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The present investigation has dealt with the adsorption of Cu (II) across liquid phase on the nonconventional adsorbent. The
nonconventional adsorbent used in the present work was Cedrus deodara sawdust obtained from local carpenter’s shop. The
maximum uptake capacities of Copper (II) ions at saturation and breakthrough point were 55.63mg/g and 53.18mg/g for an initial
concentration of 93mg/L of copper, respectively.Thefitting of the experimental data in Langmuir, Freundlich, andTemkin isotherm
models indicated the suitability of Langmuir isotherm in terms of very low statistical error functions that is, 𝜒2 and sum of square
errors (SSE) and higher values of (𝑅2) linear regression coefficient.The goodness of fit of the breakthrough curve in Bohardt-Adams,
Wolborska, Modified dose response, and Thomas model indicated the suitability of Thomas model with higher linear regression
coefficient and lower values of statistical error functions.The flow rate and bed height affected the hydrodynamic parameters of the
packed bed reactor significantly.

1. Introduction

Contamination ofwater bodies due to heavymetals has posed
serious threat to natural flora and fauna. Copper is one of the
main constituents of heavy metal series. The Comprehensive
Environmental Response, Compensation, and Liability Act
(CERCLA) 2011 has ranked Copper at 125th position with a
total cumulative score of 805 points [1]. The excessive intake
of copper results in bioaccumulation of Cu (II) in digestive
organs of humans, kidney,mucosal irritation, and anemia [2,
3]. The World Health Organization (WHO) has demarcated
the limit of copper (II) in drinking water as 2mg/L [4]. The
wastewater generated frommost of the industries like metal-
lurgical units, paints and pigments, alloy andmanufacturing,
acid mine drainage, and so forth contains huge amount of
copper [5, 6]. The excessive concentration of copper affects
the health of living beings adversely. In past, many con-
ventional technologies like chemical hydroxide precipitation,
coagulation and flocculation, cementation, osmosis, reverse

osmosis, and so forth have been practiced to remove heavy
metals from liquid phase [7, 8]. Most of these technologies
have been found as very costly and do not work below a
minimum concentration of 100 mg/L. Moreover, the usage
of these technologies has led to the generation of secondary
chemical sludge, thereby making its disposal undesirable.
However, the removal of heavy metal ions by adsorption
process has been studied in detail. Earlier, various sorts of
nonconventional adsorbents like litchen, activated carbon,
eucalypts leaf powder, and dead bacterium cells have been
used for the removal of metal ions [9–11]. Unquestionably,
the adsorption mediated by nonconventional adsorbents has
contributed significantly in industrial pollution remediation.
However, most of the studies have concentrated on batch
studies and a little importance has been given to continuous
column studies. Therefore, the present investigation aimed
at sorption of copper ions by nonconventional adsorbent
Cedrus deodara sawdust in continuous packed bed column
studies. Besides, the investigation has also dealt with the
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Table 1: Composition of synthetic metal ion solution.

Metal ion Concentration (mg/L) Reference
Copper (as Cu (II) ion) 93 [12]

role of hydrodynamic behavior consisting of flow rate and
bed height in forced convective mass transfer process, which
occurred during upflow of metal ion solution.

2. Materials and Methods

Salts of analytical grade (AR grade) (Merck Millipore, India
make) of Copper (CuCl2, Copper chloride) were used for
preparing synthetic metal ion solution.The initial concentra-
tion of copper has been shown in Table 1.

The flow rates of the metal ion solution during the upflow
in the packed bed column were kept at 109mL/h, 160mL/h,
296mL/h, and 318mL/h. The effluent was pumped in the
column by peristaltic pump (Miclins India Limitedmake).The
detailed design of the column and instrumentation has been
shown in one of our earlier publication [13]. Physicochemical
characterization has been provided in one of our publications
[14].

2.1. Analysis of Metal Ion and Mathematical Approach. The
samples were withdrawn at 15.25, 30.50, 45.75, 60.25, and
75.5 cm at the top of the column. The breakthrough point in
breakthrough curve was extrapolated as function of time and
the ratio of 𝐶

𝑡
to 𝐶
𝑒
, where 𝐶

𝑡
and 𝐶

𝑒
are concentrations of

copper and zinc ion at time 𝑡 and at equilibrium in (mg/L).

2.1.1. Mathematical Approach. Equation (1) represents the
calculation of uptake capacity, sum of square errors (SSE,
statistical error function), and 𝜒

2 (statistical error functions):

𝑞 = (𝐶
0
− 𝐶
𝑒
) ×

V

𝑀
,

𝜒
2
= (

𝑞th − 𝑞
𝑒

𝑞th
)

2

,

SSE = (𝑞th − 𝑞
𝑒
)
2

,

(1)

where 𝑞
𝑒
, 𝑞th, and V are experimental and theoretical uptake

capacity (mg/g), the volume of feed.
All experiments were carried out in triplicate and average

values of data were used.
The breakthrough uptake capacity at break point (𝑇V) and

total capacity of bed (𝑇
𝑐
) have been shown in

𝑇V = ∫

𝑇𝑏𝑝

0

(1 −
𝐶

𝐶
0

)𝑑𝑡,

𝑇
𝑐
= ∫

∞

0

(1 −
𝐶

𝐶
0

)𝑑𝑡,

(2)

where 𝐶, 𝐶
0
, and 𝑑𝑡 were concentration of zinc ions at

differential time (𝑑𝑡) and initial concentration of zinc ions.

Table 2: Various isothermmodels used in the present investigation.

Name of model Nonlinear form Linear form

Langmuir 𝑞
𝑒
=

𝑞max𝐾𝑙𝐶𝑒

1 + 𝐾
𝑙
𝐶
𝑒

𝐶
𝑒

𝑞
𝑒

=
1

𝑞max𝐾𝑙
+

𝐶
𝑒

𝑞max

Freundlich 𝑞
𝑒
= (𝐾
𝑓
𝐶
𝑒
)
1/𝑛 Log𝑞

𝑒
= Log𝐾

𝑓
+

1

𝑛
Log𝐶

𝑒

Temkin 𝑞
𝑒
= 𝐵
𝑡
ln(𝐾
𝑡
𝐶
𝑒
) 𝑞

𝑒
= 𝐵
𝑡
ln𝐾
𝑡
+ 𝐵
𝑡
ln𝐶
𝑒

Forced convective mass transfer in the present work has
been studied in terms of mass transfer zone (MTZ) was
calculated. Equation (3) represents the MTZ in terms of
length

MTZ = (1 −
𝑇V

𝑇
𝑐

)ℎ. (3)

Adsorption uptake capacities of bed at break point (mg/g)
and at saturation (mg/g) were given by (4) and (5) respec-
tively:

𝑞
𝑡𝑏
= (

𝐶
0
𝐹𝑇V

𝑀
) , (4)

𝑞
𝑠
= (

𝐶
0
𝐹𝑇
𝑐

𝑀
) , (5)

where 𝐶
0
, 𝐹, and 𝑀 were initial concentration of zinc ion

(mg/L), flow rate (mL/h), and mass of bed (g).

2.1.2. Isotherm and Breakthrough Curve Modeling. Various
isotherms such as Langmuir, Freundlich, and Temkinmodels
were used to analyze the goodness of fit of the curve. The
equations of Langmuir, Freundlich, and Temkin models have
been shown in Table 2 [15, 16].

The modeling of the breakthrough curve was done
through Bohardt-Adams, Thomas model, modified dose
response model, and Wolborska Model. Table 3 represents
the equation of all the abovementined breakthrough models
[17].

The results of the models have been shown in Table 4.
The breakthrough curve ofmetal ion solutions at various flow
rates has been shown in Figure 4.

2.1.3. Influence of Flow Rate and Height of Column on
Adsorption of Metal Ions. The effect of flow rate was studied
on 𝐶
𝑡
/𝐶
0
, mass transfer zone, and various uptake capacities

(mg/g). The various flow rates used in the present work were
109mL/h, 160mL/h, 296mL/h, and 318mL/h, respectively.

2.1.4. Hydrodynamic Behavior Study. In the present inves-
tigation, the hydrodynamic behavior of metal ion solution
in packed bed column coupled with forced convective mass
transfer has been studied with respect to dimensionless
numbers such as Sherwood number (Sh), Reynolds number
(Re), and Schmidt number (Sc). The empirical correlations
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Table 3: Various breakthrough equations used in present investigation.

Model Equation Symbols representation

Bohart-Admas
𝐶
𝑡

𝐶
𝑖

= exp [𝑘ba𝐶𝑖𝑡 − 𝑘ba𝑁0
𝑍

𝑊
]

Where 𝐶
𝑡
, 𝐶
𝑖
, 𝑘ba,𝑁0, 𝑍, and𝑊 were

concentration of zinc at time 𝑡, initial
concentration of zinc, kinetic constant
(L/mg⋅min), saturation concentration (g/L), bed
height of column (cm), flow rate of the fluid
(mL/h)

Wolborska model
𝐶
𝑡

𝐶
𝑖

= exp [
𝛽
𝑎
𝐶
𝑖
𝑡

𝑁
0

−
𝛽
𝑎
𝑍

𝑊
]

Where 𝛽
𝑎
is kinetic coefficient of external mass

transfer (L/h), and the rest of all the parameters
are the same as shown in Bohart-Admas model

Modified dose
response model

𝐶
𝑡

𝐶
𝑖

= 1 −
1

1 + [𝑉eff/𝑏mdr]
𝑎mdr

Where 𝑉eff is the volume (L) of metal ion solution,
and 𝑎mdr and 𝑏mdr are model constants

Thomas model
𝐶
𝑡

𝐶
𝑖

=
1

1 + exp [𝑘Th𝑞0 (𝑀/𝐹) − 𝑘Th𝑡]

Where 𝑞
0
, 𝑘Th, 𝐶𝑡, 𝐶𝑖,𝑀, and 𝐹 are metal uptake

capacity (mg/g), model constant (L/mg⋅h), metal
ion concentration at time 𝑡 (mg/L), influent metal
ion concentration (mg/L), mass of the biomass
packed in the column (g), and 𝐹 (mL/h) is the
flow rate of metal solution through packed bed

Table 4: Study of Langmuir, Freundlich, and Temkin isotherm.

Name of model Concentration of
Cu (II) ion (mg/L) Model equation Linear regression

coefficient (𝑅2)
Langmuir isotherm 93 𝑦 = −17.566𝑥 + 115.69 𝑅

2 = 0.8657
Freundlich isotherm 93 𝑦 = 1.0714𝑥 + 0.3295 𝑅

2 = 0.8171
Temkin isotherm 93 𝑦 = 0.0237𝑥 + 1.0117 𝑅

2 = 0.5108

for the abovementioned dimensionless number have been
shown in (6) and (7), respectively [18]:

Sh = 𝐽
𝐷
𝑅
𝑒
Sc1/3, (6)

Sh
Sc

= [
𝑘.𝜌.𝑦

𝑄
]𝑅e, (7)

where 𝐽
𝐷
, 𝑘, 𝜌, and 𝑦 are Clinton-Colbourn factor, mass

transfer coefficient (m/s), density of solution, and mass
fraction of the component, respectively.

3. Results and Discussion

The results of isothermmodeling have been shown in Figures
1, 2, and 3 and Tables 4 and 5.

It became evident fromTables 4 and 5 andFigures 1, 2, and
3 that among all the isotherm models for Cu (II) ions, both
Langmuir and Freundlich isotherms have better efficiency
to describe the sorption of Cu (II) ion on the surface of
CDS. In between both the isotherms, Langmuir isothermwas
found comparatively more suitable to interpret the binding
of metal (Cu (II)) ion on the surface of CDS. The outcome
of Temkin model application (Tables 4 and 5, and Figure 3)
did not yield the suitable explanation of sorption of Cu (II)
ion on the surface of the CDS. The results showed that the
applicability of Temkin isotherm model ruled in very high
values of statistical error functions coupled with significantly
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Figure 1: Study of Langmuir isotherm model.
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Figure 2: Study of Freundlich isotherm model.
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Table 5: Study of Langmuir, Freundlich, and Temkin isotherm (calculation of model constants and error functions).

Name of the model
Langmuir isotherm 𝑄max (mg/g) 𝐾

𝑙
(lmg−1) Sum of square errors (SSE) 𝜒

2

For Cu 0.056 0.154 36.33 13.34
Freundlich isotherm 𝐾

𝑓
1/𝑛 Sum of square errors (SSE) 𝜒

2

For Cu 2.13 0.933 48.14 18.9
Temkin isotherm 𝐵

𝑡
𝐾
𝑡

Sum of square errors (SSE) 𝜒
2

For Cu 0.0273 10.27 77.84 40.36
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Figure 3: Study of Temkin isotherm model.
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Figure 4: Study of breakthrough curve at various flow rates.

lower value of goodness of fit of the curve or linear regression
coefficient.

3.1. Effect of Flow Rate and Height of Packed Bed on Sorption
of Cu (II) Ion. In the present investigation, four different flow
rates, that is, 109mL/h, 160mL/h, 296mL/h, and 318mL/h
were used to plot the breakthrough between 𝐶

𝑡
/𝐶
0
and

time (measured in hours). The concentration of Cu (II) ion
93 (mg/L)was used throughout the continuous column study.
The column was kept in double-walled isotherm chamber.
The temperature of the chamber was set at 30∘C ± 0.5∘C.The
breakthrough curve has been shown in Figure 4.

It became evident from Figure 4 that the increase in flow
rate significantly reduced the time to achieve the break-
through point in breakthrough curve. The reduction in time

to achieve the breakthrough point relatively at higher flow
rates was due to the less time of contact between particles
of the bed and the metal ion solution. Mishra et al. [13] and
Ostroski et al. [19] have reported the similar kind of results
showing the effect of flow rate on adsorption of Zn (II) and
Fe (III) on the surface of immobilized bacterium and Zeolite
NaY, respectively.

3.2. Influence of Height of Column (in cm) and Flow Rate
(in mL/h) on Adsorption of Cu (II) Ion. Table 6 represents
the effect of flow rate and height of the column on mass
transfer zone (MTZ), saturation uptake capacity, and break
point uptake capacity (mg/g).

It became evident from Table 6 that there was an increase
in mass transfer zone (MTZ, cm) of the packed bed with
the increase in flow rate from 109mL/h to 318mL/h and
height of the column. The maximum removal of Cu (II) ion
was obtained at 109mL/h. Moreover, there was substantial
decrease in the saturation uptake capacities and break point
uptake capacities of the bed with simultaneous increase in
flow rate and height of bed. The decrease in both the uptake
capacities was due to the fact that the increase in flow rate led
to the reduced contact time between the metal ion solution
and adsorbent bed.Moreover, the decrease in both the uptake
capacities with the increase of bed height was due to the
change in volume to mass ratio of adsorbent.

It became evident from the outcome of Tables 7 and 8
that, except Thomas model, none of the other models led
to the satisfactory explanation of breakthrough curve. The
value of linear regression coefficient (𝑅2) for Thomas model
was relatively high against Bohart-Adams model, Wolborska
model, andmodified dose response model. With the increase
of bed height there was simultaneous increase in Thomas
model constant, 𝑘th. However, with an increase in flow
rate, there was a decrease in Thomas model constant, 𝑘th.
The rationale behind the decrease of model constant was
reduction in contact time of feed solution with the adsor-
bent particles at higher flow rates. Moreover, the Thomas
model uptake capacity (𝑞

0
) (Table 8) was very closer to the

saturation uptake capacity 𝑞
𝑠
, derived experimentally from

(5). This further confirmed the suitability of the Thomas
model over other breakthrough models used in the present
investigation. With the repertoire of these modeling data,
there were some interesting features of designed column that
appeared, whichwere as follows (a) the increase in flow rate of
Cu (II) ion inside the column led to the decrease in saturation
concentration (𝑁

0
), (b) the increase in bed height resulted
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Table 6: Influence of flow rate (mL/h) and height of column on sorption of Zn (II) ion.

Flow rate
(mL/h)

Height of
column

Mass transfer
zone (MTZ, cm) 𝑞

𝑠
(mg/g) 𝑞tb (mg/g) 𝜒

2 (𝑞
𝑠
) 𝜒

2 (𝑞tb) SSE (𝑞
𝑠
) SSE (𝑞tb)

15.25 3.38 55.63 53.18 0.01 0.07 0.16 0.29
30.5 11.33 53.11 50.11 0.04 0.05 0.18 0.33

109 45.75 29.33 50.33 48.67 0.09 0.07 0.19 0.14
60 47.88 46.77 43.77 0.33 0.04 0.91 0.11
75.5 62.38 42.11 39.19 0.14 0.05 0.41 0.21
15.25 4.41 52.88 47.33 0.04 0.06 0.33 0.31
30.5 14.55 48.11 44.56 0.06 0.05 0.15 0.18

160 45.75 32.87 46.17 42.11 0.09 0.09 0.18 0.22
60 49.77 42.13 40.19 0.11 0.06 0.13 0.17
75.5 64.33 40.19 37.33 0.19 0.17 0.19 0.11
15.25 5.58 50.13 46.41 0.02 0.09 0.51 0.77
30.5 16.71 46.18 42.19 0.07 0.19 0.17 0.11

296 45.75 33.14 44.11 40.33 0.11 0.36 0.18 0.88
60 53.44 40.19 38.11 0.31 0.44 0.55 0.55
75.5 67.18 38.11 35.22 0.44 0.91 0.19 0.33
15.25 6.77 48.13 43.18 0.07 0.77 0.44 0.11
30.5 19.33 46.13 39.11 0.17 0.34 0.15 0.77

318 45.75 37.44 42.17 35.15 0.08 0.51 0.66 0.19
60 48.11 38.17 34.11 0.04 0.66 0.17 0.87
75.5 70.14 33.11 30.18 0.05 0.54 0.18 0.73

Table 7: Modeling of breakthrough curve.

Flow rate (mL/h) Bed height (cm) Bohart-Adams model Wolborska model
𝑘ba × 10−3
(L /mg/h) 𝑁

0
(mg/L) 𝑅

2
𝜒
2 SSE 𝛽

𝑎
𝑅
2

𝜒
2 SSE

15.25 37.88 66.73 0.84 3.26 5.51 6.33 0.55 7.45 10.44
30.5 36.17 73.33 0.77 4.41 6.63 5.53 0.71 7.88 10.77

109 45.75 32.33 78.17 0.65 5.59 8.55 4.11 0.66 8.55 11.91
60 30.18 82.77 0.54 3.33 7.08 6.19 0.48 6.70 12.34

75.25 27.33 88.19 0.71 4.28 6.33 7.88 0.59 7.71 10.11
15.25 35.38 62.88 0.71 4.43 6.18 5.17 0.77 8.18 11.26
30.5 33.11 64.11 0.82 5.51 8.22 7.33 0.84 7.55 12.32

160 45.75 30.17 67.02 0.76 3.38 7.84 5.44 0.74 6.92 10.33
60 27.76 69.38 0.73 3.19 8.92 2.34 0.72 7.73 11.38

75.25 25.33 71.38 0.55 4.17 9.02 6.11 0.70 7.84 11.93
15.25 34.18 58.33 0.77 6.33 7.51 1.48 0.66 6.64 5.58
30.5 31.67 61.24 0.88 7.88 8.44 3.33 0.54 5.53 6.77

296 45.75 28.16 63.48 0.90 8.19 9.19 5.18 0.77 7.73 10.11
60 25.11 65.19 0.81 8.77 10.11 6.17 0.81 6.66 9.33

75.25 23.41 67.33 0.71 4.71 7.73 7.12 0.33 4.33 6.33
15.25 31.77 55.18 0.75 5.55 6.11 3.38 0.48 3.38 5.18
30.5 28.77 57.04 0.33 5.64 7.91 4.43 0.55 4.41 6.44

318 45.75 25.33 60.09 0.44 7.18 9.22 5.51 0.71 5.53 7.33
60 22.11 62.88 0.57 8.11 10.16 6.67 0.66 6.33 8.12

75.25 20.17 64.33 0.66 3.19 11.24 3.38 0.67 7.21 7.07
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Table 8: Modeling of breakthrough curve.

Flow rate
(mL/h) Bed height (cm) Thomas model Modified dose response model

𝑘th 𝑞
0

𝑅
2

𝜒
2 SSE 𝑏mdr 𝑎mdr 𝑅

2
𝜒
2 SSE

15.25 0.37 56.11 0.99 0.01 0.04 1.95 11.18 0.88 1.12 2.24
30.5 0.43 54.11 0.99 0.03 0.06 1.39 16.33 0.79 1.56 3.29

109 45.75 0.56 52.31 0.98 0.01 0.07 0.89 18.11 0.66 1.77 4.88
60 0.62 49.55 0.97 0.00 0.04 2.11 20.17 0.61 1.81 5.78

75.25 0.77 47.11 0.99 0.03 0.08 2.44 15.33 0.55 1.97 6.77
15.25 0.35 53.11 0.99 0.01 0.04 1.78 16.71 0.57 1.44 3.31
30.5 0.40 50.18 0.98 0.05 0.02 1.66 19.05 0.91 1.55 3.44

160 45.75 0.47 47.17 0.97 0.08 0.07 1.49 23.08 0.57 1.67 4.67
60 0.57 42.11 0.99 0.03 0.06 1.61 20.05 0.69 1.78 6.17

75.25 0.63 40.55 0.94 0.00 0.00 1.55 12.38 0.55 1.85 5.66
15.25 0.33 51.11 0.99 0.04 0.01 1.71 13.44 0.66 1.77 3.38
30.5 0.43 47.19 0.97 0.07 0.09 1.62 16.77 0.87 2.22 5.17

296 45.75 0.47 45.11 0.96 0.05 0.07 1.31 17.19 0.88 2.19 5.17
60 0.51 40.19 0.99 0.07 0.06 1.82 19.18 0.79 2.44 6.16

75.25 0.53 37.33 0.98 0.08 0.09 1.77 11.09 0.76 2.67 4.44
15.25 0.29 50.11 0.99 0.05 0.06 1.68 8.11 0.71 3.31 6.67
30.5 0.37 48.17 0.96 0.09 0.09 1.57 12.38 0.65 4.14 4.55

318 45.75 0.42 44.24 0.97 0.07 0.01 1.91 15.06 0.55 6.11 5.68
60 0.47 40.19 0.96 0.06 0.08 1.33 19.11 0.88 5.56 6.77

75.25 0.51 37.55 0.93 0.09 0.07 1.88 11.33 0.76 5.13 7.19

Table 9: Hydrodynamic behavior of fluid flow inside packed bed column.

Flow rate (mL/h) Bed height (cm) 𝑅
𝑒

𝑆
𝑐

𝑆
ℎ

𝑘 × 10−4 (m/s)
15.25 0.68 27.33 6.67 15.55
30.5 0.63 23.33 5.97 11.13

109 45.75 0.59 17.37 5.77 9.33
60 0.54 13.33 5.66 7.84

75.25 0.49 11.76 5.19 6.16
15.25 0.73 30.19 7.84 19.39
30.5 0.68 27.39 6.84 16.77

160 45.75 0.62 24.52 5.52 15.25
60 0.58 22.19 4.33 12.31

75.25 0.52 20.65 3.17 10.33
15.25 0.77 34.83 8.89 24.41
30.5 0.69 32.19 7.71 23.18

296 45.75 0.64 29.23 6.54 20.33
60 0.62 27.73 5.61 18.24

75.25 0.57 23.36 4.33 17.19
15.25 0.83 38.59 9.19 30.06
30.5 0.76 35.55 8.52 28.16

318 45.75 0.72 32.17 7.31 25.41
60 0.69 30.19 6.72 21.33

75.25 0.64 27.17 5.44 18.19
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Table 10: Comparative study of sorption of Cu (II) ion.

Name of the adsorbent Uptake capacity (mg/g) Reference
Caulerpa lentillifera 10.738 [20]
Asylum discolor (Native) 6.15 [3]
Asylum discolor (Acid treated) 17.18 [3]
Olive stone 1.97 [21]
Pine bark 11.94 [21]
CDS 55.63–30.18 This study

in an increase in bed saturation concentration (𝑁
0
), and

(c) mass transfer hindrance factor (diffusion resistance, 𝑘ba)
increased with the flow rate.The diffusion resistance pursued
a negative trend with the increase in bed height at all the flow
rates.

3.3. Hydrodynamic Behavior of Fluid Flow inside the Packed
Bed Column at Various Flow Rates and Bed Heights. The
hydrodynamic behavior of fluid flow inside the column has
been shown in Table 9.

It became evident from the Table 9 that the dimensionless
parameters varied significantly with flow rate of the metal
ion solution inside the packed bed and bed height. With
the increase of flow rate there was a significant rise in
the velocity of fluid inside the column, Reynolds number,
Schmidt number, and Sherwood number. However, with
the increase of bed height at fixed flow rate, there was a
decrease in velocity of the metal ion solution inside the
bed, Reynolds number, Schmidt number, and Sherwood
number.The decrease in the values of these forced convective
(inter phase) mass transfer parameters was due to the path
resistance posed by the particles of bed, and this resistance
increased with the increase of bed height and reduced when
the flow rate is high. Therefore, in the present investigation it
was summarized that large flow rates and smaller bed heights
rendered the minimum possible resistance for the transfer
of metal ions from liquid phase to packed bed. Table 10
represents the comparative analysis of uptake capacities of
various adsorbents.

It became evident from Table 10 that adsorbent used in
present investigation has tremendous potential to adsorb Cu
(II) ions from liquid phase.

4. Conclusion

The investigation has been undertaken to evaluate the
biosorption potential of Cedrus deodara sawdust (CDS) in
terms of sorption of Cu (II) ion in packed bed column
studies. The maximum uptake capacity at saturation and at
break points was 55.63 (mg/g) and 53.18 (mg/g), respectively,
obtained at 109mL/h and 15.25 cm. At various flow rates
(109mL/h–308mL/h) and bed heights, the Langmuir and
Thomasmodelswere found relativelymore suitable to explain
the sorption of Cu (II) ion in terms of isotherm model and
breakthrough curve modeling. However, the flow rate and
height of the packed bed significantly affected the saturation

concentration (𝑁
0
), diffusion resistance (𝑘ba), and hydrody-

namic properties of the column reactor. The investigation
ends up with the recommendations for various industrial
partners to utilize the advantages of the packed bed column
reactor designed in present work for the purpose removal of
copper ions from industrial effluent.
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