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ABSTRACT
The present investigation has been undertaken for the evaluation of biosorption of Zn (II) ion onto surface of Cedrus
Deodara Sawdust (CDS). The removal of Zn (II) across liquid phase was obtained to a maximum of 97.39 % at
optimized pH 5, temperature 45 0C, 1 gram adsorbent dose and 100 mgl-1 Zn (II) ion concentration. The
characterization of biosorbent surface in terms of Fourier Transformation Infra Red (FTIR) spectrum and Scanning
Electron Micrograph (SEM) revealed the existence of functional groups like carboxyl, hydroxyl, amine, amide and
methyl coupled with the presence of tremendous number of mesopores resulting in enhanced external surface area
meant for metal ion adsorption. Freundlich and Temkin isotherm model with linear regression coefficient (R2 = 0.99
and 0.97) and lowest possible χ2 and SSE values were found more suitable at 45 0C to explain the biosorption of Zn
(II) ion against Langmuir isotherm. Temkin model with the highest linear correlation coefficient (R2 = 0.99) and the
lowest error reporting functions at lower temperature level, i.e., at 350C and 250C described the Zn (II) ion sorption
proficiently compared to Freundlich and Langmuir isotherm.
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1.0
INTRODUCTION
Bioremediation cum biosorption of heavy metals
is a robust, cheap, versatile and ecofriendly
technology [1-9] against the conventional metal
ion remediation technologies such as hydro
oxide precipitation, solidification, osmosis, ion
exchange, membrane separation, cementation
and adsorption [6, 10]. Zinc stands at 74th rank
with a score of 932.89 points in the series of
toxic heavy metals, as per Comprehensive
Environmental Response, Compensation and
Liability Act (CERCLA) 2007. Earlier, it was
demarcated that Zn (II) ion toxicity adversely
affects gastrointestinal system but the latest
research suggests that the toxicity of zinc is also
involved in circulatory, neurological and renal
damages [11]. The effluents discharged from
various metallurgical units contain zinc in range
of 0.14 – 130 mg l-1[12]. United States

Environmental Protection Agency (USEPA) and
World Health Organization (WHO) have
demarcated the permissible limit of zinc in
wastewater and potable water as 5 mgl-1 and 3
mgl-1 respectively [13-14]. Hence, the removal
of Zn (II) ions becomes mandatory before the
discharge of industrial effluents containing zinc
in main water streams. Previously, various types
of living and non living biosorbent such as
mango bark saw dust, pineapple fruit peel
powder, inactivated eucalyptus bark saw dust
[11], Ralstonia sp. [6], thermal power plant ash
[15], biosolids [16], neem biomass [17], bacteria
[18], fungii [19], algae [20] and egg shell [21]
have been implemented to remediate the Zn (II)
ion across liquid phase. But all these biosorbents
were not novel and they all were of local
interest. Furthermore, the use of conventional
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adsorbents to remove Zn (II) ion from liquid
effluent stream like fullers earth, silica and
activated carbon [22] is beyond the approach of
feasible process economics. Therefore, in search
of versatile and cheap biosorbent, the present
investigation aimed toassess the biosorption
potential of Cedrus Deodara Sawdust (CDS) for
Zn (II) across the liquid phase. Various isotherm
models validated the data obtained at the
attainment of equilibrium.
2.0 Mathematical approach
Various statistical and isotherm studies have been
carried on the experimental results.
2.1 Mathematical Estimation
The equations (1) and (2) were used to calculate
the percentage removal and uptake capacity (mg
g-1) respectively [23, 24].
Percentage removal = {(C0- Ce) /C0} x 100 (1)
qe = (C0 - Ce) x V/M
(2)
where, C0 and Ce were initial and equilibrium
concentrations of Zn (II) (mg l-1), qe, V and M
were equilibrium uptake of metal ion (mg g-1),
volume of solution in liters (l) and mass of
adsorbent in grams (g) respectively.
2.2 Statistical data analysis
The data obtained in all batch experiments were
validated by calculating the goodness of fit of the
curve extrapolated between the variables of
isotherm model. The goodness of fit of curve was
evaluated in terms of linear regression coefficient
(R2, a inbuilt function in MS excel 2003), Chi (χ2)
and sum of errors (SSE). Equations (3) and (4)
were used to calculate χ2 and SSE respectively.
χ2 = ∑ [qe (Exp) - qe (Th)]2/ qe (Th)
(3)
SSE = ∑ [qe (Exp) - qe (Th)]2
(4)
2.3 Isotherm modeling
Adsorption isotherms are required to represent
the partition of metal ions in solid and liquid
phases at equilibrium. The present work has dealt
with various isotherm models namely Langmuir,
Freundlich and Temkin.
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2.3.1 Langmuir isotherm
Langmuir model assumes removal the surface of
adsorbent is homogeneous and all active sites are
energetically symmetrical resulting in the
monolayer coverage of the biosorbent surface.
Langmuir isotherm has been represented in
equation (5).
Ce/qe = {1/(qmaxKL)}+ (Ce/ qmax) (5)
where, qmax (mgg-1) is maximum sorption
capacity and KL (lmg-1) are Langmuir isotherm
constants, which denotes the adsorption capacity
and metal ion affinity for biomass and can be
determined from the slope and intercepts of the
graphs extrapolated between Ce/qe and Ce.
Dimensionless factor RL was calculated to predict
the suitability of the Langmuir isotherm. The
empirical relation for determination of separation
factor has been represented in equation (6).
RL= [1/ {1+ (KLC0)}]

(6)

2.3.2 Surface area coverage
Biosorption cum adsorption of Zn (II) ion can
also be interpreted in terms of surface area
coverage against initial ion concentration and
separation factor. Langmuir model for surface
area of biosorbent surface has been represented in
equation (7)
KLC0 = θ/ (1- θ)
(7)
where, KL= Langmuir constant and θ = Surface
area coverage
2.3.3 Freundlich isotherm
This isotherm model assumes the presence
heterogeneous adsorption sites on biomass
surface resulting in different sorption energies
and multilayer coverage of biomass surface. The
non linear form of Freundlich isotherm model can
be expressed as
qe = KF Ce1/n
(8)
where, KF = Freundlich constant (lg-1) and 1/n
= affinity constant.
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2.3.4 Temkin isotherm
Temkin isotherm assumes the linear temperature
dependent decrease of heat of biosorption rather
than logarithmic loss of heat. The linearized
form of the model has been represented in
equation (9)
qe = Bt ln (KtCe)
(9)
where Bt and Kt (lg-1) are Temkin model
constants.
3.0 MATERIALS AND METHODS
3.1 Biosorbent preparation
Deodar wood (waste left after furniture
manufacturing) was obtained from local
carpenter’s shop and was washed three times with
tap water followed by double wash with de
ionized water. The biosorbent was allowed to
sundry for two days after washing. Dried
biosorbent was grounded and sieved in four
different sizes which were 0.5, 1, 2 and 3 mm
respectively.
3.2 Experimentation
10 molar stock solution of Zn was made by
adding desired amount of ZnCl2 (anhydrous zinc
chloride, AR grade) in deionized water. Rest all
the batch experimental solutions were made
subsequently by diluting the stock solution up to
the desired strength. The pH of the reaction
solution was maintained by 0.1 N NaOH and 0.1
N HCl and was measured by digital pH meter
(Toshniwal Manufactured- Ajmer, India). A fixed
amount of biosorbent was added to the stoppered
flask (500 ml capacity) containing predetermined
volume of metal ion solution. The reaction
mixture was agitated at the preset temperature at
constant stirring rate. After the completion of
predetermined sorption reaction contact time, 1
ml of the sample was withdrawn, centrifuged and
the supernatant was analyzed by Atomic
absorption spectrophotometer (AAS) at 213.9 nm
in air acetylene atmosphere [25] for zinc ion
concentration.
3.3 Characterization of adsorbent
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3.3.1
Fourier Transformation Infrared
(FTIR) analysis
The FTIR analysis of the biomass sample was
done by making 1% pellet of spectrophotometric
potassium bromide (KBr) using Shimazdu FTIR
3400 model. The range of FTIR analysis was
4000 – 400 cm-1.
3.3.2 Scanning electron micrograph (SEM)
analysis
The SEM of the metal unloaded and loaded
biomass sample was done at 20 kV using FEI
Quanta 200 FEG micrograph, USA.
4.0 RESULTS AND DISCUSSION
4.1
FTIR analysis
FTIR of two different biosorbent samples
namely metal unloaded and loaded have been
represented in figure 1, figure 2, table 1 and table
2 respectively.

Figure 1: FTIR spectrum of CDS biomass before the
sorption of Zn (II) ion
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biomass surface. Compared to unloaded biomass
almost all the peaks of functional groups having
affinity for Zn (II) ion were disappeared or
diminished in metal loaded biomass, indicating
the involvement of biosorbent surface chemistry
in metal ion adsorption across liquid phase [26,
24, 4,11].
4.2 SEM analysis
Figures 3 (a) and (b) represent the SEM photographs of
metal unloaded and loaded biomass.

Figure 2: FTIR spectrum of CDS biomass after the sorption
of Zn (II) ion

Table 1: Study of FTIR spectrum of metal unloaded
CDS biomass
Metal unloaded
biomass
(Wave numbers cm1
)
3500 – 3000
2925.22
1728.04 – 1450.17
1428.48 – 1061.97
878.38 – 476.06

Functional group

Hydroxyl and amide groups
Methyl group asymmetric stretching
C= C aromatic ring and C= H stretching
C= C aromatic ring and C-O stretching
C- H stretch with outward deformation and
miscellaneous oxides and symmetrical
vibrations of S-O group

Figure 3 (a): SEM micrograph of metal unloaded CDS

Table 2: Study of FTIR spectrum of metal loaded
CDS biomass
Metal loaded biomass
(Wave numbers cm-1)
3500 – 3000

2000-1000

Functional group
Very weak reflectance,
diminished, overlapping of -NH
and -OH vibrations
Very weak reflectance

Here it is evident from figure 1, figure 2, table 1
and table 2 that the functional groups which
contribute significantly to metal ion binding on
biomass surface like carboxyl, methyl, hydroxyl,
carbonyl and methyl were present in sufficient
amount on metal unloaded biomass surface. FTIR
vibrations present on the surface of CDS before
binding of metal ion, i.e., 3500 – 3000, 2925.22,
1728.04 – 1450.17, 1428.48 – 1061.97, 878.38 –
476.06 cm-1 shifted to weak and diminished
reflectance pattern between 3500 – 3000 cm-1 and
2000 -1000 cm-1 after the metal ion binding on
Vishal Mishra, et al.

Figure 3 (b): SEM micrograph of metal loaded CDS

It became apparent from the surface texture or
topology of metal unloaded CDS that the
biosorbent surface is highly mesoporous, rough
and heterogeneous in nature consisting of
protrusions. The protrusions seemed to be
elongated deeply inside surface of biosorbent
with deep void space which in turn lead to
heterogeneous and rough surface texture. The
roughness of surface indicates the high surface
area meant for metal ion adherence. In case of
182
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metal loaded biomass surface, it was speculated
that biosorbent surface was highly stuffed with
Zn (II) ion (Zn (II) ion impregmentation)
resulting in loss of surface porosity and
roughness, as can be seen from figures 3 (a) and
(b) [27].
4.3 Isotherm modeling
4.3.1 Langmuir isotherm
Results of Langmuir model with
respective
separation factors (RL) have been represented in
figures 4 and 5 and in tables 3 and 4 respectively.

was found constant at all the temperature ranges
between 25 and 35 0C. Contrary to this the value
of surafce coverage factor increased (θ) at
various initial concentrations ranging between 25
-100 mgl-1. The above mentioned facts contradict
each other, rendernig the langmuir isotherm
model inefficeint in describing the sorption of Zn
(II) ion on CDS surface. Moreover, the data
tabulated in table 3, representing the statistical
error function analysis lead to the conclusion that
both χ2 and SSE are significantly higher for the
Langmuir model at various temperature levels.
Significantly higher values of error functions
ruled out all the possibilites of langmuir model
suitability in the present investigation, certainly.
4.3.2 Freundlich isotherm
The results of Freundlich model have been
represented in table 3 and table 4 and in figure 6.

Figure 4: Study of langmuir isotherm at various temperature
levels

Figure 6: Study of Freundlich isotherm at various
temperature levels.
Figure 5: Relation of separation factor and surface coverage
with intial concentration of Zn (II) metal ion

Langmuir model was drawn at three temperature
levels 250C, 350C, and 450C with various
concentrations of Zn(II) ranging between 25 to
100 mgl-1. With the elevation of temperature
from 25 to 350C the model constant K L(lmg-1)
increased from 0.72 to 1.14. The value of
separation factor (RL, dimensionless) is very
close to zero at all the temeprature ranges and
value of maximum uptake capacities (qmax, mgg-1)
Vishal Mishra, et al.

The value of 1/n (affinity constant) was less than
1 at various temperature ranges. Additionally,
the values of SSE and χ2 was almost negligible
together with higher values of linear regression
coefficient (R2). With above mentioned facts,
Freundlich isotherm was concluded as more
suitable to explain the biosorption of Zn (II) ion
across liquid phase.
4.3.3 Temkin isotherm
The results of Temkin model have been shown in
figure 7 and in tables 3 and 4.
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Figure 7: Study of Temkin isotherm at various temperature

Table 3: Study of parameters of Langmuir, Freundlic
and Temkin iostherm
Name of
isotherm
Langmuir

Freundlich

Temkin

Temperature
(0C)

qmax
(mg g-1)

25
35
45
Temperature
(0C)
25
35
45
Temperature
(0C)
25
35
45

125
125
125
1/n

K
(lmg1
)
0.727
0.8
1.142
Kf (lg-1)

0.493
0.513
0.499
Bt

41.30
47.42
56.49
Kt

60.92
63.38
59.92

7.07
7.08
11.35

RL
(10-3)
5.47
4.97
3.49

Table 4: Study of parameters of Langmuir ,
Freundlich and Temkin model constants
model

R2

qe (Th)

0.99
0.99
0.98
R2

248.65
251.23
258.84
qe (Th)

0.90

243.77

Freundlich

Temperature
(0C)
25
35
45
Temperature
(0C)
25

0.92
0.99
R2

242.862
245.21
qe (Th)

Temkin

35
45
Temperature
(0C)
25

0.98

241.15

242.12
244.86
qe
(exp)
241.23

35
45

0.99
0.97

242.08
244.81

242.12
244.86

Langmuir

qe
(exp)
241.23
242.12
244.86
qe
(exp)
241.23

χ2

SSE

0.2214
0.3303
0.7238
χ2

55.0564
82.9921
187.1424
SSE

0.026466

6.4516

0.002267
0.0005
χ2

0.550564
0.1225
SSE

0.0000265

0.0064

0.0000066
0.0025

0.0016
0.0000102

The analysis of data tabulated in tables 3 and 4
and in figures 4, 5 and 6 revealed that Temkin
Vishal Mishra, et al.

model was more suitable to predict the Zn (II) ion
sorption on surface of CDS across liquid phase. .
Further, the Temkin model constant (Kt)
increased with the increase in temperaure. The
linear relation between model constant Kt and
temperature deciphred out the fact that the Zn (II)
ion onto surafce of CDS was endothermic. The
regression coefficient (R2) for Temkin model was
quite higher with the lowest possible values of χ2
and SSE in comparison to Langmuir and
Freundlich model at 250C and 350C respectively.
Moreover, at 450C, both Freundlich and Temkin
isotherm yield a better understanding of Zn (II)
sorption across liquid phase, indeed.
5.0 CONCLUSION
Cedrus deodara sawdust (CDS) biomass has
been used in the present work to biosorb Zn (II)
across liquid phase in batch test. The FTIR
analysis of the CDS surface indicated that the
metal unloaded CDS surface was enriched with
the functional groups like carboxyl, methyl,
hydroxyl and carbonyl. Additionally, the SEM
study of metal unloaded CDS surface showed that
the surface of the biosorbent was quite porous,
rough and full of protrusions. The removal of Zn
(II) ion was maximum (97.39%) at 450C. The
perusal of isotherm modeling on biosorption of
Zn (II) ion uncovered the fact that at the higher
temperature level (450C) Freundlich and Temkin
isotherm (R 2 = 0.99 and 0.97 respectively)
provide a better understanding of Zn (II) ion
adsorption on to surface of CDS biomass against
Langmuir isotherm model (R 2 = 0.98) and
Temkin model was found to be dominant in terms
of Zn (II) ion biosorption isotherm modeling on
CDS surface at temperature level less than 450C.
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