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Biosorption of Cd(II) ions from its aqueous solutions using powdered branches of
Trifolium resupinatum: equilibrium and kinetics
Asif Masaud Khurram, Umar Farooq , Muhammad Makshoof Athar and Muhammad Salman

Institute of Chemistry, University of the Punjab, Lahore, Pakistan

ABSTRACT
Cadmium(II) is well known for its toxicity and its removal is a prominent task in the field of
environmental research. Trifolium resupinatum (TR) has been investigated for the biosorptive
removal of Cd(II). The material was characterized by FTIR and SEM. These well established the
nature of functional groups and the surface morphology. The effects of various process
parameters including time of contact, concentration, pH and temperature were optimized. The
maximum removal was observed at 20 min and a pH of7. The equilibrium was described by the
Langmuir model showing the maximum biosorption of 31.95 mg/g. The binding of Cd(II) ions
was found to be endothermic in nature. The biosorbent from T. resupinatum was found to
adsorb potentially the toxic metal ions from its aqueous solutions.
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Introduction

Technological development by human beings has
additionally resulted into contamination of water
bodies with harmful substances and toxic materials
above limits set by WHO and EPA. Being non-biodegrad-
able, metal ions, especially Cd(II), are at the top of these
pollutants. anthropogenic disturbances have resulted
into environmental pollution through discharge of
heavy metals especially cadmium (1–3). Cadmium-
released by various industries results in bioaccumulation
into the food chain and thus considered for global
concern for living organisms. The wastes produced by
various anthropogenic activities including electroplating
industrial waste, Ni–Cd batteries, alloys and effluents
from pigment and textile industries, cause Cd(II) levels
to increase in water bodies (4–6). Such accumulation in
biota and living species causes upset in the activity of
major body organs such as kidneys, lungs and liver.
The popular disaster of itai-itai was caused by contami-
nation of cadmium in rivers of Japan (7). It has been pre-
scribed by WHO that the permissible limit of cadmium is
0.005 mg/L in drinking water. Environmental Regulation

Authority has suggested the concentration of cadmium
lower than 2.0 mg/L before its release into water frame-
work (8).

Many established methods have been used for
heavy metals recovery from waste water like osmosis
membrane technology, precipitation, filtration and
electrochemical treatment (9). These methods are not
only expensive but generate secondary pollutants
(10). Due to counterproductive results at low concen-
tration of Cd(II), these methods are being regarded as
disadvantageous. Biosorption has come out as
headway towards non-hazardous environment-friendly,
economical and upstanding technology playing marve-
lous role in this area. Both organic and inorganic
materials can be removed from their solutions by bio-
sorption (11) using low cost and easily available biosor-
bent materials (12).

Trifolium resupinatum is a semi-erract annual legume
reseeded as winter forge crop and can survive even at
−12°C. It is a native of Turkey, Afghanistan, Pakistan,
Greece, Iran and Iraq. It is cultivated in a wide range of
soils but it is best suited for low lying areas with well
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drained clay loam and airy texture soils with pH from 5 to
8. It has been successfully grown in areas that receive
between 450 and 600 mm of annual rainfall. This crop
has been widely used as green fertilizer, grazing or hay
production (13–15). High production of this material indi-
cates that the biomass material can be easily achieved
from this plant. To the best of our knowledge, no study
about the use of this plant material for Cd(II) removal
has been reported in the literature.

The purpose of this work was to make a detailed
analysis of various parameters as well as factors which
affect the biosorption of Cd(II). The surface of the plant
material has been characterized using various tech-
niques. The factors like change in dose of material,
contact time, pH and Cd(II) concentration, affecting the
process have been optimized. The mathematical
models to study the kinetics and equilibrium have also
been studied. For the purpose, nonlinear approach was
selected.

Materials and methods

All the AR grade chemicals used were purchased from
Merck (Germany). The stock solution (1000 mg/L) of
metal ion was prepared from the salt, Cd(NO3)2.4H2O
using deionized water. The solutions of desired con-
centrations were prepared by diluting the stock
solution.

Collection and pretreatment of biomass

The branches of T. resupinatum used as biosorbent were
taken from verdant grounds of neighboring areas of Uni-
versity of the Punjab Lahore, in February 2015. Following
the washing and drying in sunshine, the biomass was
ground to fine powder. Then it was passed through 80-
mesh sieve (ASTM standards) and the obtained fraction
was washed with water to get rid of dust particles and
other impurities. Ending up with oven drying till constant
weight, the material was kept in desiccator for further
use. The material before use was soaked in nitric acid
(0.1M) for 3 h to attain chemical activation and to
remove soluble moieties. During filtration, the biomass
was washed many times with distilled water until a pH
of 7 was achieved. The biomass was dried till constant
mass and stored in airtight container for further use.
The material was termed as TR.

The obtained material was characterized by its point
of zero charge, bulk density and ash contents using the
standard protocols. The surface morphology was
studied by scanning electron microscopy (SEM) and the
functional groups were identified using Fourier trans-
formed infrared (FTIR) spectrum.

Batch biosorption experiment

Batch method was used to investigate the effectiveness
of T. resupinatum (TR) biomass for the removal of Cd(II)
from its aqueous solutions. In a typical experiment,
50 mL of Cd(II) solution of known concentration (10–
100 mg/L) at a specific solution pH (between 3 and 8)
was taken in a 250 mL conical flask and a known
amount of TR (0.1–1.0 g) was added. The mixture was
agitated on an orbital shaker at 150 rpm for a predefined
interval of time (5–120 min). After filtration through
Whattman filter paper no. 1, the remaining concentration
of Cd(II) was determined using atomic absorption spec-
trophotometer (AAnalyst 100, Perkin Elmer) at the stan-
dard operating conditions. The amount of Cd(II) sorbed
by TR was determined using Equation (1)

qe = (C0 − Ce)v
m

(1)

where qe is biosorbent uptake capacity at equilibrium
(mg/g), v is the volume of solution (mL), m is the mass
of biosorbent (mg), Co is the initial concentration and
Ce is the equilibrium concentration of metal ion (mg/L).
The effects of factors were studied in the given ranges
using the same method.

Results and discussion

Characterization of the sorbents

Bulk density of the biosorbent was 0.237 g cm−3, the
moisture content was found to be 16% and the ash
content was 14% by weight. Scanning electron
microscopy is a powerful tool to investigate surface mor-
phology of biosorbent by using focused electron bean
on the surface to create an image (16). In particular,
this technique allows in evaluation of morphological
changes on the biomass surface. These may include
changes in cell wall structure after metal ions binding
onto the surface. This technique provides qualitative
information of the surface structure. Figure 1 represents
the surface morphology of biomass before and after bio-
sorption of Cd(II) ions through scanning electron micro-
scope. Before binding of Cd(II) ions, the surface of
T. resupinatum was very porous and rough. Such a
surface is suitable for binding of metal ions (17, 18).
After adsorption of Cd(II) ions, the topography of T. resu-
pinatum was modified into relatively smooth, hetero-
geneous and delicate surface due to filling of pores
with metal ions.

FTIR analysis was performed to investigate the func-
tional groups in T. resupinatum which might be involved
in binding of Cd(II) ions and the possible ways of inter-
actions between adsorbate (Cd(II) ions) and adsorbent
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(T. resupinatum). FTIR spectra of T. resupinatum before
and after biosorption of Cd(II) ions are shown in
Figure 2 in the range of 4000–500 cm−1. It was noted
that various functional groups such as carboxylic,
amino, hydroxyl and carbonyl were involved to
adsorb Cd(II) ions on surface of T. resupinatum. Some
prominent FTIR spectral peaks of before and after bio-
sorption are shown in Table 1. The band at wavenum-
ber 3280 cm−1 was shifted to 3344 cm−1, after metal
binding, showing the involvement of O–H and N–H
functional groups. The carboxylate stretching was
observed at 1590 cm−1 which shifted to 1599 cm−1

after biosorption of Cd(II) ions. The shift in positions
of other bands such as C–N, C = O, C–O, C–C was also
observed. Metal oxygen peak (M–O bond) was
observed at 559, 542 cm−1, confirming the attachment
of Cd(II) ions (19, 20). Thus it was found that oxygen
and nitrogen containing functional groups were
responsible for metal attachment.

Batch adsorption experiments

Effect of biosorbent dosage
Adsorbent dose is an important parameter that affects
adsorption capacity. It helps in deciding the optimum
amount of biomass required to uptake maximum poss-
ible metal ions under a given set of conditions. The
adsorption capacity gradually decreases as biosorbent
dose is increased. The increase in adsorbent dose may
cause aggregation of adsorbent and consequently the

Figure 1. Scanning electron micrographs for the studied biosorbent (T. resupinatum) before (a) and after (b) binding of Cd(II) ions.

Figure 2. FTIR spectrum for T. resupinatum biosorbent before (a) and after (b) biosorption of Cd(II) ions.

Table 1. Surface functional groups of T. resupinatum involved in
biosorption of Cd(II) ions.
Before biosorption
(cm−1)

After biosorption
(cm−1)

Nature of
functional group

3280 3344 O–H, N–H stretching
1590 1599 C = C stretching
1242 1235 C–N stretching vibrations
1018 1019 C–O, C–C stretching

559, 542 COO− – Cd(II) (M–O bond)
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available adsorption sites decrease (21). Another reason
may be inter-particle interactions resulting from high
adsorbent dose that can lead to the decrease in the
total surface area of adsorbent and an increase in diffu-
sional path length (22).

The biosorbent dosage was studied in the ranges 2–
20 g/L (0.1–1 g per 50 mL of solution). As shown in
Figure 3, the capacity was found to decrease with
increase in dose. Since the concentration of Cd(II) ions
was not changed, so for the finite number of ions, the
adsorption sites were increased, indicating the decrease
in the capacity. The optimum dose of 2 g/L (0.1 g per
50 mL of solution) was selected due to the best capacity
found at 50 mg/L of Cd(II) ions.

Effect of contact time
The studies of contact time are very significant as these
help optimize and attain minimum time required for
the removal of maximum amount of metal ions from sol-
ution and hence support in scaling up the process. The
equilibrium time, infact, assists to study biosorption
mechanism and thus helps find out pathway towards
determination of rate of biosorption. With the help of
kinetic data, modeling and design of transport mechan-
ism can be well described. The effect of contact time on
cadmium ions sorption was investigated for a duration of
1–120 min. As shown in Figure 4, the rapid binding of Cd
(II) was observed during initial 5 min. The equilibrium
was achieved in 20 min under the present experimental
conditions. When time was increased from 5 min to
20 min (∼ 400% increase in time), the sorbed amount
of Cd(II) was found to increase from 4.790 mg/g to
4.941 mg/g (3.15% increase). There was no observable
change in the biosorbed amount of Cd(II) after 20 min.
Hence, it was found that 20 min was sufficient time to
achieve equilibrium in Cd(II)-TR system. The equilibrium
time, in the present case, was found to be shorter than
a number of studies reported in the literature for the

biosorptive removal of Cd(II). Table 2 shows such data
for the purpose of comparison.

The obtained data from time of contact studies were
utilized for the studies of the kinetics of Cd(II) biosorp-
tion. It was found in the literature that biosorption of
metal ions usually followed pseudo-first-order (PFO)
and pseudo-second-order (PSO) models. Hence these
two models were used for the present studies. The
nonlinear approach was used to study the goodness-
of-fit of the mathematical models. The equations for
both of the models are given in Equations (2) and (3)
as under.

qt = qe(1− exp (k1t)) (2)

qt = k2q2e t
1+ k2qet

(3)

where k1 and k2 are the rate constants for the PFO and
PSO models respectively. The goodness-of-the-fit was
determined using the root mean square error (RMSE)
as given in Equation (4).

RMSE =
����������������������∑

(qt( exp ) − qt(cal))
2

N

√
(4)

where qt(exp) and qt(cal) are the experimental and the
model’s calculated biosorption capacity values at a
given time t. The fitting of the two models is shown
in Figure 4. The dotted line expresses the values as cal-
culated from PFO. The solid line shows the values
obtained from PSO. The parameters for both the
models are shown in Table 3. As can be observed
(Figure 4), PSO was better in expressing the experimen-
tal values. It was also obvious from the RMSE values for
both the models. RMSE value for PFO was 5.122 and
that for PSO was 0.2586, showing a better fit. In

Figure 3. The variation of the q value with change in amount of
biomass for Cd(II)-TR system (C0=50 mg/L, 50 mL).

Figure 4. Effect of contact time on binding of Cd(II) by T. resupi-
natum (metal ions concentration of 50 mg/L in a volume of
50 mL and a dose of 2 g/L). exp is the experimental values of
q. PFO is the pseudo-first-order and PFO is the PSO kinetic
model under the studies set of conditions.

220 A. M. KHURRAM ET AL.



addition, PSO model’s calculated qe value was closer to
that obtained experimentally with a D% (=100 x (qe(cal)-
−qe(exp))/qe(exp)) of only 0.09% as compared to that for
PFO (−97.15%). These indicators show that PSO was
better than PFO in explaining the kinetics of Cd(II)-TR
system. Most of the studies reported in the literature
for Cd(II) biosorption also supports the observation, as
shown in Table 2.

Effect of cadmium ion concentration
The initial concentration of metal ions is a driving force
for the binding of metal ions with the biosorbent
material. Greater initial concentration indicates a
greater binding behavior for the available finite
binding sites present in the biosorbent. The effect of
initial Cd(II) concentration was studied in 10–100 mg/L
range. It was found that the increase in the initial concen-
tration resulted in the increased biosorption capacity
(Figure not shown).

The effect of concentration also provides information
about the equilibrium process. The equilibrium concen-
tration and the respective capacities are used to study
the process by the use of various mathematical
models. Freundlich (F), Langmuir (L) and Dubinin–
Radushkevich (DR) models are the most applied
models for biosorption of divalent metal ions. The

equations for these models are shown in Equations (5),
(6) and (7) respectively.

qe = KFC
1/n
e (5)

qe = qmKLCe
1+ KLCe

(6)

qe = qDR exp (− b12) (7)

where β is expressed in mol2/J. It is used to calculate the
mean free energy of adsorption E (1/√2β). The other par-
ameter ε (RT ln(1 + 1/Ce)) is Polanyi potential expressed in
J/mol. The nonlinear fitting of the model was studied
using the RMSE.

Thefitting of themodels for theobtaineddata is shown
in Figure 5. The calculated values of the respective par-
ameters are given in Table 4. KF for Freundlich model is
too high, indicating the noncompliance of this model
for experimental data. The experimental data was used
to draw the Langmuir model curve. The maximum bio-
sorption capacity qm was found to be 31.95 mg/g. It was
very close to the experimental qe value as at the studied
set of conditions. The Langmuir constant KL was found

Table 2. Comparison of the potential of binding of Cd(II) by TR with other similar biosorbents *(L = Langmuir, DR = Dubinin–
Radushkevich, PSO = Pseudo-second-order and PFO = Pseudo-first-order model).
Material Time pH *Equilibrium Model qm (mg/g) *Kinetic model Reference

Lemon peels 5days 5 L 52.08 PSO (23)
Orange peels 80 5 L 37.52 PFO (24)
T. resupinatum 20 7 L 31.95 PSO Present studies
Pine bark 90 7 L 30.21 PSO (25)
Neem bark 240 6 L, DR 27.57 PSO (26)
Grapefruit peels 80 5 L, DR 27.44 PSO (24)
Water Hyacinth 60 5 L 14.67 PSO (27)
Wheat Straw 30 7 L 14.56 PSO (28)
Spent grain 120 5 L 17.30 – (29)
Nauclea diderrichii 60 7 L 6.30 PSO (30)
Coconut copra meal 10 6 L 4.92 – (31)
Triticum aestivum (straw) 20 6 F 4.25 PSO (32)

Table 3. Parameters for the kinetic modeling for Cd(II)-TR
system.
Kinetic Models Model Parameters

PFO Model qe cal (mg/g) 0.1229
k1 (1/min) 0.0262
qe exp (mg/g) 4.941
D (%) −97.15
RMSE 5.122

PSO Model qe cal (mg/g) 4.946
k2 (g /mg min) 1.059
qe exp (mg/g) 4.941
D (%) 0.09
RMSE 0.2586

Figure 5. Effect of change in concentration on the biosorption of
Cd(II) ions by T. resupinatum (50 mL, 20 min). Exp is the exper-
imental qe values. Lang is the Langmuir model, Freu is the Freun-
dlich model and DR is the qe values for DR model.
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to be 0.4146. The dimensionless constant RL (=1/(1 +
KLC0)) was calculated to be 0.0236–0.1943. The values
being within 0 and 1; the adsorption was found to be
favorable. The specific surface area SL (=NA qm A/M) was
determined to be 6.40 m2/g. Here A is the cross sectional
area of on Cd(II) ion (3.73 × 10−20m2), NA is the Avogadro
number and M is the molecular mass of cadmium. The
fitting of DR model was also studied. The capacity of
biomass was calculated to be 22.15 mg/g. The mean
free energy of adsorption was found to be 2.83 × 10−4 J/
mol. This indicated that the nature of adsorption was
physical adsorption. The goodness-of-fit of these studied
models was evaluated using the RMSE values. The RMSE
value was found minimum for the Langmuir model. This
showed that the experimental data was well explained
using the Langmuir model. The constants and other
related parameters for Freundlich and DR models were
not reliable due to noncompliance of models with the
experimental data. Hence, the Cd(II)-TR system followed
the Langmuir model forming a monolayer of Cd(II) ions
on the surface of biomass. The biosorption capacity for
Cd(II) was found to be greater than a number of similar
materials reported in the literature (Table 2).

Effect of pH
The pH of the solution is a very important parameter
since it controls the speciation of metal ions as well as
the charge on the surface of the biomass. The surface
charge is dependent on zero point charge pH (pHpzc) of
the material. The pHpzc of TR biomass was found to be
6.3. Below this solution pH, the surface of the material
becomes positively charged. Above pH of 6.3, the
surface becomes negatively charged. This positive
charge can also be explained on the basis of protonation
of the functional groups present on the surface of
biomass. At highly acidic pH, the functional groups con-
taining O− and N− are protonated due to high potential
of H+ ions. This protonation decreases with increase in
pH since the concentration of H+ ions decrease. Thus

increase in pH beyond pHpzc reverses the process and
the functional groups start ionizing, although the pH of
ionization is not the same for every functional group. It
can be shown in the following scheme (Scheme 1).

In addition, cadmium is present as free Cd(II) ions
below pH 7.5 after which it starts forming the precipi-
tates as Cd(OH)2. These precipitates are not wanted as
these are not available for metal-biomass interactions.
Hence the upper limit of effect of pH study was kept
till pH 8. Figure 6 shows the effect of pH. It was found
that the metal binding increased with increase in the
pH of solution. This rise was observed till a pH of 7, after-
wards, there was a sudden increase in the qe values. This
sudden rise was possibly due to precipitation of Cd(II)
ions. The smaller qe at lower pH values was due to the
positively charged surface of biomass repelling Cd(II)
ions. With increase in pH, this repulsion decreased and
the qe increased. It was found that TR was able to bind
maximum Cd(II) ions at a pH of 7. This is in accordance
with the reported studies in literature; that Cd(II) ions
were adsorbed on the surface of various biosorbents in
slightly acidic or neutral pH values.

Effect of temperature
Temperature is another important factor influencing the
biosorption process. It deals with the studies of thermo-
dynamics of the process and is directly linked with the
kinetic energy of the metal ions. The increase in tempera-
ture would favor or oppose the metal biosorption
process depending upon the route of energy involved.
An endothermic process will be favored and exothermic
process will be opposed by the increase in temperature.
The effect of temperature was studied in 20–50°C (293–
323 K) to determine the thermodynamic parameters.

Table 4. Parameters determined for Freundlich, Langmuir and
DR equilibrium models.
Equilibrium Models Parameters

Freundlich model KF 10.998
1/n 0.3947
RMSE 2.384

Langmuir model qm (mg/g) 31.95
KL (L/mg) 0.4146

RL 0.0236–0.1943
SL (m

2/g) 6.40
RMSE 2.191

DR model qDR (mg/g) 22.15
β 4 × 10−8

E (J/mol) 2.83 × 10−4

RMSE 6.541

Figure 6. Effect of change in initial pH of solution on the Cd(II)-TR
biosorption systems (C0=50 mg/L, 50 mL, 20 min and 100 mg).

Scheme 1. Effect of variation of pH on the charges on the func-
tional groups.
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As shown in Figure 7, the biosorption capacity increased
slightly with increase in temperature. This indicates the
endothermic nature of adsorption. This phenomenon
may be due to two factors; first is raise in activated
sites and second is decrease in thickness of boundary
of metal ions in layer. Furthermore, reduced biosorption
above particular temperature can be owing to destruc-
tion or dismantle of active sites. Thermodynamic par-
ameters were determined using the following equation

DG◦ = DH◦ − TDS◦ (9)

where ΔG° (−RT ln Kd) is the change in standard free
energy, ΔH° is the change in standard enthalpy and ΔS°
is the change in standard entropy. Kd ((C0−Ce)/Ce) is the
distribution coefficient. It was observed that the values
of ΔG° decreased with an increase in temperature, indi-
cating the favorable higher binding at higher tempera-
tures. The process was found to be spontaneous due
to negative ΔG° values. Other thermodynamic par-
ameters were determined from the T vs ΔG° plot
(Figure 7) and reported in Table 5. The value of ΔH°
was found positive showing that the process was
endothermic in nature. The positive values of ΔS°
reflected an increase in the disorderness at the solid–
liquid interface. The inferences are in accordance with
the studies reported in the literature for the biosorptive
removal of Cd(II) and other divalent metal ions.

Conclusions

T. resupinatum biomass is relatively a novel biosorbent for
the binding of Cd(II) ions from its aqueous solutions. In
current work, the potential of T. resupinatum was
studied for the removal of Cd(II) ions. The material was
characterized using available techniques including SEM
and FTIR. Scanning electron microscopy reveals many
hollow cavities on the surface as well as micro pores
on T. resupinatum. FTIR studies represented alcoholic,
carboxylic, ether and carbonyl groups in the structure
of TR, that were found responsible for Cd(II) binding.
TR exhibited good removal at pH 7 in removing
metal ions from aqueous solutions in just 20 min. The
mathematical models for kinetics and equilibrium
were applied on the respective experimental data.
Langmuir model described the equilibrium with bio-
sorption capacity of 31.95 mg/g. PSO model explained
the kinetics of the process. The endothermic nature
of the process was confirmed from the changes in stan-
dard free energy. The material was found suitable for
the binding of Cd(II) ions from its aqueous solutions.
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