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ABSTRACT _ :
This study is an investigation of the sorption of Cd(ll) ions from aqueous solution by Mugq
paradisiaca stalk through a series of batch experiments conducted under varied pH, contact time, anq!
. initial metal ion concentration. The optimum pH is found to be 7.0, at which over 85% el
adsorption efficiency was achieved. The time - dependent study shows that the sorption Is rapij.
within the first 10 minutes and when tested on the pseudo first-order and pseudo second-orde/; kineti,
models, the latter appears 10 be more appropriate having a linear coefficient of correlation (R’ ) valy, |
of 0.999 and a rate constant, k; of 0.123 g mg"min" . The Langmuir and Freundlich isotherm model;
are both suitable in describing the adsorbate-adsorbent relationship, however the Langmuir mode)’
gives a better fit as indicated by the R value of 0.9823 with Gumax equal 10 980.40 mg ¢ | Fourier
Transform Infra-Red speciroscopy study shows that -OH, -C=0 and -C-O groups majorly make ip
the functionality of the biomass. The results in this study indicates that the biomass could be used for
the removal of Cd(11) ions from aqueous systems. '
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INTRODUCTION
- One of the characteristics of developing nations
is industrialization. However, industrialization
though advantageous has its attendant problems
such as heavy metal pollution, as most industrial

effluents are a source of heavy metal pollution in precipitation, ion exchange, chemical oxidatiol
the aquatic environment wherein they are and  reduction, electrochemical (reatmen
discharged. Sadly, in most of the developing filtration, evaporative fecovery, reverse odmn
countries, the treatment of municipal water does and solvent extraction (Salem and Alliam, 2008
~not include facilities to remove heavy metals; Isik, 2008; Dundar ¢ al., 2008),7 8
thereby * exposing the inhabitants to possible '
heavy metal - contamination of the water in their
reach (Okuo and Oviawe, 2007). Cadmium is
one of these heavy metals and is among the
priority pollutants listed by the Department of

mining, stabilizers, pigments and alloy industrie
(Sher et al, 2013). There are seven
c‘onventional methods for the removal. of mel
ions from aqueous solutions namely: chemic

A biolpgical method known ag biosorption is o
upcoming and attractive, alternative methad f

the removal of trace metal ions from effluens
because they are more fe

Environment, UK because it is poisonous.
Besides, being carcinogenic, it can cause both
acute and chronic levels of gastrointestinal
disorders, abdominal pains, vomiting, diarrhea,
renal disorders, hypertension and testicular
deneration (Ensafi and Ghaderi, 2007). Cadmium
gains final entrance into the aquatic environment
through wastes from metal plating, smelting,

phosphate fertilizers, cadmium - nickel batteries,
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asible economically aﬂ@
y (Pagnanelli et d
of special solids knov

envir’onmentally friendl
2002). It involves the use

as adso‘rbents 10 remove substances (adsorbates
from either gaseous of liquid phase mixte
(Asmg.v\fu ¢t al, 2012). Plantain stalk (M
;};?radl..wa»ca) is the adsorbent used in this stud?;
D:\T;?clln'ls a squrcc _of food all over the worlt:

, PIng nations |jke Nigeria face solid Wﬂs‘j
disposal Problem after harvest and consumprid

http://mamb'iilajse.org/webmm",'
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of the plantain because |
Therefore, this studw ; ¢ stalk are lef
P fiis Llfa;nttlllis study is aimed at the ctozzfv:,r%te'
the removacl nosftalk waste to useful produc£ lf(z:'
solution. The Cc_i(I[) ions  from aqueo
g iOn‘iﬂes‘»hamsm of the process by whiclzlli
the adsox‘bcnt\‘\:‘lnadsorbate ions are adsorbed to
Tooks af fieTd 1_ be necessary, hence this work
modeling of t}?encs and the equilibrium isotherm
T ¢ process as well as the chemical
p of the active sites. s

MATERIA! 7
The variousI::lsmel?gc[z)ﬂMETHODs'
stvalifica] Deye s used in this-work were of
e produced by JHD Chemical
pany. Atomic Absorpti
Spectrophotometer  (AAS)  (model e
- Pu9100x) ‘was us e
: used for the residual metal ion
ana_IyS}s. The instrument was calibrated and
periodically checked for response with a
spectroscopic grade standard. All measurements
were done with a hollow cathode lamp and fuel
rich flame. The batch experiments were done in
duplicates so that the mean was taken to maintain
accuracy and ensure reproducibility. Fourier
Transform Infrared (FTIR) study was carried out
using Nicolet Avator 330, England, for
functional group analysis of the adsorbent at pH
6 recorded in the range 4000 - 500 cm™. A
Jenway pH meter was used for measuring the pH
values in the aqueous phase. The pH meter was
first calibrated before each use using buffer 4.0,

7.0 and 9.0 solutions.
stalk (Musa paradisiaca) Was

ent dump sites in Abraka
East Local Government

The plantain
collected from differ
community in Ethiope
Area of Delta State, Nigeria. It was first washed
ceverally with tap water to remove sand and
debris and then with deionised water, then cut
into small pieces and sun-dried _for five days.
After drying, it was pu]vcrized using an electric
blender and homogcnized by passing through 75
um sieve and then stored 1n an ai -tighF polythene
Bag ready for us€ in the sorption experiments.

d(II) ions was
ted nitrate salts following
al., (2012) in which 2.74
arefully weighed and

dissolved 1n dc—ionized water 1n a beaker,
cguamitmivcly rransferred into 2 1000 mL
standard volumetric flask and_ made up to the
mark, which gave 2 concentration of 1000 mg/L.

Ha: Journal of Sciences an
jung, 2018

The aqueous stock solution of C

prepared with the hydra
the method of Jimoh &!
g Of Cd (NO_\):. 4HZO was C
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Dilution of the stock solution was made from the
1000 mg/L to 50 mg/L for the analysis of pH and
contact time and serial dilutions of 10, 30. 50.
100, 150, 300 and 500 mg/L of the adsorbate
solution was also ‘made for concentration-

dependent analysis.

Batch adsorption experiments in which the effect
of pH (ranging from 2 - 8) on the removal of
Cd(Il) ions by Musa paradisiaca Was studied
following the work of Babalola e al., (2011). A
1 M HNO; and 1 M NaOH or 0.05 M HNO; and
0.05 M NaOH solutions were used for adjusting
the solution pH to the required value. The
adsorbent was then mixed, with 25 mL of the
adsorbate solution and shaken on a rotary shaker
at 240 rpm for 1 hour. After shaking, the
suspensions were filtered with whatman no. 45
filter papers and the concentrations of the metal
jons were determined using Atomic Absorption
Spectrophotometer (AAS).

The time-dependent experiment of the metal ions
binding capacity on the adsorbent was done
following the method of Babalola et al., (2011).
A 25 mL aliquot of the aqueous solution of the
metal ion at optimum pH of 7.0 was measured
into several bottles and mixed with 50 mg of the
adsorbent, well corked and then the mixtures
were consistently agitated on a rotary shaker at
240 rpm, at the time intervals of 5, 10, 30, 60, 90,
120 and 180 minutes. Thereafter, the mixtures
were filtered in the same way earlier described
and the residual concentrations of the Cd(II) ions
were measured using AAS. This experiment was

carried out in duplicate.

The concentration-dependent experiment for the
Cd(1) ions binding capacity on the adsorbent
was carried out by repeating the same procedure
put at varied initial adsorbate concentrations at
27 °C prepared by serial dilution of the stock
Cd(II) solution and at the pH and time which
have been pre-dctcrmined. The results of the time
- dependent study and concentration - dependent
study were subjected to two kinetic models
namely: pseudo first order and pseudo second

order models and WO isotherm  models:
Langmuir and Freundlich models respectively.
using origin 0.0

Eligible plots were made
. . 3
statistical software and the R- values were

generated from which the model which fitted
better was determined. The relevant kinetic and

hrtp://mambillnjse.nrg/webmml
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equilibrium parameters were  deduced

a?cordingly from the slopes and intercepts of the
plots.

FTIR analysis was performed by weighing 50 mg
of the biomass and mixing with 25 mL of de-
lomzed water at pH 7 to determine the
functionality of the biosorbent. Also, to enable
the determination of functional groups which
- make up the active sites and are involved in
- CdID) binding, another 50 mg of the Musa
paradisiaca was weighed and mixed with 25 mL
of the metal ion solution at pH 7 in a plastic
bottle. Both mixtures were agitated for 1 hour at
the speed of 240 rpm using a rotary shaker. After
the shaking, the mixture was filtered using the
same filter paper to obtain the residues for FTIR
analysis. The finely pulverized died Musa
paradisiaca was mixed with KBr in the ratio 1 :
200 and pressed into a mould with a hydraulic
press and mould. The resulting pellet was then
analyzed with an FTIR spectrometer in the wave
number range of 4000-500 cm™

disiaca Stalk Eyenup, P
g,

4/

The data reveals that the solution PH tigs
effect on the percentage removal of Cd(}‘])xf)
from agueous solution on to the adsorhey, Io
percentage

removal increased steagy,
increase in the solutioq pH from 2.8 I ac‘?l
pH, there is competition for binding id
between the Cd(II) and I]Ydl'pgen iong
exist in acidic mc:dium‘ 1'ead1ng 0 lowg,
removal in low pH (acidic) medium thay
higher (alkaline) pH. A 'Speciation dingeg
(Figure 1b) was gen;rqtcd using the Hypey,
Simulation and Speciation software to deter
at what pH, insoluble precip'itatesr of C
precipitated under the.  given experip,
conditions.. A library of critical s
constants provides the likely species or form
reagents present in solition- as well ag y,
stability constants at specific temperatures 4
jonic strengths. A plot of the perceny
formation relative to A (where ‘A’ refers to
against pH is shown in Figure 1b. From |
Figure, Cd(II) ions begin to precipig
significantly from pH 8.  Therefore pH 7
chosen as optimum pH and used in subseque

= =

RESULTS AND DISCUSSION 100 Ca2+
Effect of pH: The pH is a very relevant factor in ] e
the adsorption of heavy metals from aqueous
solution because it affects the surface charge and 2 805
speciation of the metal ions in solution. The = 7
effect of increase in pH on the percentage £ 50 -
sorption of Cd(Il) ion onto Musa paradisiaca T
stalk is shown in Figure 1. 5 i
% 40 4
£ 40
; S
92 X
] ° 204
90 A /' i
E 88 > O_L ' T
. 5
hel
<= studies. i
Bl ol i ,
2 / Fig. 1b. Cd™ Speciation as a function of PH |
— B of CA(OH)", 10.097; Cd(OH): X2
1 CdOH);,  31.691; Cd(OH)", *'
‘ . £ 3, 691, Cd(OH)4™,
T3 1 & 7 (O 32788, ca,0n, 9397 GO0
pH '

Fig.1: Effect of pH on the % Cd(II) ions
adsorbed unto plantain stalk waste biomass
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(s), 1435, Cd (s), 14.1; pKw, '3477'

stength - of about 0.1 mol dm C<d":
concentration - 4.448 X 10 ** mol dm™ & “1
: . ‘ ¥ 0[’[
Effect of contact time: This is anothe! lmpral
< c 1 LA
factor in the treatment of waste water. 1" il

) ‘ 0
which Cd(ll) ions are sorbed onto the
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Fig. 2: 1Effect'of contact time on the Cd(II)
]O.HS, biosorption unto plantain stalk waste
biomass ‘
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There is a rapid initial sorption of Cd(II) ions by
plantain stalk ‘at the first 10 minutes: (above
90%): This may be due to strong attractive force
‘between the metal and the adsorbent. As the time
increases there is a little rise in the percentage of
Cd(I) ions sorbed by the biomass. Since there i8
a significant removal of Cd(II) ions within the
first 10 minutes, extending the time would be
insignificant. The results are in line with those of
Hynda and Rachida (2008).
The effect of Cd(II) concentration: This effect
was investigated in the concentration range _from
10 - 500 mg/L, and the result 1S shown in Figure

3,
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Fig. 3: Effect of initial metal ion concentration
on the (a) percentage adsorption of Cd(II) ions
and (b) adsorption capacity of plantain stalk
waste biomass for Cd(II) ions.

When the initial —adsorbate concentration
increases the adsorption efficiency decreases.
This may be due to the quick saturation of the
adsorbent since a constant dose was used even at
low adsorbate concentration. Nevertheless., the
adsorption capacity , INCreases when initial
adsorbate concentration is increased. This
outcome suggests that there is competition of
metal ions for the binding sites which are
available. ~ Moreover, the higher the initial
concentration of the adsorbate ions, the more the
force to overpower likely resistance to mass
transfer of the Cd(IT) ions from the bulk aqueous
phase to the solid phase (Onyancha el al., 2008).
From the data, there is rapid sorption from the
lowest concentration to the highest concentration
without any significant difference. The rapid
sorption at the lower concentration can be
credited to the surplus of the active sites on
which the sorbate could easily attach (Inamullah
et al., 2007).

Langmuir Isotherm Treatment:
theory Pproposes that sorption takes place at
specific homogenous sites on the adsorbent. It
agsumes that the point of complete formation of a
monolayer by the adsorbate ion is the point at
which equilibrium is reached. This model is

represented with Equation 1:

Langmuir

qmKLCe 1
o = TBoER (1)
14+ K1 .Ce
Where K is the Langmuir constant, qm is the
L =]
monolayer adsorption capacity of the Musa
paradisiaca, Qe s the amount of the cadmium ion

hL’l‘p://mnmhiHa/’se.nr‘q,fwebnnr.",’
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(mg) taken up per gram of the biosorbent at the
pomnt of equilibrium and C, is the concentration
remaining in solution (mg/L) at equilibrium.
Equation 1 can be rearranged or made linear into

lgquation 2

e __ 1 C

de XmKL+"ﬁ .............................................. (2)
The capacity of the biomass and Langmuir
constant can be obtained from the slope and
intercept respectively, where a plot of Ce/qe
against C. is'made,

Fruendlich Isotherm Treatment: Freundlich
model can be written mathematically as in
equation (3):

= KeC,/m 3
S BT Sttt 3

Where: g.and C, have been defined earlier, Ky is
the Freundlich constant and n is a measure of the
intensity of adsorption. Again, Equation (3) can
be made linear to take the form of equation (4):
logq. = logK; +

]
Oy, o st menresssmsersssssrsssiiens (4)

- Plotting Iog q. versus Iog C, results to a straight
line confirming the Freundlich isotherm. From
the slope and intercept, the values of n and K;
may be estimated respectively.

The equilibrium sorption data obtained during
the analysis from Langmuir and Fruendlich
equations are’shown on Table 1 and the plots are
presented in Figures 4 and 5.

Table 1: Langmuir and Freundlich isotherms
parameters “for Cd(II) biosorption on Musa
paradisiaca

Langmuir Isotherm Freundlich Isotherm

i K (Llg R’ Ki n R
(mg/g )

)

080.4 0.0023 0982 4281 2.6 0974
0 ’ 3 5 2 7

The data in Table 1 showed that the Langmuir
isotherm provided a better for the equilibrium
- sorption data than the Fruendlich isotherm, due
to the higher R? value of 0.9823. The data also
revealed that the adsorbent has a great q, of 980.
4 mg/g. Shibi and Anirudhan (2006) reported a
maximum monolayer adsorption capacity of
65.88 mg/g for Cd(II) adsorption onto polymer-
grafted' Musa paradisiaca while Ogunsile and
Babarinde (2013) reported 7.73 mg/g for Cd(II)
adsorption onto same adsorbent. In both cases,
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the Langmuir model. fiFted Petter thy

Freundlich's, which is in line _With the Fing

this work. The enhancement in tth valye onrg
Qm iN this work over those earlier meng,
using the same adsorbent m;}y be ,pal'licular] nt
to the difference in the particle size of (, "
paradisiaca in each case and‘ other ¥
summarized in Table 2. The particle size i
work is the smallest among the three cases,
the amount adsorbed was-highest in thig W,
This is because the smal]_er the particle Size, |
greater the surface area a.nd' the .highQr |
amount adsorbed per gram of the adsorbent,

Table 2: Comparism of ¢, and eXperimey
conditions for Cd(IT) adsorption onto j,
paradisiaca g

Ogunsi = Shibi Presen;

Conditions

leand  and study

Babari  Anirud

nde, han .

(2013)  (2006) .
Adsorption 7.73  65.88 98040
CaPaCitY Qm |
(mg/g) :
Particle size 500 - 80 - <75
(um) 1000 230
Time 60 180 10
(minutes) : :
pH 60 .65 . 170
Adsorbent 150 100 50 &

" dose (mg) : - ]

Temperature 300 303 300
of study (K) '

(a)

y = 0.00102x + 0,4542
R’ =0.9823

CJa,

http://mambillajse.org /webmé
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Fig. § (a) Pseudo first-order (t?) Pseudo s_econd-
order kinetic plot for the sorption Cd(11) ion by
plantain stalk waste biomass.

FTIR Studies: .
The characterization of the biosorbent 18
important because it provides an understanding
of the mechanism by which the metal jons are
bound on the solid surface through Fhe
identification of the functional groups which

- make up the active sites. The results of the FTIR
analysis of the biomass before and after binding
with Cd(ID) ions are shown in Figures 6 (a) and
(b) respectively.

00 4
80 4
8 704,
2
=
E 60
2
2
JCERFTH
kS
404
30 -
204 . ' 3404.47
4000 3500 3000 ZS'W 2000 1500 1000 S00
Wavenumber (cm”)

% Transmitiance

3385.18

1060.88

from Aqueoits Solion by Musa

. - . . v
2000 aso0 3000 2500 2000 - 1500 1000 500
Wavenumber (cm™')

Fig. 6a: The FTIR spectrum patterns of (a)
plantain stalk at pH 7 before metal binding (b)
Cd(II) - loaded plantain stalk at pH 7.

The IR spectra of the Musa paradisiaca at pH 7
shows a few distinct absorption bands (Fig. 6a).
For example the distinct and sharp absorption at
3404 cm’ which is indicative of —~OH. The
absorption band around 1635. 69 cm’ depict
mainly C=O stretch and suggests that the band
around 1373 cm’ is due to C = C stretch.
(Rifagat and Moonis , 2002; and Kalsi, 2004).
The band around 1060 cm” could be attributed to
C-OH stretch of sugar (Rifagat and moonis,
2002), while the band around 667 cm” may be
due to metal-oxygen bond probably Si-O due to
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paradisiaca Statk 15\.(,”“/, 2
”(!lm -

trace impurities of sand. The Presen,
and carbonyl groups implies that the be o -
contains carboxylic acid group ang [hé(:os% .
are major active sites in biomaterials l(VgrO. '
2003). Comparing the spectrum of the Ol
Jaden biomass with that of the nop ladep (i |
it is seen that the band at 3404 ¢cpy! brat |
and moved to a lower wave number (3385?%
'y after Cd(II) adsorption.  Also (e pr |
bands around 1635.69 cm™ and 667 cm-lev.' ,
to lower wave numbers while the band: |
1373 cm”  shifted to a higher waye num _
There are no new | .aks formeq aftey :
adsorption of Cd(II) therefore it can pe &l
no new compound is formed (Kalsi, 2004

=

CONCLUSION
From the study, it is found that Musa paradisy
biomass is a good and affordable biosorben g
sorption of Cd(II) ions from aqueous ol
The process is affected by initial pH, ggy,
time and initial concentration of the (g
solution, following a pseudo second-yg
mechanism and being homogenous in natr
provided by the better fit into the Langp
model with a Langmuir monolayer maxim
adsorption capacity of 980.40 mg/g. The FIl
analysis reveals that the functional groups whi
make up the active sites are mainly hydroxyl a
carbonyl groups. . ‘

REFERENCES ‘ 4
Asiagwu, AK., Owamah, LH. and Otuty, J§
(2012). Kinectic model for sorption of €
(ID) and Zn (I1) using Lady Fern (Athyrif
Filix-Femina) Leap waste Biomass fr
aqueous solution. - Chemical and pro‘é
Engineering Research. 3;1-3 ‘

Babalola J.O, Overah L.C, Babarinde A, O
V.0, Olatunde A (2011) Kinetic, equii}fbfl
and thermodynamic studies on the Ofc
from aqueous solution by the leaf biomi>§
Calotropis procera. Journal of pP l
Science and Environmental Managem™
Vol 15 (4) 607-615. :

Dundar, M., Nuhoglu, C. and NuhOSE:
(2008). Biosorption of Cu (I) 1005 S
litter of natural trembling POPIm.
Journal of Hazardous Materials 15 1

il
h Crp.'//mambi!lajse.m‘g/“" "3




ey

ginsorplion Studies of Cadmi
iwm (1) lons from Aqueons Sohusion |
; n by Musa Paradigi
siaca Sralk

Ensafi, A.A. and Ghaderi, A ;
__ bl AR :
solid phase' selective 5‘3([32232:‘)' Online
preconcentration of Cd(IT) by soi?c? and
extraction using carbon active modiﬁedpgjtiﬁ
i

~methyl thymol blue. J.
Niaterials 83319.d0i;1()?;8’r1171 of Hazardous

Hynda, Y. and Rachida, M '

‘ ; a, M. (2008). Bi i

Of_ Lea@ (1) ions from Aqueou)s Scl)?j?if)ptlgn
Biological Activated Dates Stems. Jm?rnabz

of Environment, ‘lenc
01-215, al Science and Technology, 1

Isik, M. (2008). .Biosorption of Ni (II) from
aqueous so}utxons by living and non-living
1{1(‘)6401}’th mixed culture, colloids surf., 62:97-

Tnamullah, B., Khadija, Q.,“Kazi, R.A. and

Abdul, K.A. (2007). Preparation and
characterization of chemically Activated
Almond Shells by Optimization of
~ Adsorption ~ Parameters for Removal
Chromium (V1) from Agueous Solutions.
Wo'rld Academy of Science Engineering and
Tech. 34:199-203

Jimoh, T.O., Iyaka, Y.A and Nubaye, M.M
(20 12); Sorption Study of Co (ID, Cu (II) and
Pb (IT) 10ns Removal from Aqueous Solution
by Adsorption of Flamboyant Flower
(Delionix Regia). American Journal of

Chemistry. 2(3):165 - 170.

Kalsi, P. S. (2004). Spectroscopy of Organic
Compounds. 6th  Edition. .New Age
International Limited, New Delhi. 86 =87

nde O.A. (2013). The
d lead ions from
usa paradisiaca
15 (3): 463 -

Ogunsile B.O and Baba.ri
biosorption of cadmium an
aqﬁcous solution using M
stalk. Ife Journal of Science.

497
i AP (2007). Selective
y metal ion using

dified with citric acid.

society of Nige

Okuo, J.M.
bisorptio
cassava fibr
Journal of ¢
247-253.

e mo . ‘
hemical ria 32
i C. Ongoma,

., Mavura, w., Ngila J. ’
Onyandgﬂalzha 008). Studics of chromium
P val fro ry waste waters by algae
;mo pent condensata and
josor )

Mambr‘lla:]ournal of Science
Vol 5 No. 1:juné, 0

s and the Environment 109

Evenuhir and Overal

/:Ifﬁwchlomimn heiroglyphicium. Journal of
azardous Maierials 158 : 605 -614.

Pagnanelli, F., Esposito, A., Toro, L. and Veglio,
F. (2002). Cu and Cd adsorption onto
sphaerotithis nataus:  Application ~ and
dissemination of commonly used adsorption
models. Separation Sci. tech. 37(3): 677-699.

leaqgt, A. R. and Moonis A. K. (2002).
Biosorption of bivalent metal ions from
aqueous solution. by agricultural  waste:
kinetics, thermodynamic and environmental
effects.  Separation  and Purification
Technology. 57(2):394-402.

Salem, Z. and Allia, K. (2008). Cadmium
bisorption on vegetal biomass. International
Journal Chemistry Research and
Engineering. 6. A10.

Sher, B.K., Mohammed, M.R., Hadi, M.M.,
Abdullah M.A., and Khalid, A.A. (2013). An
assessment of zinc oxide nanosheets as a
selective adsorbent’ for cadmiuim. Nanosale

Research Letrer. 8 (1) 377.

Shibi, 1. G. and Anirudhan, T. S. (2006),
Polymer-grafted banana (Musa paradisiaca)
stalk as an adsorbenl for the removal of
lead(IT) and cadmium(IT) ions from agueous
solutions: kinetic and equilibrium studies.
Journal of Chemical Technology and
Biotechnology 8l: 433444,
doi:10.1002/jctb. 1423

Upendra, K. (2006). Agricultural Products and
By-products as Jow cost Adsorbent for

Heavy Metal removal from Water and
Wastewater,  Scientific Research and Easy

1: 033 — 037.

Volesky, B. (2003). Sorption and biosorption.
Montreal-St. Lambert, Quehbec, Canada. BV

Sprbex Inc, 3 16.

h trp://mambiliajse.arg/wehmm‘i




