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Abstract: Now-a-days because of the aggressive world population increment, rapid industrialization,
agricultural and household activities, civilization leads to high levels contamination of water in terms of
inorganic and organic pollutants. Variety of chromium ions present in industrial waste water can adversely
affect to terrestrial and aquatic ecosystems. Trivalent chromium is essential element in small amount and
also less toxic than hexavalent chromium. Hexavalent chromium is more toxic than trivalent chromium and
also non-essential element thus needs to be removed from industrial waste water. Different techniques have
been developed by number of researchers for removal of hexavalent chromium from waste water. This
included precipitation, evaporation, electroplating and ion exchange. However, these processes works with
various limitations which included removal of hexavalent chromium is restricted to a certain concentration
of chromium ions. Thus, adsorption is an alternate process for removing Chromium ions. Adsorptive
removal of chromium ions from waste water is an economical one because of the enhanced characteristics of
the process of adsorption such as cost-effectiveness, improved adsorptive properties, and increased
availability. Therefore, the process of removal of hexavalent chromium by using low-cost adsorbents can be
assumed as an eco-friendly one. This review provides a brief summary of the related literature which exists
on the low-cost adsorption for removing Chromium from industrial wastewaters this review will also
explore the various existing adsorption models. These include the isotherm, kinetics, and thermodynamics
along with the impact of various factors on the process of adsorption
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I. INTRODUCTION
Water is the most important and widespread natural resource in the universe needed for supporting all forms of life and
affect development of industries Heavy metals are necessary for all existing organisms in minute amounts for our bodies
to function very well. For instance, manganese is required for the metabolism of carbohydrates and the synthesis of fats
vital for a healthy reproductive system. It also has some association with the development of organs and tissues [1].
Rapid industrial development causes huge pollution on our planet especially contamination in the heavy metals that
result from the mining industries, large world traffic...etc, that chromium to passive effects on the plants and
ecology [2]. One of the higher toxicity elements is the Chromium, it's contaminating the water, soil and the ecology
system in general. Chromium discharges mostly coming from the textile, leather tanning, metal extraction factory, and
electroplating as effluents [3]. Common states of the Chromium oxidation are trivalent state and hexavalent state, they
are more stable and constant. The Chromium in the hexavalent state considered higher toxicity than the Chromium in the
trivalent state due to form a complex compound with Oxygen such as Cr202 — and CrO4 —2 oxoanions [4]. Conventional
treatment techniques employed for the removal of heavy metals from wastewater include chemical precipitation
flocculation and coagulation reverse osmosis membrane filtration electro dialysis and evaporative recovery. These
methods have been long used to treat wastewater prior to releasing it in to aquatic bodies [5]. However, these
wastewater treatment methods are associated with high maintenance and operation costs. Chemical precipitation
methods are reliable but on the other hand, require voluminous settling tanks for precipitation of alkaline sludge and
subsequent treatment by separation is required [6]. Among all these technologies, adsorption is one of the simplest,
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economically viable, and effective techniques useful for the removal of heavy metals from effluents. It is defined as a
process whereby a substance travels from a liquid or gaseous phase and establishes a superficial monomolecular layer
on the solid or liquid phase [7]. Activated carbon (Ac) is mostly used as an adsorbent due to its high adsorption
capacities, but it has notoriety for high production prices. Therefore, the utilization of waste materials as low-cost
adsorbents is acknowledged as a possible and economical application for wastewater treatment. This is reflected in the
increasing numbers of periodicals, that show using low-cost materials as adsorbents in the literature. These mainly
conclude the immense interest in finding appropriate adsorbents for the process of adsorption [8-9]. This review provide
an outline for the elimination of chromium ions from waste water by adsorption processes utilizing low-cost adsorbents.
This will be achieved by underlining the characteristics of the adsorbents, their optimum parameters, and their
adsorption capacity. The major aim of the manuscript is to offer a survey about the latest studies which are related to the
adsorption processes using low-cost materials as adsorbents to Chromium ions elimination.

II. FACTOR AFFECTING ON ADSORPTION OF CHROMIUM BY VARIOUS ADSORBENT MATERIALS
In this review article various conditions for adsorption of chromium are considered including pH of solution,
concentration of metal ion, contact time and dose of adsorbent etc. Adsorption capacity of various adsorbents obtained
from waste materials under different conditions are also summarized

EFFECT OF PH

Chromium ion adsorption from waste water is usually dominated by solutions pH. The factor pH on which the
adsorption of chromium depends, susceptibly,[10]. The effect of pH on adsorption capacity of different adsorbent is
given in table No. 1. The pH range for removal of chromium was best attain range in between 2-4. With increase in pH
adsorption of chromium decreases. It is seen that for adsorption of chromium acidic pH is more suitable. For most of
adsorbent the suitable pH for adsorption of chromium is found to be 2.

EFFECT OF INITIAL CONCENTRATION

The removal of chromium by various adsorbent using different initial concentration of chromium is tabulated in table
No.2. The initial concentration ranges between 10 mg/L - 100mg/L. The corncob reported the maximum removal
capacity was 208 mg/g at pH 2. The maple waste reported minimum adsorption efficiency 5 mg/g at pH 6 with 10 mg/L
initial concentration.

EFFECT OF ADSORBENT DOSE
Adsorbent dosage is useful variable in determining the adsorbents capacities at known concentration of adsorbate.
Different adsorbent materials with adsorbent dose were investigated is given in table No.3. The data indicate that
maximum adsorption capacity was obtained at higher adsorbent dose, because of increase in surface area of adsorbent.
Adsorption dose range is 0.01 — 5 g/L

EFFECT OF CONTACT TIME
Information in Table no. 4 indicate that, the contact time have vital role in adsorption of chromium, Cane papyrus
shows maximum adsorption capacity 154 mg/g in 90 min at pH 6.

Table -1. Effect of pH

|Adsorbent pH Adsorption Capacity mg g'l Ref
Mixed waste tea 2 94.34 [11]
Coffee ground 2 87.72 [12]
IPeanut shell 4 8.31 [13]
Coconut shell charcoal 4 10.88 [14]
Treated waste newspaper 3 59.88 [15]
'Walnut shell 2 40.83 [16]
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[Fertilizer industry waste 4 15.24 [17]
Rice husk 2 13.1 [18]
Tamarind hull based 2 81 [19]
TABLE -2. EFFECT OF INITIAL CONCENTRATION
Adsorbent pH | Initial Concentration Mg/L |Adsorption Capacity mgg™ Ref
Corncob 2 100 208 [20]
peanut shell 2 100 8.31 [21]
groundnut husk 2 12.5 131 [22]
Sunflower 2 1000 4 [23]
Fly ash 1 60 4 [24]
Maple waste 6 10 5 [25]
TABLE-3. EFFECT OF DOSE
|Adsorbent pH Dosage Adsorption Capacity mg g'1 Ref
Banana skin 1.5 5¢g/L 249.4 [26]
Cassia fistula biomass 52 0.01 g/mL 96.21 [27]
Chemically modified 2 4 g/L CMDP: 82.63, [28]
date pits (CMDP) & olive CMOS: 53.31
stone (CMOS)
Date palm empty fruit bunch 2 0.3g 70.49 [29]
Ficus nitida leaves 1.5 08¢g 21 [30]
Tea waste 52 0.6g/L 99.2 [31]
Treated pine sawdust 2 4g - [32]
TABLE-4. EFFECT OF CONTACT TIME
IAdsorbent pH Interaction time (Min) Adsorption Capacity mg g™ Ref
Peat and coconut fibre 7 80 1.25 [33]
Carrots 2 120 26.2 [34]
Rice husk 4 120 102.96 [35]
Cane papyrus 6 90 154.76 [36]
Fermentation Waste 6 90 35.17 [37]
Coir pith 6 60 79.6 [38]
Groundnut hull 6 60 40 [39]
Eggshell 6 120 49.5 [40]
TABLE-5. ADSORPTION ISOTHERM
IAdsorbent pH Adsorption Capacity mgg™ [Isotherm IRef
Banana Peel 3 38.46 Langmuir [41]
Orange peel 3 41.66 Langmuir [42]
Pomegranate peel 5.5 93.75 Freundlich [43]
IPomegranate peelpolypyrrole |1 95.35 Freundlich [44]
Tangerine peel 3 17.54 Langmuir [45]
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TABLE-6. KINETIC STUDY
lAdsorbent pH | Adsorption Capacitymgg™ | Kinetic Model Ref
Banana Peel 8 38.46 Pseudo [46]
second order
Orange peel 8 41.66 Pseudo first order [47]
Tamarind pod shell 5 92.34 Pseudo first order [48]

III. CONCLUSION

Adsorption plays very important role in removal of hazardous materials from waste water. This review article gives
comprehensive information about use of low-cost adsorbent for removing of chromium ions utilizing adsorptive
procedure. This review article reveals that, various adsorption capacities of for various low-cost adsorption materials.
The adsorption capacity of low-cost adsorbents also depends on various factors. The equilibrium data were analysed
using different isotherm models from this Langmuir isotherm better fitted for most of the adsorbent materials. Isotherm
kinetics was modelled by using the pseudo first and second order kinetic equation. In conclusion, for removal of toxic
chromium metal from waste water low-cost adsorbents has broad applications.
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