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ABSTRACT

The use of low-cost and eco-friendly adsorbents has been investigated as ideal alternatives to the
current expensive methods for removing dyes from waste water. Orange peel (OP) was used as a
low cost natural waste adsorbent for the removal of textile effluents. The effectiveness of (OP) in
adsorbing ;C.l. Direct Red 79 (DR 79) and C.I. Direct Yellow 27 (DY 27) from their dye baths
has been studied as a function of pH, solid/liquid ratio, agitation time and initial dye
concentration. The sorption isotherms were analyzed using Langmuir and Frendlich models. The
results indicated that acidic solutions supported the adsorption of the studied dyes within (OP).
Adsorption kinetic models were analyzed using the pseudo-first, second order equation and
intraparticle diffusion equation. The results showed that the order equation fitted the
experimental data very well. By the way, the effect of adsorbent surface was analyzed by
scanning electron microscope (SEM), whereas the SEM images showed reasonable agreement
with adsorption measurements.

Keywords: environmental technology, clean chemistry, textile dyes, direct dyes, green
adsorbents.

1. Introduction:

Textile industries produce huge amounts of
polluted effluents that are normally
discharged to surface water bodies and
ground water aquifers. These wastes cause
many damages to the ecological system of
the receiving surface water, creating a lot of
disturbance to the ground water resources
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(Georgiou, D. et. al. 2002; Tsui, L.S. et. al.
2003). Dyes are classified as follows:
anionic / direct, acidic and reactive, cationic
/ basic, and non-ionic dispersed dyes,
whereas over 80% of which are constituted
of the aromatic azo type. (Hameed, B.H. &
El-Khaiary, M.1.2008)

Moreover, 50,000 tones of dyes containing
hazardous substances which can damage the
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aquatic and vegetal life, are discharged
annually via effluents into environment
(Brown, D.198).Toxicity of various dyes
especially benzidine based dyes are well
known because of their mutagenicity and
carcinogenicity Gregory, AR. Et.al. 1991) It
is rather difficult to treat dye effluents
because hot and strongly colored textile
dyeing wastewater is notoriously known to
contain a large amount of suspended solids
,high  COD(chemical oxygen demand)
concentration and with a highly fluctuating
pH. Hence there is a need to remove dyes
from dyeing wastewater before it mixes with
water bodies. (Alparslan, S, 2003)

From the aesthetic point of view, the
removal of color from waste effluents has
become environmentally important (Araceli,
R. et. al. 2009; Tamez Uddin, M.D. et.
al.2009) and the governments awareness
have been under severe pressure to stop such
effluents to the public watercourses, unless
treated properly. The USEPA
(environmental proportion Agency) has
classified textile wastes into four groups, 1-
dispersible, 2- hard-to-treat, 3- high-volume,
and 4- hazardous and toxic wastes (Tsui,
L.S. et. al. 2003. The most widely methods
for removing dyes from wastewater systems
include physicochemical, and biological
methods ,such as flocculation, coagulation,
precipitation, adsoption, membrane
filtration,  electrochemical  techniques,
ozonation and fungal decolorization.
(Sotelo, J.L. et. al. 2002; Chen, G. et. al.
2003)

Amongst the numerous techniques of
pollutant removal, adsorption is an effective
and useful process, but only that of
adsorption is considered to be superior in
comparison with the other techniques of
waste water treatment in terms of low cost,
easy availability, simplicity of design, high
efficiency, ease of operation,
biodegradability and the ability to treat dyes
in more concentrated form. (Saad, S. A. et.
al. 2007)

Nowadays, the remediation of several
pollution problems is a target of the
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scientific researchers. Technical ways of
solving  environmental concerns and
menaces are available a long time ago, but
making them cheaper and sustainable is still
a challenge, especially when searching for
natural raw materials as a possible source
that could provide a successful low cost
solution. (Demirbas,A. 2008; Pavan, F.A. et.
al. 2008; Alenor, S. et. al. 2009; Sanchez-
Martin, J. et. al. 2010)

Orange peel principally consists of cellulose,
pectin, hemicellulose, lignin, chlorophyll
pigments and other low molecular weight
hydro-carbons (Liang, S. et. al. 2010). These
components contain various functional
groups, such as carboxyl and hydroxyl
groups which make the orange peel to be a
potential adsorbent material for removing
metal ions from aqueous solutions ( Arami,
A. et. al. 2005; Doulati Ardejani, F. et. al.
2007; Feng, N.C. et. al. 2009; Liang, S. et.
al. 2009; Perez Marin, A.B. et. al. 2009).
Depending on this phenomenon, this work
was aimed on studying the potential
adsorption of orange peel as a natural waste
material that could provide a successful eco-
friendly low cost solution for removing
Direct Red 79, (DR 79) and C.I. Direct
Yellow 27 (DY 27) from the textile dyeing
effluents. The effective parameters of pH,
solid / liquid ratio, time and initial dye
concentration were investigated. Adsorption
isotherms and Kinetics rate investigated the
different models were used to evaluate the
experimental data and to elucidate the
possible adsorption mechanism. (SEM)
showed the effect of adsorbent.

2. Materials and Methods

2-1. Preparation of Orange peel
adsorbents

Orange peels were selected and washed with
water several times to remove ash and other
contaminants, followed by double distilled
water (DDW) washing. The washed peels
were left to dry at ambient temperature for
36 hrs, then crushed and sieved to small
particles (3.35 mm sieve).
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2-2. Dyeing solutions

C.l1. Direct Red 79 (DR 79) and C.I. Direct
Yellow 27 (DY 27) were purchased from

Ciba Ltd. and were used without any further
purification. Table (1), show the properties
and structure of that dyes, respectively.

Table. Main characteristics and structures of dyes used

Dye Structure Class C.l. MV\/_l Molecular formula Amax
name (gmol™) nm
e o oo 0
Direct O N=N~Q»NHCHN N=— Direct
Red Anionic Red 79 1047 C37H23N6Na401784 510
79 ' OH CH, CH, HO ' (DR 79)
N0 S0
(@)
0 -
DI I I Direct
irect CH, g~ "N=N—C—C—NH ellow
yello o _— Anionic | YOO | 65062 | CuHaNiNaOsSs | 397
\ CHO
w i oH 3 (DY27)
(b)
Working solutions (1000 mg/L) prepared for absorbance changes at maximum

both dyes. The pH adjustments of the
solutions were made by adding few drops of
0.1 M of H,SO, or NaOH

2-3. Measurements

2-3-1. Adsorption Studies

A series of batch experiments were
conducted to study the adsorption
mechanism, adsorption isotherm and
Kinetics:

The prologue investigations were carried out
in batches in different conditions such as
different pH’s, concentrations, contact time,
the amount of solid adsorbent used for
adsorption , etc.. .. The dye concentration
ranging from (20-100) mg/L was studied to
check the adsorption propensity. 50 ml of
the prepared dyes solutions of known
concentration was poured to a known
amount of adsorbent. The mixture was
continuously shaken; the equilibrium was
established after 60 min for the two dyes.
The dye removal was determined
spectrophotometrically by  monitoring
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wavelength (Amax) (510nm) for DR 79
and (397nm) for Dy 27 using Perkin Elimer-
Lamda spectropho-tometer model 201. The
percentage of removal and equilibrium
adsorption uptake g. mg/g was calculated
using equations 1 and 2 as follows:

Removal % =100 (Co — C¢) / Cy

Eqg.1
Eq.2

Where C, is the initial sorbate concentration
ratio mg/L C. is the equilibrium sorbate
concentration mg/L V is the volume of
solution L, and m is the mass (mg) of the
adsorption.

2-3-2. Kinetics studies

Kinetic experiments were conducted with a
50ml in stoppered conical flasks at ambient
temperature. The experiment was conducted
with 50 ml dye solution at the initial
concentration 20 mg/L and solid (OP) 40
mg/50ml.

The mixture was shaken continuously and
samples were taken at predetermined time
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intervals (10-60 min). The mixture and the
dye solution was analyzed at Amsx 510 nm
and Amax 397 nm for DR 79 and Dy 27
respectively.

2-3-3. Desorption studies

Desorptoin studies were carried out to
elucidate the mechanism and to recover the
adsorbate. 50 milliliters of 20 mg/L dye,
contact with 40mg orange peel (OP) for the
equilibrium time (60 min).  After
centrifugation, the supernatant dye solution
was discarded and the adsorbent was
separated then allowed to agitate with 100
ml of double distilled water at different pH’s

values (2.0-8.0) for the predetermined
equilibrium time of adsorption. The
desorbed dye solution was separated by
centrifugation and estimated as before.

3. Results and discussion

3-1. Characterization of the OP

FTIR (Perkin — Elmer spectrophotometer
spectrum one) in the range 500-4000cm™
was studied. As shown in Figure 1, the
peaks positions exhibited at 3420 are due to
O-H and N-H stretching, while the band at
2924 represents the cH, asymmetric.

/"J k“““~—-—-__

Orange waste ™,
i ,
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Figure 1. FTIR spectra of the orange waste

The band at 1733 reflects the stretched
carbonyl group of the unionized carboxyl
group. The band at 1060 corresponded to C—
OH represents the stretching of alcoholic
group and carboxylic acids.
SEM micrographs of the (OP) were
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illustrated in Figure 2. It was noted that the
irregular and porous surfaces could be
observed, resulted in, the presentation of an
adequate morphology for dye adsorption
within the (OP).
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Figure 2. SEM image (a) Raw OP (b) after adsorption process on DR 79

3-2. Effect of contact time and initial dye
concentrations

The effect of contact time on the adsorption
of DR79 and Dy 27 onto OP adsorbent was
shown in Figure 3. The results indicated that
the dye uptake from water was concentration
dependent and increased with the initial
concentration of both dyes. The equilibrium
time was found to be at 60 min with a dye
concentration  ranging from  (20-100
mg/L).The dye uptake increased rapidly in

the initial stages of conduct time, then
became almost constant denoting the
attainment of equilibrium. This phenomenon
might be initially due to the all active sites
on the adsorbent surface were vacant and the
solution concentration was high. After that
period, a few surface active sites were
available, so only a verge low increase in the
dye uptake was observed [Tamez Uddin,
M.D. et. al 2009).

(a)
100
90 1
~ 801
g
IS - | -
3 701 k"
:
14 'y
60 1 ---A - 60 mg/L
—-#--100 mg/L
50 1
40 T T T T T T T T
0 10 20 30 40 50 60 70 80 0
Time (min)
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(b)
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Figure 3. Effect of time and initial dye concentration on adsorption of the selected dyes on
OP condition, pH 3, T 25°C. ms = 40mg/50ml (a) DR79 and (b) Dy 27

3-3. Effect of pH

Figure 4 illustrated the experimental results
as a percentage of dye removal versus pH. It
was noted that, the pH values have an
important role in the adsorption process
(Janos, P. et. al 2009). When varying the
pH between 2.0 and 8.0 with 20 mg/L of
dye with a fixed amount of adsorbent 40
mg/50ml. Dyes are dissociated to polar
groups (RSO;3") and (OP) has more charge
which could be also affected the pH of
solutions. Therefore at various pH values,
the electrostatic attraction as well as the
organic property and structure dye
molecules and OP could play a very
important role in dye adsorption. As the pH
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of the system increases, the number of
negatively charged sites will increased. The
negatively charged site on the adsorbent
doesn’t favor the adsorption of anionic dyes
due to the electrostatic repulsion, whereas a
maximum sorption of DR 79 and Dy 27 was
occurred at acidic pH=3.0 + 0.5. Lower
adsorption of DR 79 and Dy 27 in alkaline
pH values is due to the presence of excess
[OHT] ions which are destabilizing anionic
dyes and are competing with the dye anions
of the adsorption sites (Namusivayam, C. &
Kavitha, D. 2002). (There is no a definite
structure between dye and OP).
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Figure 4. Effect of pH on adsorption of dyes on OP conditions C,=60 mg/L, T 25°C,
ms40mg/50ml, contact time 60 min.

3-4. Effect of solid/liquid ratio

Solid/liquid (abbreviated as S/L) is the ratio the efficiency of the dye ions adsorption.
of the mass of absorbent/ volume of dye Figure 5 illustrated the effect of S/L ratio on
solution is an important parameter affecting the dye adsorption by OP.

Removal %

40 T T L) L)
20 30 40 50 60 70
S/L (mg/50ml)

Figure 5. Effect of adsorbent dose on the adsorption of dyes on OP conditions C,=60 mg/L,
pH 3, T 25°C, and contact time 60 min.
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Obviously, the adsorption efficiency
increased as the S/L ratio increased, with a
less increase when S/L ratio surpassed
40mg/50 ml. When S/L ratio is small, the
active sites for binding adsorbate on the
adsorbent surface are less. So the adsorption
efficiency is low, whereas the S/L ratio
increased in the increment of adsorption
efficiency until saturation. (Liang, S.et.al.
2009). By the way, considering the cost, the
optimum S/L ratio of 80 mg/50 ml was
chosen in this study

3-5. Adsorption dynamics

The adsorption kinetics was investigated for
better understanding of the dynamics of
adsorption of dye ions onto OP adsorbent.
The observed rapid kinetics has significant
practical importance as it could be used for
the scale-up to a larger system.

Various models such as pseudo-first and
second kinetic equations and intra-particle
diffusion equation are used to examine the
controlling mechanism of adsorption
process, such as chemical reaction, diffusion
control and mass transfer (Liu, Y. & Liu,
Y.J. 2008; Ozacar, M. et. al. 2008; Sengil,
I.LA. & Ozacar, M. 2009).

The pseudo-first-order kinetic model known
as the Lagergern equation was represented
as shown in equation 3. (Lagergern, S.1898).

Ki  Eq.(3)

lo — =lo —
g(9. —q,) aq. 5303

Where ¢; and g. are the amounts of ion
adsorbed at time (t) and at equilibrium
(mg/g), respectively, and k; is the rate
constant of pseudo-first-order adsorption
process (min™). The values of the k, are
presented in Table 2.

Table 2. The kinetic parameters for the adsorption of dyes on OP adsorption

Pseudo-first order Pseudo-second order Intrapartide diffusion

Dye K(min™)10? R? | Ky(mg/g.min )10° R? Kin: mfé? min) R?
DR79 3.300 0.980 4.700 0.998 3.7 0.992
DY 27 4.100 0.989 5.300 0.991 3.2 0.9882

The pseudo-second — order kinetic model -
was represented in equation 4. (HO, Y.S. &
McKay, G. 1998).

t_ 1 .31 Eq. (4)

q ka2 q,

Where k; is the equilibrium rate constant of
pseudo-second-order adsorption (mg/g.min)

The intra-particle diffusion model was also
tested, whereas its initial rate of diffusion
was represented as equation 5. (Annaduri,
G. et. al. 2002).

G =Kimt .+ C Eq. (5)
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Where ki is the intra-particle diffusion rate
constant (mg/g. min) which can be
investigate from the relation between q;

versus (t) 2

The application of the three previous models
has been carried out and the adsorption
kinetics of dyes were studied, whereas the
rates of sorption were found to conform to
pseudo-second order kinetics with good
correlation (R%>0.99) as shown in Table 2.

3-6. Adsorption isotherms

Adsorption isotherms are basic requirements
for the design of adsorption systems. These
data provide information about the capacity
of the adsorbent or the amount required for
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removing a unit mass of pollutant under the
system concentrations. Two most common
isotherm equations namely, Langmuir and
Freundlich have been tested in the present
study to analyze the equilibrium data of
solute between adsorbent and solution.
Based on the assumption that all adsorption
sites are equivalent and adsorption in active
sites is independent of whether the adjacent
is occupied, the linear form of Langmuir
adsorption can be expressed as shown in
equation 6. (Langmuir, 1. 1918).

Ce _ i + C Eqg. (6)
g Qb Q, '

Where C, is the equilibrium concentration
mg/L, Q. is the mono-layer adsorption
capacity of adsorbent (mg/g) and Q., b are
Langmuir constants related to adsorption
capacity and energy of adsorption,
respectively.

0.2
0.18 1
0.16 1
0.14 1

o 012
0.11
0.08 1
0.06 1
0.04 1
0.02 1

Celq

*DR 79
o DY 27

15

20 25 30 35
Ce

Figure 6. Langmuir isotherm on the adsorption of dyes on OP, conditions. pH 3, T 25°C, ms

40mg/50ml contact time 60 min.

The linear plots of C¢/q. versus C. shows
that the adsorption obeys Langmuir isotherm
model as illustrated in Figure 6. Q, and b
were determined from the slope and
intercepted of the plot as presented in Table
3. The essential characteristics of Langmuir
isotherm can be expressed in terms of
dimensional less constant separation factor
for equilibrium parameters, whereas R was
defined as shown in equation 7:

1
RR= —— Eq. (7
- 1+bC,, a-()

Where Cyax IS the highest initial dye
concentration in the dye solution (mg/L)
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Through the mathematical calculation, the
parameter R, values indicates the shape of
isotherm to be irreversible (R =0), favorable
(0<R.<1), linear (R.=1), or unfavorable
(R.>1) Frendlich isotherm model was also
used to explain the observed phenomenon,
and presented as shown in equation 8.

Eq. (8)

Where ki and n [where is n?] are the
Frendlich adsorption constants, which can
be determined by the linear plot of log Qe
versus log C,, as shown in Figure 7.

log ge = log k¢ +1/n log C,
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Figure7.
40mg/50ml, contact time 60 min.

Frendlich isotherm on the adsorption of dyes on OP, conditions pH 3, T 25C, ms

Table 3. A comparison of Langmuir and Freundlich Constants for absorption of dyes on

(OP)
b Langmuir model Freundlich model
e
Y Qo b R’ K 1/n R’
DR 79 151.50 0.236 0.990 451.860 0.270 0.987
DY 27 153.85 0.247 0.994 395.370 0.230 0.997
A sit can be seen in table 3, which indicates and adsorbent. The regeneration of

the adsorption of dyes onto OP that obeyed
both Langmuir and Frendlich isotherms.

3-7. Desorption studies

Desorption studies help to elucidate the
mechanism and recovery of the adsorbate
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10

the adsorbent may lead the treatment process
to be economical. At dye concentration of
20 mg/L, as the desorbing pH value was
increased from 2.0-8.0 the percent of
desorpton increased from 20 at pH 2 to 82.5
at pH 8 for DR 79 and from 17.5 at pH 2 to
64.5 at pH 8 for Dy 27 as shown in figure 8.
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Figure 8. Effect of pH on desorption of dyes on OP

By increasing the pH value of the system,
the number of the negatively charged sites
on the adsorption favors increased,
decreasing the desorption of anion dyes due
to the electrostatic repulsion (Arami, M. et.
al. 2006).

Conclusion

Concerning the environmental awareness
and the economical point of view, this
research was carried out to detect one of the
natural waste materials to be an adsorbent
for the color textile effluents. Orange Peel
(OP), which discarded as a waste material
from fruit stall possessed a considerable
potential for the removal of anionic dyes
from colored textile effluents. The pH value
had a great influence on the adsorption
efficiency, whereas at low pH value the
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