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ABSTRACT

In the present research work, adsorptive capacity of Bone China Pottery Waste (BCPW) for the removal of
Cd(I1) ions from industrial effluent has been studied. Batch method has been employed to investigate the effects
of various adsorption controlling parameters such as contact time (5-180 min), pH (1-8) of solution, metal ions
concentration (10-200 mg/L) and adsorbent dose (0.1-1.0 g) on adsorption of Cd(ll) ions onto BCPW. The
optimum set of conditions for maximum adsorption of Cd(ll) ions were found to be initial concentration 50
mg/L, dosage 0.5 g and pH 6.0. The maximum adsorption of Cd(lIl) ions by BCPW was found to be 52.3 %. The
adsorption data was fitted best to the Freundlich model (R? = 0.969). Langmuir monolayer adsorption capacity
of BCPW for Cd(Il) was found to be 3.695 mg/g. These results suggested that BCPW could be employed as
efficient adsorbent for the removal of Cd(Il) from contaminated water sources.
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I. INTRODUCTION

The term heavy metal refers to the metals which are toxic at low quantity and cause risks to human health and
the environment. Mining, electroplating, metal processing, textiles and battery manufacturing industries are the
main sources of heavy metals [1, 2]. Cadmium is a non-essential and highly toxic element which can accumulate
along the food chain resulting in serious ecological imbalance and cause hazards to plants and animals [3].
Therefore, elimination of Cd(I1) from wastewater is important to protect public health. Commonly used methods
to treat metal contaminated effluent are chemical precipitation, ion-exchange, membrane filtration, coagulation
and adsorption. All other conventional methods have proved to be less effective and much expensive [4] than
adsorption which is technically simple with sludge free environment and involve low investments in terms of
both initial cost and land requirement [5, 6]. In recent years, tea waste [7], red mud [8], saw dust [9], ulmus
leaves and their ash [10], roasted china clay [11], mixtures of hydrous ferric oxide, quartz and kaolinite [12] and
Turkish kaolinite clay [13] have been employed to remove heavy metals from waste water.In this study, BCPW

wasutilized for the removal of Cd(l1) ions from industrial effluent.
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Il. METHODOLOGY

2.1 Collection and Preparation of adsorbent

In ceramic industries during manufacturing of bone china pots, toys and other decorative articles, the semi-solid
paste first moulded into various shapes of articles and then subjected to heating called firing to provide rigidity.
But during the process of firing, some of the articles breaks or get deshaped which are thrown away as waste.
some of these breaks or get deshaped which are thrown away as waste. This thrown away waste was collected,
grinded into fine particles and sieved through 300 mesh size and used as adsorbent to remove Cd(ll) ions from
aqueous solutions without giving any pre-chemical treatment.

2.2 Adsorbate solution

The stock solution of 200 mg/L of Cd(ll) was prepared by dissolving required amount of cadmium nitrate
tetrahydrate, Cd(NO,),.4H,0 in DDW in 1L standard flask. This stock solution was used to prepare working
solutions of desired concentrations for all experiments. The pH values of the solutions was adjusted by adding
0.1N NaOH or 0.1N HCI.

2.3 Determination of point of zero charge

The point of zero charge (pHp,c) of the BCPW was determined by solid addition method with DDW and 0.1 N
KNOj; solutions [14]. The 50 ml DDW (Double distilled water) was transferred into a series of conical flasks
and the initial pH (pH;) of these solutions were roughly adjusted between 2 to 10 by adding either 0.1 N HCI or
0.1 N NaOH solutions. The initial pH (pH;) of these solutions was than measured accurately by using pH meter.
After that 0.5 gm of adsorbent was added into each flask and allowed to equilibrate for 24 hours with
intermittent manual shaking. After attaining equilibrium solution was filtered and the final pH (pH;) of the
supernatant liquid was then noted. The difference between initial and final values (ApH = pH; — pHs) were
plotted against pH;, the point of intersection of resulting curve with abscissa at which ApH is zero, gave the
point of zero charge (pH,,c). The same procedure was repeated using 0.1 N KNO; solutions.

2.4 Adsorption studies

Batch experiments for adsorption of Cd(ll) ions on BCPW were conducted by varying pH, contact time,
adsorbent dose and adsorbate concentration. The experiments were carried out by contacting 0.5g of the
adsorbent with 50 ml solution of 50 mg/L concentration of Cd(ll) ions except for the effects of contact time in
which concentration range from 10 mg/L to 200 mg/L were used. The flasks were shaken for the required time
period on a rotary shaker at 120 rpm at room temperature at pH 6. The effect of contact time was studied for the
time period of 5 to 180 minutes. At predetermined times, the flasks were withdrawn from the shaker and the
reaction mixtures were filter and filtrate samples were analyzed for residual concentration of Cd(ll) ions by
AAS. The amount of metal adsorbed (mg/g), g. and removal efficiency, R % was calculated using the formula

given below:

(Ci—C, (Ci—Ce)
l—E}XV R% =
W i

Je = x 100
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where g, is the amount of metal adsorbed (mg/g), R % is the adsorption percentage of metal ions, V is
the volume of the adsorbate solution (L), C; is the initial metal ions concentration (mg/L), C, is the metal ions

concentration at equilibrium (mg/L) and W is the weight of the adsorbent in gram (g).

2.5 Adsorption isotherms

The analysis of isotherm data by fitting them to different isotherm models is an important step in finding a
suitable model that can be used for design purpose. The adsorption capacity of the system was studied with the
Langmuir [15] and Freundlich [16] isotherm models. The equilibrium sorption of Cd(ll) ions was carried out by
contacting 0.5g of the BCPW with 50 ml solutions of Cd(ll) ions of concentrations ranging from 10 — 200 mg/L

in 100 ml conical flasks with intermittent shaking for 2 hours on the rotary shaker.

I1l. RESULTS AND DISCUSSION
3.1 Adsorption studies
3.1.1 Effect of pH
The pH of the solution affects the surface charge of the adsorbents as well as the degree of ionization and
speciation of adsorbate particles [17]. It is known that metal species [M(I1)=Cd(ll)] are present in deionized
water in the form of M*2, M(OH)(s), M(OH)(s) etc. [18]. It is obvious that adsorption of M(I1) must be higher
in alkaline medium. But at higher pH, precipitation of metal ions as M(OH),(s) plays an important role in
removing M(II) ions. Therefore, all the experiments were conducted at pH < 8. The optimization of pH of Cd(1I)
ions solution and its influence on the extent of adsorption onto BCPW was studied by varying pH in the range of
1-8 which is shown in “Fig. 1”. It was observed that adsorption of Cd(ll) ions increased with an increase in pH
and reaches maximum, 52.30 % at pH 6. The increase in adsorption with increasing pH is gradual as increase in
pH reduces the competition of H* ions present in the solution with Cd(l1) ions for adsorption sites. It may be due
to the fact that increase in pH makes the adsorbent surface more negatively charged due to protonation of
adsorbent and thus become more accessible for the adsorption of metal ions (positively charged) through
electrostatic force of attraction [19, 20]. At higher pH, (pH > 6.0) Cd(ll) ion adsorption decreased and became
nearly constant when it reached 8.
Moreover, the pH of point of zero charge, pH,, has an important influence on adsorption processes. The surface
of adsorbent was positive when pH <pH,,, neutral when pH = pH,,. and negative at pH >pH,,[21]. The data
plotted in “Fig. 5” indicated that the pH,, value of BCPW was 5.4, showing that the surface was negatively
charged above this pH and hence fairly large amount of Cd(ll) ions (52.30% at pH 6) were adsorbed.
3.1.2 Effect of contact time
In order to optimize the contact time for the maximum uptake of Cd(ll) ions, contact time was varied between 5-
180 minutes for the removal of Cd(ll) ions from aqueous solutions of 50 mg/L of Cd(ll) ions with adsorbent
dose of 0.5 g at optimum pH 6.0. The effect of contact time on adsorption of Cd(I) ions is shown in “Fig. 2”. It
can be seen that adsorption of Cd(ll) ions increases with increase of contact time until it reaches equilibrium.
The rate of Cd(Il) ions removal was very rapid during initial 15 minutes (48.54%) which may be due to the
availability of large number of vacant sites on the adsorbent surface during initial stages of adsorption.
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Thereafter, the rate of adsorption of Cd(ll) ions increased slowly and reached maximum (52.30%) in 120

minutes and then became almost constant. This showed that equilibrium was established in 120 minutes.

3.1.3 Effect of concentration

The effect of initial Cd(ll) ions concentration (C;) from 10 — 200 mg/L on the removal of Cd(ll) ions with
adsorbent dose of 0.5 g and optimum pH 6.0 was investigated and shown in “Fig. 3”. It was observed that an
increase in the initial Cd(Il) ion concentration, decreased cadmium ions uptake from 98.36% to 26.45%. The
adsorption capacity (ge) of adsorbent at initial Cd(ll) ions concentration of 10, 25, 50, 75, 100, 125, 150, 175
and 200 mg/L observed were 0.98, 1.96, 2.62, 3.62, 4.18, 4.69, 5.0, 5.05, 5.29 mg/g, respectively.

3.1.4 Effect of adsorbent dose

The effect of adsorbent dosage from 0.1 to 1.0 g on the uptake of cadmium ions onto BCPW was studied and is
shown in “Fig. 4”. The figure reveals that the removal efficiency of metal ions increased from 16.36% to
89.372% with an increase in the adsorbent dosage from 0.1 g to 1.0 g. Increase in adsorption by increase in
adsorbent dose is because of increase in ion exchange sites, surface area and number of available adsorption
sites [22]. Adsorption of Cd(ll) reaches its saturation at adsorption capacity of 2.615 mg/g and then decrease
gradually to 2.234 mg/g with increase of adsorbent dose up to 1 g. It may happen due to the overlapping of

adsorption sites as result of adsorbent particles overcrowding [23].
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3.2 Adsorption isotherms studies

The distribution of adsorbed molecules between the liquid and solid phase at equilibrium is indicated

by adsorption isotherm. The obtained experimental data was analysed with Langmuir and Freundlich adsorption

isotherm and shown in “Fig. 6 and 7. The values of correlation coefficients, R? and constants of these isotherms

shown in table 2 indicated that Freundlich model dominates with R*~ 0.969 in the applicability of experimental

data on isotherm models. The monolayer adsorption capacity, g, of BCPW for Cd(ll) ions calculated from

Langmuir plot of 1/gevs 1/C, shown in “Fig. 6”was found to be 3.695 mg/g.The values of K¢, 1/n and R?

obtained from the graph of log gevs log C. for Freundlich isotherm shown in “Fig. 7” are listed in “Table 1”.

The value of n was found to be 3.886 which is greater than 1 indicated that the adsorption of Cd(Il) ions on

BCPW occurred through chemisorption process. Moreover, the values of K¢ ~ 1.421 indicated good adsorption

capacity of adsorbent.
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Table: 1 Langmuir and Freundlich isotherm constants for the adsorption of Cd(11)

Metal Langmuir isotherm Freundlich isotherm
- Om b R? R. 1/n n Ke R?
3.695 2.217 0.860 0.0089 0.2573 3.886 1.421 0.969

VI. CONCLUSION

The present investigation reveals that BCPW is an excellent free of cost available adsorbent used for the

removal of Cd(l1) ions from aqueous solutions. The adsorption parameters such as solution pH, adsorbent dose,

initial Cd(l1) ions concentration and contact time were studied in the experiment and the maximum adsorption

of Cd(Il) ions was found 52.3 % at pH 6 using 50 mg/L of Cd(l1) ions solution with 0.5 g of adsorbent dose.

Adsorption equilibrium data is best fitted to Fruendlich model. The maximum adsorption capacity, g, obtained

from Langmuir model was 3.695 mg/g. The adsorption process was found to be chemical in nature and occurred

by forming monolayer of Cd(ll) ions. From these observations it can be concluded that BCPW is a potential,

inexpensive and non-hazardous industrial waste which could be used as an effective indigenous material for

treatment of wastewater stream containing cadmium ions.

REFERENCES

[1] Babel, S. and E. M., Opiso, Removal of Cr(VI) from synthetic wastewater by sorption into volcanic ash
soil, Int. J. Env. Sci. and Tech., 4(1), 2007, 99-108.

[2] Nwuche, C.O. and E.O., Ugoji, Effects of heavy metal pollution on the microbial activity, Int. J. Env. Sci.
and Tech., 5(3),2008, 409-414.

[3] Kefala, M.1., A.l. Zoubulis and K.l. Matis, Biosorption of cadmium ions by Actinomycetes and separation
by flotation, Env. Poll., 104(2), 1999, 283-293.

[4] Barakat, M.A, New trends in removing heavy metals from industrial wastewater, Arab. J. Chem., 4, 2011,
361-377.

750 | Page




International Journal of Advanced Technology in Engineering and Science -
Vol. No.5, Issue No. 04, April 2017 ijates
www.ijates.com ISSN 2348 - 7550

[5] Crini, G. Recent developments in polysaccharide-based materials used as adsorbent in Wastewater
treatment. Prog. Poly. Sci., 30, 2005, 38-70.

[6] Kurniawan, T.A., G.Y.S. Chan, W.H. Loand and S. Babel,Comparisons of low-cost adsorbents for treating
wastewaters laden with heavy metals, Sci. Tot. Env., 366 (2-3), 2005, 409-426.

[71 Amir, H.M., N. Dariush,V. Forugh and N. Shahrokh, Tea waste as an adsorbent for heavy metal removal
from industrial wastewater, Am. J. Appl. Sci., 2(1), 2005, 372-375.

[8] Apak, R., E. Tutem, M. Hugul and J. Hizal, Heavy metal cations retention by unconventional sorbents (red
mud and fly ashes), Water Res., 32(2), 1998, 430-440.

[9] Ajmal, M., A.H. Khan, S. Ahmad and A. Ahmad,Role of saw dust in the removal of Cu(ll) from industrial
wastes,Water Res., 32(10), 1998, 3085-3091.

[10] Mahvi, A.H., F. Gholami and S. Nazmara, Cadmium biosorption from wastewater by ulmus leaves and
their ash, Eur. J. Scient. Res., 23, 2008, 197-203.

[11]Ahmad S., A. Ali and A. Ahmad, Equilibrium, kinetics and thermodynamic study of Pb(Il) ions from
aqueous solution using fired ceramic, Int. J. Scient. Res. Mod. Edu. (IJSRME), 1(1), 2016, 231-245.

[12] Schaller, M.S, C.M. Koretsky, T.J. Lund and C.J. Landry, Surface complexation modelling of Cd(Il)
adsorption on mixtures of hydrous Fe,03, quartz and kaolinite, J. Coll. Interf. Sci.,339(2), 2009, 302- 309.

[13] Sari, A, M. Tuzen, D. Citak and M. Soylak, Equilibrium, kinetic and thermodynamic studies of adsorption
of lead from aqueous solutions onto Turkish kaolinite clay, J. Hazard. Mat., 149(2), 2007, 283-291.

[14] Lataye D.H, I.M. Mishra and 1.D. Mall, Removal of pyridine from aqueous solution by adsorption on
bagasse fly ash, Ind. Eng. Chem., 45, 2006, 3934-3943.

[15] Langmuir, 1., The sorption of gases on plane surfaces of glass, mica and platinum, J. Am. Chem. Soc., 40,
1918, 1361-1403.

[16] Freundlich, H.M.F., Uber die sorption in losungen, Zeit. Phys. Chem., 57 (A), 1906, 387-470.

[17]Elliott, H.A. and C.P. Huang,Adsorption characteristic of some Cu(ll) complexes on alumina silicates,
Water Res., 15, 1981, 849-854.

[18] Snoeyink, V.L. and D. Jenkin, Water chemistry, Johnwiley and Sons Publications, New York, 1980.

[19] Wang, C., J. Liu, Z. Zhang, B. Wang and H. Sun, Adsorption of Cd(Il), Ni(ll), and Zn(ll) by tourmaline at
acidic conditions: Kinetics, thermodynamics and mechanisms, Ind. Engg. Chem. Res., 51, 2012, 4397-4406.

[20] Unuabonah, E.I., K. O. Adebowale, B.I. Olu-Owolabi, L.Z. Yang and L.X. Kong, Adsorption of Pb(Il) and
Cd(Il) from aqueous solutions onto sodium tetraborate modified kaolinite clay: Equilibrium and
thermodynamic studies, Hydrometal. 93, 2008, 1-9.

[21]Rout, K., M. Mohapatra and S. Anand, A critical analysis of cation adsorption from single and binary
solutions on low surface area of MnO,, Appl. Surf. Sci., 270, 2013, 205-218.

[22] Naiya, T.K., S.K. Das and A.K. Bhattacharya, Adsorption of Cd (I1) &Pb (II) from aqueous solution on
activated alumina, J. Coll. Interf. Sci., 21, 2009, 434-451.

[23]Garg, V.K., R. Gupta, A.B. Yadav and R. Kumar, Dye removal from aqueous solution by adsorption on
treated sawdust, Biores. Tech., 89, 2003, 121-124.

751 | Page




