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ABSTRACT

In the past few decades, presence of heavy metals such as copper has increased in the environment
due to its industrial applications. Therefore, it is important to remove copper metal ions from water
and wastewater so as to restrict it upto desired limits. This can be achieved by cost effective adsorp-
tion method on natural biogenic iron oxides as an adsorbent. Both forms of natural biogenic iron
oxides i.e. banded iron formation (BIF) and iron plaque of Typha-latifolia have been characterized
by environmental scanning electron microscopy (ESEM) and energy-dispersive X-ray spectroscopy
(EDX). In the present study, the influence of adsorbent dose, the initial Cu(II) concentration and con-
tact time for the removal of Cu(II) from aqueous solution has been ascertained. The present study
reveals that BIF form of natural biogenic iron oxide showed higher removal potential compared to
iron plaque particle of Typha-latifolia. The maximum sorption efficiency was found to be 88.65% at 30
g/L adsorbent dose. The Freundlich isotherm best fitted with (R?) value of 0.999 are compared with
Langmuir and Redlich-Peterson adsorption isotherms. The Pseudo first order kinetics rate reaction

has been fitted to describe the batch kinetics of the Cu(Il) uptake by BIF.
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1. Introduction

The heavy metals released into nature have posed sig-
nificant threat to public health and environment because
of their toxicity and long-term persistent in nature. The
toxic heavy metals in wastewaters and surface waters are
a worldwide problem for the environmental engineers [1].
Copper is one of the important and oldest heavy metal used
since the development of civilization. Copper is an import-
ant material for the industrial development as well as an
essential element for metabolism activity. Copper (II) ion
was released into water bodies through industries including
manufacturing of printed circuit board, electronics plating,
plating, wire drawing, copper polishing, paint manufactur-
ing, wood preservatives, mining and smelting, brass man-
ufacturing, electroplating, and petroleum refining etc. [2].
Copper (II) ion has toxic effect on human beings as well as
on ecosystem due to non-biodegradability, biomagnifica-
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tion and long term persistentin the environment [3]. The cop-
per (II) ion intake beyond the limits by human beings leads
to health hazards like mucosal irritation, capillary damage,
hepatic damage, renal damage. Excessive amount of copper
(II) ion in the human body causes severe hemolysis, hepa-
totoxic and nephrotoxic effects like vomiting, depression,
gastrointestinal irritation, cramps, central nervous sys-
tem problems, convulsions or even death [4]. Therefore, it
need to be removed from water and wastewater for pro-
tecting public health and environment. Removal of Cu(Il)
ions from water and wastewater is achieved by chemical
precipitation, coagulation, solvent extraction, membrane
separation, reverse osmosis, ultrafiltration, electrochem-
ical deposition, ion exchange and adsorption [5]. Among
these methods, adsorption methods considered as a simple,
low-cost and effective method in removing heavy metals
from water and wastewater [3,6-9]. A numbers of low-cost
natural adsorbent materials have been evaluated for their
capability of removing toxic metal ions, biogenic iron oxide
is one of the natural low-cost adsorbents. Some research-
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ers have used various forms of Banded iron formation (BIF)
for heavy metal removal from water and wastewater. Lepto-
thrix ochracea type of biogenic iron oxide is used for Cu(Il)
ion removal from solutions [10]. The BIF material was
studied for removal of 7 types of hazardous water-soluble
organic dyes [11-14]. The arsenic and phosphorus is also
removed through bioremediation by biogenic iron oxide
and sulfides [15].

Huge layers of BIF a form of iron oxide, contains iron
between 25 and 35 weight percentage [16]. BIF has distinc-
tive units of natural sedimentary rocks that are almost of
Precambrian age and available all around the world. BIF
are produced by weathering activities or series of bacterial
metabolic activities, passive reactions, and internal biomin-
eralization processes. The natural biogenic iron oxides are
produced by the metabolic activity of acediophilic and neu-
trophilic iron oxidizing bacteria which helps in oxidation
of Fe(Il) to Fe(Ill). Various forms of biogenic iron oxides
are available on Earth’s environment. Some type of bacte-
rial-iron oxide associations have also been observed near
the roots in the iron plaque of aquatic plants in wetlands
[17-20]. Natural biogenic iron oxides in iron plaque form
are produced by Gallionella capsiferriformans and found in
the rhizosphere in type of Typha Latifolia form. It produces
insoluble ferric hydroxide, which deposits iron plaque (Fe
plaque) on wetland plant roots contains abundant micro-
bial populations, including Fe(Il) oxidizing bacteria (FeOB)
[18,21,22]. The BIF and iron plaque forms of natural bio-
genic iron oxides have been considered for this study. In
this work, the sorption of copper from aqueous solutions by
BIF and iron plaque types of biogenic iron oxide are inves-
tigated. The sorption equilibrium data have been described
by typical Langmuir, Freundlich and Redlich-Peterson
sorption equations. The three kinetic models including sim-
ple first order rate equation, second-order rate equation,
and pseudo first-order rate equation kinetic equation have
been selected to follow the sorption process. The objective
of the study is to obtain the adsorption capacity of Cu(II)
ion by using BIF and iron plaque biogenic iron oxide as an
adsorbent in batch system.

2. Material and methods
2.1. Biogenic iron oxides (BIF)

Dalli Rajhara in Durg (India) is home of iron ore cap-
tive mines for the integrated steel plant in India. Dalli mines
deposit was discovered in 1900 and is located at 20.58°N
81.08°E. The natural biogenic iron oxide (Fe,O,) in BIF form
(iron ore) were collected from iron ore mines located at Dal-
li-Rajhara. The iron ore was crushed and converted into
powdered form, and then was passed through the geomet-
ric sieve 300, 150 and 75 pm size particles for collection of
different size particles. BIF particles of different sizes were
stored in plastic jars for batch experiment.

2.2. Iron plaque

The site of Sharda Canal is between 81°7’ 15.75" N and
20° 2836.02" E in Raebareli (India). The lake is perennial and
very big in expanse, measuring about 300 m in length and

100 m in breadth at its widest. From this wetland, the plants
species like Typha-latifolia were obtained, which had solid
iron plaque particles in their roots. The roots of Typha latifolia
were collected and washed with double distilled water. The
eluent was collected in jar contain iron oxide particles. The
particles were dried at 50°C for 2-3 h in hot air oven and
converted into powdered form. It was then passed through
the geometric sieve 300, 150 and 75 um size particles for col-
lection of different sizes particles. BIF particles of different
size were stored in plastic jars for batch experiment.

2.3. Preparation of aqueous solution

The aqueous Cu(ll) ion solution was prepared as per
standard methods, APHA [23]. The 200 mg of polished elec-
trolytic copper wire or foil was placed in 250 mL conical
flask. 10 mL water and 5 mL concentration HNO, were then
added. After slowdown the reaction, warm gently to com-
plete dissolution of the copper and boil to expel oxides of
nitrogen, using precautions to avoid loss of copper. It was
cooled and about 50 mL water was added. This was then
transferred quantitatively to a 1-L volumetric flask, and
diluted to the mark with water; 1 mL =200 ng Cu.

The concentration of Cu(Il) ion in the solution was
determined by Bathocuproine methods as described in the
standard methods, APHA [23]. The absorbance was mea-
sured by UV /VIS spectrophotometer (Model: Lab India UV
3000, Lab India Analytical Instruments Pvt. Ltd) at 484 nm
wavelength. The pH was determined by digital pH meter
(Model: Cyber Scan pH 510/Ion 510, Eutech Instruments,
Singapore).

2.4. Characterization of adsorbents

A small portion of absorbents were taken for morpho-
logical characterization. The environmental scanning elec-
tron microscope (ESEM) images were obtained by (Model:
FEI Quanta 200F with Oxford-EDS system IE 250 X Max 80,
the Netherlands) instrument. The energy dispersive x-ray
spectroscopy (EDS) analysis was carried out to find out the
normalized element composition (by weight percentage)
and elemental spectra of adsorbent.

2.5. pH zero point charge (pH_ )

The point of zero charge (pHzpc) of natural biogenic
iron oxide BIF form was determined by using solid addition
method with double distilled water and KNO, solutions.
The 50 ml of double distilled water was transferred into a
series of conical flasks and the initial pH (pHi) of these solu-
tions were roughly adjusted between 2.0-10.0 by addition of
either 0.1 N HCI or 0.1 N NaOH solutions. The initial pHs
(pHi) of these solutions were measured accurately with the
help of digital pH meter. Then 0.5 g of BIF media was added
into each flask for 24 h with intermittent manual shaking.
The final pHs (pHf) of these supernatants were measured
accurately. The difference between the final (pHf) and initial
pH (pHi) values (ApH = pHf — pHi) were plotted against
pHi. The point of intersection of the resulting curve with
abscissa at which ApH = 0 represents pHpzc. The same pro-
cedure was repeated using 0.01 N and 0.1 N KNO, solutions.
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2.6. Adsorption experiment

The batch adsorption experiments were conducted on
both BIF crystal and iron plaque sorbents separately in 250
mL beaker using horizontal shaker machine. The 100 mL
of 20 mg/L Cu(Il) ion concentration of standard solutions
were placed in 250 mL beakers. The 40 g/1 sorbent dose
of 300, 150 and 75 pm media size was added to each reac-
tion mixture. The solution was agitated in an orbital shaker
incubator at 170 rpm at 20°C + 2°C temperature for 3 h.
The percentage of removed Cu(lI) ion was calculated using

Eq. (1):
R[%]= % %100 1)

0

The amount of adsorbed Cu(Il) per mass unit of adsor-
bent at equilibrium ‘g, (mg/g) was calculated using Eq. (2)
[6].

VG =C) )
M
The adsorption capacity ‘q,” at time ‘t" was determined
using Eq. (3) [24].

— V(CO — Ct)
! M
where C, and C, are Cu(Il) ion concentrations in mg/L at
initially time ‘t’ at zero or at given time t. C, is the concen-
tration of Cu(Il) ion in solution in mg/L at equilibrium, V
is the volume of initial metal ions solution in liters and M is
mass of adsorbent in gram.

The Langmuir model [25] describes monolayer sorp-
tion on to a surface of adsorbent. It is used to estimate the
maximum metal sorption at saturation level reached in the
experiment. The non-linear form of Langmuir isotherm
model is presented by Eq. (4).

®)

Q.bC
- 0 4 4
L bC, @
Eq. (4) can be expressed in its linear form as follows:
c_1.c -
9. Qb Q

Any of these two Egs. (4) and (5) may be used to eval-
uate Langmuir constants Q  and b from experimental data
using graphs or least square analysis.

The Freundlich isotherm [26] based on multilayer
adsorption states that the surface of sorbent was hetero-
geneous and adsorption on non-uniform distribution of
heat of sorption. The Freundlich isotherm model can be
described by Eq. (6) [27].

qe = Kfcel/n (6)
Eq. (6) can be expressed in its linear form by Eq. (7).

Ing, :anf+llnCe @)
n

where K, and n are Freundlich constants, K. is the adsorp-
tion capacity of the adsorbent (mg g™ (L mg™) /") and nis a
constant indicative of intensity of adsorption.

The Redlich-Peterson isotherm represents a mixture
of the Langmuir and Freundlich isotherms. The numer-
ator is from the Langmuir isotherm and has the benefit
of approaching the Henry region at infinite dilution. The
denominator has the mixture Langmuir-Freundlich form
isotherm and may represent the adsorption equilibria over
a wide concentration range. The Redlich-Peterson isotherm
is represented by Eq. (8) [28].

AZ Ce

o = 8
" =1yBC” ®)
The linear form of Redlich-Peterson isotherm is written
as
BC" 1
& = 2_Ce 4+ )
qe AZ AZ

where g, (mg/g) represents the adsorbed metal ion con-
centration at equilibrium, C, represents the residual metal
ion concentration at equilibrium and 7 is the Freundlich
adsorption intensity constant, both A, and B, are fitting
parameters. A, and B, can be calculated by fitting the data
of batch adsorption experiment into this model.

Contact time from experimental results may be used for
the study of rate-limiting step in the adsorption process in
terms of the kinetic energy. An attempt has been made in
mathematical approach for kinetic modeling of uptake of
Cu(Il) ion onto BIF form of biogenic iron oxide for determi-
nation of kinetic parameters. Adsorption kinetics may also
be described by simple first order rate equation [29,30] rep-
resented by Eq. (10).

C,=C.e" (10)

The linear form of simple first order rate equation can
be written as Eq. (11).

k
logC, = 5 3103 t+logC, 11)

where k, (1/min) is the first order rate constant.
The linear form of second-order rate equation is written
as Eq. (12) [31].

! :l+k3t

qe - qt qe

(12)

where k, (g mg™ min™') represents the second order rate con-
stant.

Rate of sorption is a function of number of parameters
such as physical and chemical characteristics of sorbent, ini-
tial concentration and nature of solute etc. In order to exam-
ine the controlling mechanism of the adsorption process,
pseudo first-order rate equation was used and represented
by Eq. (13) [31,32].

d
4. _ k.(q.—q,)

it (13)
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Eq. (13) can be expressed linearly as follows:

k, :
2.303

log(q, —¢,)=1loggq, - (14)

The Roginsky-Zeldovich or Elovich kinetic equation
can be expressed generally as given by Eq. (15) [33,34].

d
% = aexp(—Py,)

t

(15)

3. Results and discussions
3.1. Characterization of adsorbents

The small portion of both BIF crystal and iron plaque
absorbents were intended for morphological characteriza-
tion. The ESEM images were obtained at an accelerating
voltage of 10 kV for 15000x and 30000x for BIF crystals and
3.00 kV for 100000x and 25000x for iron plaque particle.
The surface morphology of BIF crystal by ESEM (Fig. 1)

revealed that surface is rough due to deposition of Fe,O,

013 [dwell] V-
A 3 s 110.00 V| 15 000x|10.0 mm| 3.5
Fig. 1. ESEM micrograph of BIF form adsorbent at 15000x.

Fig. 2. ESEM micrograp

hematite. The surface morphology of iron plaque particle of
Typha-latifolia (Fig. 2) does not reveal clearly any deposition
of Fe(OH), (ferric hydroxide) on its surface.

The EDS spectra of BIF crystal represents the elemental
composition in percentage of iron, silica, aluminium, oxy-
gen and carbon. Similarly, iron plaque represents the ele-
mental composition in percentage of iron, calcium, silica,
aluminium, magnesium, oxygen and carbon particles as
shown in (Fig. 3) and (Table 1), respectively. From the ESEM
and EDS analysis, the BIF crystal shows 60.4 % iron (Fe) as
compared with iron plaque particle having iron (Fe) 12.38%.

3.2. pHzpc of BIF

Anion can be adsorbed on adsorbents through nonspe-
cific and/or specific adsorption. Nonspecific adsorption
involves the coluombic forces, and is mainly limited to pH
dependent sites below pHzpc (the pH value at which sur-
face charge is zero) of the adsorbent. The adsorbent gets pos-
itively charged when the solution pH is below pHzpc and
attracts the anions of the synthetic wastewater. The adsor-
bent gets negatively charged when solution pH is greater

Spectrum 1

0 05 1 15 2 25 3
Full Scale 21637 cts Cursor: 0.000

Fig. 3. EDS spectra of BIF crystal and iron plaque of Typha-lati-
folia adsorbent.
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than the pHzpc and hence it attracts the cations. The pHzpc
was determined and result is presented in Fig. 4. In the pres-
ent study, the pHzpc 5.2 was found for BIF adsorbent.

The pH_ _value indicates that BIF adsorbent media is
positively charged at neutral pH, researcher reported the
hematite having pH _ between 5-9 [35]. The measured
pH,__ value of BIF adsorbent (Fe,O,) media in the present
stué)y falls near this pH range. It probably due to incorpo-
ration of some cations into Fe oxides, which can increase
pH,,. of media. From the result this also suggests from the
result that the iron oxide is dominated, at least in the acid
base interaction between surface solutions. There is a sim-

Table 1
Normalized element composition (wt.%) of natural biogenic
iron oxide

Banded iron formation Iron plaque particle of

Typha-Latifolia

Element Weight Atomic Element Weight Atomic
CK 2.04 4.89 CK 4.17 715
oK 33.07 59.41 OK 48.56 62.52
AlK 211 2.25 Mg K 6.67 5.65
SiK 2.23 2.29 AlK 7.87 6.01
FeL 60.54 3116 SiK 16.62 12.19
Totals 100.00 CaK 3.73 192
FeL 12.38 457
Totals 100.00
100

@ 90 - _y—i = i
& 80 -
£ 70
2 &
2 50 -
T 40 -
E 30 4 | —4—Dose 10g/I
2 20} —@—Dose 20g/!
S: 10 -4 == Dose 30g/I

on

0 200 400 600
Time (min)

Fig. 4. Effect of contact time on the sorption of Cu(II) ion.

Table 2

ilarity between these results and previous results obtained
by other researcher [36].

3.3. Adsorption experiments

The batch adsorption experiments were conducted on
both BIF crystal and iron plaque sorbent separately. The
natural biogenic iron oxide, BIF crystal have shown bet-
ter Cu(Il) ion removal, about 70.5%, than iron plaque par-
ticle (9.62%) as show in Table 2 under same conditions.
The adsorption capacity for Cu(ll) ion on both sorbent
increased with decrease of media size and the maximum
removal capacity was found to be 0.3525 mg/g for BIF and
0.0481 mg/g for iron plaque particle. Compared with sim-
ilar work, the adsorption capacity for removal of Cu(II) ion
about 34.84 mg/g for nano-hematite [37] and 9.94 mg/g
for maghnite [38]. The BIF crystal shows better sorption
potential as compared to iron plaque particle, and therefore
all types of batch experiments were conducted using BIF
crystal of 75 um size.

Sorption study was conducted by batch experiments
for removal of Cu(II) ion by BIF. The 100 mL of 20.0 mg/L
concentrated sorbate solution at pH 5 was taken. The
experiments were performed for effects of sorbent dose on
Cu(II) ion removal with different doses of 10, 20 and 30 g/1
of 75 pm size of BIF sorbent added to the each set of reac-
tion mixtures. It was agitated in orbital shaker incubator at
170 rpm at 20°C + 2°C temperature for 480 min. Samples
were collected at 60, 120, 180, 240, 300, 360, 420 and 480 min
interval of time and then analyzed for residual Cu(Il) ion
concentration.

The Cu(Il) ion removal increases as the adsorbent dose
of BIF crystal increases as shown in (Fig. 6a). In the batch
system the rate of adsorption increases initially and then
almost stabilizes after 240 min. Equilibrium of Cu(Il) ion
was attained at 240 min. The removal was almost stabi-
lized after 240 min implying that the equilibrium has been
reached. The maximum percentage removal was 50, 76.75
and 88.65%. The adsorption capacity at equilibrium was
observed 1, 0.767 and 0.591 mg/g for 10 g/1, 20 g/1 and
30 g/l adsorbent dose respectively. The optimum adsor-
bent dose of BIF crystal was found 30 g/l and the maxi-
mum removal efficiency was 88.65%. As compared to the
similar works, about 89% Cu(ll) ion removal was found by
hematite [39] 83.50% by NiFe O, [40] and 95% by iron oxide
(0-Fe,O,) nanoparticles [41].

The adsorption isothermal studies were carried out
on BIF adsorbent under same conditions. The adsorption
is in line with the Langmuir and Freundlich adsorption
isotherms. The Langmuir plot of 1/q, versus 1/C, with a
high regression coefficient (R* value of 0.987 is shown in

Cu(Il) ion removal efficiency by both forms of natural biogenic iron oxid

Media size (um)  Dose (g) C, (mg/L) Batch time (h) BIF Iron plaque of Typha-Latifolia
Removal (%) g, (mg/g) Removal (%) g, (mg/g)

300 4 20 3 40 0.2025 6.4 0.032

150 4 20 3 58.33 0.29175 8.4 0.042

75 4 20 3 70.5 0.3525 9.62 0.0481
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Fig. 6. Adsorption isotherms of Cu(Il) on BIF adsorbent [Adsorbent Size 75 um; Initial Cu(II) conc. 20 mg/1, pH 5 at 20°C + 2°C; 170
rpm] (a) Curve of adsorption isotherm (g,~C)) (b) Langmuir isotherms (c) Freundlich isotherm (d) Redlich-Peterson Isotherm.

Fig. 6b. The plot is linear with high adsorption capacity
(Q,) of 1.204 mg/g and binding capacity (b) of 2.401 L/mg.
The Freundlich isotherm plot of In g, vs. In C, is shown in
Fig. 6¢ with a very high regression coefficient (R?) value of
0.999. The Freundlich constant 1/# was (0.353) smaller than

1 indicating a favourable adsorption process. The Freun-
dlich exponent 7 value is 2.832 lying in the range of 1 to
10 which is favourable for chemical adsorption (n < 1) [42].
The Redlich-Peterson mode for Cu(Il) ion adsorption onto
BIF adsorbent based on different dose is shown in Fig. 6d.
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Redlich-Peterson isotherm predicted very low correlation
coefficient (R?) value of 0.909 suggesting that experimental
equilibrium relationship does not fit by Redlich-Peterson
isotherm over concentration range. The Langmuir, Freun-
dlich and Redlich-Peterson isotherms constants are shown
in (Table 3).

The modeling of adsorption kinetics were evaluated
using batch experiment kinetic data of different adsor-
bent doses. The simple first order kinetic plot for Cu(II)
ion adsorption onto BIF adsorbent is shown in Fig. 7. The
data is fitted to simple first order kinetic model and kinetic
parameters shown in Table 4. The correlation coefficient
(R?) values are 0.548, 0.918, and 0.918 for 10 g/1, 20 g/1 and
30 g/1 adsorbent doses, respectively. There is a similarity
between these results and previous results obtained by
other researchers [43,44]

The second order rate equation kinetic plot for Cu(II)
ion adsorption onto BIF adsorbent is presented in Fig. 8.
The correlation coefficient (R?) values are 0.53, 0.462, and
0.48 for 10 g/1, 20 g/1 and 30 g/1 adsorbent doses in second
order kinetic model and suggest that adsorption kinetics is
not applicable on second order kinetic model. [45] reported
that the simple kinetic models such as first or second order
rate equations are not applicable to the adsorption system
with solid surfaces due to their rare homogenity.

Similarly, the pseudo first order kinetic plot of log
(9,-9,) vs. t (min) is shown in Fig. 9. The high correlation
coefficients (R?) were 0.944, 0.986 and 0.999 for 10 g/1, 20

Table 3
Adsorption capacities and correlation coefficient for Cu (II)
sorption on adsorbents

Langmuir Q,mg/g bL/mg Ks R?
isotherms 4 50, 2401 00203 0987
Freundlich Kf (mg g’ 1/n n R2
isotherms (Lmg™) )
0.4439 0.353 2.832 0.999
Redlich- A, B, n R
peterson 0.0456 0.0001 28571 0909
3 i
*
2.5 y=-0.000x 1115
R?=0.548
2 4 : v =0.002x + 1.815
& RZ=0.918
g | y=0.002x + 1.815
g 15 R?=0.918
1| e g g s mmnm
MlogCt 10 g/l
0.5 H AlogCt20g/l
@ logCt30g/l
¢] T 1
0 200 400 600

t (min)

Fig. 7. Simple first order kinetic plot for Cu(Il) ion adsorption
(Conditions: adsorbent size 75 pm; initial Cu(II) ion conc. 20
mg/l, pH 5 at 20°C + 2°C; 170 rpm).

Table 4
Different kinetic parameters of Cu(Il) ion adsorption using BIF
adsorbent

Dose  Simple first order rate equation
q,exp. mg/g k, (1/min) R?
10g/1 1 0 0.548
20g/1  0.767 0.0046 0918
30g/l  0.591 0.0046 0918
Second order rate equation
k, g mg' min™ q,mg/g R?
10g/1 0 3.1546 0.53
20g/1 0 1.3495 0.462
30g/1 0 0.7968 048
Pseudo first order model/Langergren first-order
rate equation
k, min™ g mg/g g " mg/g R
10g/1 0.0276 3.2509 1 0944
20g/1  0.0230 1.6749 0.767 0.986
30g/1  0.0230 1.0162 0.591 0.999
16
y=-0.000x+1.253
14 - ¢ R?=0.480

y=-0.000x + 0.741

12 A o
m R=0462

15 y=-0.000x+0.317
‘ RY=0.530
. 08
g
¢ 06 - _
04 - ¢ 1/qe-qt 30g/l
A 1/qe-qt 20g/1
o B T g
0.2 0 100 200 300 400 500 600
04

t (min)

Fig. 8. Second order rate equation kinetic plot for Cu(II) ion ad-
sorption (Conditions: adsorbent size 75 pm; initial Cu(II) ion
conc. 20 mg/1, pH 5 at 20°C + 2°C; 170 rpm).
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Fig. 9. Pseudo first order kinetic plot for Cu(II) ion adsorption
(Conditions: adsorbent size 75 pm; initial Cu(Il) ion conc. 20
mg/l, pH 5 at 20°C + 2°C; 170 rpm).
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g/l and 30 g/1 adsorbent doses, respectively. The g, and
k, were calculated from the intercept and slope respec-
tively from Fig. 9. The plot was negatively sloped and the
experimental equilibrium adsorption capacity (g,**) was
not in proper agreement with the calculated equilibrium
adsorption capacity (q,*). This means that adsorption of
Cu(II) ion could not have complete fit with this kinetic
model. According to the linear coefficients of determi-
nation, (R?) values represented in Table 4 are more than
0.94 Pseudo first order kinetic model. The total Cu(II) ion
adsorption is better fitted to Pseudo first order kinetic
model.

4. Conclusions

The results obtained in this study demonstrate that nat-
ural biogenic iron oxide of BIF form can be used as an excel-
lent adsorbent to remove copper (II) ions from wastewaters
with a good efficiency with low cost. The BIF crystal has
maximum removal potential as compared to iron plaque
particle of Typha-latifolia. Several parameters were studied
on BIF crystal and the maximum sorption efficiency was
88.65% at 30 g/l adsorbent dose. The Freundlich isotherm
best fitted with (R?) value of 0.999 are compared with Lang-
muir isotherm and Redlich-Peterson isotherm. The max-
imum adsorption of 2.303 mg/g for Cu(Il) removal were
obtained according to the Freundlich adsorption isotherm.
The Pseudo first order had been fitted to describe the batch
kinetics of the Cu(II) uptake by BIF. This study suggests that
natural biogenic iron oxide of BIF form may be used as a
viable adsorbent for the removal of copper (II) metal ions
from water and wastewaters.
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