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ABSTRACT

Activated carbon was prepared from the leaves of Azadirachta indica by HsPO, impregnation method. The
adsorption properties of Neem activated carbon were evaluated by Batch Mode adsorption studies. The amount
of RO4 removed by NAC, increases from 47.48 to 107.38 mg/g while increasing the initial concentration from
25 to 100 mg/L. A maximum amount of 94.96 % dye was removed at equilibrium time & at an initial dye
concentration of 25 mg/L. This treatment method also enables us to recycle the maximum possible amount of
spent carbon. The adsorption studies indicate that Neem activated carbon could be used as a low cost

alternative to the commercial activated carbon.
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I.INTRODUCTION

Water is an important natural resource for the survival of life. More than 70% of earth’s surface is covered with
water. Most of the water is not suitable for human consumption due large number of contaminants. An increase
in population, urbanization, growth of industries, use of chemical fertilizers & lack of environmental awareness
has led to an increase in water pollution. The textile wastewaters are characterized by non-biodegradable
organic and inorganic materials including metals, dyes, aerosols, phenols, surfactants, phosphates, high BOD
and COD concentrations. The dyes mainly consist of heterocyclic & aromatic compounds with color imparting
polar groups. Due to complicated structures, complicated and stable, the dyes are difficult to degrade’.

The color of dyes is due to the presence of chromophore like—-N=N-, -NO,, -NO groups etc. Auxochromes can
intensify the color of chromophore and thereby increase the solubility of dyes and their adherence with the
fibre. Some important auxochromes are —NH,, -NHR, —COOH, and -OCH3 groups®. The conventional bio-
treatment methods are not effective for the dyed textile effluents. The adsorption technique is one of the most

promising and convenient treatment techniques for the removal of the dyes from dyed effluents.
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I1.MATERIALS AND METHODS

Activated carbon was prepared from the leaves of Neem (Azadirachta indica). The leaves were washed, dried
and cut into small pieces of 2-3 cm size. The carbonized material was sieved into fine 300-850 pm size particles.
The precursor material was impregnated with boiling solution of 10 % H;PO, for nearly 2 hrs and then kept for
24 hrs. At the end of 24 hrs, the supernatant was removed by decantation. The residual matter was dried and
carbonized at 400 °C for half an hour in muffle furnace. The material was powdered and activated in muffle
furnace at 800 °C. The activated carbon obtained was finally washed with excess of water to remove any
residual acid present and then dried®. The activated carbon obtained from Neem leaves by HsPO, impregnation
method is abbreviated as NAC,.

ADSORPTION STUDIES OF BR29 BY NAC,

The dye Reactive Orange 4 (RO4) was dissolved in 1000 ml of distilled water to get a stock solution of 1000
mg/L. Appropriate concentrations of the stock solution were obtained by dilution method.

Tablel: Details of selected dye (RO4) for the adsorption studies

Selected Dye Molecular formula Molecular weight, g/mol Amax NM

Reactive Orange 4 C,4H13CI,NgO10S3Nag 781.46 479

Batch Adsorption Studies for RO4

The batch mode adsorption studies were carried out by varying the initial dye concentration, initial pH and
temperature. 100 mg of adsorbent was agitated with 200 mL of aqueous dye solution. The agitation was carried
out by keeping the contents of flask in a temperature controlled orbital shaker. The mixture was then withdrawn
at specified time intervals and centrifuged at 5000 rpm for 10 minutes. The un-adsorbed supernatant was further

analyzed for the residual dye concentrations using UV-visible spectrometer.

Batch Desorption Studies

The activated carbon loaded with dye was washed with distilled water to remove any un-adsorbed dye from it.
500 mg of dye loaded activated carbon was centrifuged with 50 mL of distilled water at 300 rpm. The
supernatant liquid was removed at several pH values. The desorbed dye solution was estimated by the

adsorption studies.

IHI.LRESULTS AND DISCUSSION
Batch Mode Adsorption Studies

Effect of agitation time and initial dye concentration on adsorption of RO4 by NAC,
The influence of dye concentration and temperature on the adsorption of RO4 dye by NAC, is shown in figures

1 and 2 and the relevant data are given in Tables 1.1 to 1.5 The amount of RO4 removed by NAC, increases
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from 47.48 to 107.38 mg/g while increasing the initial concentration from 25 to 100 mg/L. At 25 mg/L of initial
concentration a maximum of 94.96 % of dye removal was observed as shown in the Figure 4.3.0. In all the
range of concentrations under investigation, rapid uptake was noticed in the initial 30 minutes of contact time
and the adsorption rate decreases thereafter and finally reaches equilibrium at 80 minutes. The initial rapid
uptake is due to the concentration gradient created by the vacant adsorbent surface between adsorbate in
solution and adsorbate on the carbon. The increase in dye concentration eases the resistance and makes more

contact between dye and sorbent®.

Adsorption capacity of NAC, increases on increasing the initial dye concentration. This may be due to the
creation of concentration gradient at a faster rate. The studies show that the adsorption reaches equilibrium at 80
minutes and thereafter, there is no change in the adsorption capacity and therefore 110 minutes was fixed as
equilibration time for isotherm studies.

At higher concentrations the percentage dye removal is low due to saturation of the adsorption sites on the
surface of the adsorbent’®. The smooth adsorption curves obtained suggest the possibility of monolayer

coverage of dyes on the surface of the activated carbon.

Effect of temperature on the adsorption of Basic Red 29 by NAC,

The adsorption of BR29 on NAC, at temperatures of 30, 40 and 50°C with a fixed initial dye concentration of
50 mg/l is represented in Figure 2. The percentage of BR29 adsorption by NAC, increased from 84.76 to 89.54
% as the temperature was increased from 30 to 50°C. This increase in uptake with increase in temperature
indicates that adsorption of BR29 by NAC, is endothermic in nature. The increase in temperature may increase
the ionic mobility of large sized dye cation. Further, the increase in temperature may cause a swelling effect in

the internal structure of the carbon which makes the large dye to penetrate more®.

Table 1.1: Effect of agitation time & initial dye concentration on adsorption of BR29 dye

Time Final Concentration, C; | Dye adsorbed | Amount of dye adsorbed
(min) (mg/L) (%) G Mg/g
0 25.0 0.0 0.0
5 17.32 30.8 15.36
10 12.61 49.56 24.78
15 9.72 61.12 30.56
20 8.25 67.00 33.50
30 7.61 69.56 34.78
40 6.26 74.96 37.48
50 5.71 77.16 38.58
60 3.76 84.96 42.48
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70 2.98 88.08 44.04
80 1.26 94.96 47.48
90 1.26 94.96 47.48
100 1.26 94.96 47.48
110 1.26 94.96 47.48

Initial concentration of dye= 25 mg/L

pH=8.58

Temperature= 30 °C

Table 1.2: Effect of agitation time & initial dye concentration on adsorption of dye

Time Final Concentration, C; | Dye adsorbed Amount of dye
(min) (mg/L) (%) adsorbed q;, mg/g
0 50.0 0.00 0.0
5 36.25 27.5 27.5
10 32.13 35.74 35.74
15 30.52 38.96 38.96
20 28.76 42.48 42.48
30 26.41 47.18 47.18
40 24.15 51.70 51.70
50 22.62 54.76 54.76
60 19.26 61.48 61.48
70 16.02 67.96 67.96
80 14.41 71.18 71.18
90 13.23 73.54 73.54
100 13.23 73.54 73.54
110 13.23 73.54 73.54
Initial concentration of dye= 50 mg/L pH=8.54 Temperature= 30 °C

Table 1.3: Effect of agitation time & initial dye concentration on adsorption of dye

Time (min) | Final Concentration, C; | Dye adsorbed | Amount of dye adsorbed
(mg/L) (%) 4, ma/g

0 75.0 0.0 0.0

5 57.49 23.34 47.02
10 51.25 31.66 52.50
15 48.92 34.77 54.16
20 47.63 36.49 63.74
30 43.01 42.65 69.98
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40 4021 46.38 81.58
50 34.36 54.18 88.28
60 30.62 59.17 94.76
70 27.92 62.77 99.16
80 25.24 66.34 99.52
90 25.21 66.38 99.58
100 25.21 66.38 99.58
110 25.21 66.38 99.58

Initial concentration of dye= 75 mg/L pH=8.54 Temperature= 30 °C

Table 1.4: Effect of agitation time & initial dye concentration on adsorption of BR29 dye

Time (min) Final Concentration, C; | Dye adsorbed | Amount of dye adsorbed
(mg/L) (%) 0. ma/g
0 100.0 0.0 0.00
5 85.86 14.44 28.88
10 78.26 21.74 43.48
15 73.61 26.39 52.78
20 68.42 31.58 63.16
30 63.76 36.24 72.48
40 60.62 39.38 78.76
50 58.46 41.54 83.08
60 55.27 44.73 89.46
70 52.01 47.99 95.98
80 48.53 51.47 102.94
90 46.31 53.69 107.38
100 46.31 53.69 107.38
110 46.31 53.69 107.38

Initial concentration of dye= 100 mg/L pH=8.54 Temperature= 30 °C

Table 1.5: Effect of agitation time & temperature on adsorption of BR29 dye

Time (min) Final Concentration, C,| Dye adsorbed | Dye adsorbed | Dye adsorbed
(mg/L) (%) 30°C (%) 40°C (%) 50°C
0 50.0 0.00 0.00 0.0
5 36.25 275 30.94 32.56
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10 32.13 35.74 42.78 44.78
15 30.52 38.96 49.58 50.92
20 28.76 42.48 53.28 55.26
30 26.41 47.18 55.44 58.76
40 24.15 51.70 56.54 62.18
50 22.62 54.76 60.60 64.54
60 19.26 61.48 63.94 71.48
70 16.02 67.96 69.16 74.72
80 14.41 71.18 73.10 77.46
90 13.23 73.54 75.38 81.52
100 5.23 73.54 75.38 81.52
110 5.23 73.54 75.38 81.52
Initial concentration of dye= 50 mg/L pH=8.54
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Fig 1: Amount of dye (RO4) adsorbed versus time at different initial concentrations.
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Fig 2: Amount of dye (RO4) adsorbed versus time at different temperatures.

Desorption studies of Activated Carbon

Major amount of dye could be recycled from the dye loaded carbon due to physisorption of dye'®. Desorption of
RO4 from NAC, surface increased with increase in pH from 2 to 9 and there is no considerable change in
desorption of dye above pH 9. The maximum desorption of 26.13 % was observed at pH 8. The poor desorption

may be due to the strong binding of the bulky dye molecules inside the micro and mesopore.

IV.CONCLUSION

The batch mode adsorption studies of Neem activated carbon (NAC,) prepared by HsPO, on Reactive Orange 4
(RO4) indicated that Neem Activated Carbon (NAC,) could be effectively used as a low cost adsorbent and
alternative to the commercial activated carbon. The dyed industrial effluents of effectively be treated by Neem
Activated Carbon and thus the pollution problem arising due to color could be solved effectively. Also,

sufficient amount of activated carbon could be to recycled for further use.
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