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Abstract
The aim of the present work is to study the removal of copper ion presents in
industrial waste water using the local sawdust.
Adsorption column was utilized in the removal process at constant temperature.
The effect of the concentration of copper ion in the range (100-500) mg/L was
studied. Increasing the inlet ion concentration increases the slope of the breakthrough curve. The effect of bed height in the range of (10-30) cm on copper ion
adsorption from wastewater was studied. The increase in bed height increases the
break point values. The effect of flow rate in the range (0.5-1.5) cm3/sec on copper
ion adsorption also was studied. Increasing the flow rate decreases the breakthrough time. The best operating conditions in this work for copper ion adsorption
are 100 mg/L of feed, 30 cm bed height and 0.5 cm3 /sec feed flow rate. It was
found that the equilibrium relation agrees with Langmuir & Freundlich equations.
Finally accumulation adsorption of copper ion at different operating conditions
was calculated.
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ﺃﺴﺘﺨﺩﺍﻡ ﻨﺸﺎﺭﺓ ﺍﻟﺨﺸﺏ ﺍﻟﻤﺤﻠﻴﺔ ﻜﻤﺎﺩﺓ ﻤﻤﺘﺯﺓ ﻻﺯﺍﻟﺔ ﺃﻴﻭﻥ ﺍﻟﻨﺤﺎﺱ ﻤﻥ ﺍﻟﻤﻴﺎﺓ
ﺍﻟﻤﺼﺭﻓﺔ ﺒﺄﺴﺘﺨﺩﺍﻡ ﺍﻻﻤﺘﺯﺍﺯ ﺒﺎﻟﺤﺸﻭﺓ ﺍﻟﺜﺎﺒﺘﺔ
ﺍﻟﺨﻼﺼﺔ
ﻴﻬﺩﻑ ﺍﻟﺒﺤﺙ ﺍﻟﻰ ﺩﺭﺍﺴﺔ ﺍﺯﺍﻟﺔ ﺍﻴﻭﻥ ﺍﻟﻨﺤﺎﺱ ﻤﻥ ﻤﻴﺎﻩ ﺍﻟﻤﺨﻠﻔﺎﺕ ﺍﻟﺼﻨﺎﻋﻴﺔ ﺒﺄﺴﺘﺨﺩﺍﻡ ﻤﺎﺩﺓ
 ﺘﻡ. ﺘﻡ ﺍﺴﺘﺨﺩﺍﻡ ﻋﻤﻭﺩ ﺍﻻﻤﺘﺯﺍﺯ ﻓﻲ ﻋﻤﻠﻴﺔ ﺍﻻﺯﺍﻟﺔ ﺘﺤﺕ ﺩﺭﺠﺔ ﺤﺭﺍﺭﺓ ﺜﺎﺒﺘﻪ.ﻨﺸﺎﺭﺓ ﺍﻟﺨﺸﺏ ﺍﻟﻤﺤﻠﻴﺔ
 ﻭﺠﺩ ﺍﻥ ﺯﻴﺎﺩﻩ.ﻟﺘﺭ/( ﻤﻠﻐﻡ500-100) ﺩﺭﺍﺴﺔ ﺘﺄﺜﻴﺭ ﺍﻟﺘﻐﻴﻴﺭ ﺒﺘﺭﻜﻴﺯ ﺍﻴﻭﻥ ﺍﻟﻨﺤﺎﺱ ﺍﻟﺩﺍﺨل ﻓﻲ ﺤﺩﻭﺩ
.Break- through ﺘﺭﻜﻴﺯ ﺍﻻﻴﻭﻥ ﺍﻟﺩﺍﺨل ﻴﺯﻴﺩ ﻤﻥ ﻤﻴل ﻤﻨﺤﻨﻲ ﺍﻟـ
(ﺴﻡ ﻋﻠﻰ ﻋﻤﻠﻴﺔ ﺍﻟﻔﺼل ﻓﻭﺠﺩ ﺍﻨﻪ ﻋﻨﺩ30-10) ﺘﻤﺕ ﺩﺭﺍﺴﺔ ﺘﺄﺜﻴﺭ ﺍﺭﺘﻔﺎﻉ ﺍﻟﺤﺸﻭﺓ ﻓﻲ ﺤﺩﻭﺩ
 ﺍﻴﻀﺎﹰ ﺘﻤﺕ ﺩﺭﺍﺴﺔ ﺘﺄﺜﻴﺭ ﻤﻌﺩل ﺍﻟﺠﺭﻴﺎﻥ ﻓﻲ.Break point ﺯﻴﺎﺩﻩ ﺍﺭﺘﻔﺎﻉ ﺍﻟﺤﺸﻭﺓ ﺘﺯﺩﺍﺩ ﻗﻴﻤﺔ ﺍﻟـ
ﺜﺎﻨﻴﺔ ﻋﻠﻰ ﻋﻤﻠﻴﺔ ﺍﻟﻔﺼل ﻓﻭﺠﺩ ﺍﻨﻪ ﻋﻨﺩ ﺯﻴﺎﺩﻩ ﻤﻌﺩل ﺍﻟﺠﺭﻴﺎﻥ ﺴﻭﻑ/3( ﺴﻡ1.5-0.5)
ﺤﺩﻭﺩ
ﻜﻤﺎ ﻭﺠﺩ ﺍﻥ ﻋﻼﻗﺔ ﺍﻟﺘﻭﺍﺯﻥ ﺘﺨﻀﻊ.Break point ﻴﺘﻨﺎﻗﺹ ﺍﻟﺯﻤﻥ ﺍﻟﻼﺯﻡ ﻟﻠﺘﺸﺒﻊ ﻭﺘﺯﺩﺍﺩ ﻗﻴﻤﺔ ﺍﻟـ
 ﻭﺍﻥ.Freundlich  ﻭﻓﺭﻴﻨﺩﻟﺵLangmuir ﻟﻘﻭﺍﻨﻴﻥ ﺍﻻﻤﺘﺯﺍﺯ ﺍﻟﺨﺎﺼﺔ ﺒﻤﻌﺎﺩﻟﺘﻲ ﻻﻨﻜﻤﻴﺭ
ﻟﺘﺭ ﺘﺭﻜﻴﺯ ﺍﻴﻭﻥ/ ﻤﻠﻐﻡ100 ﺍﻓﻀـــل ﻅــــﺭﻭﻑ ﺘﺸﻐﻴل ﻫــــــــــــﻲ
 ﺘﻡ ﺤﺴﺎﺏ.ﺜﺎﻨﻴﺔ ﻜﻤﻌﺩل ﻟﻠﺠﺭﻴﺎﻥ/3 ﺴﻡ0.5
 ﺴﻡ ﺍﺭﺘﻔﺎﻉ ﺍﻟﺤﺸﻭﺓ ﻭ30 ،ﺍﻟﻨﺤﺎﺱ ﺍﻟﺩﺍﺨل
.ﺍﻻﻤﺘﺼﺎﺹ ﺍﻟﺘﺭﺍﻜﻤﻲ ﻟﻠﻨﺤﺎﺱ ﻓﻲ ﻤﺨﺘﻠﻑ ﻅﺭﻭﻑ ﺍﻟﺘﺠﺭﺒﺔ
Introduction
Environmental pollution is
currently one of the most important
issues facing humanity. It was
increased exponentially in the past few

years and reached alarming levels in
terms of its effects on living creatures.
Toxic heavy metals
are
considered one of the pollutants that
have direct effect on man and animals.
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been used for the removal of heavy
metals from wastewater by adsorption
of copper. It has been reported that
some aquatic plants, waste tea leaves
and sawdust have an efficient role.
Since copper is a common pollutant
introduced into natural water from a
variety of industrial
wastewater
including those from electroplating and
metal finishing industries (2), It is
recognized to be one of the heavy
metals most wide spread heavy metal
contaminants in the environment. For
this reason copper content of industrial
wastewater must be decreased to the
limits given in the international
regulations (4). Many researchers have
worked in this field. Al-Zboon
observed that activated carbon shows a
very high preference for copper. The
equilibrium isotherm for adsorption of
Cu was obtained in batch experiments.
The experimental data was fitted to the
Langmuir and Freundlich (1). Erdem
studied the adsorption behavior of
natural Zeolites (Clinoptiloite) with
respect to Co+2, Cu+2, Zn+2 and Mn+2.
The selectivity sequence can be given
as Co+2 > Cu+2 > Zn+2 > Mn+2. These
results show that natural zeolites hold
great potential to remove cation of
heavy metals species from industrial
wastewater (5). Muhammed showed
that slow sand filters are effective in the
removal of heavy metals. The
maximum adsorption capacity of sand
is highest for Pb followed by Cu, Cr
and Cd. Adsorption of Pb, Cu, Cr and
Cd on to sand satisfied the Langmuir
and Freundlich isotherms (6). Douglas
steadied the efficiency of removing
copper ions from copper chloride
solution using soybean hulls. The
results have demonstrated that soybean
hulls show the greatest potential as
copper ion adsorbents. The copper ion
removal efficiency using soybean hulls
is 97.68% (7). Esmaeili found the

Industrial wastewater containing Lead,
Copper, Cadmium and
Chromium, for example, can
contaminate groundwater resources and
thus lead to a serious groundwater
pollution problem. In drinking water
heavy metals can be toxic to consumer
and thus affects the health. On the
health side, exposure to such chemicals
can damage the central nervous system,
respiratory system, kidney and blood
system if they enter human body.
Therefore, removing these toxic heavy
metals or decreasing their concentration
to the
permitted level
before
discharging becomes a challenging
issue (1).
The methods of removing heavy
metals from wastewater are numerous
and varied. Precipitation is probably the
most common of all methods of
removing
metals
from
aqueous
solution. It is quite simple and is based
on the fact that some metal salts are
insoluble in water. The ion- exchange
method of water treatment uses ions on
a matrix to exchange with metal ions in
the water. Biological processes are
probably the newest technology used to
treat water contaminated with heavy
metals. Biological methods represent an
area in which a great deal of innovation
is taking place all the time. Reverse
osmosis uses a membrane and high
pressure to filter out the metal ions.
Adsorption phenomenon has been
found economical for the removal of
toxic metals from wastewater by
choosing some
adsorbent
under
optimum operation conditions (2). The
most widely used adsorbent for the
removal of impurities from water is
activated carbon. In recent years, many
low
cost
adsorbents
including
agricultural and waste by product have
also been tested in batch and fixed bed
sorption system by a number of
researchers(3). Several adsorbents have
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ability of an activated carbon prepared
from the algae Gracilaria removes
copper ions from aqueous solution. The
study shows the benefit of using
activated carbon from marine red alage
as a low cost adsorbent for the removal
of Cu+2 from aqueous solution of
wastewater (4).
Adsorption Phenomenon
Adsorption is the interaction between a
fluid (adsorbate) and a solid surface
(adsorbent) and it occurs on the surface
of a solid because of the attractive force
of the atoms or molecules with the
surface of the solid (8). There are two
types of adsorption: physisorption and
chemisorption (9, 10).In order to
investigate the adsorption isotherm,
two equilibrium models, Langmuir and
Freundlich, were analyzed (4).The
Langmuir adsorption isotherm is often
used for adsorption of a solute from a
liquid
solution.
The
Langmuir
adsorption isotherm is perhaps the best
known of all isotherms describing
adsorption and is often expressed as:

Qe =

Ce
1
C
=
+ e
Qe Xm.K Xm
The linear form can be used for
linearization of experimental data by
plotting

Ce
against Ce. The Langmuir
Qe

constants Xm and K can be evaluated
from the slope and intercept of linear
equation (6, 4).
The Frendlich isotherm is the earliest
known relationship describing the
adsorption equation and is often
expressed as:
1

Qe = K f .C e n

where;
Qe:
the adsorption density (mg of
adsorbate per gm of adsorbent).
Ce: the concentration of adsorbate in
solution (mg/ l).
Kf and n : the empirical constants
dependent on several environmental
factors and n is greater than one.
This equation is conveniently
used in the linear form by taking the
logarithmic of both sides as:

X m .K.C e
1 + K.C e

where:
Qe:
the adsorption density at the
equilibrium
solute
concentration Ce (mg of
adsorbate per gm of adsorbent).
Ce: the concentration of adsorbate in
solution (mg/ l).
Xm: the maximum adsorption capacity
corresponding to complete
monolayer coverage (mg of
solute adsorbed per gm of
adsorbent).
K: the Langmuir constant related to
energy of adsorption (L of
adsorbent per mg of adsorbate).

log Qe = log K f +

1
log C e
n

A plot of logCe against logQe
yielding a straight line indicates the
confirmation of the Freundlich isotherm
for adsorption. The constants can be
determined from the slope and intercept
(6, 5). The purpose of this research was
to study the effect of sawdust, that is
obtained as industrial by product from
local furniture shops, in removing
Cu(II) ions from CuS04-5H2O solution
Experimental
Materials
Local sawdust was used as an
adsorbent
directly
without
any

The above equation can be rearranged
to the flowing linear from:
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treatment for the removal of copper(II)
from synthetisized aqueous solutions.
The synthetic solution was prepared
from CuSO4-5H2O from (BDH Limited
pool England), purity 98.5% with
distilled
water
at
different
concentrations (100, 200, 300, 400,
500) mg/l respectively Freshly prepared
solutions were used in the experiments.

Procedure
Experiments were carried out at
various initial concentrations (Co), bed
heights and flow rates. All experimental
conditions are summarized in Table (1).
The experimental procedure for
the system experiments is as follow:
The sawdust was placed in the
adsorption column for the desired bed
height. The solute solution with the
desired concentration was prepared in
the feed container, using distilled water.
The prepared solution was circulated
via the pump to achieve homogeneous
solution. The prepared solution was
pumped to the adsorption column
through the calibrated rotameter at
desired flow rate. Water samples were
taken at intervals of (900 sec).
Results and Discussion
Effect
of
Initial
Cu
(II)
Concentration
Five experiments were carried
out at different copper(II) ion
concentrations of (100, 200, 300, 400,
500) mg/l . The break-through curves
for the above experiments are plotted in
Fig. (2). From this figure, it can be
clearly seen the slope of the breakthrough curves increases as the initial
ion concentration increase especially at
initial period time, although these
curves have the same (S-shape). After a
period of time sawdust bed became
exhausted that the adsorption zone has
progressed through the full depth of the
bed and reached its bottom, the break
through began and the break through
curves rise sharply. So the break point
decreases as the initial concentration
increases. For high initial metal ion
concentration, steeper break through
curves are found because the
equilibrium is attained faster for higher
initial metal ion concentration, which
would be anticipated with the basic
increase in the driving force for mass
transfer with increase in initial Cu(II)

Equipment
A schematic representation of
the experimental equipment is shown in
Fig. (1). A glass column with a height
(50 cm) and diameter (5 cm) was used.
The sawdust bed was confined in the
column by fine stainless steel screen at
the bottom and a glass cylindrical
packing at the top of the bed to ensure a
uniform distribution of influent through
the bed. The influent solution was
introduced to the column through a
perforated stainless steel plate, fixed at
the top of the column.
A cylindrical glass container was used
with the volume of (0.1*106 cm3) as a
storage for the wastewater and feeder to
the column. (Q.V.F.) glass calibrated
rotameter to measure the influent flow
rate, ranged between (0-60 l/hr ).The
wastewater was pumped by means of a
(EHEIM Type 1034) of (60 watt) from
the feed container to the top of the bed.
Part of solution was circulated to the
feed container to achieve constant
through-put (Q.V.F.) valves were used
to control the desired flow rate through
the column. All pipes and fittings were
made of glass.The determination of
copper ion concentration using atomic
absorption spectrophotometer model SP
9-01 supplied from Buck, England. For
pH measurements, the universal pocket
meter Multi Line P4, which consists of
a pH combined electrode with
temperature probe Sen Tix 41 was
used.
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experimental results by using linear
Langmuir or Freundlich isotherms.
Effect of Bed Height
Three experiments were carried out
at different bed heights, (10, 20, 30)
cm. The break-through curves for the
above experiments are plotted as shown
in Fig.(6). From this figure it is
observed that the shorter bed heights
are generally responsible for earlier
break points, this is because a short bed
height would exhaust the bed more
rapidly. Moreover, the time provided
for the contact of the adsorbate with the
adsorbent is reduced at a short bed
height, furthermore; increasing the bed
height will give a sufficient contact
time for these molecules to be adsorbed
on the sawdust surface. The break
points for the long bed height have high
value and the time provided for the
contact of the adsorbate with adsorbent
is longer at a long bed height noting
that increasing the bed height will be a
accompanied by an increase in the bed
cost. These results are in agreement
with those obtained by (AbdulHameed 13) and (Ahmed 11).
To find the adsorption rate at different
bed heights, the amount of Cu(II) ion
adsorbed versus time is plotted in,
Fig.(7). From this figure, the adsorption
rate decreases as the bed height
increases, since increasing bed height
will provide an extra surface for the
adsorption process to be carried out.
These results are in agreement with
those obtained by (Zablouk 14).
Effect of Flow Rate
Four experiments were carried out
at different flow rates (0.5, 1, 1.5) in
cm3/sec. The break-through curves for
the above experiments are plotted.
Fig.(8). This figure shows that as the
flow rate increases the time of break
through point decreases. This is
because the residence time of solute in
the bed decreases as the flow rate

concentration. The time required to
reach
saturation
decreases
with
increasing
the
inlet
solute
concentration. This may be explained
by the fact that since the rate of
adsorption is controlled by the
concentration gradient, it takes a longer
time to reach equilibrium for the case
of low value of initial solute
concentration. Similar findings have
been obtained by (Danny 3), (Ahmed
11) and (Al-Najar 12).
To show the adsorption rate at
different Cu (II) concentrations the
solute adsorbed versus time is plotted in
Fig.(3). From this figure the indication
is obtained that both the mass transfer
rate and total quantity of solute
removed from solution at any period of
time increase with increasing influent
concentration
which
would
be
anticipated on the basis of increased
driving force transfer with increased
concentration of solute in solution, this
is in agreement with results obtained by
(Abdul- Hameed 13).
Langmuir and Freundlich Isotherms
The plot (Ceq/qeq) versus Ceq
shows a straight line, Fig.(4). This
means that the equilibrium data
correlate
well
with
Langmuir's
equation. The value of (Xm) and the
Langmuir constant (K) are calculated
from the slope and the intercept of the
straight line. These values are tabulated
in Table (2).
The plot of log (Ceq) against log (qeq)
shows a straight line, Fig.(5). This
means that the equilibrium data for the
adsorption
correlate
well
with
Freundlich's equation. The Freundlich's
equation constants (1/n) and (Kf) are
calculated from the slop and the
intercept of the straight line. These
values are listed in Table (2).It can be
seen that the correlation factor R2 is
close to the unity for both models,
indicating a good representation of the
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3. The adsorption rate increases with
increasing influent concentration
and feed flow rate, and also
increases with decreasing bed
height.
4. The equilibrium isotherms, for the
system, copper sawdust, is of a
favorable type and was found to
agree with both the Langmuir and
Freundlich equations in the range
of concentration studied. The
equations constants are calculated.
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Table (1) Experimental Conditions
Adsorbent
Bed height, cm
Weight of bed, gm
Flow rate, cm3/sec
Copper ion concentration,mg/l
pH
Temperature, Co

Local sawdust
10, 20, 30
15, 30, 45
0.5, 1, 1.5
100, 200, 300, 400, 500
5.5
34
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Table (2) Langmuir and Freundlich’s equation constants

Xm (mg/gm)

K (L/mg)

Kf (mg/gm)

1/n (L/gm)

R2

Langmuir

22.72

0.0057

/

/

0.9841

Freundlich

/

/

0.893

0.4837

0.9367

Models

E
C
D
3

4

5

A
6

1

2

B

Figure (1) Schematic Representation of Experimental Apparatus
A: cylindrical feed tank
B: pump.
C: rotameter.
D: packed bed.
E: perforated plate.
1: drain valve.
2: pumps valve.
3: flow adjustment valve.
4: recycle adjustment valve.
5: drain valve.
6: sampling valve.

231

PDF created with pdfFactory Pro trial version www.pdffactory.com

Eng.& Tech. Journal ,Vol.28, No.2,2010

The Use of Local Sawdust an as Adsorbent
for the Removal of Copper Ion from
Wastewater Using Fixed Bed Adsorption

1
0.9
0.8
0.7

C/Co

0.6

Co=100 ppm
Co=200 ppm

0.5

Co=300 ppm
0.4

Co=400 ppm
Co=500 ppm

0.3
0.2
0.1
0
0

2000

4000

6000

8000

10000

tim e (se c)

Figure (2) Breakthrough Curve for Isothermal Adsorption of Cu+2 at Different Initial
Concentrations (Q=0.5cm3/sec, pH=5.5, T=34 Co, bed height= 30 cm, weight of
bed=45 gm)
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Figure (3) Cumulative Adsorption at Different Initial Concentrations
(Q=0.5cm3/sec, pH=5.5, T=34 Co, bed height= 30 cm, weight of bed=45
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Figure (4) Plot of (Ceq/qeq) vs (Ceq) for determination of Langmuir Constant
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Figure (5) Plot of (log qeq) vs (log Ceq) for determination of Frenudlich Constant
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Figure (6) Breakthrough Curve for Isothermal Adsorption of Cu+2 at
Different Bed Depths (Co=100 ppm, Q=0.5cm3/sec, pH=5.5, T=34 Co)
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Figure (7) Cumulative Adsorption at Different Bed Depths
(Co=100 ppm, Q=0.5cm3/sec, pH=5.5, T=34 Co)
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Figure (8) Breakthrough Curve for Isothermal Adsorption of Cu+2 at Different Flow
Rates (Co=100 ppm, pH=5.5, T=34 Co, bed height= 30 cm, weight of bed=45 gm)
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Figure (9) Cumulative Adsorption at Different Flow Rates (C/Co=100 ppm,
pH=5.5, T=34 Co, bed height= 30 cm, weight of bed=45 gm)
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