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1. Abstract: Electroplating Industrial Wastewater contains heamgtals, causes serious environmental
problems. Adsorption process is one of the prorgisnethod for the treatment of the industrial effiuerhis
paper deals with the fundamental principles of guiin and its application in treatment of indigteffluent.
The feasibility of adsorption process mainly degeodon the type of adsorbents used. Number of beisty
with their treatability studies are found in litaree still the choice of low cost adsorbents isimportant
parameter for application of adsorption procesadiustry.
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2. Introduction

The production of heavy metals increased rapidhcesithe industrial revolution took place in the
present era. Heavy metals cause direct toxicithumans and other living beings due to their presenc
aquatic environment beyond the permissible linTitse industry of metal finishing and electroplatungjts are
one of the major sources of pollutants which cbote greatly to the pollution load of the receivingter
bodies and therefore increases the environmesta.ri

A major challenge for the electroplating industry finding solutions that equate to positive
environmental and economic aspects regarding dantent of their effluent. Due to the dischargdaofe
amounts of metal-contaminated wastewater, indgsb@aring heavy metals, such as Cd, Cr, Cu, Ni,Phs,
and Zn, are the most hazardous among the chemiemsive industries. Once they enter the food ¢haige
concentrations of heavy metals may accumulate énhtiman body. The heavy metals even at relativaly |
concentrations are toxic to biological processesthas prevent the effective degradation of orgarastes.

Therefore, it is necessary to treat metal-contarethavastewater prior to its discharge to the
environment. Heavy metals removal from electroptatindustrial effluent can be achieved by Adsomtio
Adsorption is one of the promising processes ferrdfmoval of heavy metals from waste water. Adsanpt
suitable even when the metal ions are presentnestration as low as 1mg/l [1].The adsorbents brepf
mineral, organic or biological origin, zeolites,dirstrial by-products, agricultural wastes, biomaasd
polymeric materials. This article present an owewiof various Adsorption treatments for removahefvy
metals from wastewater of Electroplating industetiluent.
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3. Adsor ption of single and multi-metal ions

The study of the time dependence of adsorptiorobd surface (adsorption kinetic) helps in predtigti
the progress of adsorption in industrial appliaatioowever the determination of the adsorption rapEm is
also important for design purposes. In a soliditigadsorption process, the transfer of the adserlsmt
controlled by either boundary layer diffusion (ext mass transfer) or intra-particle diffusion @mdransfer
through the pores), or by the both [2].

It is generally accepted that the adsorption dyoamonsists of three consecutive steps:
» Transport of adsorbate from the bulk solution & ¢lternal surface of the adsorbent

by diffusion through the liquid boundary layer.
» Diffusion of the adsorbate from the external swefand into the pores of the adsorbent.
* Adsorption of the adsorbate on the active sitethennternal surface of the pores.

The last step, adsorption, is usually very rapidamparison to the first two steps. Therefore,aerall rate of
adsorption is controlled by either film or intrarpele diffusion, or a combination of both. Manydies have
shown that the boundary layer diffusion is the ratmtrolling step in systems characterized by dilut
concentrations of adsorbate, poor mixing, and spaticle size of adsorbent [3].

Adsorption is an important process that describesiriteraction between adsorbent and metal ion to
develop design model for wastewater industrial ttneat. The applicability of relationship betweere th
experimental adsorption capacities and the meted @ncentrations (adsorption isotherm) have badely
used by the Langmuir and Freundlich models.

3.1 Langmuir model

The Langmuir adsorption model is based on the gssomthat maximum adsorption corresponds to a
saturated monolayer of solute molecules on therhdsb surface, with no lateral interaction betwedlea
adsorbed metal. The Langmuir adsorption isotherndahds successfully used to explain the metal ions
adsorption from aqueous solutions [4]. The expogssf the Langmuir model is given by Eq. (1),

_ Qmax=Kp «C;

“="71,K,C, "

and the linearized Lagmuir isotherm equation caaxpgessed as:
i _ 1
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3.2 Freundlich model

The Freundlich isotherm gives the relationship leetv equilibrium liquid and solid phase capacity
based on the multilayer adsorption (heterogeneotiace). This isotherm is derived from the assuampthat
the adsorption sites are distributed exponentialith respect to the heat of adsorption and is gibgn
Freundlich, (1906). The Freundlich isotherm is ampigical equation employed to describe heterogesieou
systems. The Freundlich equation is expressed as:

=

ge = KpC

(3)

and linearized Freundlich isotherm equation cagXmessed as:

; 1
logge, = logKr + ———
e © nlogCe (4)
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4. Adsorbent

There are many types of adsorbents; Earth’s foastisplants, ocean and freshwater plankton, algae
and fish, all living creatures, that including aaimare all “biomass adsorbents”. There are varigpes of
Adsorbents are used in Electroplating Industry Hemoval of heavy metals according to requirememnt an
availability.

4.1 Inorganic adsorbents

They may be natural minerals, ores, clay and wasdterials from various industries like fly ash,
metallurgical solid wastes like bauxite red muds &tinerals like Montmorillonite have been used¢move
Pb(Il) and Cd(I)[5], Kaolinite was used to accuatel Zn(l1)[6], Illite to remove Pb(l)[7], Bentordtwas used
to adsorb Cr(VI)[8], Activated red mud was usedrép Ni(ll) and Cr(11)[9].

4.2 Organic adsorbents

A large number of waste materials of organic origie dead leaves of trees, bark, roots, seedsshell
oil cakes and saw dust from various plants in trenfof powder have been utilized for the removaheévy
metals and their adsorption properties have be@oed. In addition to these adsorbents wool, album
feathers, waste rubber, hair, used tea leaves,sbagaice husk etc. have also been used as organic
conventional adsorbents [10]. Exhausted coffee uwsesd to remove Cd(ll) and Cr(VI)[11], Formaldehyde-
polymerized peanut skin was used to remove Cd(it) Bb(ll) removal[12], Untreated sawdust was used t
remove Cr(VI) from tannery effluents[13], Leaf mdwas used to remove Cr (VI)[14]. Activated carlfi@mm
hazelnut shells was used for the adsorption of IQofrfbm aqueous solution [15]. Activated carbororfr
coconut coir pith was used for the removal for §dfbm agueous solution [16].

4.3 Biosorption

Biosorption has advantages compared to the comveitiechniques [17]. Some of them are Cheap; the
cost of the biosorbent is low since they oftenraasle from abundant or waste material.

They included biomass of algae fungi, and peat nedssThe advantages of biosorption are low cdgh h
efficiency of heavy metal removal from dilute sabuis, regeneration and possible metal recovergntgéhtous
fungi have been found to possess a high poterfte¢@umulating Cu, Ni, Co and uranium in aqueoustems
[18]. It has been reported that the biomass of bralgae of the sargassum family possesses a nhietkhdp
capacity superior to other organic and inorganibaots [19, 20]. Several researchers have concltiggdhe
major mechanism of heavy metal uptake by algae. [Bbjvever, direct application of living fungal celas
biosorbents for heavy metals is unfavourable duthéoresistance of living cells to metal ions. Sasym
seaweed was used to accumulate Cd and Cu [22],ulyjaN's was used for the removal of Cd(I)[23],
Sphagnum moss peat was used to remove Cu(ll) aigl fikom ag. Medium [24, 25].

Bark and other tannin — rich materials

Timber industry generates bark as a by-productithetfective because of its high tannin contethie T
polyhydroxy polyphenol groups of tannin are thouiljiet active species in the adsorption processexehange
takes place as metal cations displace adjacenbpbdrydroxyl groups, forming a chelate [26, 27].

Chitosan

Among various biosorbents, chitin is the second tnadisindant natural biopolymers after cellulose.
However, more important than chitin is chitosanjclithas a molecular structure similar to celluld®esently,
chitosan is attracting an increasing amount ofaxs$einterest, as it is an effective scavengehéavy metals.
Chitosan is produced by alkaline N-deacetylationchitin, which is widely found in the exoskeletofi o
shellfish and crustaceans. It was estimated thtdsan could be produced from fish and crustacgzBis

Zeolites

Basically zeolites are naturally occurring crylital aluminosilicates consisting of a framework of
tetrahedral molecules, linked with each other greth oxygen atoms. During 1970s, natural zeoliteseg a
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significant interest, due to their ion-exchangeatality to preferentially remove unwanted heavy afetsuch
as strontium and cesium [29].

Clay

It is widely known that there are three basic speaf clay: smectites (such as montmorillonite),
kaolinite, and micas; out of which montmorillonitas the highest cation exchange capacity and rtermdu
market price is considered to be 20 times chedyaer that of activated carbon [30].

Peat moss

Peat moss, a complex soil material containing figgmd cellulose as major constituents, is a natural
substance widely available and abundant, not anBurope (British and Ireland), but also in the B8at moss
has a large surface area (>200 40 m2/g) and idyhpgitous so that it can be used to bind heavy IneReat
moss is a relatively inexpensive material and cororally sold at US$ 0.023/kg in the US [31].

4.4 Low cost adsorbents

The disadvantages of using microorganisms can becomne by using low cost adsorbents. In general,
a sorbent can be assumed to be “low cost” if iures little processing and is abundant in natoreis a
byproduct or waste material from another indusiryich has lost its economic or further processialges.

The idea of using various agricultural products aggdroducts for the removal of heavy metals from
solution has been investigated by number of autfniedman and Waiss, (1972), Randall et al. (1%
Henderson et al. (1977) have investigated theieffty of number of different organic waste materiak
sorbents for heavy metals [32].

Various low cost adsorbents have been studiechéorédmoval and recovery of toxic metals like Cr, ®lii, Cd,
Zn, Pb etc.

Phosphate treated saw dusthiowed remarkable increase in sorption capaci@rdiI) as compared to
untreated sawdust. The adsorption process was fioubd pH dependent. Total (100%) adsorption of\@y
was observed in the pH range < 2 for the initial(€f) Concentration of 8-50 mg/l. The effect of \ars
adsorbent doses at pH 2 confirmed Langmuir adsorpsotherms. 100% removal of Cr (VI) from syntheti
waste as well as electroplating waste containingngfl Cr (V1) was achieved by batch as well as dymn
processes. The adsorbed Cr (VI) on phosphate dreate dust was also recovered (87%) using 0.01dvuso
hydroxide. The results obtained from column as wslby batch processes were found to be almostigeen
[33].

Mangifera indica (Mango) seed and seed shell powders were studretthéd possible application in
the removal of Cu (Il) from wastewater. The adsorpof Cu (Il) on the powder of Mango seeds andl sl
was found maximum at pH 6 and followed Freundlighet adsorption Isotherm The overall process was
spontaneous and exothermic in nature. The totalrptisn on each adsorbent increased with the iserea
temperature between 30-80 and then decreased up to%D More over, it was found that the seed shell of
Mangifera indica had higher sorption capacity than that of the sEmader for Cu (ll). The presence of Ca (ll),
Mg (1), and K (I) decreased the percent adsorptib@u (Il) on these adsorbents [34].

Sawdust an inexpensive material, has been utilized aadsmorbent for the removal of Cu (ll) from
wastewater. The effect of contact time, pH conegiutn, temperature, dose and particle size of tsrbent
and salinity on the removal of Cu (ll) has beerd&d. The equilibrium nature of copper (ll) adsaptat
different temperatures (30-80) has been described by the Freundlich and Langsatherms and a tentative
mechanism has also been proposed. The thermodympamdameters such as free energy, entropy and pythal
changes for the adsorption of Cu (Il) have alsonbeemputed and discussed. The Kinetics and therfact
controlling the adsorption process have also béediexl. In order to widen the applicability of themoval
technique, the optimized method was applied forrémoval of Cu (ll) from Ganga river water. The sl
efficiency was found to be 63%. In the river wasample, the adsorption capacity was slightly demeéa
probably due to the presence of other major cafigascalcium and magnesium. The process was faoorise
economically feasible and easy to carry out [35].
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The fruit peel of orange (Citrus reticulatels a low cost adsorbent, which is abundantly awéd in
India as waste material. The ability of fruit peefsorange to remove Zn(ll), Ni(ll), Cu(ll), and @b and
studied. The adsorption was found in the order)%iQu(I)>Pb(I)>Zn(Il). The extent of removal of ifll)
was found to be dependent on sorbent dose, intiatentration, pH and temperature. The adsorpabovied
first order Kinetics. The process was found to bdoghermic showing monolayer adsorption of Ni @i}h a
maximum adsorption of 96% at %D for an initial concentration of 50 mg/l at pH Bhermodynamic
parameters were also computed. Desorption waslpessith 0.05 M HCI and was found to be 95.83% in
Column and 76% in Batch process respectively. Pemtsadsorbent was regenerated and recycled thiiee.
removal and recovery was also done in wastewattfamd to be 89% and 93% respectively [36].

Adsorption behaviour of Ni(ll), Zn(ll), Cd(Il) an@r(VI) on untreated and phosphate treaied husk
(PRH) showed that adsorption of Ni(ll) and Cd(Il) wagsater when phosphate treated rice husk was used. Th
thermodynamic parameters indicate that processdsthermic and spontaneous. The maximum adsorption
occurs at pH 6.

The adsorption behavior of various heavy metalsnarstard oil cake(MOC) was studied. The
maximum adsorption of Cu (ll) was observed folloviigdzn(Il), Cr(VI), Mn(ll), Cd(ll), Ni(ll) and Pb(l). The
adsorption of Cu (Il) was found to be dependentiratial concentration of solution, pH, adsorbentsep
temperature and contact time.

5. Conclusion

This aspect needs to be investigated further irrord promote large-scale use of non-conventional
adsorbents. Most of the adsorption processes wedeled by Langmuir and Freundlich isotherms. Ifdowst
adsorbents perform well in removing heavy metaldoat cost, they can be adopted and widely used in
industries not only to minimize cost inefficiendyyt also improve profitability. In addition, if tha@ternative
adsorbents mentioned previously are found higHigieht for heavy metal removal, not only the intties, but
the living organisms and the surrounding environmeh be also benefited from the decrease or elation of
potential toxicity due to the heavy metals. Thuse use of low-cost adsorbents may contribute to the
sustainability of the surrounding environment. Umdiedly low-cost adsorbents offer a lot of prongsin
benefits for commercial purpose in the future.

List of Notations and Abbreviations

g = Amount of adsorbate adsorbed at equilibriunetirimg of adsorbate / gram of adsorbent)
g.= Amount of adsorbate adsorbed at equilibrium t{mg of adsorbate / gram of adsorbent)
Omax = Langmuir constant (adsorption capacity) (mg/g)

b = Langmuir constant (energy of adsorption) (L/mg)

RL= Equilibrium parameter

kf = Freundlich constant

n = Freundlich constant

Ceq-Adsorbate concentration in solution at equilibri(mmg/L)

kaa = Lagergren adsorption rate constant (I/min)

BGH = Bengal gram husk

MCL = Maximum Contamination Limit in mg

TDH=Tur dal husk

TH =Tamarind husk

CH = Coffee husk

FG = Fast green

MB = Methylene blue

RB = Rhodamine B
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