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ABSTRACT: Biosorption of both synthetic single and binary metal ions solutions unto luffa
cylindricalfibre has been studied using the batch adsorption equillibrum method, in which the
thermodynamic parameter has been evaluated. The optimum temperature for the biosorption of Cr, CrNi, Cr-Cd and Cr-Pb metal systems are 27 oC, 27 oC, 27 oC, 40 oC respectively. The thermodynamics of the
sorption data indicates that ∆GO values were negative at all the temperatures investigated. The ∆GO values
obtained in this study for both single and binary metal ions systems were <-5kJgmol-1 indicating that
physical adsorption is the predominant mechanism in the sorption process. The values of ∆H O obtained
showed negative (-∆HO) for single chromium ion, Cr-Pb and Cr (III) in Cr-Cd binary systems, this indicate
that the adsorption of chromium ions onto Luffacylindrica fiber biomass is exothermic in nature, while
endothermic adsorption process were observed in binary system of Nickel in Cr-Ni, Lead in Cr-Pb and
cadmium in Cr-Cd. The negative values of ∆SO shows a decreased randomness of these metals at the solid
solution interface while the positive values of ∆SO shows that the freedom of metal ions is not too
restricted in the biomass confirming a physical adsorption. Significant changes in the FT-IR spectra of
loaded and unloaded biomass at pH 4 were observed. The results indicated that there are chemical
interactions as ion-exchange between the hydrogen atoms of carboxyl (-COOH), hydroxyl (-CHOH),
ammonium (NH4+) and amide (-NH2) groups of the biomass and the metal ions.
Keywords: Adsorption isotherms, biomass, biosorption, heavy metals, Luffacylindricafibre.
INTRODUCTION
The health risks of heavy metal ingestion
deserve urgent attention. Chromium causes
irritation, nausea and vomiting at low level
exposure. kidney, liver, circulatory and nerve
tissue damage at long term exposure; lead
causes damage to nervous, circulatory, blood
forming and reproductive systems; cadmium
causes renal dysfunction, hypertension, hepatic
injury, lung damage and teratogenic effects
(Hajialigolet al., 2006). Long term exposure to
nickel causes decrease in body weight, heart and
liver damage desease (Sumathia K., 2005). This
is particularly dramatic in the developing world,
where rapidly growing industrialization
(accompanied by indiscriminate release of
chemical waste into the environment), increased

population, and unregulated urbanization have
heavily contributed to severe pollution of water
and soils (Saeed et al., 2005). Wastewater from
electro-plating, mining, refining, printing and
dyeing have been a serious menace to our
ecological security because of various toxic and
non-biodegradable heavy metals (Dileket al.,
1998). Conventional approaches to these heavy
metal-containing wastewaters mainly include
precipitation, oxidation-reduction, evaporation,
ionic exchange, electrochemical treatment,
membrane separation technique. The main
drawbacks of these methods lie with relatively
low-treatment efficiency, complicated operation,
high cost and possible secondary pollution
(Saeed and Iqbal, 2003).
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Recently attention has been diverted towards
use of the biomaterials which are by-products or
industries wastes (Seki et al., 1993). The major
advantages of biosorption over conventional
treatment of heavy metal contaminated water
include: Low cost, high efficiency, minimization
of chemical or biological sludge, regeneration of
biosorbents and possibility of metal recovery
(Sudha and Abraham, 2003). Furthermore, the
search for a low-cost and easily available
adsorbent has led to the investigation of
materials of agricultural origin as potential
metal adsorbents (Pagnanelliet al., 2001). In this
study, functional groups that are involved in the
sorption process and PHPZC of the biomass were
determined. Binary biosorption data were
evaluated in term of thermodynamies of the
biosorption process were also investigated.
MATERIALS AND METHOD
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Where Ci and Cf are the initial and final metal
concentrations in mg/L respectively, V is the
volume of the metal solution in mL, m is weight
of the biomass in g.
Thermodynamic study
Thermodynamic parameter was determined at
different temperature range of 15 to 50OC The
Thermodynamic parameter such as standard
Gibbs free energy change
, enthalpy change

H 0 and entropy change S 0 were estimated
to evaluate the feasibility and nature of the
bisorption process (sarinet al., 2006). From
these values, equilibrium constant k was
calculated using the relationship.

(3)
Ca represents mass of adsorbate per litre mg/L

Collection, preparation of biosorbent and stock
solution are as reported by (Amaku and Kalu,
2015)

at equilibrium.

Influence of temperature on bio-sorption

in mg/L.

30 ml of each metal systems (100 mg/L) at their
experimental pH, 4, and time were contacted
with the optimum biosorption dose (determined
for the different metal systems) in a constant
temperature shaker bath. The temperature of
the shaker bath was adjusted to 15, 27, 40 and
500C. Each experiment was carried out in
duplicate.

The Gibbs free energy  G is related to the

Determination of total residual metal

gas constant whose value is 8.314J mol-1K-1-

Residual concentration R(%) was calculated as:

According to thermodynamic, the Gibb’s free

( )

[

(

Ce is the equilibrium concentration of the metal

thermodynamic equilibrium constant by using
Vant’s Hoff equation.
K

(4)

G is Gibb’s free energy in J/mole R is the ideals

energy is related to the enthalpy change ( H)

)

]

)

Where Ci and Cf are there initial and final
concentration in mg/L.

and

entropy

change

( S)

at

constant

temperature by the following Van’t Hoff
equation.

Metal uptake by biomass

G0  H 0  TS 0

Specific metal uptake was calculated as follows:

H is the enthalpy change in J/moll S

qe 

C
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m

(5)

represents entropy change in Jmol-1k-1
(2)
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T is temperature in Kelvin R is the ideals gas
constant put in another form; it can be
represented by the equation

log K 

 H
S

2.303RT 2.303R

S O H O
InK 

R
RT
The values of

H and

(6)

(7)

s are obtained from the

slope and intercept respectively of the plot of
logk against ⁄ .

In

C a S H


(8)
Ce
R
RT

Effect of temperature
To determine the effect of temperature on the
bisorption of single chromium metal solution
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and (Cr-Pb, Cr-Cd and Cr-Ni) binary metal
systems, experiment were conducted at 15, 27,
40 and 50 OC. The metal uptake capacity of the
biomass was observed to decrease when the
temperature of the single chromium metal
system increases from 27 to 40 OC, indicating
that the biosorption is exothermic. The optimum
temperature for the biosorption of Cr-Ni and CrCd binary systems were around 27 OC, while CrPb binary metal system has it optimum
temperature at 40 OC. The
decrease in
biosorption efficiency observed in single
chromium metal system may be attributed to
many parameters; the relative increase in the
escaping tendency of the chromium ions from
the solid phase to the bulk phase, deactivation of
the biosorbent or destruction of some active
sites on the biosorbent surface due to bond
ruptures or due to the weakness of biosorptive
forces, between the active sites of the biosorbent
and the sorbate species and also between the
adjacent molecules of sorbate phase (Southichak
et al., 2006).

Figure 1 Effect of temperature on the biosorption of Chromium (III) metal ions by Luffacylindrica
fiber ( pH 4 ; biomass dose 500 mg ; Biosorption concentration ; 100 mg/L contact time 10 mins ;
Temperature 27 oC )
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Figure 2 Effect of temperature on the binary biosorption of Chromium (III) and Nickel (II) metal
ions by Luffacylindrica fiber ( pH 4 ; biomass dose 900 mg ; Biosorption concentration ; 100 mg/L
contact time 5 mins ; Temperature 27oC )

Figure 3 Effect of temperature on the binary biosorption of Chromium (III) and Cadmium (II)
metal ions by Luffacylindricafiber (pH 4 ; biomass dose 1100 mg ; Biosorption concentration 100
mg/L; contact time 30 mins ; Temperature 27oC )

Figure 4 Effect of temperature on the binary biosorption of Chromium (III) and Lead (II) metal
ions by Luffacylindricafiber (pH 4; biomass dose 300 mg ; Biosorption concentration 100 mg/L;
contact time 5 mins ; Temperature 27oC)
Thermodynamic studies
Thermodynamic considerations of a bisorption
process are necessary to conclude whether the

process is spontaneous or not (Ofomaja and Ho,
2007). The thermodynamic of the sorption data
indicates that ∆GO values were negative at all the
temperatures investigated. The negative values
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of ∆Go indicate the spontaneous nature of
adsorption of metal ion by the biomass. ∆GO up
to -20kJgmol-1 are consistent with electrostatic
interaction between sorption sites and the metal
ion (Physical adsorption) while chemical
adsorption is known to have ∆GO values more
negative than -40kJgmol-1 which involves charge
sharing or transfer from the biomass surface to
the metal ion to form a coordinate bond
(Ofomaja and Ho, 2007). The ∆GO values
obtained in this study for both single and binary
metal ions system are <-5kJgmol-1 indicating
that physical adsorption is the predominant
mechanism in the sorption process. The values
of (∆HO and ∆SO) were obtained from the slope
and intercept of Plots Ink Vs 1/T and are shown
in Table 1. The negative of (∆HO) for single
chromium ion, Cr-Pb and chromium(III) in Cr-
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Cd, binary systems, indicate that the adsorption
of chromium ions onto Luffacylindrica fiber
biomass is exothermic in nature, while
endothermic adsorption process were observed
in binary system of Nickel in Cr-Ni, Lead in Cr-Pb
and cadmium in Cr-Cd. This shows that the
various metals in the binary mixture exhibit
different adsorption process, which implies that
some metal ion are either adsorbed onto the
surface of the biomass with lower energy
coverage or with higher energy coverage (Sag
and kutsam, 1996). The negative values of ∆SO
shows a decreased randomness of these metals
at the solid solution interface while the positive
values of ∆SO shows that the freedom of metal
ions is not too restricted in the biomass
confirming a physical adsorption.

Table 1 Thermodynamic parameter for the biosorption of single Cr system, Cr-Cd, Cr-Pb, and Cr-Ni
binary systems by Luffa cylindrical fibre
Metal system

Metal ions

R2

∆HO(kJ/mol)

∆SO(kJK/mol)

Cr

Cr

0.949

-9.36

-28.53

Cr-Ni

Cr

0.993

-19.39

-0.058

Ni

0.997

7.13

0.018

Cr

0.473

18.14

0.066

Pb

0.473

18.14

-14.77

Cr

0.988

-65.22

0.208

Cd

0.939

7.92

0.034

Cr-Pb

Cr-Cd
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Figure 5 Thermodynamic profile for the biosorption of Chromium (III) by Luffacylindrica fiber
(pH 4; biomass dose 500 mg; Biosorption concentration 100 mg/L; contact time 10 mins;
Temperature 27oC)

Figure 6 Thermodynamic profile for the binary biosorption of chromium (III) and nickel (II) metal
ions by Luffacylindrica fiber (pH 4; biomass dose 900 mg ;Biosorption concentration 100 mg/L;
contact time 5 mins ; Temperature 27oC)

Figure 7 Thermodynamic profile for the binary biosorption of chromium (III) and cadmium (II)
metal ions byLuffacylindrica fiber ( pH 4 ; biomass dose 1100 mg ; Biosorption concentration 100
mg/L; contact time 30 mins ; Temperature 27oC )
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Figure 8 Thermodynamic profile for the binary biosorption of chromium (III) and lead (II) metal
ions by Luffacylindrica fiber pH 4 ; biomass dose 1100 mg ; Biosorption concentration 100 mg/L;
contact time 5 mins ; Temperature 27 oC)
Point of zero charge
To enhance adsorption efficiency in a sorption
process, the equilibrium pH which is dependent
on the nature of biosorbent surface. Biosorbent
surface is known to carry different functional
groups with different charges, a point of zero
charge can be established on the biomass
surface, which will result to a very poor
adsorption, and can be avoided by estimating
the point of zero charge of the biosorbent using
solid addition method (Mall, et al., 2006). figure
9 shows that, with increasing initial solution pHi,
the pH change becomes more negative and zero
value of ∆pH was reached at pHi of 6.30 which is
considered the pHPZCof Luffacylindricafibre
biomass. Low solution pH is known to enhance
the biosorbent surface association with H+ ions
and becomes positively charged repelling the
positively charged cations. As solution pH
increases, the functional groups at the surface of
the biomass dissociate and become more
negatively charged. At solution pH 6.30 the
magnitude of negative and positive charge
balances and the net charge of the biosorbent is
zero, at pH > 6.30, Luffa cylindrical surface
becomes increasingly more negative and will
increase its metal uptake capacity due to
electrostatic interaction between the charge
functional
groups
and
cations
under
investigation.

Figure 9 pHPZC plot for luffacylindricafibre
biomass
Fourier transform infra red (IR) study
Various functional groups such as hydroxyl,
carboxyl sulfohydryl and sulfonate, have been
propose to be responsible for biosorption of
metal ions by different biosorbents and their
importance for metal uptake depend on factors
such as quantity of site , it’s accessibility ,
chemical state or affinity between site and metal
.
The FT-IR Spectra of unloaded biomass and
metal-loaded biomass of different metal systems
(Cr, Cr-Ni, Cr-Pb, and Cr-Cd) were taken and
presented below. The FT-IR of unloaded showed
several distinct adsorption at 3354.323419.90cm-1 which were due to bonded
hydroxyl (-CHOH) or amine (-NH) groups. The
peaks at 2852.81-2914.54 cm-1 can be assigned
to the –CH group. The bond involved in
adsorption at wave number 2360.95 cm-1 is
triple or cumulative bond of ammonium salts
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(R2-NH2+ OR R2-NH+) attached to polyphenols or
straight organic chains . Where as the bonds
found at wave number 896.93 and 661.61 cm-1
are C-H bonds of unsaturated group’s
particularly aromatic rings and cis alkenes
respectively. The peaks observed at 2914.54 cm1
can be assigned to C-H of saturated organic
groups. The strong and sharp peaks observed at
1734.05 cm-1
can be attributed to C=O
stretching arising from lactones , quinones or
carboxylic acid, while peaks at 1653 cm-1 was
assigned to amide band of amide bond in
protein peptide bond. Strong peaks at 1375.29
cm-1 1246.06 cm-1,,1161.91 cm-1 ,and 1035.81
cm-1 suggest the presence of C=C (Stretch) of
aromatic, C-O (Stretch) , C-S (Stretch) and CN(Stretch). Also, strong peak at 1506.46 cm-1
suggest the presence of N-H (bend).
When Luffacylindrica fiber biomass was
loaded with Chromium (III) cations at pH4,
several peaks appeared between the wave
number of 3200 and 3600 cm-1, also a new peak
at wave number 2115.98 cm-1, indicated
interaction between the Chromium (III) cations
and OH or –NH2 functional groups. Comparing
spectra of (Cr-Pb) loaded biomass with that of
the unloaded biomass at pH 4 , a significant

ISSN: - 2349–2724

decrease in the adsorption bands was observed
around 3346.61 cm-1 (due to OH or amine),
followed by a disappearance of the 2852.81cm-1
peak after Cr-Pb adsorption
Significant change in the FT-IR spectra of
(Cr-Ni)-loaded biomass at pH 4 as against the
unloaded biomass include the appearance of
3421 cm-1 ,3346.61 cm-1, 3302 cm-1 , 2521.06
cm-1 , and
2137.20 cm-1
peaks with
-1
disappearance of 2360.95 cm . This shows that
NH4+, OH, and –NH2 are involved in complex
formation at the surface of the biomass.
The (Cr-Cd)-loaded biomass at pH 4 also
showed six new peaks at 3443.05, 3421.83,
3338.93, 3302.24, 2482.47 and 2146.85 cm-1,
which, indicated a high, level of metal
interaction with the hydroxyl functional groups
The results indicated that there are
chemical interactions as ion-exchange between
the hydrogen atoms of carboxyl (-COOH),
hydroxyl (-CHOH), ammonium (NH4+) and
amide (-NH2) groups of the biomass and the
metal ions.

a

b

Figure 11 FTIR spectra of (a) unloaded biomass (b) (Cr-Pb)- loaded
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a

b

Figure 12 FTIR spectra of (a)unloaded biomass (b) Cr-Ni loaded

a

b

Figure 10 FTIR spectra (a) unloaded biomass (b) Cr- loaded
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a

b

Figure 13 FTIR spectra of (a)unloaded biomass (b) Cr-Cd loaded
CONCLUSION
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