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ABSTRACT

Copper (II) is known to be one of heavy metals most toxic to living organisms and more
widespread contaminants of the environment. It has a diverse usage in the field of electro-
plating, alloy making, electrical wiring, etc. Copper has been reported to be a pollutant and
its concentration in the range from 1 to 100 mg/L can lead to harmful effects to the ecosys-
tem. This work deals with the application of sorption, as an effective technique for the
removal of copper from aqueous waste especially in a continuous manner. The batch exper-
iments were performed to fetch the optimized parameters which were in agreement with
the previous results by various researchers. In batch study, at optimum adsorption condi-
tion, the highest adsorption capacity of 14.3 mg/g was obtained in absence of metal ions as
compared to 9.2mg/g with real wastewater. Moreover, the effect of competitive ions on
copper adsorption was studied. The column studies were carried out with the study of dif-
ferent parameters namely flow rate, bed height, initial concentration of the aqueous copper
solution. The performance of column was also studied for copper adsorption in the pres-
ence of multi-metal ions. This work provides an insight for the design of a packed bed col-
umn for copper removal which includes mass transfer calculation. Desorption studies have
also been explored using various solutions like hydrochloric acid, nitric acid, oxalic acid,
sodium hydroxide of varying concentrations.
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1. Introduction

Heavy metals are on forefront of academics and
regulatory body concern since gallons of water contain-
ing toxic as well as precious heavy metals are generated
annually from various sources like metallurgy industry,
metal processing industries, electroplating industry,
tannery industries, etc. This has occurred due to rapid
population expansion, unplanned urbanization, indus-
trialization which leads to increased disposal of heavy

*Corresponding author.

metals into environment there by contributing to pollu-
tion [1]. Moreover, heavy metals are not biodegradable
and tend to accumulate in living organisms resulting in
several diseases and disorders as well as it lead to
severe ecological hazards [2,3].

Copper, a heavy metal has diverse use in the field of
electroplating, alloy making, electrical wiring, and
many such applications. In electronic industry, copper
metal is widely used as interconnecting material for the
manufacturing of electronic components due to its
higher conductivity and greater residence to electro-
migration [4]. Copper is processed by various ways
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such as electroplating, etching, rinsing, chemical and
mechanical polishing, etc. which lead to accumulation
of wastewater contributing heavy metal pollution.
Copper is a micronutrient but excessive intake leads
to severe kidney failure and liver diseases. Thus,
copper (II) is recognized as one of the most widespread
heavy metal contaminants in the environment and
there is a need to search a cost-effective method for its
removal from wastewater [5]. Conventional methods
are employed for removal copper from wastewater
which include precipitation, coagulation, ion exchange,
membrane separation processes (such as ultra filtration,
electro dialysis, reverse osmosis, etc.), and last but not
least sorption [6]. However, chemical precipitation and
electroplating treatment are uncommon as they pro-
duce large quantity of sludge, which has to be treated
with great effort which is a costly issue. Moreover,
when copper ion concentration in aqueous solution is
among 1-100 mg/L these methods are ineffective. Ion
exchange, membrane processes are extremely expen-
sive and cannot be used for large scale [7].

As an alternative technique, sorption is a cost-effec-
tive and so is in huge demand and has capability to
overcome the disadvantages of conventional method.
In the queue of these techniques, use of biological mate-
rial including living and non-living micro-organisms as
an adsorbent is more popular. This is due to their good
performance to remove or recover toxic and precious
metals from industrial waste at ease of availability and
low cost. This effective technique depends on the
parameters like capacity, affinity, specificity of biosor-
bent, and the conditions in effluents.

Sorption can be used for the treatment of wastewa-
ter with low heavy metal concentration as an inexpen-
sive, simple, and effective alternative to conventional
methods. Sorption is the capability of active sites on
the surface of biomaterials to bind and concentrate
heavy metals from even the most dilute aqueous solu-
tions [8]. Biomass is mostly composed of proteins,
polysaccharides, and fats, and has many functional
groups able to bind heavy metal ions.

Biomass includes low-cost agricultural waste,
algae, fungi, bacteria, microalgae, marine algae, etc. In
spite of availability of numerous techniques for treat-
ment of effluents containing heavy metals, sorption by
agricultural waste is highly effective. Recent studies
showed that common agricultural waste products can
be used as potential biosorbents for the removal of
heavy metals. Waste coming as agricultural material
particularly which contains cellulose has witnessed
sorption for various pollutants. The basic composition
of agricultural waste is hemicelluloses, lignin, lipids,
proteins, simple sugar, water, hydrocarbons, and
starch containing various functional groups. These

waste are abundantly available, has low-cost and
moreover renewable in nature which make them eco-
nomical as well as eco-friendly [1]. From decades vari-
ous agricultural wastes as low-cost adsorbent have
been explored [9]. Earlier studies has been carried out
with low-cost biomass for removal of copper such as
sawdust, rice husk, sago waste, red pepper seeds,
barks, teak leaves powder, saltbush leaves, palm ker-
nel fiber, groundnut shells, tree fern, chitosan, etc.
[10]. Earlier reports on copper sorption using Arachis
hypogea husk (AHH) are mainly concentrated on batch
sorption studies and thus need to continue this work
for continuous sorption and desorption.

The objective of the present work is to study the
sorption of copper (II) ions on AHH. Experiments were
performed in batch and continuous mode and copper
sorption was investigated with respect to initial pH,
initial metal ion concentration, and temperature. As
per the previous literature much less work has been
done on varied concentrations and the desorption stud-
ies. Although other types of reactors, e.g. batch or con-
tinuous stirred tank reactors and fluidized bed
columns can be used, packed bed sorption has a num-
ber of advantages. It is simple to operate, attains a high
yield, and a scale up can be easily attained [11]. Also,
the mass transfer calculation is an important aspect for
designing of the packed bed column for such systems
[12,13]. Thus, the mass transfer coefficient values for
the column under study have also been reported.

2. Materials and method
2.1. Preparation of biosorbent

AHH were washed extensively using tap water for
1-2h and then washed with distilled and deionized
water several times to remove any mud and soil parti-
cles adhered to it. The washed husk was dried in oven
at 80°C for 48 h and then grounded, sieved by ASTM
standard sieve of 320 um, and stored for further use.

2.2. Characterization of the biosorbent

The dried biosorbent was characterized by Fourier
transform infrared spectrometer (Vacuum FTIR VER-
TEX 80, Mfg. BRUKER) to better understand the bind-
ing mechanism of the metal ion to the biosorbent.

2.3. Preparation of metal solution

A stock solution of 1,000mg/L of copper (II) was
prepared by dissolving appropriate quantity of
CuSO,-5H,0 (Mol. Wt. 249.68.) procured from SD Fine
Analytical grade in deionized water. Other concentra-
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tions were prepared from stock solution by dilution
varied between 10 and 300 mg/L, and the pH of the
working solutions was adjusted to desired values with
0.1M HNOj; or 0.1 M NaOH using a pH meter (Lab-
tronic digital pH meter Model No. LT-10). Fresh dilu-
tions were used for each experiment. All the
chemicals used were in analytical grade. The deion-
ized water for the experiments was obtained from Sar-
torious stedim arium water purifier unit.

2.4. Method of analysis

The metal uptake at equilibrium in batch studies
and total metal removal (%) in column studies were
evaluated respectively from the given Eqgs. (1) and (2).

C-C) X D

i (1

Metal uptake (q) =

where C; is the initial metal ion concentration before
sorption process in mg/L, C. is the equilibrium metal
ion concentration in mg/L, V is the volume of metal ion
solution in mL, M is the mass of biosorbent taken in g.

Total metal removal (%) = froal o 100 2
Miotal

where giota1 is the total metal ion sorbed in column for
a given concentration and flow rate in mg, Mo is
total metal ion send to column in mg.

Grotal aNd My are determined from flow rate (Q)
and total time (fior1)) using Egs. (3) and (4).

t=tiotal

total = m o Cdt (€)
o Ci Qttotal
Miotal = 17 000 (4)

The metal ion concentration was measured by using
standard method for copper ion determination with
PAN indicator (1-(2-pyridylazo)-2-naphthol) using a
UV-vis spectrophotometer.

2.5. Experimental
2.5.1. Batch mode sorption studies

Initially, kinetics experiments were carried out to
determine the time required to reach equilibrium. A
250 mL conical flask containing 150 mL metal ion solu-
tion of 100 mg/L concentration is equilibrated with 1g
of sorbent. Sorption process is carried out in a conical

flask placed in shaker maintained at fixed temperature
till equilibrium is attained. About 3 mL of the sample is
withdrawn at particular time interval to determine the
metal ion concentration. Few batch sorption experiments
were performed to identify the pH and temperature
dependence and their optimum value. The effect of pH
ranging from 3 to 6 on sorption using AHH was carried
out at different initial metal ion concentration varying
from 10 to 100 mg/L. The pH is maintained by using
0.1 N NaOH and 0.1 N HCI. Similarly, the effect of tem-
perature is carried out in a thermostatic orbital shaker at
various temperatures from 20 to 60°C. The effect of com-
petitive ions (cations and anions) on copper adsorption
on AHH was also carried out.

2.5.2. Continuous column sorption studies

Column experiments were performed in a glass
column with inner diameter ID=1cm and length
L=10cm, packed with sorbent AHH. The density of
AHH was found to be 2.204 g/cm®. A known quantity
of sorbent AHH was placed in the column and the
copper solution of known concentration was pumped
downward through the column at a rate of
0.75 mL/min with the help of a peristaltic pump. The
flow rate was frequently measured during the experi-
ment. The column effluent samples were collected at
regular intervals and were analyzed by UV spectro-
photometer. The effect of various parameters such as
flow rate, column height, type of flow, initial metal
ion concentration, and multi-metal ions concentration
on performance of the column was studied.

2.5.3. Desorption of copper

To explore the reusability of the biosorbent mate-
rial and to recover the metal ions so that the process
becomes economical, desorption experiments were
performed using different solvents with varying con-
centrations. The desorption solvents used for recovery
of copper from AHH were screened from strong acid,
strong base, and weak acid namely nitric acid, hydro-
chloric acid, sodium hydroxide, oxalic acid. The con-
centration of solvents was varied from 0.1 to 1 M. The
percentage desorption is calculated based on total of
metal desorbed using particular solvent.

3. Results and discussion
3.1. FTIR analysis of biosorbent

The FTIR spectrum of groundnut husk shows broad
peak at 3435.98 —OH stretch is the indicator of -OH and
-NH groups. The stretching of the -OH groups bound
to methyl radicals presented a signal between 2923.51
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and 2852.58 cm ™. The peaks located at 1638.43 cm™ ' are
characteristics of carbonyl group stretching from alde-
hydes and ketones. The peaks at 1465.48 cm™' are due
to N-H bending vibrations. The presence of -OH group,
along with carbonyl group, confirms the presence of
carboxylic acid groups in the biosorbent. The peaks at
1638.43 cm ™' are associated with the amide stretching
as well as aromatic ring stretch at 1560.45cm '.The
peaks observed at 1035.15 and 1261.97 cm™ " are due to
C-H and C-O bonds. The -OH, -NH, carbonyl, and
carboxylic groups are important sorption sites [14,15].
The FTIR spectrum of groundnut husk before and after
sorption is shown in Fig. 1 which reveals that after
sorption of copper ions there is a shift in intensity of
—OH and carbonyl bands.

3.2. Batch mode sorption studies

The sorption of copper using AHH was optimized
for various parameters. Fig. 2 depicts the variation of
copper sorption with time and it was observed that
the sorption increases with time due to higher mass
transfer rate at start because of higher concentration
difference on surface and solvent. However, after 50
min, there was no change in copper sorption as equi-
librium is reached. The maximum sorption capacity
for 1,000 mg/L Cu (II) initial concentration was found
to be 19.96 mg/g. Thus, in order to determine the
effect of pH and temperature, all batch experiments
were further performed till 1h and results are shown
in Figs. 3 and 4, respectively. From the Fig. 3 it can be
seen that as the pH increases higher removal of cop-

100

per is obtained for pH 3-5 while sorption is found to
be less at pH 6. Further the data obtained were fitted
to different isotherm and found that Freundlich iso-
therm gave best fit. Table 1 shows values of Freund-
lich constant which indicates that adsorption is higher
at pH 5. At higher pH the copper precipitates forming
the visible flocks and the low removal of copper at
low pH may be due to competency of Cu (II) with H*
ions. Hence, the optimum pH was found to be 5 and
further used for continuous study. Similarly, it is
observed from Fig. 4 and Table 2 that the copper
uptake at equilibrium increases with temperature till
50°C. But as temperature is increased further, at 60°C
the equilibrium metal ion uptake decreased which
reveals predominance of physical sorption over chemi-
sorption in this temperature region. The optimum
parameters obtained were contact time 60 min, pH 5,
and temperature 50°C which were matched with ear-
lier reports [16,17]. The Freundlich isotherm fits the
experimental data which implies that there is strong
bonding between AHH and copper.

The effect of competitive ions (Ca**, Mg*", CO?,
SO;~, CI) was studied by adding respective cations
and anions to the stimulated wastewater. Both the cat-
ions and anions concentration were studied at equi-
molar as well as excess concentrations. In the study it
was found that in the presence of cations the copper
adsorption is reduced. The copper adsorption in the
absence of cations was found to be 13.95mg/g
whereas in the presence of cations was 9.93mg/g.
However, the effect of anions on copper adsorption
was witnessed to be slightly reducing. The copper

8 .
&
©
Q . .
S g4 | Dried Biosorbent
=
S
@
]
Eel

| Column Sample
8 .
T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber cm-1

D:\VKR\DRIED BIOSORBENT.O DRIED BIOSORBENT solid 25/11/2011

Page 1/1

Fig. 1. FTIR for peanut husk.
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Table 1
Constants and regression coefficients for different adsorp-
tion isotherm at different pH

Isotherm Parameters pH3 pH4 pHS5 pH6

Freundlich n 1.18 1.50 1.32 1.24
Kg (L/g) 0.33 0.80 1.08 0.24
R? 0.97 0.95 0.98 0.95
Table 2

Constants and regression coefficients for different adsorp-
tion isotherm at different temperature

Isotherm Parameters 293K 303K 313K 323K 333K

Freundlich = 111 132 146 127 1.0
Kg (L/g) 026 108 139 146 0.14
R? 090 098 098 098 097

uptake capacity was obtained as 12.9 and 13.95mg/g
in the presence and absence of the anions.

Further, batch study of real wastewater sample
was carried out. The wastewater was obtained from a
copper plating industry in Bhiwandi Mumbai. The
known amounts of wastewater and adsorbent were
taken in the conical flask and placed in the shaker
under optimum conditions. The adsorption mixture is
allowed to attain equilibrium and sample was with-
drawn for copper content analysis. The copper uptake
capacity of real waste was found to be 9.2 mg/g which
showed comparable drop in adsorption of copper
without ions. This may be due to presence of excess
other cations in the real wastewater as observed in the
case of effect of competitive ions. On the other hand,
adsorption capacity of copper using AHH has been
further compared with the earlier reports in Table 3.
The copper uptake capacity is highest for AHH in
comparison with other adsorbents like wheat shells,
banana peel, hazel nut and cashew nut husk, moss,
tobacco fibers. Moreover, the adsorption of metal ions
can be further increased by adopting appropriate acti-
vation technique for AHH.

3.3. Column sorption studies
3.3.1. Effect of flow rate

The study of effect of flow rate is considered as an
important parameter since on industrial scale the
removal of heavy metal from waste stream will be
carried out as a continuous operation. Fig. 5 shows
the ratio of effluent copper concentration to initial con-



406 P.K. Ingle et al. | Desalination and Water Treatment 55 (2015) 401-409

Table 3
Copper uptake for different agricultural waste
S. Copper uptake
no. Agricultural waste (mg/g) References
1 Wheat shells 8.26 [18]
2 Banana peel 1.439 [19]
3 Hazelnut husk 0.0635 [20]
4 Cashew nut husk 20 [21]
5 Rice husk modified 10.9 [22]
by NaOH
6 Barley straw 4.64 [23]
7 Peanut hull pellets 12 [24]
8 Moss 11.8 [25]
9 Arachis hypogea husk  14.3 Present
study
10 Tobacco fiber 10.5 [26]

centration of copper against time for the flow rate var-
ied from 0.5 to 2mL/min. It is found that the amount
of copper uptake reduces with an increase in flow
rate. The breakthrough occurs early for 2mL/min
flow rate. For varied flow rates i.e. 0.5, 0.75, 1, and 2
mL/min, the total removal of copper was obtained as
50, 79, 60, and 59%, respectively. The lowering of the
copper adsorbed at higher flow rate of 2mL/min
maybe due to unavailability of sufficient retention
time for the metal ion with the biosorbent which
results in limited diffusion of metal ions in the adsorp-
tive sites or pores available for sorption. As the flow
rate is increased, the breakthrough curve becomes
steeper. Therefore, at high flow rates the copper solu-
tion is eluted without attaining equilibrium and the
contact time between copper solution and adsorbent is
minimized, leading to early breakthrough [27].

——2ml/min
i hen
:\:1 06 ~=— 1 ml/min
b 0.75 ml/min
0.4 ——0.5 ml/min
0.2
[
0 100 200 300 400 500

Time (min)

Fig. 5. Effect of flow rate on Cu adsorption.

3.3.2. Effect of bed height

The sorption of metal in a packed bed is highly
influenced by bed height i.e. the amount of biomass
used. Experiments were conducted in a column of 1 cm
diameter for three column heights 2, 3, and 5 cm using
1, 1.8, and 2gm of biosorbent, respectively. The feed
with an initial copper concentration of 100 mg/L was
passed though column at a flow rate of 0.75 mL/min.
Fig. 6 represents the breakthrough curves for AHH for
column height 2cm, 3cm, and 5cm which clearly
shows that breakthrough time has increased with
increasing bed height. The total copper removal
achieved at different heights 2, 3, and 5 cm was 50, 79,
and 65%, respectively. It is also seen from Fig. 6 that the
slope of breakthrough curve decreased with increasing
bed height. This can be attributed to the fact that copper
ions get maximum residence time within the column
resulting in lower effluent concentration in the eluted
stream. Besides, at higher bed heights the availability of
the effective surface area of adsorbent is more which
offers more active sites to sorption and it also broadens
the mass transfer zone length [28].

3.3.3. Effect of initial concentration

In order to evaluate the effect of Cu®" concentra-
tions on the removal efficiency, the sorption process
was carried out with initial Cu®' concentrations
between 25 and 300 mg/L at constant bed height and
flow rate of 3cm and 0.75 mL/min, respectively. Cu®*
uptake decreased by increasing the initial Cu®*
concentration, where as breakthrough in column is
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Fig. 6. Effect of bed height on Cu adsorption.
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accelerated with an increase in the Cu®" concentration.  Table 4

The removal of copper for concentration of 25mg/L
was 66%, whereas for 50, 100, 200, and 300 mg/L the
removal was 70, 79, 51, and 50%, respectively. Fig. 7
gives the break through curve for different concentra-
tion. It indicates that the column exhausted very fast
for initial higher concentration and takes very long
time for lower concentration i.e. 25 and 50 mg/L. The
initial metal ion concentration acts as a driving force
to overcome mass transfer resistance for metal ion
transport between the solution and the surface of the
adsorbent. But as the concentration rises the active
sites get occupied by copper ions and further removal
is not possible. Although, the rate of uptake is very
fast at higher concentration, it also saturates the avail-
able active sites on the surface of functional groups,
preventing further metal ion uptake [29].

3.3.4. Effect of multi-metal ions

The presence of anions showed negligible effect on
the copper adsorption in the batch mode, whereas in
the presence of cations the reduction was evident.
Hence, the column study for effect of ions was done
in the presence of cations. The equimolar concentra-
tion of Ca**, Mg?*, and copper was introduced as a
feed to the column and under optimum conditions the
column performance was studied. The result showed
that column has exhausted early in comparison with
the absence of cations. Moreover, the column effi-
ciency has reduced from 79 to 56.7% in the absence
and presence of multi-metal ions, respectively.

3.3.5. Mass transfer coefficient

The uptake of Cu®" species from the solution to
the adsorbent is carried out by transfer of mass from

Variation of mass transfer coefficient with flow rate, bed
height, and initial concentration

Mass transfer coefficient

Parameters Kiax10% (s7h
Flow rate (mL/min) 050 2.4
0.75 3.1
1.00 33
200 2.8
Height (cm) 200 33
3.00 3.1
500 29
Concentration (mg/ 25 2.2
L) 50 2.6
100 3.1
200 2.3
300 2.1
Multi-metal ions Ca®>* 24
Mg2+

the former to the latter. The overall sorption process is
assumed to occur in three steps [12]:

(1) Mass transfer of copper ions from the aqueous
phase onto the solid surface.

(2) Sorption of copper ions on to the surface sites.

(3) Internal diffusion of copper ions via either a pore

diffusion or homogeneous solid-phase diffusion.

An increase in the initial concentration of Cu**
makes the breakthrough curves much steeper. It is evi-
dent from the Table 4, an increase in the mass transfer
coefficient with an increase in initial concentration of
copper. As the concentration of copper in the feed
increases from 25 to 100mg/L, the mass transfer
coefficient increases from 2.2x1072 to 3.1x102s ..
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Further as the concentration of copper is increased to
300mg/L mass transfer coefficient values drop down
to 2.1x107%s™" This can be anticipated on the basis
that the driving force for mass transfer increases with
an increase of concentration of adsorbates in the solu-
tion and thus increasing the mass transfer coefficient,
but eventually further increase in concentration satu-
rates the active sites thereby preventing the removal
of copper ions. Table 4 also shows the effect of flow
rate on mass transfer coefficient whereby increasing
the flow rate may be expected to make reduction of
the liquid film thickness. Therefore, this will decrease
the resistance to mass transfer and increase the mass
transfer rate as well as there is not enough time for
sorption equilibrium to be reached. This phenomenon
is in agreement as observed by Ravikumar et al. [30].
The optimum flow rate for the experiments was found
to 0.75mL/min based on the breakthrough which is
significant from the Kj, value of 3.1 x 1072s™. Con-
cerning the bed height generally indicates that the
longer the bed, the better the process performance.
The value of K;, values of mass transfer coefficient is
almost similar for all the heights. The mass transfer
coefficient was evaluated for copper adsorption in the
presence of multi-metal ions and was 2.4 x 10725 ™.

3.4. Desorption

To study the reusability of the biosorbent material
and to recover the metal ions so that the process
becomes economical and the wastewater treatment
cost-effective, desorption was carried out by using dif-
ferent solvents with varying concentrations. Fig. 8
depicts the desorption capacity of different sorbents.
The desorption solvents screened were varied concen-
trations of NaOH, HCI, HNOj; and Oxalic acid.

P K. Ingle et al. | Desalination and Water Treatment 55 (2015) 401-409
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Desorption studies by NaOH showed the least recov-
ery as compared to other adsorbents. For different
concentrations of NaOH, the maximum recovery
obtained was 38% by 1M NaOH. HCl showed satis-
factory removal efficiency but being a weak organic
acid, oxalic acid showed poor results. It can be seen
from Fig. 8 that the maximum desorption of 59%
occurs at lower concentration of HNO; ie. 0.1M
which indicates desorption is favorable in acidic pH
as the Cu”" ion is replaced by the acidic H" ion.

4. Conclusions

AHH has a significant potential as a sorbent for
application as remedy for copper effluent. In the pres-
ent study, the optimum conditions for sorption mecha-
nism are contact time 60 min, pH 5, and temperature
50°C. The isotherm study indicates that the sorption
data fits Freundlich isotherm with high correlation fac-
tor. The mechanism of copper removal on AHH
occurred through ion-exchange and physical sorption.
The copper uptake for real wastewater was obtained
to be 9.2mg/g which is comparable with the adsorp-
tion capacity of copper in the presence of multi-metal
ions (cations). The decline in copper ion capacity may
be due to presence of excess cations in the real waste-
water. From the desorption study, HNO; proves to be
an efficient desorption solvent and thus making the
process feasible. The values of mass transfer coeffi-
cient shows a significant effect on the breakthrough
curve and indicated that at lower bed height and flow
rate efficient sorption of copper can be achieved. This
data can be used further for the design of a packed
column for the removal of copper from aqueous
stream using AHH.
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