efficiency of removal of Direct Congo Red dyevarious carbon samples is

X4 > X2 > M6 > X6 > X1 >>M5>X3>M4 >X5>M2 M3 > M1
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Figurel. Removal of Direct Congo Red dye by prepared activated carbon samples

Carbon X4 and X2 having higher surface area, resiahe Direct Congo Red dye from aqueous solutions
effectively (Fig. 1). This carbon samples also tias easily exchangeable chloride radicals on itfasa. Carbon
M3 having higher surface area but with bulky phaphradicals may decrease the adsorptive efficiembg
similar results were also reported by the remo¥ddicect Congo Red dye by waste red mud [22] a tydpct of
aluminium production with 90-min of equilibrium temrice hull ash [23] and banana pith [24]. Theoapison of
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dyes is higher on activated carbon having high&revaf surface area. The presences of surface gadaps on the
adsorbent have greater influence on the adsorptitére of the carbon [25].

The efficiency of removal of Basic Methylene Blugdrom aqueous solution by various carbon san{plies 2) is
M3 > X3=X4 > M5 > M6 > M2=X6 > X2 > X5 > X1 > M4 M1.

Carbon M3 and X3 has greater adsorption due t@tbgence of acidic functional groups in it. Thehleigsurface
area of the KOH treated carbon X4 may be the re&moits affinity towards the adsorption of basigedcompared
with carbon M4 which has lower surface area. Thalar adsorptive results of basic dyes, Basic Miethg Blue
and Gentian Violet by carbonaceous material proddicen coffee grounds depended upon the acidicrgplaups
on the adsorbent material [21] also reported. Hawhcost adsorbent has its specific advantage istevavater
treatment. For example clay minerals exhibit argjraffinity for basic dye [26].
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Figure 2. Removal of Basic M ethylene Blue dye by prepared activated carbon samples
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Figure 3. Removal of Reactive Blue MR dye by prepared activated carbon samples

The carbon M1 and X1 shows greater amount of atleorpf Reactive Blue MR dye (Fig. 3).The orderefoval
of Reactive Blue MR dye by the carbon samples i SMX1 > M4=X3 > M5 > M2 > X4=X5 > M3 > X2 > X6 >
M6.
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Carbon Mland X1 have greater affinity towards theoval of anionic Reactive Blue MR dye. This is doghe
presence of acidic functional groups in their voiignilar investigations reported the effect of rfied carbon
surface in adsorption of three anionic reactivesdyanazol yellow, remazol black and remazol rethfits aqueous
solutions [27]. The recent reported adsorption cipaalues (g) 712.3, 278, 714 of Reactive red2 [28], Reactive
red5 and Reactive orangel07 [29] respectively widmmercially activated carbon materials and Adsonpbf
Reactive red120, Reactive red141 and Reactive [&32vith low cost adsorbent yields thg vplues 48.31, 56.18,
62.5 respectively indicates the substantial remof/e¢active dye with chemically modified surfaceaibon.

12 T2

M1 M2 M3 M4 M5 M X1 X2 X3 X4 X5 Xe
Carbon

Figure 4. Removal of Acid Blue dye by prepared activated carbon samples

Amount of Dye Removed (mg/g)

The carbon M6 and X4 shows the greater removactiof blue dye (Fig. 4) due to their higher surfaceaa This is
also supported by their iodine number, phenol gutsnr capacity and decolorizing power values. Thiigiency of
removal of Acid Blue dye from its aqueous solutlpntreated carbon is X4 > M6 > X6 > M3 > M1 > M4=x%1
X2=X3 > M2 > M5.

Adsorption of acid dye by base treated carbon XAngghigher surface area reveals the presenceiohiarsurface
groups in its surface. This is supported by itsyatie. Due to the lack of greater surface arealawer iodine
number of same KOH treated carbon M4 shows lowsoigdion capacity towards the adsorption of AcideéBtlye.
Adsorption of acid dyes like Acid orange7 by prokaic organism gram negative bacteria Aeromonasdpfulla
[31], Burkholderia capacia [32], Sphingomonas Xdraga [33] and gram positive bacteria like Caulodact
subribrioides [34] are highly selective in natungt bthe removal process was reported to be slowthByuse of
activated carbon, other components of the wastervaso be adsorbed by the carbon and the congpetitnong
the adsorbate can influence the dye binding capaditsupports in an unpredictable manner. Moreowdren
compared with other treated activated carbon sanpie, M3, X3 and X4 carbon show maximum adsorption

property.

3.2 Scanning Electron Micrograph studies

The morphology of the prepared activated carbonpsssnsurface was examined using Scanning Electron
Micrographs. These micrographs (Fig. 5) give anregiption of the porosity of an adsorbents and éeac
qualitative assessment of their ability to adsbddye molecules in solution. M3, X3 and X4 haveaynpores in a
honeycomb shape were clearly found on the surfetis.shows that kPO, and ZnC} were effective to create well-
developed pores with uniform distribution on theface of the precursor, hence leading to the atetilvaarbon with
large surface area and porous structure.
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Figure5. SEM image of Activated Carbon
(a) M1- H,S0, treated activated carbon (5000X) (b) M3- H3PO, treated activated carbon (1000 X)
(c) X3- H3PO, treated activated carbon (500X) (d) X4- ZnCl, treated activated carbon (1000X)

CONCLUSION

From the results of the present investigation risvéi@at an activated carbon can be prepared coentyiand
economically from plants sources. The preparedragsts have a substantial variation in the dye rehoapacity.
These carbon samples significantly remove the dy@® aqueous solutions based on their physico-ctami
properties. The characterization studies are vesful to find the superior grade carbon for adsompprocesses.
Activated carbon with good surface properties freamious treatment procedures were identified, tsenface
chemical groups can play a key role in removingetgof dyes from its aqueous solutions.
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