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Abstract

In the present paper natural adsorbent banana and
orange peel was used for removal of colour from waste
effluent of textile industry. The materials were obtained
and treated for the removal of colour at different doses.
These materials also evaluated for the removal of
colour at different pH and time. The materials are
capable of removing colour from waste water, their
colour removal capacity for banana peel is 87% and
orange peel is 68 % respectively at normal pH and
temperature conditions. The equilibrium time was

found 55min for orange peel and 45min for banana peel.

The experimental adsorption data fitted with Langmuir
and Freundlich adsorption isotherms. The experimental
result shows that the materials have good potential to
remove colour from effluent and good potential as an
alternate low cost adsorbent.

Keywords: Adsorption, banana peel, Colour removal,
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1.0 Introduction

The textile industry require a large volume of water for
their processes and the waste water discharged from the
mill is equally large and of polluting nature [1]. The
effluent  from textile is an important source of dye
pollution. Many dyes and their break down products
may be toxic for living organism. Therefore,
decolourisation of dyes is an important aspect of
wastewater treatment before discharge. The colour
removal was extensively studied with physiochemical
methods such as coagulation, ultra filtration,
electrochemical adsorption and photo oxidation.
Among these methods, adsorption is a widely used for
removal of dyes from wastewater [2]. Activated carbon
is the most widely used adsorbent for this purpose
because it has a high capacity for adsorption of colour
but its use is limited because of high cost [3].The
removals of dyes from effluent using adsorption
process provide an alternative treatment, especially if
the adsorbent is inexpensive and readily available. A
number of non-conventional low cost adsorb ent used
for dye removal, include fruit waste of Prosopisn
juliflora, wood, waste orange peel, banana pith, maze
cobs, barley husk, bagasse pith etc. Utilisation of

agricultural waste as low cost adsorbent has great
significance in India where more than 200 million tons
of agricultural residues are generated annually [4].

The present study is to explore the feasibility
of Orange peel and Banana peel as a low cost natural
adsorbent with respect to various parameters such as
colour adsorbent capacity of material with initial
concentration at different doses, time, and pH. The
adsorption isotherm are plotted to study the removal
capacity of material. The study shows that the material
has good potential for the removal of colour from
textile effluent.

2. Materials and Methods
2.1 Materials

Waste orange peel and banana peel were
obtained from the local fruit stall. These peels then
dried in oven at 90° C for 24 hrs and ground to a fine
powder and sieved through 600 micron and 300 micron
sieves. The 600 micron particle size powder and 300
micron size powdered material of orange and Banana
peel were selected for the batch adsorption and pH
study. Both the materials were dipped in a 1N HCI for 5
hrs then washed with distilled water, dried and used for
the study.

2.2 Methods of Analysis

The colour concentration was determined using COD
plus colorimeter (model: La-motte, code-1922/1922-
EX-2) . The colorimeter measures the colour in pt-
cobalt scale and range is upto 1000 units. The pH is
measured by using pH meter.

2.3 Batch Adsorption experiments

The batch adsorption experiments were conducted to
study optimum removal of colour from textile
wastewater. Required quantity of different doses of
orange peel and banana peel added to polyethylene
bottle with 50 ml textile industry waste effluent. The
bottles were kept in orbital shaker at 30°C temperature
at 150 r.p.m. The contents were filtered using whatman
filter paper no. 42. The equilibrium time and optimum
dose of adsorbent were optimised by repeating the same
experiment at different conditions.
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2.3.1 Effect of adsorbent dose

The different doses of adsorbent namely Orange and
Banana peel taken such as 0.01g to 0.08 g with 50 ml
textile effluent in polyethylene bottle in orbital shaker
at about 30 °C and 150 rpm.

2.3.2 Effect of time

To study the effect of time on efficient removal of
colour from textile waste the study was carried out. The
effect of contact time was investigated for
5,10 ,20 ,30 ,40 ,50 ,60 ,70 ,80 ,90 ,100 ,120 ,240
minute at pH 7 .

3. Results and Discussions

3.1 Effect of adsorbent dose

The different doses of adsorbent namely Orange and
Banana peel taken such as 0.01g to 0.08g with 50 ml
textile effluent in polyethylene bottle in orbital shaker
at about 30°C and 150 rpm. It was found that maximum
colour removal efficiency for Orange peel was 68% at
0.06g dose of adsorbent for 55 minutes and for Banana
peel 87% at dose of 0.05g of adsorbent when shaking
time was 55 minutes. From the comparative results it
was found that banana peel is more effective than
orange peel. The graphical representation is shown
below in Figure 1 and 2. It was found that adsorption
was found decreasing further with increase in dosage in
both the case of adsorbents.

3.2 Effect of time

To study the effect of time on efficient removal of
colour from textile waste the study was carried out. The
wastewater sample was taken in a 500 ml beaker and
kept in a orbital shaker at temperature 30°Cand 150
r.p.m. The sample was withdrawn from the beaker at
pre-determined time interval of 10 min each and results
are compared with original colour concentration of
waste water to know the colour removal efficiency of
adsorbents. It is clear from the results that time plays an
important role is colour removal for Orange and Banana
peel. The optimum time duration required for colour
removal is 45mins for banana peel and 55min for
orange peel. The comparative results for efficiency of
various adsorbents with respect to time are given in
Figure 3 and 4.

3.3 Effect of pH

To study the effect of pH on colour removal capacity of
Banana and Orange peel , Colour removal was studied
at pH ranging between 4 and 10 by maintaining pH of
waste water sample with dil HCL and NaOH solution.
The maximum removal of colour from waste water is at
7 pH. The removal slightly depend on pH and it is
found that many adsorbent shows change in adsorption

capacity with variation in pH. .At acidic and alkaline
pH new colour of higher wavelength was found and
hence the pH study was found insignificant. The
graphical representation is shown in Figure.5

3.4 Adsorption Isotherm

The adsorption of dyes can be mathematically
expressed in terms of adsorption isotherms. Adsorption
isotherm data are commonly fitted to the Langmuir
model (equation 1) and the Freundlich model (equation
2)

o]
Ge =bQ C /(1+bC )-mrmmrmmrmmmmemmemoemeeee @)
(1/n) .
0. = KC, )
Where:

g = amount of dye adsorbed on the adsorbent (mg/g)
3

Ce = dye concentration at equilibrium (mg/dm )

b and - Langmuir constants

nand K_= Freundlich constants
These models are rearranged to the linear form as
follows:

[o] 0

1/9.=1/Q +1/(bQ C) 3)
Log (ge) = log (K) + (1/n) 10-------=----------- (4)

The plots of 1/ge against 1/Ce (figure and), and
log (0e) against log (C) (figure and), for orange and

banana peel, gave a straight line. The correlation
coefficient close to 1 indicates that the adsorption
process confirms to both adsorption isotherms.
Langmuir and Freundlich adsorption isotherms for
orange and banana peel are shown in fig 6, 7.8 and 9
respectively

4. Conclusion

The modification of Banana and Orange peel with acid
treatment significantly improve colour adsorption
capacity as compared to raw Banana and Orange peel.
It was found that colour removal efficiency was
achieved maximum at very low dose of 0.06 g for
Banana peel and 0.05 g of Orange peel within short
time of 55 minutes. The adsorption isotherm data was
best explained by Langmuir model and the adsorption
capacity obtained from Langmuir isotherms for Banana
peel and Orange peel wa s0.1808 and 0.0647 mg g*
respectively. The result of pH study shows that the
adsorbent was effective at neutral pH. The Banana and
Orange peel can be used for removal of colour from the
waste water and increasing use of agro based
bioadsorbent can be seen in coming decade for removal
of dyes from wastewater. Banana and Orange peel have
good potential as a low cost adsorbent for improving
the effectiveness of waste water treatment.

1998 |Page



R.S.Mane, V.N.Bhusari / International Journal of Engineering Research and Applications

(IJERA)

ISSN: 2248-9622

www.ijera.com

Vol. 2, Issue 3, May-Jun 2012, pp.1997-2004

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

C. Namasivayam & N. Kanchana “Removal of
Congo red from aqueous solution by waste
banana pith” pertanika j. sci. & techno!. 1(1):33-
42(1993) ISSN: 0128-7680

M Sarioglu,U.Atay “Removal of methylene blue
by using biosolid” global nest Journal,vol 8, no
2, pp 113-120,2006

G. Annadurai et al “.Use of cellulose-based
wastes for adsorption of dyes from aqueous
solutions” journal of hazardous materials b92
(2002) 263-274

M C,Somasekhara Reddy “ Removal of direct
dye from aqueous solutions with an adsorbent
made from tamarind fruit shell, an agricultural
solid waste” journal of scientific & industrial
research vol.65, may( 2006), pp 443-446
Shahbudeen.P.S.Syed “Study of the removal of
malachite green from aqueous  solution by
using solid agriculture waste” research journal
of chemical sciences, vol.1(1) April(2011)
R.Sivaraj et.al “Orange peel as an adsorbent in
the removal of acid violet 17 from aqueous
solutions” technical note, waste management-
21(2001), 105-110

Velmurugan. P, Rathina Kumar. V, Dhinakaran.
g“Dye removal from aqueous solution using low
cost adsorbent” international journal of
environmental sciences volume 1 no.7,pg 1492-
1503 (2011)

M Jayaranjan, R Arunachalam and G.Annadurai
“Use of low cost nano —porous materials of
pamelo fruit peel wastes in removal of textile

List of figures and tables

Fig. 1: Figure 3. showing results of dosage of Orange peel
Fig. 2: Figure 4 showing results of dosage of Banana peel

Fig. 3: Figure 1 showing effect of time on Banana peel
Fig. 4: Figure 2 showing effect of time on Orange peel
Fig. 5: Figure 5 showing pH effect at optimum dose [vol.of wastewater-50ml, dose 0.05g, temp 30°c]
Fig.6 showing Langmuir adsorption isotherm for Orange peel

Fig.7 showing Freundlich adsorption isotherm for Orange peel
Fig.8 showing Langmuir adsorption isotherm for Banana peel

Fig.9 showing Freundlich adsorption isotherm for Banana peel
Table 1 showing parameters obtained from correlation of adsorption isotherms

Fig.1

(9]

[10]

[11]

12]

[13]

[14]

dye” research journal of environmental sciences
55: 434-443,(2011), issn 1819-3412,(2011)

Theivarasu,Mylsamy.S,Sivakumar n. “cocoa
shell as adsorbent for the removal of methylene

blue from aqueous solution: kinetic and
equilibrium  study” universal journal of
environmental research and technology,vol-i,70-
78.(2011).

Tabrez a khan et.al “ Removal of some basic
dyes from artificial textile wastewater
by adsorption on Akash kinari coal” journal of
scientific and industrial research, vol 63,april
(2004), pp(355-364)
Yavuz 6., Aydin h. “Removal of direct dyes
from aqueous solution using various
Adsorbents” polish journal of environmental
studies vol. 15, no. 1 (2006), 155-161
Namasivayam c., Muniasamy n., Gayatri k.,
Rani m.and Ranganathan k.“Removal of dyes
from aqueous solution by cellulosic waste
orange  peel”,  (1996) Bio  resource
technology, pg(37-43)
Papita Saha, (2010). “Assessment on the
removal of methylene blue dye using
tamarind fruit shell as bio sorbent.” Springer
science+business media b.v.,
213, pg(287-299).
Praveen Sharma et.al “COD reduction and
colour removal of simulated textile mill
wastewater by mixed bacterial consortium”
Rasayan .j. chem.vol 3, no0.4(2010),
731-735, issn-0974-1496

1999 |Page



R.S.Mane, V.N.Bhusari / International Journal of Engineering Research and Applications
(IJERA) ISSN: 2248-9622  www.ijera.com
Vol. 2, Issue 3, May-Jun 2012, pp.1997-2004

69

orange
68 & <

4

67

66

65

64

63

- P < O=E mMm=

62

61

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

dose(g)

Fig.2

88

banana
87

85
84
83
82
81
80

- > < OZmm=m

79

78

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

DOSE(g)

Fig.3

2000|Page



R.S.Mane, V.N.Bhusari / International Journal of Engineering Research and Applications

(IJERA) ISSN: 2248-9622  www.ijera.com
Vol. 2, Issue 3, May-Jun 2012, pp.1997-2004

%

-

- mw = o I o

100

banana

0 10 20 30 40 50

time (min)
—4—0.01 —#—0.02 =4—003 =004 =—=—005 -—0-0.06g

Fig.4
80
orange
0 10 20 30 40 50 60
time{min)
——0.01 ——0.02g -—d—0.03g =—=—0.04 =—+=—0.05 -—0—0.06
Fig.5

2001 |Page



R.S.Mane, V.N.Bhusari / International Journal of Engineering Research and Applications

(IJERA) ISSN: 2248-9622  www.ijera.com
Vol. 2, Issue 3, May-Jun 2012, pp.1997-2004
100
o 90
"
E
" 60
50 \
0 40 -
Vo3 // Ny
A 20
L 10
0
2 4 6 8 10 12
pH
—4—BANANA ORANGE
Fig.6
47 y = -4443x + 15.44
354 o R?=0.846
3 -
2.5 -
lge |
15 - ¢
1 4
0.5 -
0 T I I I I 1
0.0028  0.0029  0.003  0.0031 00032 00033 0.0034
1/ce
Fig.7

2002|Page



R.S.Mane, V.N.Bhusari / International Journal of Engineering Research and Applications
(IJERA) ISSN: 2248-9622  www.ijera.com
Vol. 2, Issue 3, May-Jun 2012, pp.1997-2004

0.4 y=-9.181x+22.91
03 - . R?=0.930
0.2
0.1 - 4
0 T ’ T T T 1
logge -0.12:46 2.48 2.5 2.52 2.54 2.56
-0.2 - ¢
-0.3 -
-0.4
-0.5 - .
-0.6 -
log ce
Fig.8
3 -
* y=-651.9x+5.530
2.5 - RZ=0.808
1/ge 2 -

1.5 -
1 -

0.5 -
0 T T T T 1

0 0.002 0.004 0.006 0.008 0.01
Fig.9

2003|Page



R.S.Mane, V.N.Bhusari / International Journal of Engineering Research and Applications
(IJERA) ISSN: 2248-9622  www.ijera.com
Vol. 2, Issue 3, May-Jun 2012, pp.1997-2004

0.5 -
y=-3.822x+8.364
0.4 7 R? = 0.969
0.3 *
logge 0.2 - L 2
0.1 .
0 T T 1
.0.12.05 2.1 2.15 2.35
-0.2
-0.3
0.4
-0.5 -
logce
Table 1
Adsorbent Langmuir Freundlich
Qmax KL R? KF 1/n R’
Orange 0.0647 -0.00347 0.846 -2.495 0.1089206 | 0.93
peel

Banana 0.1808 -0.00848 0.808 -2.18838 | 0.2616431 | 0.96
peel
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