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ABSTRACT

The efficiencies of agricultural wastes from two different species of cassava-manihot esculenta cranz (ME) and
manihot walkarae (MW) as adsorbents in removing Cd(l1), Ni(ll) and Pb(ll) from aqueous solutions were
compared. Batch adsorption experiments were carried out as a function of pH and concentration. The adsorption
results were analyzed by the Langmuir, Freundlich, Dubinin-Radushkevich, Temkin, Harkins Jura and Halsey
isotherm models using linearized correlation coefficient values. The characteristic isotherm parameters for each
isotherm were determined and results obtained showed that Freundlich and Halsey best represented the equilibrium
data for the metal ions-adsorbents systems. This was followed by the Langmuir model. The optimum pH for
adsorption of Pb(Il) and Ni(ll) on both adsorbents (ME and MW) occurred at 4.5 having maximum removal
efficiencies of 98.94% and 93.05% respectively for Pb(Il) and Ni(ll) adsorption onto ME and 96.79% and 91.04%
for adsorption onto MW following the initial order. Cd(l1) exhibited a different pH dependence having maximum
removal at pH 6.5 on both adsorbents and with removal efficiencies of 96.74% for ME and 96.23% for MW.

Keywords: Adsorption isotherms, biosorbents, heavy metad,ibtanihot esculenta cranz andmanihot walkarae

INTRODUCTION

Continuous discharges of industrial, domestic agdcaltural wastes into rivers and lakes deposkidcheavy
metals into these water bodies. These heavy matalanger public health due to their poisonous xic toature and
constitute threats to our environment. Lead issiliesl as one of the priority metals from the poafitview of
potential health hazards to humans and has be&mdéttin a list by Environmental Protection Ager{&PA) as
one of the 129 priority pollutants [1, 2]. Expostioecadmium causes severe health effects to huaraging from
renal dysfunction, liver damage, bone degradatiot laypertension [3]. Due to its toxicity, cadmiurashbeen
included in the list of priority pollutants by Dapaent of Environment, UK [4]. Cadmium is also aqyd neuro
toxic metal with a permissible limit of 0.003 mgith. drinking water and has been classified by USERA group
B1 carcinogen [2, 5].

Dermatitis (Ni itch) remains the most frequent effef exposure to nickel(ll) [6]. High concentrat®of nickel(ll)

in ingested water may cause severe damages to, lkifjgeys and gastro intestinal distress such asea@
vomiting, diarrhea, pulmonary fibrosis, renal edeamd skin dermatitis [7].
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The removal of these metal ions from water bodiesstitutes big problem due to their trace quartited
formation of complexes with natural organic matf8}. Strict regulations on the discharge of toxietads
particularly in highly industrial nations make inperative to develop various technologies for tamaval of
pollutants from industrial effluents. Different tewlogies and processes are currently in use aolide:
Membrane processes [9, 10], Advanced oxidationgeees [11, 12], Biological treatments [13, 14], @Glwal and
Electrical techniques [13, 15] and Adsorption Peses [16-18].

However, problems with some of the aforementiorehitiques such as high cost of equipment, ineffeaind
inefficient metal removal particularly when low @amtrations of the metal ions are involved, makeeitessary to
develop easily available, inexpensive and effectiternatives for wastewater treatment. Biosorptiamich
involves use of biological materials, both living &ell as dead (metabolically inactive) biomassdquester metal
ions from solutions, has offered an effective, &@ndly and a competitive alternative to the cami@nal
techniques for heavy metal removal from solutidhbas been found that various functional groupsent on the
surface of the cell wall of the biomass confertoen certain forces of attractions that adsorb th&ahions onto the
surface of the biosorbent. A number of materialdved from plants and animals have been employedrietal
removal and these include: Sago waste[19], BlaaKdaves [20]shorea dasyphylla sawdust [21], waste acorn of
Quercus ithaburensis [22], husk of Bengal gramC{cer arientinum) [23] Rice husk [6, 24], chitosan [25-27],
seaweed [28], pseudomonas sp.[29, 30], algae[31B&Jus[34] and yeast[35, 36].

Cassava wastes are being evaluated as possibkeasebgmaterials) for adsorption of metal iongrrsolutions in
this study because they are produced in large gigagntOur goal in the present study is to compheeefficiencies

of agricultural wastes from two species of cassazamanihot esculenta cranz andmanihot walkarae in removing
lead, nickel and cadmium ions from aqueous solstidexperimental conditions such as pH and metal ion
concentration, which affect biosorption processreniavestigated and the equilibrium adsorption dataluated
using different isotherm models.

EXPERIMENTAL SECTION

Preparation of the adsorbents

The adsorbentdanihot esculenta cranz andmanihot walkar ae cassava were collected from a cassava experimental
site at National Root Crops Research Institute, dikeiAbia State, Nigeria. Their peels were washddresively in
running tap water to remove dirt and other partiteimatter. They were subjected to further washiitly distilled
water repeatedly. Subsequently, the peels wererigid- and later oven-dried for 12 hours at a tewtpee of 9FC.
The dried samples were crushed using grinding fiti#éd with sieves to obtain a particle size of 50t. The
samples were labelled and stored in tight plastitainers and kept for the adsorption analysis.

100 g of each of the sample size of the two spexfitise cassava were soaked in excess of 0.5 M F¢dl@tion in
a beaker, stirred for 30 min at a temperature 8€38nd then left undisturbed for 24 h. They werentfikered
through a whatman filter paper and rinsed sevevaillly deionised water until a pH 7 was obtainede Bllsorbents
were finally air-dried. The treatment with acid apeup the pores of the adsorbent samples in ptépafar the
adsorption analysis and to destroy any debris lobs®biomolecules that might interfere with thetatéons during
the adsorption process.

Adsor bates Preparation

Stock solutions of 1000 mg/L of each of the metalsi cadmium, lead and nickel were prepared frasir Halts,
CdSQ.8H,0, (CH,COO)Ph.3HO and NiSQ.6H,O respectively. From the stock solutions, differevirking
concentrations ranging from 20 - 100 mg &f each of the metal ions were prepared by sdiiiaiion. The effect of
concentration on the adsorption of the metal ioas studied by transferring 50 mL of the differeoh@entrations
of the metal ions into different 250 mL conicalsita while maintaining the pH of the solutions &. S hereafter,
1.0 g of each of the adsorbents (ME and MW) waghe into the flasks, corked and labeled and agitat a
rotary shaker for 2 hAt the end of the adsorption process, the conteeaoh flask was filtered, centrifuged and the
residual metal ion concentrationsg@nalyzed. The concentrations of the standardstlaadest solutions were
confirmed using buck scientific Atomic Absorptiopettrophotometer (AAS) model 210. The pH of theoauoiste
solutions was kept at 5.5 using pH meter (modelS{#3). For the study on influence of pH on the gol$on
process, a similar procedure was carried out jgshahe case of initial metal concentration exddyat a fixed
initial metal ion concentration of 100 mg/L was dsad the pH of the solutions adjusted from pHta.%0.5 using
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either 0.1 M HCI or 0.1 M NaOH solution and at aefi temperature of 2@. The amount of the metal ions
adsorbed was calculated by difference. The analyasscarried out in triplicates and mean residoakentrations
analyzed. The amount of metal ions adsorbed aflilequin, ¢ (mg/g) was determined using the mass balance
equation (1).

e = GCo-Ce x\/ (1)
m

The percentage of metal ions adsorbed (% R) wascalmputed using the expression:

Percent adsorptiorf R=ﬁ><100 (2
100

whereC, andC, are the initial and equilibrium concentrations (jgV is the volume of solution (L) ana the dry
weight of the adsorbents (g).

RESULTSAND DISCUSSION

Effect of pH

The amount of lead, nickel and cadmium ions adgsbdmgo the adsorbents at various pH values aresirowigs.1
and 2. The pH of an aqueous solution is a vitahipater that affects both the availability of meteds in solution
as well as the number of binding sites on the dmsar[37, 38]. This means that the dependence afyhmetal
adsorption on pH is linked to both the metal solutchemistry and the ionization state of the fuoral groups of
the adsorbent which will in turn affect the availdp of the active binding sites. The biosorpticapacity increased
with increasing pH and optimum pH for removal offPand Nf* by both adsorbents occurred at pH 4.5 with
adsorption capacities of 4.8395 mg/g (96.79%) aB82D mg/g (91.04%) respectively for’®and Nf* removal by
MW and 4.9470 mg/g (98.94%) and 4.6525 mg/g (93)08 adsorption onto ME. That of €dremoval has
optimum removal at a pH 6.5 with values of 4.811§/gn(96.23%) for adsorption onto MW and 4.8370 mg/g
(96.74%) for adsorption onto ME. The trend of hematal removal followed Pb > Cd > Ni. The effectpbf on the
biosorption capacity can be interpreted by the aatitipn of the hydronium ions [§@‘] and metal ions for binding
sites. At low pH values (< 4.5), the ligands on ¢k# walls of the adsorbents may have been classdpciated with
the hydroxonium ions leading to a decreased remeffigiency due to the competition of positive nieétas with
the hydroxonium ions for the free binding sitest Wwhen the pH is increased, the hydroxonium iomsgradually
dissociated and the positively charged metal ioesaasociated with the free binding sites. Simfiledings have
been reported by other researchers [39, 40]. Terhdnts generally show a preferred affinity fof'Rthan for
Cd?* and Nf* at the initial concentration of 100 md' used.
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Fig. 1. Effect of pH on the biosor ption of the metal ionsonto M E (C,: 100 mg/L, biomass conc.: 1.0 g/L, 29 °C)
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Fig. 2. Effect of pH on the biosor ption of the metal ions onto MW (C,: 100 mg/L, biomass conc.: 1.0 g/L, 29 °C)
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Fig. 3 Effect of initial metal ion concentration on the per centage metal ion adsor bed onto ME

Effect of metal ion concentration

Figures 3 and 4 show the variation of removal &fficies with initial metal ion concentrations whitegs. 5 and 6
show the variation of the amount of metal ions aoksd with initial metal ion concentrations. The heanetal
concentrations chosen in our study ranged from gQ.Mto 100 mg [* and pH 5.5. For the fixed adsorbent mass of
1.0 g/L used, it was observed that as metal iorceatnations increased from 10 mg/L to 100 mg/L, rés@oval
efficiencies of the adsorbents decreased from 98.68399.60% for Pb(Il), 97.19% to 96.99 for Cjidhd 94.00%
to 93.52% for Ni(ll) in their adsorption onto ME W that of MW decreased from 98.01% to 97.85%FRo(l1),
96.23% to 96.22% for Cd(Il) and 91.80% to 91.16%Nd(Il). This result shows that increasing thetiedi heavy
metal concentrations in the solutions decreasegéneentage metal removal. It is very pertineneherobserve
that a given mass of an adsorbent material hasita fiumber of adsorption sites, and that as noetatentrations
increase, these sites become saturated. This egptet there is a certain metal concentrationghatild produce
the maximum adsorption capacity for a given adsurbeass, and thereafter, further increase in ntetatentration
produces no further increase in adsorption becthese will be no more adsorption sites availablesites would
have already been occupied. This may have beepdbgble cause of decrease in percentage of adsonith
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increasing metal ion concentrations. It is alsoepbsd here that the amount of the metal ions adsbntcreased
with increase in initial metal ion concentratiof$gs. 5 and 6). Assessment of level of metal ionaeal shows that
Pb(ll) ions were better adsorbed than Cd(ll) andiNions on both adsorbents.
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Fig. 4 Effect of initial metal ion concentration on the per centage metal ion adsorbed onto MW
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Fig. 5 Effect of initial metal ion concentration on the amount adsor bed onto ME

Adsor ption I sotherms

A clear representation of the dynamic adsorptiyession of solute from solution onto an adsorlzEgends upon
a good description of the equilibrium separatiotwleen the two phases [41]. Equilibrium adsorptsothierms are
of great importance in the design of adsorptiontesys since they show how metal ions are distriduted
partitioned between the adsorbent and the bulkuifliq phases at equilibrium as a function of metah i
concentration and at a given temperature.

In order to quantity the amount of metal ions alledrby the adsorbents and to determine the mecharfishe

adsorption process onto the adsorbents, the expetaindata were applied to Langmuir, FreundlichbiDin—
Radushkevich (D-R), Temkin, Halsey and Harkins—Jis@herm equations. The constant parameters of the
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isotherm equations for the adsorption process wateulated by regression using linear form of thetherm
equations.
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Fig. 6 Effect of initial metal ion concentration on the amount adsor bed onto MW

The Langmuir |sotherm model

The Langmuir isotherm predicts monolayer coverdgb@adsorbates (metal ions) on the active readii@s of the
adsorbent surface and assumes that there is mal lateeraction between the adsorbed molecules.i3dtberm is
generally expressed as [42]:

&:—1 + Ce 3)
qe qmax KL qmax

Where @ is the adsorption capacity in mg of adsorbate gram of adsorbent, ds the equilibrium metal ion
concentration in solution (mg/L),& is the maximum adsorption capacity correspondmgnbnolayer coverage
and K_is the Langmuir isotherm constant, which expre$isesntensity of the adsorption process. Plot€gde vs

C. were all linear as shown in Figures 7 and 8 angl thows that the adsorption study follows the lrani
adsorption isotherm model. The applicability of thengmuir isotherm indicates good monolayer coverafjthe
metal ions on the surface of the biomass. The Lamgparameters, &, and K were evaluated from the slope and
intercept of the linear plots of Q. vs G and are presented in Table 1. The Langmuir capaoitresponding to
sites saturation, g« is used to make a comparison of the efficienciesh® adsorbents under study (i.e., ME and
MW) with other adsorbents, which have been emplofgdthe adsorption of these metal ions from agseou
solutions. The ., values obtained from our results indicate highaeahfor PG* followed by Cd" and lastly Ni*

for adsorption onto both biosorbents (MW and ME) generally, ME displayed higher removal efficierioy the
heavy metal ions compared to MW. Also, the valuehe linear regression coefficier®q) as shown in Table 1 are
all greater than 0.950, suggesting a good fittithe experimental data into the Langmuir isothequoation.

The essential features of the Langmuir isotherm exeressed in terms of a dimensionless constanmete
separation factor or equilibrium paramefgr, which is used to predict whether an adsorptistesy is “favorable”
or “unfavorable”. The separation fact®, is defined as [22]:

1

= - 4
RTKkC) @

where C, is the initial Pb(ll), Cd(ll) and Ni(ll) ions coeatration (mg/L) andK is the Langmuir adsorption
equilibrium constant (L/g) which expresses theorati the adsorption to the desorption process. iSatherm is
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described as: unfavorable whign> 1, linearwhenR_ = 1, favorable when 0 R_ < 1 and irreversible wheR = 0.
The R values obtained for the adsorption of the threeahiets by the adsorbents were all less than (fiple 1)
at the initial concentrations studied, indicatihgttthe isotherm was favourable under the conditmfithe present
study

1.6 - y = 0.0184x + 1.2767
14 - R?=0,9342
1.2 -
1 -
o & Cd(I1)
S 081 y = 0.0168x + 0.5739
y _ mNi(ll)
Pb(ll)
0.4 -
y =0.0141x + 0.0743
0.2 -
R2=0.9276
0 I T T T T T T 1
0 1 2 3 4 5 6 7
Equilibrium Metal ion Concenration, C, (mg/l)
Fig. 7. Langmuir isotherm plotsfor adsor ption of the metal ionsonto ME
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Fig. 8. Langmuir isotherm plotsfor adsor ption of the metal ionsonto MW

Equilibrium Freundlich I sotherm
The Freundlich model is derived to model the may@r adsorption, applicable to a highly heterogesesurface
and is represented as [21]:

Ing, =Ink. +%In C, ®)

where K represents maximum adsorption capacity and nlégeck to the adsorption intensity and both constant
were calculated from the intercept and slope afdimplots of In gvs In G according to equation 5. Figures 9 and
10 are linear Freundlich plots for the adsorptiomcpss while the constants and tHevRlues are presented in Table
2. K shows the ease of removal and separation of theyhmetal ions from aqueous solutions. The ‘n’ ealwere
greater than 1 and less than 10, indicating thaattsorption of the metal ions onto the adsorbeatsfavourable.
The high R values observed in Table 2 suggest an excellgimifiof experimental data into the Freundlich mlode
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Table 1. Langmuir Isotherm Constantsfor adsor ption of Pb(I1) and Ni(l1) ions by the adsor bents

Constants ME MW
Cd(l1) Ni(l1) Pb(11) Cd(l1) Ni(l1) Pb(11)
K. (L/mg) 2.93 x 16 1.44 x 10 18.98 x 1¢ 2.40 x 1G 1.08 x 1G 357 x1C
G (Ma/g) 59.52 54.35 70.92 54.64 51.81 68.97
R, at diff. conc.
%8 0.773 0.874 0.345 0.806 0.903 0.734
20 0.631 0.776 0.209 0.676 0.822 0.583
60 0.460 0.635 0.116 0.510 0.698 0.412
80 0.363 0.536 0.081 0.410 0.607 0.318
100 0.299 0.465 0.062 0.342 0.536 0.259
0.254 0.410 0.050 0.294 0.481 0.219
R? 0.9523 0.9340 0.9276 0.8336 0.9345 0.9209
Table 2. Freundlich I sotherm Constantsfor adsor ption of Pb(l1) and Ni(l1) ions by the adsor bents
ME MW
Constants =gy T Ni(n) | Pba) | Caqi) | Nidl) | Pb(i)
Ke 1.676 | 1.294| 1232 1270 0558 2.358
n 1.032 | 1.037] 1.028 1.033 1.038 1.028
R? 0.9998] 1.00000 0.9999 0.9995 1.00p0 0.9999
2 1 y = 0.9686x + 0.5163
R?=0.9998
1.5 -
y=0.9727x +2.5112
R? =0.9999 1
y =0.9644x - 0.2579
R2=1
[
o
£
r T T 1
-4 1 2 3
e Cd(N)
| Ni(l)
Pb(l1)

Fig. 9. Freundlich isotherm plot of In ge vsIn C. for adsor ption of the metal ionsonto ME

Dubinin-Radushkevich Isotherm

The Dubinin-Radushkevich (D-R) model was appliedhi equilibrium data to assess the nature of dseration
processj.e. whether it is physical or chemical adsorptione Tinearized D-R adsorption isotherm is represeated
[20, 43]:

(6)

Ing, = Inqp — Bpe?

£=RTln(1+Cie) (7

Where @ is the theoretical saturation value (mg/q),igjthe amount adsorbed at equilibrium (mg/gy, iB a
constant related to adsorption energy fkdf), R is the gas constant (8.3145 J iéi*), T is the temperature (K)
ande is the Polanyi potential which is related to thyigbrium concentration as expressed in equati®n (The
linear plots obtained (Figs. 11 and 12) show theffihe isotherm to the experimental adsorptiormd&@he values
of Bp and @ were obtained from the slope and intercept of thear plots and are presented in Table 3.
Examination of the data shows that the Dubinin-Ra#avish isotherm also provides a good descripgifdhe data
for the metal ions over the range of concentratiingied. The coefficients of correlation?(Ralues) were all high
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for the three adsorbents indicating that the model large extent gave a good interpretation toetkerimental
adsorption data.

2 4 y = 0.9682x + 0.2394
R? = 0.9995
15 -
y =0.9726x + (0.8579
R2= 0.9999
y = 0.9636x - 0.5826

[= .
= B Ni(ll)

0 Po)

0 0.5 1 1.5 2 2.5
-0.5 4

'd

-1 -
InC,

Fig. 10. Freundlich isotherm plot of In ge vsIn C.for adsorption of the metal ionsontothe MW

The constant B gives an idea of the mean energy, E (kJthof adsorption per mole of the adsorbate as it is
transferred to the surface of the solid from irténilistance in the solution and this energy is lipeaaluated from

the relation in egqn.(8).

1
b= 7 ®

Some researchers [43, 44] had reported that wrenahie ofE; is below 8 kJ mat, the adsorption process could
be considered as physical adsorption and whenviithin the range of 9—-16 kJ mblit is chemical adsorption.

From Table 3, it can be observed that the obtauadges of mean D-R energ§p are within the range of 2.178 -
4.560 kJ mot, indicating that physisorption may have playedeihant role in the adsorption of Pb(Il), Cd(Il)dan

Ni(Il) ions onto the biosorbents.

2
¢ Cd(lN)
1.5 .
W Ni(ll)
1 Pb(1)
° 0.5 =-0.1527x + 1.3202
o R?=0.9033
c 0 T T T T T T 1
05 1 20 30 40 50 0 70 80
¢
-1 y =-0.0374x + 1.8135
y =-0.3497x + 1.1878 R?=0.9756
-1.5 R?=0.8608
€2x 108

Fig. 11. Dubinin-Radushkevich isother m plot of In ge vs €2 for adsor ption of the metal ions onto ME
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Fig. 12. Dubinin-Radushkevich isotherm plot of In gevs 2 for adsor ption of the metal ions onto MW

The equilibrium Temkin I sotherm

The Temkin isotherm describes tlebaracteristic adsorption potential of the casseastes for the metal ions. The
derivation of the Temkin isotherm assumes thafalien the heat of adsorption is linear rathemtagarithmic, as
implied in the Freundlich equation [22]. The linead form of the isotherm model is given as [45]:

MR S

Where g, (mg/g) andC. (mg/L) are the amount adsorbed at equilibrium #mel equilibrium concentration,
respectively. Tthe absolute temperature inaad Ris the universal gas constant, 8.314 JMisl*. According to
Akkaya and Ozer [46], the constdnis related to the heat of adsorption. A linear pibadsorption capacity s
In G, describes the isotherm for the adsorption of tle¢afrions (Figures 13 and 14). The Temkin constbeptnd
kr were determined from the slope and intercept oflittear plots and are displayed in Table 4. Assessrof the
values of coefficient of determinationjRshowed that Temkin isotherm is another good méatethe description
of the adsorption of the metal ions by the adsdarbéFheir B values are all high but lower than those of Freichd|
and Langmuir isotherm models.

Table 3. Dubinin-Radushkevich I sotherm Constantsfor adsor ption of Pb(11) and Ni(ll) ions by the adsor bents

Constants M.E MW
Cd(ll) Ni(Il) Pb(ll) Cd(ll) Ni(Il) Pb(ll)
oo (Mg g 3.744 3.280 6.130 3.614 3.113 3.979
Bo(moPkJ?) | 1.527 X 10’ | 3.497 X 10 | 3.47X10° | 2.068X10 | 5.217X10" | 1.114X10
E (kJ mof) 1.810 1.196 3.790 1.555 0.979 2.119
R? 0.9033 0.8608 0.9756 0.8994 0.8458 0.917p
Table 4. Temkin Isotherm Constants
ME MW

Constants ==y T Ni(y | Pbai) | Cda) | Nicl) | Pb(i)

Kt 3540 | 1.660| 26.688 2747 1216 4.965

br (kJ/mol) [ 1.412| 1.473] 1371 1.499 1511  1.3p5

R? 0.919: | 0.915; | 0.918¢ | 0.9077 | 0.915¢ | 0.918¢

Harkins-Jura | sotherm model
Harkins-Jura isotherm model mainly describes théilayer adsorption and the existence of the hefeneous pore
distribution in the surface of adsorbents.
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y =1.8372x + 6.0346
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o
®
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Fig. 13 Temkin isotherm plot of ge vsIn Cefor adsor ption of the metal ionsonto ME
6 -
@ Cd(ln) y = 1.6804x + 1.6984
W Ni(l) 5 A * R?=0.9077
Pb(II) .
4 -
%‘z y =1.8057x + 2.8938 3 - y = 1.6669x + 0.3251
£ R?=0.9186 R2 =0.9159
o
o
-2 -1.5 1.5 2 2.5
Fig. 14 Temkin isotherm plot of ge vsIn Cefor adsorption of the metal ionsonto MW
The Harkins-Jura isotherm equation is usually esged as [22]:
JE) I 0] I
[QE] a [AH]] [AH]] log(Ce) 0

whereBy; andAy; are the Harkins-Jura constants. BAtly andBy; can be achieved from the slope and the intercept
of the linear plots of%] versuslog(C,) respectively. The Harkins-Jura isotherm plotstfa Cd (llI), Ni(ll) and

Pb(ll) adsorption onto the adsorbents are preseinteigs. 15 and 16 and the relevant isotherm emstare
calculated and presented in Table 5. It can berseddrom Table 5 that the low? values signify a poor fit of the
isotherm model to the experimental adsorption detés result reveals that the adsorption of theairiens on both
adsorbents did not involve a multilayer adsorption.
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5 -
& cd(n) [ ]
B Ni(l) L 2
Pb(l) 41
y =-3.6655x + 1.1886
R2=0.7725
Nd)
o y =-3.3832x + 2.2696
- y =-3.5103x - 1.9549 R? = 0.6746
R?=0.777
L g
I T T =12 C
-2 1.5 1 h&\ T \Q.s 1
log C, 1
Fig. 15: Plot of the Harkins-Jura isotherm model for adsor ption of the metal ionsonto ME
6 -
5 _
[ ]
¢ 4
y =-3.6297x + 0.6298 i
R?=0.7773 AN
& cd(l)
~
09 y =-4.1077x + 3.2582 W Ni(I1)
- R?=0.7768
Pb(Il)
-0.8 -0.6 -0.4 -0.2 T 0.8 1.2
y =-3.7103x + 1.655
log C, R? =0.7606

Fig. 16: Plot of the Harkins-Juraisotherm model for adsor ption of the metal ionsonto MW

TABLE 5. Harkins-Jura I sother m Constants

Constants M E MW
Cd(11) | Ni(l) | Pb(ll) | Cd(1) | Ni(ll) | Pb(ID)
Ans 0.2728| 0.2956 0.2849 0.2695 0.2434 0.2755
B, 0.5333| 0.6709 0.5570 0.4462 0.7980 0.1735
R? 0.7725| 0.6746 0.7770 0.76Q06 0.7768 0.7773

Halsey Isotherm Model.

Halsey isotherm model can be used to evaluate thiélager adsorption system for metal ions adsorptat a
relatively large distance from the surface ankmessed as [47]:

in(q0) = () k)| = () in () ®)
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WhereKy andny are the Halsey constants, which can be evaluabed the intercept and slope of the linear plot of

In(q,) versusin (C—le) respectively. The related Halsey isotherm constamd coefficient of determination {R
values) were calculated and presented in Tabldé.Hlgh Rvalues as observed from Table 6 show an excelient f
of the isotherm for the experimental adsorptiorad@his finding implies that Cd(ll), Ni(ll) and AB(adsorption on
both ME and MW obeys the Halsey isotherm modelgFig and 18). Comparison of the values of linegression
coefficient (R) of the examined six isotherm models, revealedttimFreundlich and Halsey isotherm models gave
much better fitting than the other four isothermdmis (i.e., Langmuir, D-R, Temkin and Harkins-Jig@herms).
Consequently, the adsorption behaviour of thesalnmis on both surfaces could be well describéaguhese two

isotherm models.

2 -
y =-0.9644x - 0.257
R2=1
y=-0.9727x + 2.5112
R? =0.9999
[
o
£
) o cdii) 1 ! 2 ] !
. -0.5
W Ni(l1)
-1 - y =-0.9686x + 0.5163
2 _
In (1/ce) R*=0.9998
Fig. 17 Halsey isotherm model for adsor ption of the metal ionson ME
y =-0.9726x 2 0:8579
R? = 0.9999
1.5 -
y =-0.9636x - 0.
RZ=1
) @ Cd(Il)
o
£ | NI
o Pb(ll)
-2.5 -2 -1.5 -1 -0. 1 1.5 2
N \l
1 4 y =-0.9682x + 0.2394
R2 =0.9995
In (1/C,)

Fig. 18 Halsey isotherm model for adsor ption of the metal ionson MW
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TABLE 6. Halsey | sotherm Constants

Constants M E MW
Cd(l) | Ni(ll) | Pb(ll) | Cd(l) [ Ni{) | Pb(ll)
Ky 1.704 | 0.765| 13.217 1.28] 0546 2.416
Ny 1.032 | 1.037 1.028 1.033 1.038 1.028
R’ 0.999¢ | 1.00C | 0.999¢ | 0.999¢ | 1.00C | 0.999¢
CONCLUSION

The present study evaluates the efficiency of afitical wastes from two different species of cassav: manihot

esculenta cranz (ME) and manihot walkarae (MW) in removing Cd(ll), Ni(ll) and Pb(ll) ions ém aqueous
solutions. Based on the findings of the presentlystand information obtained from Chemical literatuthe
following conclusions can be drawn:

1. The adsorbent materials ME and MW are capableewfoving Cd(Il), Ni(ll) and Pb(ll) ions from aque®
solutions. The batch adsorption studies were degrgrmh initial metal ion concentration and pH. Tptimum pH
for removal of Pb(ll) and Ni(ll) by both adsorbemtscurred at a pH 4.5 while that of Cd(ll) at ocedrat pH 6.5
on both adsorbents.

2. Among the six isotherm model equations viz. lmog, Freundlich, Dubinin-Radushkevich (D-R), Temki
Harkins-Jura and Halsey applied to the equilibractsorption data, the Freundlich and Halsey modweigiged the
best description to the adsorption process basettheain high correlation coefficients. The Langmuiodel also
gave a fairly good interpretation to the adsorptiata.

3. The energy values obtained from Dubinin-Radusitkemodel were all less than 8.00 kJ theliggesting that
physisorption may have been the predominant modeecdéidsorption process.

4. The obtained results are indication that thetegm$rom the two species of cassava could be appige an
adsorbent for heavy metal removal from aqueoustisalsl and could be employed as an effective alterma
method for the economic treatment of wastewater.
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