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Abstract—The heavy metal removal from effluent is very
important area of research. Various methods, bothpiological
and non biological, have been tried for heavy metatemoval.
Many methods involve the sorption of heavy metals ro the
sorbents. To study the effectiveness of removal, cagty of
adsorbent, it is very important to have detailed reearch on
isotherms and kinetics. Many researchers have concgated
their research on this area. Present paper is rewe on the
isotherms and kinetic findings for heavy metal remwoal by
various researchers.

Index Terms—heavy metal, sorption, isotherm, kinetics

[. INTRODUCTION

Water pollution because of heavy metals is veryartgnt
area of research. Various heavy metals, like caghmnickel,
arsenic cause various diseases like nausea, vgriigrrhea,
pulmonary fibrosis, renal edema, and skin dernsatitfarios
methods used for nickel removal includes Adsorptiton
Exchange ,Biological Methods, Electro
,Electrodialysis,Floatation, Coagulation and Fldatian
Membrane Seperation. Present review paper is aiamet
studying the research carried out in order to itigate the
mechnism of removal, in terms of kinetics of metafake and
the isotherms.

II. KINETICS OFHEAVY METAL REMOVAL

A series of ion-exchange equilibrium tests of T,
Zn*"H*, and Cd"H" systems using Amberlite IR-120 were
performed by Lee et al[l]]. They used Amberlite 1RO
(Rohm Haas Corp., USA), a strong cationic ion-excfea
resin with effective particle size from 0.43 to ®.sm and 44
to 48% moisture content. The heavy metal solutioese
prepared by copper nitrate, zinc nitrate, and cadmitrate
with purity greater than 95.0%They put differentcamts of
the conditioned resin in H-form in Poly ethylendtlas , filled
with 500 ml heavy metal solution with desired cartcations,
shaken for 24 h at desired temperature. The sanmpézs
analyzed after filtration.They analyzed the rem@facopper,

coagulations®

zinc, and cadmium by using the Langmuir and Freaahdl
isotherms. The batch experiments were carried ©085@ rpm
as this speed was found optimum. It was observatl ttte
Langmuir adsorption isotherm provided a better tdit the
experimental data of copper, zinc, and cadmiurmheson than
the Freundlich approach.The effect of the resirsdtution
ratio on the heavy metal ion exchange kinetics stadied by
performing a series of experiments with differemoant of
resins and same intial concentration. The finalildojium
copper in the resin phase decreases with increasgiig used,
as shown in fig 1.

Tyagi and Du developed Neural network based nsodel
for the cases of both unacclimatized and accliredtiz
microorganisms and they performed studies on kinatdel
for the effects of heavy metals on activated sluggecess
using neural networks[2]. The models were preserited
unacclimatized sludge based on toxic effects of@bZn, Ni
and their mixture on the microbial growth of batmberation
nd for both unacclimatized and acclimatized cases
correspond to the observations concerning the tsffefaNi, Cr
and substrate concentration (COD) on the batch thratwas
observed that complex kinetics patterns for wasttew
treatment processes can be described with sutstantiuracy
and robustness.

Kinetics and isotherm studies on the nickel remdwal
using the activated carbon prepared from Rosa @anwvere
carried out by Ghasemi et.al[3]. They obtained Rueaina L
(RC) from Arak-lran. After washing and drying, ita
impregnated with hydrochloric acid and activated1&6°C.
Then washed and soaked in sodium hypochloride, nagai
washed and then sieved.The batch studies indi¢hsgdoth,
Langmuir and Freundlich isotherm suited well foe t¥olute
uptake. The kinetics of solute removal showed @skcst
order kinetics. Pseudo second order gave bettewvdk2es
confirming chemisorptions onto the surface. Rosainza L
(RC) was observed to be environmentally friendiyd a
promising material. It can be used successfultysparation
of Ni(Il) from aqueous solution.
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Thermodynamic and kinetic study by using modifiégd f
ash for cadmium and nickel removal from wastewates
carried out by Wa and Dui[4].They modified the Fly ash
surface at room temperature with alkaline solutioofs
NaOH,with different concentrations. It was obsertieat that

moderate NaOH concentrations (2N) were enough for

developing a substrate that, in optimized cond#jonsures
adsorption efficiencies above 97%, for cadmium arckel
ions in a large concentration range. Carbon dartd only
in a limited amount to adsorption and the oxide ponents
are the preferential adsorption sites on the mediifiyash.

In the last few years the use of dead, dried acymdaints,
for metal removal from water from industrial agies is
important research area. Similar work has beeniechmut
Miretzky et.al.[5]. Their studies were aimed ateth
investigation of the mechanism of the simultanemmoval
of metals derived from industrial activities (eleqlating,
metal finishing,textile, storage batteries, lead ekimg,
mining,plating, ceramic and glass industries) byadle
freshwater macrophytes. Kinetic studies were cadrdat by
suspending dead S. intermedia, L. minor and Pticies. It
was observed that L. minor biomass presented thhebt
mean removal percentage and P. stratiotes the idmesll
metals tested. The metal removal was more based
percentage removal for individual metal solutidingn with
multi-metal solution.Metal adsorption data (P Ni **, Cd™,

Cu “and zZn %) fitted Freundlich isotherm (heterogeneous
surfaces) and followed first order kinetics.

The studies on the possible use of Cassia siaoneamove
Cd (1) ions from aqueous solutions were carriet! lmuJohn
et.al.[6]. They carried out batch equilibrium sagla function
of pH, initial metal concentration and contact tinte
determine the efficiency of biosorbent. The biosompkinetic
studies were carried out to study the metal uptak&ehanism.

dg/dt = k1l(ge — g0) (1)
Where ge (mg/g) and g are the amounts of adsorbed to t
=tand g =0 to g = q gives metal ions on the dribent at the
equilibrium and at any time t, respectively; k1 fke
langergren rate constant of the first order biosonp(h 1)

The liberalized form of this equation is

klt

2.303 )

It was observed that the psedo first order modet wat

suitable for the cadmium ions. Psedo second ordeleinwvas

applied for the metal uptake.The model is expressed
dq/dt= k,qe — q)* 3)

Integrated pseudo-second order rate law, for thendary

conditions,t=otot=tand q=o0to q =q gives

t/as = 1/k2q, “+11/q,t ()
Where kx(g/mg h) is the rate constant of second-order
adsorption. If second-order kinetics is applicakie, plot oft
/q versust should show a linear relationship.It was observed
that  kinetics of cadmium biosorption by Cassiamea
biomass is better described by pseudo second didetic
model.
Freunlich isotherm was tried, the equation forgame is

X/M = bc™ 5)

logX/M =logh +mlozC" (6)

X is the amount of adsorbate adsorbed and M isutheunt of
adsorbent. X/M is the catalyst loading, C* is thgiébrium

concentration of organic matter, b and m are cotstdrom
the figure, the adsorption phenomenon follows Fdéioh

isotherms.In case of adsorption isotherms, theymes that
adsorption process follows Freundlich isotherm nhoagich

expresses that monolayer adsorption exist under

experimental conditions employed.

Igwe and Abida carried out the research to remdwe t
heavy metals from wastewater by using various
biosorbents[7].The isotherm and kinetics studiesevaarried
out to study the process of metal uptake. Freundfotherm
parameters for Cd(ll), Pd (II) and Zn (Il) sorptiom maize
cob and husk. Were estimated for various partidess For
cob and husk, values of constant b varied from ¥09xo0
9.46x 107 for various particle sizes ranging from 450 pm to

of50 um. The values of m, were found to have thalues
between 2 to 6. For, lead the values of these anhstere
observed to be 7.12xP0o 4.30x1C and 3 to 1 respectively.

log(ge — q) = logge —

the
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For zinc the values of these constants were etilel ranging
0.951t0 1.6 and 0.95 to 1.3 respectively.

Padmapriya and Murugesan studied the Phytoremediati reasonable

obtained are best described by the Freundlich ésoth
models. Pseudo first kinetics desrided the met#hkep with

accuracy. Shrivastava et.al. studied the

of various heavy metals (Cu, Pb and Hg) from agseouCompetitive adsorption of nickel and cadmium onsmdsse

solution using water hyacinth and its toxicity dangs [8]. In
their study, study, various toxic heavy metals (Blb,and Hg)
were removed from the aqueous solution using watacinth
(Eichhornia crassipes) plants at various environmental
conditions (retention time, initial concentratiorf beavy
metals,organic loading rate and pH). It was obskthat the
The biosorption capacity sharply increases withréase in
time and attains steady state ttBy. They calculated the
Langmuir constants (gm an#d) along with correlation

coefficients (B) .
qohle
ge =

Grue) ™

It was observed that The order of maximum capagjgy
for the biosorbents of metal removal was roots poth of
water hyacinth. Here g is the sorption capacity for
equilibrium concentration Ce. The Freundlich conttavere
observed to be , 0.19, 0.18 and 0.17 for biosanptioCu, Pb
and Hg ions respectively and the absorption capafditthe
biosorbents with slope m, 7.4, 6.7 and 4.4 forhhesorption
of Cu, Pb and Hg ions respectively.

The kinetics of copper ion adsorption was studigdHo
and Ofomaja[9]. They used palm kernel fibre agdsorbent
for the purpose. They carried out batch experimbated on
assumption of the pseudo-second-order kinetic medéch
was developed to predict the rate constant of atisor, the
equilibrium adsorption capacity and initial adsapt rate
with the effect of initial copper concentration anghction
temperature. It was observed that palm kernel fitag fairly
high capacity for the removal of copper ions froalusion.
The
observed to be endothermic reaction with an adtimatnergy
higher than 22kJ/mol. It also indicated that thieriaction was
of chemical nature. The kinetics fitted well forepslo first
order rate equation.

flyash[12]. It was observed that Freundlich and IR&é
Peterson (R—P) isotherm models reasonably desctibe
metal uptake. The Freundlich isotherm fitted beftar the
competitive adsorption.The The sorption of cadmians on
the nano zerovalent iron particles was tried by @ap
et.al.[13]. They also studied thermodynamic ande#n
aspects of this process. The studies were condudtethe
concentration range of 25-480 mg/l. It was observttht the
adsorption in this case increases with the increase
temperature as with endothermic reactions. In taise the
Freundlich and Temkin isotherms fitted the adsomprocess
and kinetics was second order. The research orelnashkd
cadmium removal by using nettle ash as an adsonvast
carried out by Mousavi and Seyedi[14]. The expenitakdata
well fitted in the Langmuir isotherm equation withe
monolayer adsorption capacity of 142.8 mg/g. Theogation
kinetics was found to follow pseudo second order
kinetics..Maleki et al. tried Adsorption of cadmiwon Barley
Hull and Barley Hull Ash[15].The adsorption follode
Freundich adsorption isotherm, indicating chengons.

The investigation on thermodynamics and kineti€s o
cadmium adsorption on rice husk wasc carried ouKbmar
et. al [16]. They studied the adsorption behavibrice husk
for cadmium ions from aqueous solutions as a foncwof
appropriate equilibrium time, adsorbent dose, teaipee,
adsorbate concentrations and pH in a batch systiemas
observed that the adsorption preocess was spontsineo
nature and exothermic as well. the adorption posas
pseudo first order in its nature hence chemisongtiovas

interaction between adsorbent and adsorbate wpredominant.Gouda et.al focused on coconut leawesamnm

alternative adsorbent for the removal of  Ni(ll)orf
wastewater[17]. The batch experiments conducteat abom
temperature 270C showed that the adsorption psot®
affected by various parameters such as contact Solation

Pongamia pinnata Tree Bark was used for remofal (pH, adsorbent dose and initial concentration. Téata was

lead from industrial effluent by Mamatha et. al][10They

carried out studies on kinetics and mechanismadtsorption
of lead in Aqueous and Industrial Effluent. Theyried out
Adsorption kinetics using lead Sulphate solutiofido 50
ppm, pH in the range 2 to 9, 2.5 to 10g/L adsorloéaiverage
particle size 225um, a contact time up to 60 maanstant
agitation of 200 rpm and temperature of 300C. d&@ fitted
well with the Langmuir isotherm with Rvalue of 0.9967.
The metal uptake agreed fairly well with the Fralich

equation also. The studies also revealed thapskedo first
order kinetics fitted well for the metal uptake.

Torab-Mostaedi et. al. used expended perlite for th

removal of heavy metals[11].They investigatedatsorption
characteristics of cadmium and nickel onto expdnplerlite
from aqueous solution. The Langmuir isotherm fiteagll for
the cadmium and nickel removal. The adsorption ltgsu

3

tested for the Langmuir and Freundlich equatidrise data
fitted well to both Langmuir and Freundlich isotimsy,

II.CONCLUSION

The removal of heavy metal by using sorbent is very
attractive alternative. Though the research has bagied out
by using various sorbents, there is still scopetlier research
in this field, with new possibilities in terms ahproving the
removal efficiency and availability of adsorberitéie kinetic
study indicated either first or second order kiretiepending
on the sorbent used. The sorption process follokatymuir
and Freundlich isotherms in most of the cases. fEates
monolayer sorption and multilayer sorption, bothe ar
important. The values of Freudlich constant and tat
constant depends on the sorbent used.
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