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ABSTRACT

This paper reports the results of the study on the performance of biosorbent materials such as A. cepa, T. aurea, H. rosa-
sinensis, D. regia, and S. indica in removal of hexavalent chromium. The adsorbent materials adopted were found to be an efficient
media for removal of hexavalent chromium by batch process using immobilization technique. The experiments were carried out in
batch reactor with continues mixing at 75rpm, about 25 mg/l concentration were taken for this study and 1.676mm mesh size
adsorbent was used. Our results demonstrated that the process is physical adsorption process under natural condition and also shows
the reduction of Cr(V1) to Cr(lll) .Total Cr was measured by Atomic Adsorption Spectrophotometer (AAS) and hexavalent chromium
was measured spectrophotometrically using 1,5-diphenylcarbazide.The systematic characterization of samples was performed using
FT-IR.The data’s of four plants A. cepa, H.rosa-sinensis, D. regia, S. indicaare shows maximum reduction of hexavalent chromium
to trivalent chromium (8.37 mg/l ,7.6 mg/1,6.9 mg/l,11.6 mg/l)in immobilization batch process except T. aurea. The adsorption
process for T. aurea were followed Pseudo-first-order, Pseudo-second-order, Elovich model, Intra-Particle diffusion model as well as
isotherms such as Freundlich isotherm, Langmuir isotherm, Temkin isotherm, Dubinin-Radushkevich model. The data’s of T.aurea
samples have been fitted well with Temkin isotherm for immobilized samples. The results revealed that the Pseudo-first-order was the
best fitting model for T. aurea. Analysis of adsorption data using intra particle diffusion confirmed that external mass transfer is the
main rate limiting step at the initial stage of adsorption. It was concluded that adsorbents prepared from A. cepa, T. aurea, H. rosa-
sinensis, D. regia, S. indica can be a viable for the waste water treatment.
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INTRODUCTION

Chromium is a toxic metal are introduced into natural water by means of industrial wastes. They cause severe environmental
and public health problems. The major sources are from leather tanning, textile dyeing, electroplating, and metal finishing industries.
Nearly 0.1 to 0.4m3 per Kg of NiCr plated APHA, AWWA and WPCF, 1989.Lot of electroplating industries were located in Vellore,
Ambur, Vaniyambadi, Erode areas in Tamil Nadu, India. Repetitive use of contaminated water leads to various biological disorder
such as mutation, cancer and also causes liver damage. There are various methods to treat chromium (V1) contaminated wastewater
such as physical and chemical process. Due to high cost these process are not adaptable in large scale process. One of the cheapest
processes for treating chromium industrial effluent is adsorption and this method is more economic when compared to all other
physical and chemical process.Cr(l11) is nontoxic to human it also not cause any harmful effects to environment.
MATERIALS AND METHODS
Adsorbate: The industrial effluent were collected from electroplating industry located at Hosur, Tamilnadu India. The total chromium
concentration were determined using Atomic Absorption Spectrophotometer (AAS) and its PH of the wastewater was determined by
PH meter (systronic P" meter 361).The sample was stored in cool dry place to carry out further studies.
Adsorbents: Tabebuia aurea leaves (I a), Allium cepa (Monocotyledon) (Il a), Hibiscus rosa-sinensis leaves (Il1 a), Delonixregia
leaves(lV a), Saracaindica(V a) were collected at Coimbatore Institute of Technology campus, Coimbatore. Adsorbent la-Va was
washed thoroughly in running water to remove impurities and any adhering particles. The leaves were dried at room temperature for 2
days until it became crisp. The dried leaves were crushed and blended to powder and sieved.
Preparation of Immobilized adsorbents

Sodium alginate (0.5g) + adsorbent (1g)

l
Calcium chloride (0.2M)

Calcium alginate beads entrapped with adsorbent.

Experimental procedure: The particle size of 1.676 mm mesh size was taken for the study. About 5g of each immobilized adsorbent
(la-VVa) were added to the industrial effluent concentration. Experiments were carried out in batch process with continues agitation at
75 rpm for 120 min. The samples were collected once in every 15 min time interval and analysis of hexavalent chromium and total
chromium concentration were estimated. Total chromium concentration in the effluent was determined using Atomic Absorption
Spectrophotometer (AAS).

Analysis: The concentration of hexavalent chromium was determined by spectrophotometric (APHA) method using 1,5-
diphenylcarbazide at 540nm . The concentration of total chromium was obtained with Atomic Absorption Spectrophotometer
(AAS).The difference between total chromium and hexavalent chromium gives the concentration of Cr (111) in the effluent.
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Adsorption Isotherms and Kinetics: The adsorption isotherms and kinetic models were done according to the following models:
Freundlich model,Langmuir model, Temkin model, Dubinin—Radushkevich Model, Pseudo-first order, Pseudo-second order, Elovich
Model and Intra-particle diffusion model.
RESULTS AND DISCUSSION
Chromium analysis: The total chromium concentration in the effluent and its P"was found to be 25mg/l and 4.5. The concentration
of hexavalent chromium by spectrophotometric method was found to be 21.8 mg/l. The decrease in the concentration of industrial
effluent after 120 min of treatment at 75 rpm in batch process were shown in table 3 At lower P, H* ions on the adsorbent surface
increases thus resulted in significantly strong electrostatic attraction between positively charged adsorbent surface and chromate ions.
Similarly at higher PH lesser the adsorption process this might be due to dual competition of both anions (Cr,07) and OH to be
adsorbed on the surface of the adsorbent and the electrostatic repulsion between the negatively charged hexavalent chromium and
negatively charged biosorbent particles was increased. This led to a decrease in the biosorption of hexavalent chromium. Thus, it had
also postulated that under acidic conditions hexavalent chromium could be reduced to Cr (I11) in the presence of an adsorbent.
Cr,07% + 14H* +3e” + beads— 2Cr¥* + 7H,0 + beads

Beads represents the immobilized adsorbent (leaf ample were entrapped in sodium alginate).The above reduction
reaction might be taken place in immobilized form at batch process with continuous agitation.
Adsorption isotherms: Four plant dried powders shows the reduction of Cr(VI) concentration under acidic condition were as T.aurea
shows lesser reduction of Cr(I11).The adsorption isotherm such as Freundlich , Langmuir isotherm, D-R, Temkin isotherm were
performed for T.aurea only (table 2).The initial hexavalent chromium concentration were found to be 21.8 mg/l after 120 min of
treatment the decrease in concentration of hexavalent chromium were shown in table 3 and figure 3 T.aurea shows best fit in
Langmuir isotherm and Regression coefficient (R?) of first order reaction kinetics was much better than that of second-order reaction
kinetics as shown in the Table 3 According to intraparticle diffusion model, the plot of uptake(q:) versus the square root of time
should be linear and if these lines pass through the origin then intra-particle diffusion is the rate-controlling step [13,11,10].When the
plots do not pass through the origin, this is indicative of some degree of boundary layer control and this further show that the intra-
particle diffusion is not the only rate-limiting step, but also other kinetic models may control the rate of adsorption, all of which may
be operating simultaneously. The correlation coefficients (R?) for the intraparticle diffusion model for Tabebuiaaureawas0.824,
Hibiscus rosa-sinensiswas 0.961,Delonixregia was 0.566 , S.indica was 0.747, A.cepa was 0.806.
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Figure 1: FT-IR Analysis of samples before treatment Figure 2: FT-IR Analysis of samples After treatment
Table 1: FT-IR absorption bands and the possible functional groups

WAVE NUMBER cm™*
Before treatment After treatment FUNCTIONAL GROUPS
- 3332 OH Stretch
2361(narrow) 2361(broad) OH —Carboxylic acid
- 2115 (2200-2000) Inorganic ions
1836 Aromatic ring
3620-3540(narrow) 3620-3540 (broad) Stretching vibrations of Ongbgnds of alginate , Tertiary alcohol,
tretch
1740 C=0-Aldehyde group
- 1642 NO,
2332 2332 H;0
1693 1693 Primary Amides
1461 1464 carboxyl group
670(narrow band) 670(broad band) C-S Stretch,Phenyl derivatives
- 3300-3400 OH Stretch
3620-3540 - Tertiary alcohol, OH Stretch
2362(narrow) 2362(broad) OH —Carboxylic acid
1740 1740 C=0-Aldehyde group
1516 (narrow) 1516(broad) N=0 Nitro (R-NO,)
1426 1426 C-H bend
1014 - C-0
670 C-S Stretch , Phenyl derivatives
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FT-IR Analysis: The changes in surface functional groups in the biosorbents during the biosorption and reduction process are studied
by the FTIR technology. Figure 1 and 2 and table 1shows the infrared spectra of before and after the biosorption/reduction of
Hexavalent chromium. The broad region around 3400 cm™ can be assigned to —OH stretch and amine groups. The absorbance peak at
2363 cm'* could be the HzO", respectively. The peaks at 1427-1466 cm™ represent the carboxylate salt COO—M, where M denotes to
the metal cations such as Na*, K*, Ca?* and Mg?* that may naturally exist in the leaf samples. FTIR analysis of samples shows the
peak at 3620-3540cm™ [12]were as after treatment the peak is shifted to 3300-3400cm™.1014cm™ and 670cm™ have not appeared in
the after sample of T.aurea. The IR spectra before and after the Cr (VI) binding shows that Phenyl derivatives, carboxylic and
alcohol group may also involved in binding of chromium. The shift of 1516 cm™ to 1547 cm™ indicates that, the amino group is one
of the important functional groups in the binding of Cr.[13].Amine group, Aldehyde group, organic compounds, Carboxylic acid
might be responsible for reduction of hexavalent chromium to trivalent form.(Table 1&2)
Table 2: The adsorption parameters of chromium removal

Immobilized leaves (beads)

Tabebuia Tabebuia
Isotherms Parameters aurea Models Parameters aurea
q max (MQ/Q) 4.385 ge(mg/g) 2.20
Langmuir isotherm b(L/mg) 0.0131 Pseudo first order model K1 (min?) 0.092
R? 0.96 R? 0.982
n 0.896 ge(mMg/g) 7.75
Freundlich isotherm Ke (m%g) 5.027 Pseudo second order model Kz 0.00027
(L/g) (9/mg/min)
R? 0.845 R? 0.441
gm(mg/g) 5.87 Elovich Model R? 0.738
Dubinin— Kpr(mMol?J?) 10225 . e Kq 0.515
Radushkevich R 051 | The InireParioe Diffusion (Weberand | 2.102
E (kJ/mol) 0.0069 R? 0.824
A (L/min) 1.010
. B (L/min) 1.886
Temkin Isotherm b 163.106
R? 0.990
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Figure 3: comparsion of Cr(VI) and Cr(l11)
Table.3. Summarization of chromium concentration
Immobilized leaf (beads)
Leave sample Initial total Initial chromium Total chromium Chromium(V1) Chromium(lll)
(la-Va) chromium (Vi) after treatment after treatment | after treatment
concentration(mg/l) | concentration(mg/l) (mg/l) (mg/l) (mg/l)
Hibiscus rosa- 25 21.8 17.53 9.8 7.67
sinensis
Delonixregia 25 21.8 17.9 11.01 6.9
Saracaindica 25 21.8 13.5 1.9 11.6
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Allium cepa 25 21.8 16.2 7.83 8.37

Tabebuia aurea 25 21.8 24.02 0.82 23.2
CONCLUSION

From the obtained results, it is evident that A.cepa, T.aurea, H.rosa-sinensis, D.regia, S.indica is a good adsorbent for
removal of hexavalent chromium. Leaf samples (a waste) is inexpensive and readily available, thus this study provide a cost effective
means for removing metal ions from contaminated water or effluents(Figure 3)

ACKNOWLEDGEMENT

The authors are very grateful to Coimbatore Institute of Technology, Coimbatore for sponsoring this study through the

TEQIP-PHASE 11 is gratefully acknowledged.

REFERENCES

Application of Foundry Waste for Adsorption of Hexavalent Chromium A. Strkalj, Z. Glavas, and 1. Brnardiz A. Strkalj, Application
of Foundry Waste for Adsorption of Hexavalent Chromium, Chem. Biochem. Eng. Q. 27 (1), 2013, 15-19.

D. Mohan, Trivalent chromium removal from wastewater using low cost activated carbon derived from agricultural waste material
and activated carbon fabric cloth, J. Hazard. Mater. 135, 2006, 280—295.

Febrianto, J., A.N. Kosasih, J. Sunarso, Y.H. Ju, N. Indraswati and S. Ismadji, Equilibrium and kinetic studies in adsorption of heavy
metals using biosorbent: A summary of recent studies. J.Hazard. Mater., 162(2-3), 2009, 616-645.

H. Daemi, , M. Barikani Synthesis and characterization of calcium alginate nanoparticles, sodium homopolymannuronate salt and its
calcium nanoparticles ScientialranicaVolume 19, 6, 2012, 2023-2028

L. Yu, S. Shukla, K. Dorris, A. Shukla, J. Margrave, Adsorption of Cr from aqueous solution by maple sawdust, J. Hazard. Mater.
100, 2003, 53-63.

M. Rao, A. Parawate, A. Bhole, Removal of Cr(VI) and Ni(ll) from aqueous solution using bagasse and fly ash, Waste Manage. 22
2002, 821-830.

Oh, S., M.Y. Kwak and W.S. Shin, Competitive sorption of lead and cadmium onto sediments. Chem. Eng. J., 152(2-3), 2009, 376-
388.

R.Ashokumar and M. Ramaswamy phytochemical screening by FTIR spectroscopic analysis of leaf extracts of selected Indian
medicinal plants.International Journal of Current Microbiology and applied science, 2014, 3, 95-406.

S. Lagergren, About the theory of so-called adsorption of soluble substance,Kung Sven. Veten. Hand. 24, 1898, 1-12.

S.S. Pillai ,Biosorption of Cr(VI) from aqueous solution by chemically modified potato starch: equilibrium and kinetic
studies.Ecotoxicology and Environmental Safety 92, 2013, 199-205

Suksabye P, Thiravetyan P, Nakbanpole W, Study of chromium (V1) Biosorption from electro plating industry by coconut coir pith,
J.Hazard Mater.160, 56-62

Y. Orhan, H. Buyukgungor, The removal of heavy metals by using agricultural waste, Water Sci. Technol. 28.1993, 247-255.

Y. Wu, X. Ma, M. Feng, M. Liu, Behaviour of chromium and arsenic on activated carbon, J. Hazard. Mater. 2008, doi: 10.1016

JCHPS Special Issue 4: December 2014 Www.jchps.com Page 292



http://www.jchps.com/

