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Abstract

Present work illustrates the removal of copper ion (i.e. Cu2+) from water using
hydroxyapatite (HAp) adsorbent. HAp powder was synthesized by chemical precipitation
method. The developed HAp powders were characterized through FESEM images alongside
the EDX analysis confirming the presence of calcium and phosphorous elements. Batch
adsorption experiments were conducted mainly using HAP. The copper (Il) ion adsorbed
HAp was also characterized using, FESEM and EDX analysis. On the basis of the adsorption
experimental results a treatment unit/set up has been developed for the purpose of removal of
copper from water. The adsorption candle was made by mixing HAP and activated charcoal
in a certain proportion. Activated charcoal was used mainly to increase the flow rate of water
through the adsorbent candle. Prototypes were developed to investigate the initial copper ion
concentration of 3mg/L and 6mg/L. The prototypes thus developed have proven to be
successful as more than 1000 litres of copper contaminated water has been treated whilst
maintaining the effluent copper concentration well below the permissible limit.
Keywords: Hydroxyapatite (HAp), Adsorption, Copper, Fish scale.

1.  INTRODUCTION

The rapid rise in industrial development, increase in commerce, development of
hospitals and health-care facilities has led to a significant increase in waste products. A large
amount of toxic chemicals are also being generated which are highly hazardous in nature. The
heavy metals are the most hazardous waste in liquid waste. The elements that have the
specific gravity more than 5.0 alongside the atomic weights lie in the range of 63.5 and 200
are termed as heavy metals [1]. In the categories of heavy metal Cu, Pb, As, Fe, Zn, Hg, Ni,
Cr and Cd are generally found in water and are highly toxic in nature. These heavy metals are
of grave concern as these are toxic, have the affinity of bio-accumulation and are highly
recalcitrant in the nature, consequences in the severe health related problems.
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Some of these metals are trace elements e.g., manganese, zinc, iron and copper. These
elements are always entering in the body through foodstuffs like vegetables, fruits and
multivitamin products, moreover the high concentration of heavy metals present inside the
water also responsible for the serious physiological and biological problems. For example,
arsenic intake can lead to cancer and have the potential of causing skin and gastrointestinal
effects. Lead also considered as a possible carcinogen, causes anaemia, high blood pressure,
sterility and kidney problem. The metals like copper also responsible towards various
diseases like headache, irritation in eyes, stomachache and diarrhoea [2]. The increasing
number of food processing industries, using chemical for long term preservative may be
responsible for the increasing the copper content in waste water. This contamination also
prevails due to washing of copper container that contains food and water [3]. The earlier
research suggested that when the contamination is more than 1.0 mg/l in drinking water it
creates sever problems like gastrointestinal and hemochromatosis [4]. Therefore, it is indeed
to develop such absorbent which have capacity to absorb heavy metals like copper from water
to mitigate the water born diseases. Hence, the scientific community developed various
methods for the removal of these metals from water. Some of these processes are
precipitation, coagulation, ion-exchange, fluidized bed reactor, filtration, flue gas purification
and adsorption. Each method has its own benefits and limitations. Precipitation method is
deemed unsuitable if the amount of heavy metal dissolved in water is of very low
concentration. Flocculation and Coagulation method is employed in conjugation with the
precipitation process. This method leads to the formation of a large volume of sludge and
usually some amount of heavy metals remain dissolved in water and is not beneficial for the
treatment purpose [5]. Owing to the time and expense constraints, the aforementioned
methods are not viable enough to be applied on large volume of waste water. However, the
adsorption process is gaining popularity for the absorption of metals from polluted water.
This method is suitable and potentially capable to treat water irrespective of the presence of
heavy metal or the volume of water to be treated. There are many materials available, which
can be used as an adsorbent. Among them the most commonly used adsorbent is activated
carbon that commonly used as. The drawback that limits these absorbent is the expensiveness

of material [6].
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Now a days the primary focus of researchers is the use of cheaper adsorbents and
easily available. They are in desire of having adsorbents that can be derived from some waste
material and further use them with certain modifications for the removal of metals. Some of
the adsorbents that was investigated so far are pea nut shells [7], olive cake [8], date pits and
fruits [9], tea factory waste [10], maize cobs [11], wood saw dust [12] etc. The main bone of
contention here lies in the selection of an optimal adsorbent which basically varies with the
type of pollutant to be treated. An analysis is also required to get the optimal conditions
needed for the removal of heavy metals by a particular adsorbent. The researches carried out
on the Hydroxyapetite (HAp) as an absorbent show very efficient results towards purification
of water. In this context researches illustrated that the Apatites possess well characterized
surface properties and show potential of reacting with heavy metals. The reactions show both
surface sorption reactions and precipitation reactions [13, 14]. The sorption of the divalent
ions is governed by the ion exchange method. Ca®* of the hydroxyapatite lattice is exchanged
with Zn?* and Cd** which caters its adsorption [15, 16]. The research suggested that
dissolution with precipitation was more prominent towards the adsorption of Pb?* ions rather
than ion-exchange mechanism [17]. Heavy metals while reacting with the apatite minerals,
first forms a poorly crystalline solid solution, which gradually then transforms to the purer
and more highly crystalline products [18]. There are wide number of researches available to
choose adsorbents for the purification of water. Amuda et al. [19] proposed composite
absorbents made up of coconut shell carbon along with the chitosan and/ or oxidizing agent
that have huge potential towards purification of water. These composites efficiently remove
the zinc (I1) present in synthetic industrial water. In the investigation the parameters like ion
concentration zinc (1), pH and adsorbent concentration were varied and analyzed. Kadirvelu
et al. [20] used chemical activation processes to extract the activated carbon from coirpith.
The extracted activated carbon were used for the adsorption of heavy metals Cu(ll), Pb(ll),
Ni(1l), Cd(I1) and Hg(Il). Coir processing industries have huge wastage of coirpith as a waste.
So, it may be available at cheaper rate that influences to develop cheaper absorbent. The
analysis of adsorption showed that when pH from 2 to 6 increases the percent adsorption of
heavy metals was found to be increase. Abdallah et al. [21] studied the purification of surface
seawater in EI-Max Bay through the bio-sorption of chromium, mercury, cadmium and lead

ions present. The bio sorbent used was hybrid active carbon prepared by chemical treatment

www.jamsjournal.com

95



Investigation to Evaluate the Absorption Capacity of HAp During Removal of Copper
(1) from Aqueous Solution

through acid, base followed by redox reaction. These sorbents were also processed through
the surface loading of baker’s yeast biomass which increased the adsorption capacity. Recent
work on HAp as a absorbent is also shown by Balasooriya et al [22] and Zhu et al. [23].

In spite of availability of so many adsorbents it is incumbent upon researchers to come
up with the new adsorbents which can be easily synthesized, is less expensive and can be
effectively remove the copper from water. In this article, hydroxyapatite (HAp) is used as an
adsorbent for complete elimination of copper (I1) present in water. The article focused on
HAp because it can easily be synthesized at cheaper cost by using bio wastes like fish scales,
egg shells, animal bones or teeth etc. This will serve the dual purpose of waste minimization
and pollutant treatment. Thus we will be having a waste to wealth approach through this.
Hence an endavour has been made to see the absorption capability of HAp towards removal

of copper ion from water.
2. SYNTHESIS OF HAP THROUGH CHEMICAL ROUTE

In this investigation the chemical used for preparation of HAp was Di-ammonium hydrogen
phosphate, Calcium nitrate tetrahydrate and Ammonium hydroxide solution. The requisite
amounts of chemicals were taken in an open beaker. The chemicals were mixed together in
distilled water to form aqueous solution. The formed aqueous solution was further mixed with
0.1 molar ammonium hydroxide solutions to develop the precipitate of HAp. After formation
of precipitate the water was decanted with help of filter unite. Wahtman filter paper was used
during filtration. After filtration the cake was collected and placed in an hot environment for
next 24 h. After drying the HAp powders having lump or bigger grain sizes were crushed
manually using mortar pestle. After crushing the powders were decomposed at 1000 °C inside
an high temperature furnace for calcination. The calcined powders were mechanically milled
in an alcoholic media for 8 h inside an planetary ball mill to get fine sizes. Alumina balls
were used for milling the HAp powders. The fine size powders collected from ball mill was
again placed in hot environment also for 24 h. After drying again the powders were
decomposed at 1000 °C to obtained crystalline morphology of HAp powder.

2.1. Set-up developed:

To carried out the experiments a filter unit has been developed by using plastic
container. The systematic pictorial representation of the filter unit is shown in Figure 1. The
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filter unite having two PVC container capacity 10L has been taken. The cartridge used in it
was of hydroxyapatite (HAP) powders inclusion with activated charcoal to enhance the
porosity. Angular shaped activated charcoal was taken. The size of activated charcoal being
larger than the powdered HAP, it was expected that the flow rate will improve after using it.
The powdered HAP and activated charcoal were layer by layer filled up in the candle
container. For the improvement in flow rate the pressure of the flow was also required to be
increased. This being a gravity type flow system the pressure increment was done by
increasing the height of the upper container. To carried out the experiments different

concentrations of copper (1) contaminated water were prepared i.e. 3,5, 6, 7 and 8 mg/I.

Upper Container Containing
Copper (II) contaminated
water

Orifices for slowly
transfer of water

Absorbent Candle

Lower Container

HAp powder bed to containing fresh water

absorb the copper(II)
from aqueous solution

st +——  Valve for supply of
water

Figure 1. Experimental set up for removal of Copper (I1) ion from aqueous solution

3. RESULTS AND DISCUSSION

Spectrum 5

The microstructure of developed HAp is shown in Figure 2. The EDX analysis confirms

the presence of calcium and phosphorous in homogeneous amount throughout the matrix. The
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particles sizes were also uniform that resembles a good morphology of developed HAp

powders.
3.1. Analysis on HAp as an Absorbent

The adsorption study of varying copper ion concentration on the same HAp dose with
different contact time was observed. The different concentrations were of 3, 5, 6, 7 and 8
mg/l. In this analysis, the amount of HAp taken to investigate was 0.05 mg while the volume
of water was 100 mL. The result illustrate that the when the concentration of ion was
increases the percentage removal of copper (11) was decreases. This mainly happened due to
presence of high ions of copper abruptly exposed to the HAp powder that consumes more
time for settlement. The interesting result was observed with high concentration of copper (1)
ions in water that requires high driving force during flow. The resistance offered by the mass
of copper (1) ions provides favourable condition during purification of Copper through HAp
powders [24-27]. The said resistance offer more time for the trapping of Copper (lI) ions.
Hence, with high concentration high purification was observed. The graph for the adsorption
study has been shown Figure 3. The removal of copper ions found to be efficient for high
concentration. The adsorption capacity at equilibrium for different concentrations has been
tabulated in Table 1.
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Figure 3. Removal of various initial copper ion concentration variations with time
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Table 1. The removal efficiency, adsorption capacity and equilibrium concentration
corresponding to different initial copper concentration.

Sl Initial Concentration | % Equilibrium adsorption | Equilibrium  copper
No. of Copper (mg/L) removal Capacity (mg/g) concentration (mg/L)
1 3 96.17 5.77 0.1147

2 5 94.2 9.42 0.29

3 6 93.17 11.16 0.41

4 7 92.65 12.97 0.5145

5 8 92.54 14.82 0.5961

Spectrum 5

Full Scale 1750 cts Cursor: 0.000 ke

Figure 4. (a) FESEM image of HAP before adsorption, (b) EDX analysis of HAP before
adsorption, (c) FESEM image of HAP after adsorption, and (d) EDX analysis of HAP after
adsorption

From the above figure 4 it infer that in figure 4(b) there is no peak of copper while it is
present in figure 4 (d). The composition of copper in HAp before adsorption is 0% but in the

HAp after adsorption it is about 3% by weight. This can be seen in Table 2.
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Table 2. Elemental composition of HAP and copper adsorbed HAP as per EDX analysis.

Elements | Before Adsorption After Adsorption

% Weight | % Atom % Weight % Atom
o) 56.8 74.85 34.86 56
P 15.67 10.67 13.96 11.59
Ca 27.54 14.49 48.06 30.93
Cu 0 0 3.16 1.28

5. CONCLUSION

This study successfully demonstrated the preparation of HAp power through chemical
synthesized route. Furthermore a filter unite alongside cartridge has been develop for the
entrapment of copper (1) ions from polluted or industrial contaminated water. The
experiments successfully show that the presence of HAp efficiently removed the copper (II)
ion from water. The amount of HAp have significant role towards removal of the copper ion.
Hence, it can be concluded that the HAp is used as an efficient absorbent for removal of
heavy metal from water.
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