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Abstract: 
             

In current work, phosphoricacid (H3PO4) activated Ice-apple fruit shell (IFS) is carbonized and then 

loaded with Nano Iron Oxide (NIO) synthesized using orange peel extracts to prepare 

NIO@IFSACnanocomposite. Batch experiments were run to study the optimal conditions for maximum 

removal efficiency for Chromium ion (Cr VI) from aqueous as a capacity of solution pH, solution 

temperature, stirring time, and Chromium( Cr VI)  concentrations. The final concentrations of the Cr VI 

ions were determined by Atomic Absorption Spectrophotometer (AAS).The optimum conditions were 

obtained were with the achievement of maximum 98%removal of Chromium (Cr VI) ions. These findings 

demonstrated that NIO@IFSACcan be used asan alluring adsorbent for the effective removal of 

Chromium (CrVI) from wastewater in a cost-effective manner. Using such waste materials to prepare nano 

sorbents would also be a beneficial step toward solid waste management and sustainable development. 
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I. INTRODUCTION 

    Chromium can exist in several chemical forms 

displaying variable oxidation numbers from 0 to VI. 

Only two of them, trivalent (III) and hexavalent 

(VI), are stable enough to exist in the environment 

[1].Cr(IV) and Cr(V) form only as unstable 

intermediates during reactions of trivalent and 

hexavalent oxidation states with oxidizing and 

reducing agents, respectively [2]. Hexavalent 

Chromium (Cr VI) is known to be carcinogenic and 

mutagenic and it induces dermatitis [3]. Cr(VI) and 

Cr(III) enter the environment as a result of effluent 

discharged from industries like leather, mining, 

electroplating, dyeing, printing industries, etc.[4, 5]. 

Chromium can also enter drinking water supply 

systems via corrosion inhibitors used in water pipes, 

andcontainers or via contamination of underground 

water leaching from sanitary landfill [6].The 

maximum permissible limit for hexavalent 

chromium in drinking water is only 0.05 part per 

million (PPM) [7] above which it can cause noxious 

effect in flora and fauna.Hexavalent Chromium (Cr 

VI) is reported extremely toxic and carcinogenic to 

trigger cancer of the lungs and digestive system and 

many abnormalities in routine body functions [8], 

so it should be checked in wastewater effluents 

regularly and the excess amount must be removed 

from contaminated water before being discharged 

into freshwater resources. 
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Activated carbon (AC) is microcrystalline 

black solid, tasteless, non-graphitic carbonaceous 

material with a porous structure [09]. Adsorption by 

Activated Carbon (AC) has been reported as a low-

cost and simple method for removing various 

pollutants from water [10, 11]. The two main 

procedures used to prepare AC from any carbon-

rich raw material are physical activation and 

chemical activation. According to various research 

reports, chemical activation is preferable over 

physical activation due to higher yield, larger 

surface area, and better growth of porous structure 

[12-15].Physical activation entails carbonizing a 

carbonaceous substance and then activating the char 

which is activated in the presence of activating 

gases like N2, CO2, or steam, while during the 

chemical activation process, activating substances 

like acids viz. HCl, H3PO4, HNO3 or bases NaOH, 

KOH, etc. are impregnated into the raw materials 

[16-19].Carbonaceous raw materials, such as coal, 

lignite, wood, and peat, are typically used in the 

commercial manufacturing of ACs because of their 

high carbon content and low inorganic content 

[20].Activated carbon from agricultural by-products, 

on the other hand, has the benefit of delivering an 

efficient, inexpensive replacement for the non-

renewable coal-based granular activated carbons 

(GACs), so long as they have comparable or 

superior adsorption efficiency [20-23].The 

enormous proportion of very small holes in 

activated carbon gives it a significant specific 

surface area [24] 

The present study aims to use activated carbon 

nanocomposites prepared from local waste obtained 

from Mumbai-Ice-apple fruit shell wastes. Pyrolysis 

of the ice apple fruit shell wastewas performed with 

some modifications in the reported method[25], 

followed by chemical activation using phosphoric 

acid (H3PO4, 85%) asperformed by some 

researchers [26] and loading magnetite 

nanoparticles on IFSAC by conventional immersion 

methodto obtain an eco-friendly and low-cost 

Nanocomposite NIO@IFSAC.Batch studies were 

carried out to determine the maximum adsorption 

capacity of the prepared nanosorbent for the 

removal of Cr (VI) ions from aqueous and to 

comprehend the effect of pH, temperature, initial 

metal concentration, adsorbent dosage, and so on. 

The findings suggested that ice-apple fruit shell 

waste-based nanocomposites could be used to 

effectively remove Chromium Ions (Cr VI) from 

contaminated easy way to comply with the 

conference paper formatting requirements is to use 

this document as a template and simply type your 

text into it. 

II. MATERIALS & METHODS 

A. Materials 

 

Analytical grade (Sigma Aldrich, India) stock 

solutions of 1000 mg L
-1

 concentration of 

Chromium (VI), The pH of the solution was 

adjusted by adding 0.1M HCl or 0.1M NaOH 

(Merk, India)and measured by Systronicsdigital pH 

meter, the concentration of Cr(VI)in the 

aqueoussolution was measured using AAS(ice3300 

model Thermofischerscientific, 324.75 nm for Cr 

VI ), Double distilled water. 

 
B.  Batch Experiments 

 

The batch experiments were carried out to 

investigate the adsorption capability of 

NIO@IFSAC (0.250 g) in 50 ml synthetic 

wastewater of Cr VI ion concentrations at various 

temperatures, contact times, and pH levels with 

continuous stirring to ensure homogeneous mixing 

as shown in Table 1. 

TABLE I 

BATCH EXPERIMENTAL PARAMETERS FOR BATCH REACTION CONDITIONS 

S.No. Parameters Units Range 

1. Cr VI 

Concentration 

ppm 05-30 

2. pH - 2-08 

3. Contact Time Minutes 20–180 

4. Temperature o C 20 oC-40oC 

 

The flask containing the sample was withdrawn at 

the desired time intervals and analyzed by Atomic 

Absorption Spectrophotometer (AAS,ice 3300-
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Thermofischerscientific) for equilibrium Chromium 

(Cr VI) ionconcentrations. 

III.  RESULTS AND DISCUSSION 

 

A. Effect of Temperature 

 

The effect of temperature on the removal of Cr VI 

ion by NIO@IFSAC nanocomposite was 

investigated over a temperature range of 20
○
C to 40 

○
C. The adsorption efficiency of the adsorbent 

increased as the temperature increased, 

demonstrating that the reaction follows the 

endothermic pathway. 

 

 
Figure 1Effect of Temperature on % Removal of Cr VI ion 

 

 

B. Effect of Solution pH 

 

The pH of the solution is one of the most important 

parameters affecting the adsorption process since it 

governs the surface charge of the adsorbent and the 

chemistry of the metal ions. The effect of pH on the 

removal of Cr VI ions (30 mg L
-1

) by the 

NIO@IFSAC is shown in Figure.2.The percent 

adsorption of Cr VI ion was observed highest at 

pH2.05which can be explained by the existence of 

anionic chromate species (CrO4
2–

, HCrO4
–
, Cr2O7 

2–

 ) in aqueous media which are electro-statically 

attracted toward the positively charged surface of 

the nanocomposite at lower pH, while asthe pH of 

the solution increased over 07 the Chromium ion 

get precipitated as hydroxides,.The results showed 

that the adsorption process can be used effectively 

to remove more than 98% Cr VI from acidic 

effluents (such as electroplating wastes, dyeing, 

mining etc.), whereas prior pH adjustment is 

required for neutral or alkaline effluents. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2Effect of pH on removal of Cr VI ion 

 

 

C. Effect of Chromium Concentration 

 

The impact of initial concentrations on the removal 

of Cr (VI) on NIO@IFSAC adsorbent was studied 

as shown in Fig.3. The fixed amount of adsorbent is 

addedto 50mlof 05-30ppm aqueous solution of Cr 

VI and pH of synthetic water at pH 2±05 with 

stirring (125 RPM) for 20 minutes at 30
○
C. The 

figure shows that as the initial metal ion 

concentration rises, the percentage removal 

efficiency rises till 30 ppm at reached at 98.2%. At 

low initial concentrations, sufficient binding sites 

for Cr(VI) ion adsorption are available; however, at 

very high effluent concentrations of more than 30 

ppm saturation point was observed which can be 

attributed to the reason that all available binding 

sites for adsorption have got exhausted, and the 

percentage removal efficiency of Cr VI ions 

becomes saturated to maintain equilibrium. 
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Figure 3 Effect of Initial Concentration of Cr VI ion

D. Effect of Contact Time 

 

The effect of contact time on the uptake of the 

VI ions (Cr VI 30 mg L
-1

,30 
○
C, 125 RPM

NIO@IFSACwas studied by varying the contact 

time from 10 to 180 min. Figure 4 depicts the 

amount of metal ions removed by NIO@IFSAC as 

a function of time.Adsorption of metal ions 

increases rapidly between 10 to 20 minutes and 

later on becomes constant when approaching 

saturation which may be attributed to the 

availability of least active binding sites with 

increasing time. Equilibrium was attained within 20 

min for Cr (VI) ion adsorption. At equilibrium, the 

removal percentage for Chromium is found 

approximately 98%. 

Figure 4Effect of Contact Time on percentage removal of Cr VI ion

 

E. Data Analysis and Results: 

The synthetic water samples of Chromium (Cr 

VI) were prepared and agitated with adsorbent at 

86

88

90

92

94

96

98

100

0 5 10 15 20 25 30

%
R

e
m

o
v

a
l

Cr (VI) ion

% …

Linear …

70

75

80

85

90

95

100

0 20 40 60 80 100120140 160180

%
 R

e
m

o
v

a
l

Time(Minutes)

Journal of Scientific Research and Engineering Development-– Volume 5 Issue 5, Sep

         Available at 

©IJSRED: All Rights are Reserved 

 
Effect of Initial Concentration of Cr VI ion 

time on the uptake of the Cr 

C, 125 RPM) onto 

varying the contact 

Figure 4 depicts the 

amount of metal ions removed by NIO@IFSAC as 

a function of time.Adsorption of metal ions 

increases rapidly between 10 to 20 minutes and 

later on becomes constant when approaching 

saturation which may be attributed to the 

f least active binding sites with 

increasing time. Equilibrium was attained within 20 

min for Cr (VI) ion adsorption. At equilibrium, the 

hromium is found 

 
on percentage removal of Cr VI ion 

The synthetic water samples of Chromium (Cr 

VI) were prepared and agitated with adsorbent at 

different set of conditions and the sorption 

capacity (mg/g) and removal efficiency (% R) 

was calculated using well known equations

Qe= 
��������

�
… ..(1)  

%Removal efficiency = 
������

��

Where Qe is the maximum amount of Chromium 

(Cr VI) adsorbed (mg/g)on the NIO@IFSAC, Ci 

and Ce are the initial and final ion concentrations 

(mg/L) respectively, V is the volume of the 

medium used (L), and m is the amount of 

nanocomposite used (g). During this study, Qe is 

calculated as 05.90mg/g with 98 % removal 

efficiency. 

F.  Kinetic rate constant 

The kinetic rate constant (K

by using Lagergren’s first

expression.The studies of the effect of 

temperature on adsorption are important because 

it affects the rate and extent of adsorption and 

also provides information about adsorbate

adsorbent interaction. The Kad value (3.63 × 10

2min-1) at 300C for Cr (VI) removal was 

calculated from the slopes of the linear plots of 

log (qe– qt) versus time (t) (Figure 5). The high 

correlation coefficients (R2=

adsorption follows first-order rate kinetics.

 

Figures 5 Adsorption kinetic plots for Cr metal ion removal at 

different temperatures 

30 35

180
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conditions and the sorption 

capacity (mg/g) and removal efficiency (% R) 

was calculated using well known equations-  

���
� 100… ..(2)  

Where Qe is the maximum amount of Chromium 

/g)on the NIO@IFSAC, Ci 

and Ce are the initial and final ion concentrations 

(mg/L) respectively, V is the volume of the 

medium used (L), and m is the amount of 

nanocomposite used (g). During this study, Qe is 

calculated as 05.90mg/g with 98 % removal 

The kinetic rate constant (Kad) was determined 

by using Lagergren’s first-order rate 

expression.The studies of the effect of 

temperature on adsorption are important because 

it affects the rate and extent of adsorption and 

provides information about adsorbate– 

adsorbent interaction. The Kad value (3.63 × 10-

1) at 300C for Cr (VI) removal was 

calculated from the slopes of the linear plots of 

qt) versus time (t) (Figure 5). The high 

correlation coefficients (R2=0.99) indicate that 

order rate kinetics. 

 
Adsorption kinetic plots for Cr metal ion removal at 
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Table 2 ADSORPTION KINETIC FOR CR (VI) METAL ION REMOVAL AT DIFFERENT TEMPERATURES 

20○C 30○C 40○C 

Time log(qe-qt) Time log(qe-qt) Time log(qe-qt) 

20 -1.353275 20 -1.364192 20 -1.495196 

40 -1.75721 40 -1.86638 40 -1.93188 

60 -2.29214 60 -1.86638 60 -2.55415 

80 -2.80524 80 -2.35764 80 -3.50393 

100 -4.00611 100 -3.22009 100 -4.67205 

 

G. Adsorption Isotherms 

 

 

  To describe the characteristics of adsorbentsused 

in water and wastewater treatmentLangmuir and 

Freundlich isothermswere utilized to depict the 

equilibrium adsorption. Langmuir isotherm 

alludes to homogeneous monolayer adsorption 

whereas the linear form of the Freundlich 

isotherm model is determined by expecting to be a 

heterogeneous surface of adsorption limit and 

adsorption capacity with a nonuniform circulation 

of heat of adsorption. The equation forlinear form 

of Langmuir isotherm isgiven by thefollowing 

equation: 

 
��

��
=

�

���.�����
+ 

��

����
 ............ (3) 

 

where qe is the amount adsorbed at equilibrium 

(mg/g), Ce is the equilibrium concentration (mg/L), 

and qmax(mg/g) and KL (L/mg) are the Langmuir 

constants related to maximum adsorption capacity 

and KLadsorption constant, respectively, the plot 

of Ce/qe against Ce produced  a straightline 

confirming that the adsorption followed the 

Langmuir isotherm model. The Langmuir 

constants for adsorption of Cr (VI) are given in 

Table 3. The capacity of the NIO@IFSAC for 

adsorption of Cr (VI) under the optimized 

conditions was 05.90mg/g. 

 

The Freundlich isotherm can be expressed as- 

 qe = KfCe
1/n

..................
.
(4)

 

by rearranging the above equation linear equation 

can be obtained-
 

ln qe = ln Kf + 1/n ln Ce(5) 

where 1/n and �� are Freundlich constants which 

correspond to adsorption intensity and adsorption 

capacity, respectively. The Langmuir and 

Freundlich adsorption isotherms of Cr (VI) ions 

onto NIO@IFSAC are given in Table 3. 

 The table indicated that the values of regression 

coefficient for Langmuir adsorption were near to 

unity for Cr(VI) adsorption and values of qe 

experimental (5.90 mg/l) and qe calculated 

(5.76mg/l) were almost found near to each other 

thus, revealing that pseudo-first-order model 

followed during the removal process. Langmuir 

adsorption model provide better agreement than  

Freundlich adsorption isotherms as indicated by 

R
2
 values and experimental results obtained, 

however chemisorptions cannot be neglected 

totally .  
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Table 3 LANGMUIR AND FREUNDLICH ISOTHERMS CONSTANT VALUES FOR ADSORPTION OF CR (VI) IONS ON NIO@IFSAC AT 

DIFFERENT TEMPERATURES 

S.No. Temperature Langmuir Freundlich 

 0C QL 

(mg g-1) 

b 

(L mg-1) 

R2 KF 

(mg g-1) 

1/n R2 

1.  20 5.31 0.196 0.9876 0.521 0.799 0.84 

2.  30 5.47 0.29 0.9912 0.747 0.794 0.89 

3.  40 5.76 0.621 0.9994 1.417 0.807 0.92 

 

IV. CONCLUSIONS 

 

 

In summary, the present study demonstrates that 

nanocomposites of Iron Oxide and Ice-apple 

fruit-shell waste (NIO@IFSAC) can successfully 

remove Chromium (Cr VI) from aqueous media. 

The adsorption of Chromium (Cr VI) from 

aqueous media is significantly affected by pH 

variation; the optimum conditions for maximum 

removal efficiency (98%) for Chromium (Cr VI) 

was found to be at pH2.05 withadsorption 

capacity of NIO@IFSAC being 05.90 mg/g. The 

present research work proves that the waste 

materials like Ice-apple fruit shells (IFS) can be 

converted in nanocomposite and used as cost-

effective nanosorbent for Chromium (VI) ion 

contaminant effluent treatment. 
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