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ABSTRACT
The use of fine beach sand to remove hazardous Chromium [VI] ions from aqueous solutions was investigated.
Removal of chromium ions from stock solution of known concentration of Potassium dichromate was carried out by
two sand samples, one pretreated with 70% nitric acid and one washed with distilled water. The experiment was
carried out as a function of pH, where the nitric acid pretreated sand had a pH=1, and the water-pretreated sand
had a pH=7. The experiment was carried out at room temperature (31°C). The adsorption time for both the
solutions was 180 minutes. The main principle of this experiment was the adsorption of chromium [VI] ions to the
sand particles. The rate of removal of chromium [VI] ions was observed both qualitatively as well as quantitatively.
Higher removal of chromium ions was obtained at pH=1 compared to pH=7 sand samples. For Cr [VI], the
Langmuir isotherm gave the best fit for adsorption. The results are discussed in terms of the chromium species
present in the solution and the effect of contact time and pH on the rate of adsorption and removal efficiency has
been studied.
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_____________________________________________________________________________________________
INTRODUCTION
Today’s environment faces major threats of pollution, and living organisms are greatly affected by deteriorating
conditions of the environment. Humanity is at risk of various harmful effects of these pollutants, and thus there is a
very crucial need to abate and remove these contaminants to provide a safe and healthy living environment not only
for us, but also for our future generations.
A major pollutant in soil and water is Chromium [VI]. Chromium is a widely used metal for various commercial
applications and numerous industrial processes that include galvanization, steel, paints, textiles, oxidative dyeing,
cooling water towers and leather tanning. These processes usually have improper and inadequate disposal facilities
which eventually lead to the discharge of Cr [VI] ions into the natural environment causing soil and water pollution
[1,2]. Cr [VI] ions are very toxic to the living systems as they are very strong oxidizing agents and can have adverse
effects on human body, causing diseases like skin dermatitis and allergic reactions when adsorbed by the skin [3,4].
It is also known to cause ulceration of the small intestine, and is carcinogenic to animals [5].
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There have been studies using activated carbon for the bioremediation of polluted soils and water, and it has been
shown to be an efficient adsorbent of chromium from effluent [6-8]. The disadvantage of using activated carbon is
that it is fairly expensive and raises the cost of the experiment. Hence, removal of chromium from polluted soils and
water using a low cost and non toxic adsorbent is the need of the present scenario. In these recent times, many
studies have been carried out by scientists all over the world where they have used various naturally available and
cheap resources as adsorbents for the removal of harmful heavy metal pollutants [9–11]. Some of these resources
include china clay, and various waste materials like exhausted coffee, saw dust, fly ash, dead biomass, etc [16-24].
Sand is a natural resource present in abundance in the environment. Employment of this widely available resource to
remove harmful chromium [VI] ions from the contaminated is not only a cost effective but also eco-friendly [10-16].
This experiment aims to compare the efficiency of removal of Cr [VI] ions by sand samples using sand samples
pretreated with nitric acid (pH=1) and distilled water (pH=7).
EXPERIMENTAL SECTION
(i) Materials and Instruments:
The chemicals required for the experiment were obtained from the laboratories of VIT University. The materials
used in the experiment include the samples of fine beach sand taken from Vishakhapatnam (Fig1), 70% Nitric acid,
distilled water and Potassium dichromate. The instruments used in the experiment were: hot air oven, to dry the pretreated sand, orbital shaker (set at 100 rpm) and UV-visible spectrophotometer to check the decrease in the levels of
chromium [VI] ions in the potassium dichromate solutions.

Fig1 – Fine beach sand of Vishakhapatnam

Fig2 – Pretreatment of the sand

(ii) Pretreatment of the sand:
Fine sand sample was taken from the beach. Fixed weight (25g) of the sand was taken in two conical flasks each.
The sand sample in one of the flasks was treated with 75ml of 70% nitric acid (Fig2) and the sand in other flask was
treated with 75ml distilled water. This contacting of the sand and the addition of acid or water respectively is called
the pretreatment process. The sand was put in contact with both nitric acid and distilled water for a contact time of
30 minutes. This contact process was repeated thrice so that the pH of the final solution of the acid pretreated sand
sample became pH=1, and also to remove the carbonate present in the sand. If the carbonate from the sand is not
completely removed from the solution, a greenish blue hydroxide is formed (Fig3). This can be explained by the
following reaction [25].
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Fig3 – Formation of dark blue precipitate in the acid treated sand

(iii) Batch adsorption study
The pre-treated sand was put in hot air oven for drying at 110◦C. Stock solution of 1000ppm of potassium
dichromate solution was prepared. Two conical flasks were taken; 50 ml of this solution was poured in each flask. In
one flask 1 gram of sand treated with nitric acid was added, and in the other 1 gram of sand treated with distilled
water was added. Spectrophotometric method was used to measure the decrease in levels of chromium as time
progressed. The initial reading was taken at t=0 minutes followed by constant shaking at 100 rpm in an orbital
shaker till the next reading. The readings were taken for every 15 minutes till 3 hours passed (t=180 minutes).
Removal efficiency was expressed as the percent of chromium ion concentration removed.

Where Ci is final concentration and Ce is initial concentration [26].
RESULTS AND DISCUSSION
Table 1: Physiochemical analysis of beach sand
Components
Silica
Calcium oxide
Ferric oxide
Aluminium oxide
Heavy metals

Percentage (%)
84.2
13.6
0.24
0.97
1.01

Table II: Contact time vs. % removal of chromium[VI] with the two pretreated sands

Ser. No.

Contact time (in min)

1
2
3
4
5
6
7
8
9
10
11
12
13

0
15
30
45
60
75
90
105
120
135
150
165
180

Removal efficiency of
nitric acid pretreated
sand sample (in %)
0.000
5.714
6.939
7.806
8.061
9.010
9.949
10.710
10.800
10.710
12.140
12.600
11.220
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Removal efficiency of
distilled water
pretreated sand sample (in %)
0.000
0.714
1.122
1.378
1.531
2.500
2.806
3.110
2.640
4.180
3.469
4.690
5.102
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Qualitative results:
The colour of potassium dichromate solution is bright orange. The colour of potassium dichromate is observed to
fade as the contact time increases.
Quantitative results:
From the readings taken (Table II) a graph was plotted which is shown (Fig4). The graph was plotted against
efficiency of the removal and contact time. From the graph it was observed that with increase in contact time the
efficiency of removal of chromium increases. Equilibrium adsorption value was taken from the literature and was
analyzed according to Langmuir adsorption [27] and Freundlich adsorption [28] isotherms. The adsorption of metal
ions on sand proceeds through a protonation and de-protonation of sand. This is called the ion exchange mechanism
between ions which are already adsorbed on sand and chromium ions in potassium dichromate solution [29, 30]. The
adsorption of chromium on negatively charged surfaces cannot be explained by or adsorption forces alone. There are
specific chemical interactions which take part in the removal [31].
In acidic range there is presence of nitrate ion and there is an ion exchange of chromate-nitrate which is reported to
remove the chromium [VI] ions. A detailed study on the effect of pH in removal of chromium ions is given in the
references [32, 33]
Effect of pH:
pH plays an important role in removal of chromium using sand. pH is marked as the master variable [34].There is a
drastic change in the results with the change in pH. It was observed that the efficiency of removal is higher at lower
pH. The sand which is treated with nitric acid (pH=1) has greater efficiency than the sand treated with distilled water
(pH=7). The graph for the same is shown in (Fig4). Maximum chromium removal observed at pH 1 can also be
associated with the high electrostatic forces between the adsorbent and adsorbate. [35] The efficiency of removal
increases with contact time. The efficiency of sand at pH=1 increased from 5.714% to 12.600% and for sand at
pH=7 increased from 0.714% to 5.102% in a constant contact time of 180 minutes.

Fig4. Contact time vs. % removal of chromium [VI] at different pH sands

The efficiency of removal increases with contact time. The efficiency of sand at pH=1 increased from 5.714% to
12.600% and for sand at pH=7 increased from 0.714% to 5.102% in a constant contact time of 180 minutes.
The % removal using sand at pH=1 is 12.60% whereas that of sand at pH=7 is 5.102 for t=180 minutes. Hence
higher efficiency values were obtained at lower pH.
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CONCLUSION
The fine beach sand taken is a non toxic and easily available natural resource. The removal of chromium from
potassium dichromate solution was observed to be successful using the sand. The efficiency increased with increase
in contact time. It can also be concluded that pH plays a major role in altering the efficiency. Lower pH results in
higher efficiency. The efficiency at pH=1 was much greater than the efficiency at pH=7. Therefore the pretreatment
of sand with nitric acid was an essential step as there was a decrease in pH which resulted in increase of efficiency.
The % removal was 12.60 at pH=1 and was 5.102 at pH=7. Removal of hexavalent chromium is higher at acidic pH.
Therefore the adsorbent used in the experiment can serve as a potential material to remove chromium from many
effluents and industrial wastes.
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