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Abstract 

Pollution of water because of the presence of bound heavy metals ions could be a severe socio-

environmental issue caused by the discharge of industrial waste water. Heavy metal is one among the 

foremost environmental and ecological issues during this world. The presence of heavy metals in water 

and wastewater causes harmful effects to the living beings and the environment. In view of their toxicity, 

non-biodegradability and protracted nature their removal becomes an absolute necessity.  Hexavalent 

chromium metal ion is the major pollutants in the environment and is frequently present in waste water 

from the various industrial units. Many standard physical and chemical treatment techniques are reported 

in the literature for the removal of hexavalent chromium. But these process don’t seem to be solely pricey 

and energy intensive, however conjointly cause the assembly of harmful by product. In the present study, 

activated carbon derived from the bark of Butea monosperma was used as a potential sorbent once 

coating it with chitosan, for removal of hexavalent chromium from aqueous solution was investigated. 

The batch experiment was dispensed to research the effect of significant process parameters such as 

effect of pH, contact time, adsorbent dose and initial Cr (VI) ion concentration. The utmost sorption of 

Cr(VI) on biosorbent was found at pH value of 3. The elimination of hexavalent chromium from aqueous 

solution will increases with rise in contact time. Any rise in adsorbent dose, there’s increase of removal 

of Cr (VI) up to 94 %. The increase in initial concentration of Cr (VI) led to decrease in the percent of 

removal of Cr(VI). This investigation verifies that pre-treated bio-sorbent as a valuable material for 

removal of hexavalent chromium from aqueous solution. 
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Introduction: 

People are facing the dark aspect of industrialization all round the world that is environmental pollution. 

Significant metal pollution as a result speedy industrialization and growth in world pollution could also 

be serious threat to environment and every one sorts of life [1,2] .The toxic metals are emitted to the 

environment from numerous industries in such an amount that cause risk to human health [3]. The most 

issues regarding surface and ground water resources square measure contamination of organic matters, 

nutrients, microorganisms and heavy metal [4]. The representative members of heavy metals include 

cadmium, arsenic, chromium, copper, lead, and mercury [5]. Heavy metals are contained with high 

concentration within the effluent of the many industries like metal process, lowland leachate, mining, 

pulp and paper; and pesticides [6]. It’s been well-known that heavy metal ions will destroy the enzyme 

system in living organs, therefore causes several diseases associated with nervous, digestive, respiratory, 

reproductive, and circulatory systems [7]. Among the heavy metals, chromium has the harmful effects on 

the aquatic setting [8]. Chromium is reported to be the seventh most extensive component on earth. It will 

enter the plants cells by penetrating through the particle channels on the membrane, accumulate within 

the organic phenomenon and become poisons to animal and human. It’s been recorded that Chromium 

will destroy several organs like excretory organ, lung, brain and immune system. Therefore, the study of 

heavy metals, particularly Chromium removal in water by applicable agents is extremely essential for the 



 

 

acceptable development of the world [9]. Chromium is present in industrial effluents created from 

electroplating, animal skin tanning, cement, mining, textile dyeing, dye producing, paper, ink, aluminium 

conversion coating operations, steel fabrication, plants manufacturing industrial inorganic chemicals, 

wood treatment units, paints and pigments, metal improvement, fertiliser and photography industries and 

cause severe environmental and public health issues (10,11).  

Hexavalent chromium and trivalent chromium are the foremost stable forms of Chromium within the 

environment. Cr(VI) may be a hepatotoxic sturdy oxidiser capable of penetrating the biological cell 

membranes because of its similarity to sulphates in structure[12]. On the opposite hand, Cr(III) is a 

smaller amount hepatotoxic and is considered as a micronutrient at minute concentrations however may 

be toxic if concentrations are high [13]. Exposure to Cr(VI) compounds could cause health prejudicious 

effects like carcinoma, urinary organ harm, epigastric pain, nausea, vomiting, and even death[14,15]. 

Careless disposal and improper treatment of effluents from animal skin tanning, electroplating, textile 

dyeing, mining, and wood preservation industries cause contamination of the environment by Cr(VI) 

compounds. According to the World Health Organization (WHO), the most acceptable limit of 

hexavalent chromium concentration is 0.05 mg/L in wastewater (16). US Environmental Protection 

Agency (US EPA) has suggested the acceptable level of Cr(VI) is 0.05 mg/L for potable water and is 0.1 

mg/L for inland surface waters (17). If hexavalent chromium is present in water on the far side the 

suitable limit that causes skin irritation leading to lesion formation, liver damage and pulmonary 

congestion (18). Hence it is necessary for industries to decrease the Cr(VI) concentration from their 

wastewater to acceptable limit before discharging into the aquatic environment. There are varied 

processes enforced to get rid of chromium from industrial wastewater including ion exchange (19, 20), 

electro-dialysis (21), chemical coagulation (22), nanoparticles (23), membrane filtration (24), 

electrochemical technologies (25), and adsorption (26,27). These processes have several disadvantages 

like high cost of capital, incomplete metal removal, large quantity of harmful sludge, high energy 

demand (28). Increasing attention has been paid recently to the employment of eco-friendly and low cost 

biomaterials as adsorbents/bio-sorption for chromium removal from wastewater like microorganism, 

fungi, and algae, industrial and agricultural wastes (29-33). Most of those strategies suffer various 

drawbacks such as from high operational costs, unreliable nature of operation, etc. Among all the 

strategies, adsorption method has been found to be appropriate process to get rid of toxic metals from 

wastewater victimization low cost adsorbents due to its high potency, economical and simple to operate, 

low cost, reusability of adsorbent (34). Activated carbon, biological materials, chitosan, fly ash etc. are 

some of the usually used adsorbents for Cr(VI) removal (35-39). The disadvantages of commercial 

available adsorbents are high cost, low adsorption capacity, difficulty of separation after adsorption. 

Hence, it’s a growing have to be compelled to derive the activated carbon from cheaper and locally 

available waste materials. Many literatures have reportable the employment of low cost adsorbent from 

numerous agricultural waste and byproducts like maize cob(40), sawdust(41), hazelnut shell(42), 

groundnut hull(43), sugarcane pulp (44), pea pod peel(45), avocado seed kernel (46), tea waste (47) and 

olive pulp(48) as adsorbents for the removal of Cr(VI) from aqueous solution. In spite of many 

researches adopted for numerous low cost adsorbents, there’s still a desire to develop appropriate & more 

economical adsorbents for the removal of Cr(VI) from waste water. The current work reports the studies 

carried out for the removal of Cr(VI)  from aqueous solution  using  activated carbon derived from bark 

of  Butea Monosperma on that Chitosan was coated. Butea monosperma one in every of the biggest 

families of seed plant belong to Fabaceae family, popularly known as “dhak” or “palas” unremarkably 

called ‘Flame of Forest’. Butea monosperma is extensively used in Ayurveda, Unani and Homeopathic 

medication and has becomes a cynosure of contemporary medication [49]. Chitosan (2-acetamido-2-

deoxy-β-D-glucose-(N-acetylglucosamine) could be a part deacetylated compound of  polymer of chitin 

and is typically prepared from chitin by deacetylation with strong alkaline solution. It has excellent 

physicochemical properties. It’s environmentally friendly and bioactive. The biosorbent material, 



 

 

chitosan, is slightly soluble at low pH. It’s additionally soft and has tendency to create a gel in aqueous 

solution (49,50) The composite sorbent material was characterized by FTIR and scanning  microscopy 

(SEM) and XRD studies. Batch isothermal equilibrium technique was conducted at 305K to judge the 

potency of newly synthesized biosorbent for removal of Cr (VI) from the aqueous solution. Experiment 

were dispensed as effect of pH, adsorbent dosage, contact time and initial Cr(VI) ion concentration. 

Therefore the newly synthesized composite are well tried to be superb adsorbent which may be 

successfully used for removal of carcinogenic hexavalent chromium from aqueous solution.  

 

Materials and Method 

Chemicals: 

The entire chemicals used were procured from Merck of analytical grade. 

Preparation of Activated Carbon from the bark of Butea Monosperma (ACBMB): 

The bark of Butea monosperma tree species was collected from the native area. The bark was cuts into 

little pieces. It has been washed with tap water to get rid of the sand particles and so treated with 

formaldehyde to avoid unleash any colour of bark into solution. Once more wash with many time of 

deionized water. Then they were sun dried for five days. Once drying, the bark was subjected to pyrolysis 

process for carbonization using muffle Furness at concerning 800-900
0
C temperature vary for about 7 to 

8 hr in order that volatile product were removed and residue was regenerate into a char. The char was then 

subjected to microwave activation in microwave.  The input power of microwave instrumentation was set at 360W 

for 40 min. The ensuring activated carbon particles were grounded and sieved in 120-200 metric linear 

unit size.  This activated carbon was then washed with double distilled water and dried at 105
o
C for four 

to five hr.   

Preparation of Chitosan Gel: 

30 g of chitosan was accessorial into 1000 ml of 10% oxalic acid with constant stirring. The mixture was 

heat at a temperature vary 40
0
C – 45

0
C for correct intermixture. The chitosan-oxalic acid mixture was 

shaped a whitish viscous gel. 

Surface coating of ACBMB with Chitosan Gel: 

500 ml of chitosan gel was diluted with distilled water nearly of 500 ml and warm to 40
0
C -45

0
C. 300 g 

of ACBMB was slowly additional to diluted chitosan gel and shake automatically victimization rotator 

shaker for 24 hr. The chitosan coated ACBMB (CCACBMB) was then wash with deionized water and 

dried. The method was perennial for 3 times to create thick coating of chitosan on the ACBMB surface. 

The chitosan coated was concerning 30 to 35% by weight. CCACBMB neutralized with 0.5% sodium 

hydroxide solution and then extensively rinsed with deionized water and dried in sunlight.
 

 

Characterization of CCACBMB: 

Characterization of CCACBMB was done by, FTIR ( Fig.3), SEM (Fig.4),XRD (Fig.5),TGA(Fig.6) 

 

Adsorption Studies: 

Working standard were ready by progressive dilution of stock solution of Cr(VI).Removal of Cr(VI) 

using CCACBMB was dispensed by batch equilibrium technique. The influence of varied parameters like 

effect of pH, contact time, adsorbent dosage and initial Cr (VI) ion concentration were studied. The effect 

of pH and contact time is studied at 32
0
C with initial Cr (VI) concentration 20 mg/l and adsorbent 

quantity 5g/lit by taking 50 ml Cr(VI) solution. The result of adsorbent dose is studied by varied 

adsorbent quantity from 1g to 9g with Cr (VI) ion concentration 20mg/l whereas result of initial Cr(VI) 

ion concentration is studied by ever changing concentration from 10mg/l to 50mg/l with adsorbent 



 

 

quantity 5g/l at 32
0
C. The residual concentrations were measured in atomic absorption 

spectrophotometer. 

 

Result and Discussion: 

 

Characterization of CCACBMB 

 

FTIR(fig.3) analysis was performed to examine the functional groups present on the sorbent material. 

FTIR spectrum of CCACBMB displays variety of absorption peaks, indicating the complex nature of 

CCACBMB. FTIR analysis indicated broad absorption band at 3438.57cm
-1

 correspond to –OH 

stretching vibration of water and hydroxyl group and –NH stretching vibration of free amino groups. The 

broad nature of the band because of merging of bands due to –OH and –NH group. FTIR of CCACBMB 

shows the precise signal at1612.03cm
-1

(strong absorption) and 2284.47cm
-1

 (weak absorption), which 

can be assigned to the acyl amino group and S-H vibration respectively. The band at 1314.26cm
-1

 

corresponds to C-H and O-H deformation vibrations. Another absorption peak at 1230cm
-1

 may well be 

attributed to C-OH stretching. A peak at 779.13cm
-1

 represent -CH2 rocking.  

 

Fig.4. The scanning electron microscopy (SEM) of CCACBMB indicates that it’s clear pore structure 

developed. There is no cellulosic structure form on the surface. However but there spare measure terribly 

tiny and lots of cavities over the surface of the CCACBMB. Because of cavity like structure of the 

material possessed high extent surface area and high sorptive properties. Sorption of any heavy metal 

depends upon the pore size of cavities present on the surface of the material. Therefore CCACBMB has 

high tendency to adsorb heavy metals on his surface and has excellent adsorbent. 

Fig.5 XRD assessment grow to be became completed on chitosan film (a), activated carbon (b) and 

chitosan amalgamated film (c). Figure 5(a) confirmed diffractogram of chitosan and it displayed typical 

peak of chitosan at 2θ= 25
0
. This quit end result is in settlement to chitosan used as a bioactivity of 

polyester. The diffractogram of activated carbon of Butea Monosperma bark (figure 5b) confirmed the 

amorphous structure. Addition of activated carbon on chitosan film ensuring an amorphous chitosan 

film as proven in figure (5c). This amorphous segment is favorable for adsorption because of the active 

spots are greater handy for adsorbate. 

 

Fig.6. Thermogravimetric analysis of CCACBMB : The TG curve for CCACBMB is shown in fig.6. 

From this figure, we can see that four consecutive weight loss steps had been observed with CCACBMB. 

The preliminary weight loss (approximately 6.5%) of the material at 132.71
0
C, may be due to the loss of 

water content at the surface of the adsorbent suggesting that the properties of adsorbent are hygroscopic. 

The thermograph at 342.89
0
C suggest 26% weight loss of the adsorbent due to the scission of the ether 

linkage with inside the chitosan skeleton. The 20% weight loss indicated by CCACBMB is determined at 

487.23
0
C. This may be due to the loss of some volatile material from the adsorbent material. At 

698.69
0
C, the weight loss of the adsorbent is approximately 20.0%, which corresponds to the thermal 

decomposition of the glucosamine moiety at some stage in the degradation of the chitosan. After 700
0
C, 

round 10% residue remain. This highly stable residue even at 700
0
C or higher seems to be an inorganic 

component contained in CCACBMB adsorbent consisting of minerals and ash that are non-degradable at 

high temperatures.  

 

 



 

 

                      

Fig.1 Bark of Butea Monosperma       Fig.2. Chitosan Coated Activated Carbon (CCACBMB) 

 

 

 

Fig. 3 : FT-IR Spectrum of   Chitosan coated activated carbon of Butea Monosperma bark (CCACBMB) 

 

 

 



 

 

 

 

Fig. 4 : Scanning electron micrographs of the CCACBMB at 2000 x 
 

 

 
Figure 5. XRD patterns of chitosan film (a) activated carbon particles (b) and chitosan composite film (c). 

 

 

 

 

 



 

 

 

 

 

 
 

Fig.6 TG Curve of Chitosan Coated Activated Carbon of Butea Monosperma Bark(CCACBMB) 

 

Effect of pH: The function of H
+ 

ion concentration was examined in the solution at different pH.  pH is 

an vital parameter for adsorption of metal ions from the aqueous solution as it influence the solubility of 

the metal ions. The impact of preliminary pH on the elimination of Cr(VI) the use of CCACBMB tuned 

into studied (Fig.7) It is obvious that elimination of Cr(VI) will increases with an increase in pH from 1.0 

to 3.0 and its maximum at 3.0 was observed. The percentage of adsorption will increases from 55.0 to 

95.8 as pH accelerated from 1 to 3. The percent of adsorption decreases steadily to 80% whilst pH is 

accelerated from 3 to 6 and reduced in addition to 65 % as pH increase to 8.  

  

Effect of Contact Time: Efficient uptake of Cr(VI) ion with impact of contact time with the aid of using 

CCACBMB was studied and end result are proven in fig.8 imply that the Cr(VI) elimination capacity of 

CCACBMB accelerated with increasing to bear before equilibrium is reached. Other parameters which 

includes dose of CCACBMB, pH of solution and initial concentration was unbroken optimum. It may be 

visible from Fig.4 that Cr(VI) ion removal potency accelerated from 50% to 95% while contact time 

turned into accelerated from 60 to 120 min. Optimum contact time for CCACBMB turned into observed 

to be 120 min. But after that time, elimination of Cr(VI) was nearly constant. 

 

 



 

 

      
Fig.7. Effect of pH on Cr(VI) adsorption      Fig.8.Effect of Contact time on Cr (VI) adsorption 

 

Effect of Adsorbent Dosage: The impact of dosage at the elimination of Cr(VI) become studied with the 

aid of using various the quantity CCACBMB from 1 to 9 g/l whereas retaining other parameters (pH , 

contact time and initial concentration) constant as shown in fig.9. From the figure, it was discovered that 

percent of removal of Cr(VI) ion inflated with the rise within the quantity of CCACBMB and it had been 

found to 94.5% .This was due to availability of more pores as well as more availability of surface area. It 

is indicate that by increasing the CCACBMB dose, the adsorption potency of Cr (VI) ion will increases. 

But after certain quantity of adsorbent, the adsorption potency remains constant as a result of the utmost 

surface assimilation set in and Cr(VI) ion present in the solution bounded to adsorbent nearly constant.  

 

Effect of initial metal ion concentration: The impact of initial metal ion concentration on the 

percentage elimination of hexavalent chromium through CCACBMB as shown in fig.10. It may be 

visible that the percent removal of Cr(VI) decreases with the increase in initial Cr(VI) concentration. In 

this examine, the experiment was performed to examine the initial concentration effect in the range 

10mg/l to 50mg/l .The adsorbent quantity changed into preserve 5g/l .The end result proven the decrease 

in elimination from 96% to 73%.This may be justified through reality that adsorbent have constrained 

wide variety of active sites that are saturated beyond certain concentration. 

 

         

  Fig.9. Effect of Adsorbent doses on Cr (VI) adsorption        Fig.10 Effect of concentration on Cr(VI) adsorption 
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Conclusion: 

 The activated carbon derived from the bark of Butea monosperma tree was efficaciously 

synthesized and characterised using FTIR, SEM and XRD studies. 

 The study show that the batch elimination of  hexavalent chromium from aqueous solution  

usage CCACBMB become investigated. 

 CCACBMB was most effective for elimination of Cr(VI) ion at pH= 3 with 96%. Show that 

adsorption was extremely pH dependent. Above pH 3, there was decreased in Cr(VI) removal 

capacity.  

 Further increase of quantity of dose and contact time were found to extend the proportion removal 

of Cr(VI)  up to 94% to 96%. 

 Adsorption of Cr(VI) decreases with the rise in the initial Cr(VI) ion concentration as quantity of 

CCACBMB was fixed. 

 The CCACBMB being appropriate biosorbent are often used for the elimination of Cr(VI) from 

aqueous solution through cost effective and environment friendly method. 

 

Reference 

[1] Banerjee SS, Chen DH. Fast removal of copper ions by gum arabic modified magnetic 

nanoadsorbent. Journal of Hazardous Materials ,147: 792-797,2007  

[2]  Yu Ting Zhou, Hua Li Nie, Christopher Branford White, Zhi Yan He, Li Min Zhu. Removal of 

Cu2+ from aqueous solution by chitosan coated magnetic nano particles modified with Į- 

ketoglutaric acid. Journal of colloid and interface science, 330: 29-37,2009  

[3]  Kannan N, Sundaram MM. Kinetics and mechanism of removal of methylene blue by adsorption on 

various carbons-A comparative study. Dyes Pigm.,51(1):25-40,2001 

[4]  Malise L., Rutto H., Seodigeng T., Sibali L., Ndibewu P.,Adsorption of Lead Ions onto Chemical 

Activated Carbon Derived from Waste Tire Pyrolysis Char: Equilibrium and Kinetics Studies, 

Chemical Engineering Transactions, 82, 421-426,2020 

[5]  Ru J., Wang X., Wang F., Cui X., Du X., Lu X., UiO series of metal-organic frameworks composites 

as advanced sorbents for the removal of heavy metal ions: Synthesis, applications and adsorption 

mechanism, Ecotoxicology and Environmental Safety, 208, 111577,2021 

[6]  Guo X., Liu A., Lu J., Niu X., Jiang M., Ma Y., Liu X.,Li M, Adsorption Mechanism of Hexavalent 

Chromium on Biochar: Kinetic, Thermodynamic, and Characterization Studies, ACS omega, 5(42), 

27323-27331.2020 

[7]  Abbas A., Al-Amer A.M., Laoui T., Al-Marri M.J., Nasser M.S., Khraisheh M., Atieh M.A., Heavy 

metal removal from aqueous solution by advanced carbon nanotubes: critical review of adsorption 

applications, Separation and Purification Technology, 157, 141-161,2016 

[8]  Owalude SO, Tella AC. Removal of hexavalent chromium from aqueous solutions by adsorption on 

modified groundnut hull, benisuef university journal of basic and applied sciences.; 5: 377– 

388,2016 



 

 

[9]  Thi N.D., Evaluating the Removal of Hexavalent Chromium (Cr -VI) in Wastewater by Low-Cost 

Adsorbent Modified from Waste Fly Ash, Chemical Engineering Transactions, 89, 547-552.2021 

[10] Wenjun jiang, Miguel Pelaez, Dionysios D Dionysiou, Mohammed H Entezari, Dimitra Tsoutsou, 

Kevin O Shea. Chromium (VI) removal by maghemite nanoparticles. Chemical Engg. Journal, 

222:527-533.,2013 

[11] Anupam, K., Dutta, S., Bhattacharjee, C. & Datta, S.Adsorptive removal of chromium (VI) from 

aqueous solution over powdered activated carbon: optimization through response surface 

methodology. Chemical Engineering Journal 173, 135–143, 2001 

[12] Polowczyk I, Urbano B. F., Rivas B. L., Bryjak M, and Kabay N., “Equilibrium and kinetic study of 

chromium sorption on resins with quaternary ammonium and N-methyl-D-glucamine groups,” 

Chemical Engineering Journal, vol. 284, pp. 395–404, 2016. 

[13] SelvaragK.,Manonmani S. and Pattabhi S., “Removal of hexavalent chromium using distillery 

sludge,” Bioresource Technology, vol. 89, no. 2, pp. 207–211, 2003. 

[14] Browning E., Chromium in Toxicity of Industrial Metals, Butterworths and Co., London, UK, 2nd 

edition, 1969.  

[15] Cieslak-Golonka M., “Toxic and mutagenic effects of Cr(VI),” Polyhedron, vol. 15, no. 21, pp. 

3667–3689, 199 

[16] WHO, 2nd ed. Guidelines for Drinking Water Quality vol. 1, World Health Organization, 1993, p. 

2016.  

[17] Nigam M, Rajoriya S, Singh SR, Kumar P. Adsorption of Cr (VI) ion from tannery wastewater on 

tea waste: Kinetics, equilibrium and thermodynamics studies, Journal of Environmental Chemical 

Engineering. 2019; 7: 103188.  

[18] Raji C, Anirudhan TS. Batch Cr (VI) removal by polyacrylamide grafted sawdust:kinetics and 

thermodynamics, Water Research.; 32: 3772–3780,1998 

[19] Tiravanti G, Petruzzelli D, Passino R. Pretreatment of tannery wastewaters by an ion exchange 

process for Cr(III) removal and recovery, Water Science Technology. ; 36: 197–206,1997 

[20] Shi T, Wanga Z, Liub Y, Jiaa S, Changminga D. Removal of hexavalent chromium from aqueous 

solutions by D301, D314 and D354 anion-exchange resins, Journal of Hazardous Material.; 161: 

900–906.,2009  

[21] Mohammadi T, Moheb A, Sadrzadeh M, Razmi A. Modeling of metal ion removal from wastewater 

by electrodialysis, Separation and Purification Technology. ;41:73–82,2005  

[22] Song Z, Williams CJ, Edyvean RGJ. Treatment of tannery wastewater by chemical coagulation, 

Desalination.; 164: 249–261,2004 



 

 

[23] Assadi A, Dehghani MH, Rastkari N, Nasseri S, Mahvi AH. Photocatalytic reduction of hexavalent 

chromium in aqueous solution with zinc oxide nanoparticles and hydrogen peroxide, Environment 

Protection Engineering.; 38: 5–16,2012 

[24] Kozlowski CA, Walkowiak W. Removal of chromium (VI) from aqueous solution by polymer 

inclusion membranes, Water Research. ; 36: 4870–4876,2002 

[25] Dermentzis K, Christoforidis A, Valsamidou E, Lazaridou A, Kokkinos N. Removal of hexavalent 

chromium from electroplating wastewater by electrocoagulation with iron electrodes, Global NEST 

Journal.; 13: 412–418,2011 

[26] Ali I, Asim M, Khan TA. Low cost adsorbents for removal of organic pollutants from wastewater, 

Journal of Environmental Management. ; 113: 170–183,2012 

[27] Tahir SS, Naseem R. Removal of Cr (III) from tannery wastewater by adsorption onto bentonite 

clay, Separation and Purification Technology.; 53: 312–321,2007. 

[28] Hossain KFB, Sikder MdT, Rahman MdM, Uddin MdK, Kurasaki M. Investigation of Chromium 

Removal Efficacy from Tannery Effluent by Synthesized Chitosan from Crab Shell, Arabian 

Journal for Science and Engineering.; 42: 1569-1577, 2017. 

[29] Mohan, D., Singh, K. P. & Singh, V. K.Removal of hexavalent chromium from aqueous solution 

using low-cost activated carbons derived from agricultural waste materials and activated carbon 

fabric cloth. Industrial and Engineering Chemistry Research ,44, 1027–1042,2005. 

[30] Mohan, D., Singh, K. P. & Singh, V. K.,Trivalent chromium removal from wastewater using low 

cost activated carbon derived from agricultural waste material and activated carbon fabric cloth. 

Journal of Hazardous Materials 135 (1–3), 280–295,2006 

[31] Han, X., Wong, Y. S., Wong, M. H. & Tam, N. F. Y., Biosorption and bio-reduction of Cr (VI) by a 

micro algal isolate Chlorella miniata. Journal of Hazardous Materials 146, 65–72,2007 

[32] Park, D., Lim, S. R., Yun, Y. S. & Park, J. M.,Reliable evidences that the removal mechanism of 

hexavalent chromium by natural biomaterials is adsorption-coupled reduction. Chemosphere 70, 

298–305,2007 

[33] Singh, K., Giri, B. S., Sahi, A., Geed, S. R., Kureel, M. K., Singh, S., Dubey, S. K., Rai, B. N., 

Kumar, S., Upadhyay, S. N. & Singh, R. S., Biofiltration of xylene using wood charcoal as the 

biofilter media under transient and high loading conditions. Bioresource Technology 242, 351–

358,2017 

[34] Rajoriya S, Haquiqi A, Chauhan B, Tyagi G, Pundir AS, Jain AK. Influence of Adsorption Process 

Parameters on the Removal of Hexavalent Chromium (Cr(VI)) from Wastewater: A Review, Journal 

of Environmental Treatment Techniques. 8: 597- 603, 2020.. 

[35] Khezami L. and Capart R., “Removal of chromium(VI) from aqueous solution by activated carbons: 

kinetic and equilibrium studies,” Journal of Hazardous Materials, vol. 123, no. 1–3, pp. 223–231, 

2005 



 

 

[36] Wenjun Jiang, Miguel Pelaez, Dionysios D Dionysiou, Mohammad H Entezari, Dimitra Tsoutsou, 

Kevin O Shea., Chromium (VI) removal by magnetite nanoparticles. Chemical Engineering 

Journal,222, 527-533, 2013.  

[37] Innousa Zongo, Jean Pierre Leclerc, Hama Amadou Maiga, joseph Wethe, Francois Lapicque. 

Removal of Hexavalent chromium from industrial wastewater by electrocoagulation: A 

comprehensive comparison of aluminium and iron electrodes. Separation and purification 

technology, 66:159-166, 2009. 

[38] Stevan Luther, Nathan Borfeld, Jisoo Kim, Parsons JG. Removal of arsenic from aqueous solution: 

A study of the effects of pH and interfering ions using iron oxide nanomaterials. Microchemical 

Journal,101,30-36, 2012.  

[39] Sonia Recillas, Ana Garcia, Edgar Gonzalez, Eudald Casals, Victor Puntes, Antoni Sanchez, Xavier 

Font. Use of CeO2, TiO2 and Fe3O4 nanoparticles for the removal of lead from water Toxicity of 

nanoparticles and derived compounds. Desalination,:277:213-220, 2011. 

[40] Ibrahim, M.B., Thermodynamics and Adsorption Efficiencies of Maize Cob and Sawdust for the 

Remediation of Toxic Metals from Wastewater. Journal of Geoscience and Environment Protection, 

1(2): 18-21,2013 

[41] Ibrahim, M.B. and Jimoh, W.L.O., Thermodynamics and Adsorption Isotherms for the Biosorption 

of Cr(VI), Ni(II) and Cd(II) onto Maize Cob. Chemsearch Journal, 3(1):7-12,2012  

[42] Kobya, M.,Removal of Cr (VI) from aqueous solution by adsorption onto hazelnut shell activated 

carbon: kinetic and equilibrium studies. Bioresource Technology 91:317-321,2004 

[43] Owalude, S.O. and Tella, A.C.,Removal of Hexavalent Chromium from Aqueous Solution by 

Adsorption on Modified Groundnut Hull. Beni-Suef University Journal of Basic and Applied 

Science, 5(4):377-388, 2016. 

[44] Kumari, P.,Application of sugarcane bagasse for the removal of Cr(VI) and Zn(II) from aqueous 

solution. International Research Journal of Engineering and Technology, 4(2):1670-1673,2017 

[45] Sharma. P.K., Ayub, S. and Tripath, C.N., Isotherms Describing Physical Adsorption of Cr(VI) from 

Aqueous Solution using Various Agricultural Wastes s Adsorbents. Cogent Engineering 3:1-20, 

2016 

[46] Mekonnen E., Yitbarek M. and Soreta T.R., Kinetic and Thermodynamic Studies of the Adsorption 

of Cr(VI) onto Some Selected Local Adsorbents. South African Journal of Chemistry, 68:45-52, 

2015 

[47] Malkoc E. and Nuhoglu, Y., Potential Tea Factory Waste for Chromium (VI) Removal from 

Aqueous Solution; Thermodynamic and Kinetic Studies. Separation Purification Technology, 

54:291-298, 2007 



 

 

[48] Demiral, H., Demiral, I., Tumsek, F. and Karabacakoglu, B., Adsorption of Chromium (VI) from 

Aqueous Solution by Activated Carbon Derived from Olive Bagasse and Applicability of Different 

Adsorption Models. Chemical Engineering Journal, 144:188-196, 2008 

 

[49] Govindarajan C., Ramasubramanium S., Gomathi T., Narmadha Devi, Sudha P.N., Sorption studies  

       of Cr (VI) from aqueous solution using nanaochitosan –carboxymethyl cellulose blend, Arch.   

      Appl. Sci.Res.,3(4)127-138, ISSN 0975-508,2011 

 

[50] Nomanbhay S.M.,Palanisamy K., Removal of heavy metal from industrial wastewater using  

      chitosan coated oil palm shell charcoal, Electronic Journal of Biotechnology ISSN:0717- 

     3458, vol.8 No.1,Jan.20,2005 

 

 

 

 

 


