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Abstract: The present study aimed to evaluate the removal activity of aquatic plant Phragmites
australis  for removal of the carcinogenic dye ( cango red ) from aqueous solution . The aquatic
plant was collected from local aquatic system (Hilla River) in Babylon provinus, middle of Iraq
as low cost materials, eco-friendly adsorbents and highly removal efficiency.
Bach adsorption studies are carried out by observing the effect of experimental parameters such
as amount of adsorbents (1-3gm/L), contact time, pH(4-9), mesh size(45-150µm), and
concentration of dye as optimum removal conditions of congo red dye from its aqueous
solution. The results showed that the removal percentage of dye was 98%, and the removal
processes raised with increasing of p H, adsorbent dosage, and mesh size.

Introduction:

Industry play Major role in the providing human need and improving their life style however the
negative consequence of industrial activities such as paper, printing, textile, and pharmaceutical manufacturing
due to existence hazardous chemical and dyes in their effluents cannot be ignored1. however The world now is
use large amount of dyes in the Textile, leather, food, agro industries for colored their productions. So The
world now is facing many Problems regarding  water pollution that resulting from industrial use for these dyes,
The big problem is come from effluent from textile industries, which has created environmental problems
around all the world areas2. especially These dyes are chemical aromatic compounds have very complex
structures which become a serious environmental problem, such as the colour is aesthetically objectionable3-7. It
reduces the photosynthetic activity by rguably dyes have adverse effect on water bodies as they are visible
pollutants, the presence of color in the water bodies reduce light penetration which in turn upsets the biological
metabolism process, disposal of dye wastewater without proper treatment destructes the aquatic communities
present in the ecosystem and some dyes are reported to cause allergic dermatitis, skin irritation, cancer and
mutation in humans if they are discharged as wastewater without any treatment8-13.

There are many Various conventional  techniques have been employed to eliminate dyes from
wastewaters, like adsorption, photocatalytic degradation, reverse osmosis, coagulation, flocculation, membrane
technology, and biological treatments2,14-32 .  Adsorption technique is by far the most versatile and widely used
Moreover, this process become economic if the adsorbent material used is available and cheap in cost. Common
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adsorbents materials are: activated carbon, activated alumina, silica gel, metal hydroxides, alumina silicates
(molecular sieves) and activated carbon33. In this work  study the ability to remove of  cango red from aqueous
solutions by low cost, neutral materials, eco-friendly, highly efficient as aquatic plant Phragmites australis
under various experimental conditions, such as effect of contact time, effect of adsorbent dose, and effect of
concentration of dye, additionaly experiment by FTIR. This work an ideal alternative to the current expensive
methods of removing the dye from waste water.

Material and Methods

Preparation of Adsorbent

The aquatic plant were used as adsorbent were collected from Hilla river near Hilla city middle of Iraq.
The unwanted materials (suspended impurities) like soils, dust etc were removed by extensively washed in
running tap water for 2-3 hours for removing. It was followed by washing with distilled water. The washed
material was dried under sun light for ten days, It was ground in pulverized mill. This ground powder was
treated with water till the colour leached out and the powder was oven dried at 25 oC for 24 hours.

FTIR spectroscopy

FTIR spectra were obtained using a PerkinElmer Tensor 27 Fourier transform infrared spectrometer
(Germany). The spectral region between 4000 and 500 cm-1 was scanned. Specimens prepared as KBr pellets
were used. Dried, Phragmites australis powder (2 mg) was mixed thoroughly with KBr (300 mg) and then
pressed in vacuo to homogeneous disc with a thickness of about 0.9 mm.

Preparation Adsorbate Solution
The dye congo red (Chemical formula=C23H22N6O6S2Na2, Formula weight=696.65g.mol-1) supplied by

BHD chemicals. The solution of congo red were prepared by dissolving appropriate amounts (accurate
weighed) of dry powdered dye in double distilled water to prepare Stock solution (1000 mg L-1). The
experimental solution was obtained by dilutions were made to obtain the working solution at desired
concentrations.

Adsorption study

0.5g of powder of adsorbent material (aquatic plant) was weighted each into 250ml conical flasks.
100ml of the solution congo red dye was measured and added to the content in each conical flask. The content
was shaken rigorously and continuously for 30, 60, 90, 120, 150, 180, 210, 240, 270, and 300 min respectively.
The particles of the adsorbent was separation by centrifuged from solution to obtain the equilibrium
concentration. The final concentration of congo red dye was estimated for each sample spectrophometrically at
the wavelength corresponding to maximum absorbance for congo red (λmax=497nm) using a spectrophotometer
(UV/VIS-JENWAY,1600, Germany). A graph of removal congo read percentage (g/L) versus time (hour) was
plotted for Congo red. Generally the amount of dye removal was calculated from following equation:

− °ܣ) = %݈ܽݒ݉݁ݎ (ܣ (1)                             100 × °ܣ

Ao and A are the absorption of concentration of congo red dye before and after adsorption respectively.

Results and discussion

       A washing adsorbent was play an important roles in this study: first to remove impurities from the
adsorbent, and second to release the color of material and avoided interfere spectrophotometrically with wave
length of cango red, this case recognized by analyzed washing solution spectrophotometrically after each one
washing time. After second washing time the absorbance was negligible at 663nm. So the per-treatment of two
washing cycles were adequate34.

Spectroscopic studies

       Fourier Transform Infrared Spectrometry (FTIR) is another active tool for identifying types of
functional groups of adsorbent that are responsible for entrapping the molecules of dye. The IR spectrum of P.
australis powder  in  the  form of  KBr  pallet  is  shown  in  Figure  1.  and  the  typical  functional  groups  and  their
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corresponding IR signals are listed in Table 1. The spectra of P. australis powder Appears of many weak and
strong peaks(Fig. 2, and 3) indicating the complex nature of P. australis powder.

The O–H stretching vibrations between 3300 and 3400 cm-1 indicating the presence of alcohols and
phenols are present in the structure. The bands at 2923 and  2957 cm-1 are indicative of the presence of aliphatic
structure in the P. australis powder. The bands at 2855 and 2915 cm-1 is  due  to  the  C-H  symmetrical  and
asymmetrical stretching of saturated (sp3) carbon, respectively. The band at 1635.6 cm-1 is  assigned  to  the
bending mode of absorbed water since fibers with hemicellulose component are known to have a strong affinity
for water34. The 1265 cm-1 band refers to the stretching vibration of ethers. The bands at 700–900 cm-1. The
C=O stretching vibrations at 1732 cm-1 denoting the presence of the carbonyl groups refer to ketones, phenols,
carboxyl acids and aldehydes35.

Fig.1.Structure for Congo red dye at (a) basic medium, (b) acidic medium.

Table 1: Infrared spectrum data of P. australis powder

No Frequency cm-1 Assignment Suggested peak
1 3390.86 O-H Alcohol
2 2960

2922.16
aliphatic structure

3 1732.08 C=O stretching vibrations
1635.64 O-H bending (of H2O)

4 1371.39 O-H bending
5 1250.22 C-O stretching
6 1161.15 C-OH bending
7 1103.28 C-O-H (OH association)
8 1060.85 C-OH bending
9 1045.42 C-O-C stretching (pyranose ring skeletal)
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Fig. 2. FTIR spectrum of Phragmites australis powder befor adsorption.

Fig. 3. FTIR spectrum of Phragmites australis powder after adsorption.

After adsorption the, some of bandes change the orginal position as result of the interaction between the
dye and the adsorbent  of   were observed in the spectra  as  a  result  of  the interaction between the dye and the
adsorbent. The O–H stretching vibrations have band in the 3390.6 cm-1befor adsorption, that appeared at higher
frequencies in comparison to the position before the sorption process at 3529.73 cm-1, Another band not
appeared after adsorption comparison befor adsorption.

Effect of contact time

The influence of contact time on removal efficiency of Congo red dye was studies with different
contact time (10-120 min) and The experiment was achieves with initial dye concentration 10mg/L at pH-6.0,
room temperature (22±2oC) and adsorbent dose-2g/L Lemna minor for the adsorption of dye (Congo Red) dye.
The results which are obtained at these conditions are shown in Fig.(1), it was observed that the removal
efficiency increased with the contact time increased. At the initial stage, there was a rapid adsorption of the
dyes. It was found that 91% of the dye concentrations was removed in the first 30mins, and thereafter the
removal on the P.australis  was gradual till it became constant at 25 min as shown in Fig. 4.
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The rapid adsorption at the initial contact is attributed to the highly active sites available on the surface
of  the  Lemna  minor  powder,  so  there  strong  attraction  between  active  site   available  on  the  surface  of  the
adsorbent and basic cationic adsorbate36. The gradual rate of adsorption is probably due to the electrostatic
hindrance or repulsion between the adsorbed positively charged adsorbate species onto the surface of the
P.austalis and the available basic cationic adsorbate species in the solution, as well as the slow pore diffusion of
the solute ions into the bulk of the adsorbent (i.e saturation of the active site which do not allow further
adsorption to take place). The equilibrium was achieved at 80mins when the maximum dye adsorption on to
P.austalis powder  was reached37.

Fig.(4)  Effect  of  contact  time  on  removal  efficiency.  Exp.  Conditions:   (initial  dye  concentration  of  10
mg/l, adsorbent dose of 2g/L and neutral pH).

Effect of Initial Dye Concentration

Fig.(5) shows the effect of initial Congo red dye concentration on removal efficiency at constant
adsorbent  dose  4  gm/L,  neutral  pH and  optimum contact  time  at  80  min.  It  was  also  found  that  the  removal
efficiency of Congo red dye decreased from (98.1% - 87% - 69%), as the initial Congo red dye concentration
increased from (20 – 40 - 60) mg/L respectively, as shows in fig.5 with increase initial dye concentration the
adsorption of dye is increased but the removal percentage is decreased due to reduced surface area and saturated
the active sites37.

Fig.(5)  Effect  of  initial  dye  concentration  on  removal  efficiency.  Exp.  Conditions:  (adsorbent  dose  of  4
g/L, neutral pH and contact time of 80 min).

Effect adsorbent dose

       The effect of adsorption dosage was studies for adsorbent dose (2, 4, 6g/L) at contact time of 90 min
with initial concentration of dye 10mg/L at room temperature (22±2oC) and pH-6.0. and the obtained data are
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shown in Fig.6. The figure show that the removal dye percentage increases with increasing adsorbent dose and
then it remains constant. An increase in adsorption with increase adsorbent dose due to increased surface area
and the availability of more adsorption sites, but the amount adsorbed for unit mass of the adsorbent decreases
considerably. The decrease in unit adsorption with increasing dose of adsorbent is due to the adsorption sites
remaining unsaturated during the adsorption process36,37.

Fig.(6) Effect of adsorbent dosage on percentage removal of dye . Exp. Conditions: (initial dye
concentration of 10 mg/l, neutral pH and contact time of 80 min).

Zero of point charge

        The Zero of point charge (pHZPC) of adsorbent was measured to be 6.5, and the surface of Congo red
dye was anionic in nature in Fig. (7) . The (pHZPC) of the adsorbent revealed that the surface of adsorbent is
positively charge at pH less than 6.5 a competition exists between the protons of protonated amine or sulpher
groups38,39. In addition when the pH greater than (pHZPC), the presence of negatively charged surface in the
pineapple peel surface, expetite electrostatic attraction between the negatively charged surface and positive
charged cationic dye38,39.

Fig.(7). Zero of point charge (pHZPC) of adsorbent using (0.01N) KCL.

Effect of pH

       The effect of pH on Congo red dye removal has been studies by varying the pH over a range of (4-9) at
constant initial dye concentration of 10 mg/l. optimum adsorbent dose of 4 gm and contact time of 80 min, the
results are shown in Fig. (8). The initial pH of dye solution play an important role for adsorption process
because the initial pH have direct influence on the dye and adsorbent in aqueous solution36. The effect of pH is
studied between 4 and 9 because reported that at strong acidic medium, the solution of Congored changes its
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color from red to dark blue and the original red colour is different above pH 10. pH values as shown in Fig.8,
the removal Cogo red percentage the maximum removal efficiency is achieved in the acidic medium and
gradually reduced to the basic medium. In the acidic medium, the solution of Congo red exists as cationic
form40,41 , and  du to the adsorption of cation favorite at pH > pHzpc36. The  reduced of  negative site may be du
to of surface absorbent when transfer from acidic to basic medium, therefore , the removal efficiency is reduced
from 90% to 77.7% gradually, especially the solution of Congo red exists as anionic form in basic pH (pH=10-
12)37 ,also in the basic medium there are competing between anionic dye and –OH exists in the basic medium to
attraction with adsorption site15,42.

Fig.(8) Effect of pH on percentage removal of dye. Exp. Conditions:  ( initial dye concentration of 10
mg/l, optimum dosage of 0.6 gm/L and contact time of 80 min).

Conclusion

The ability of aquatic plant ( P.australis ) low cost adsorbents to adsorb Congo red dye has been
investigated, This study has shown that P.australis  have a high adsorption ability to absorb Congo red dye. The
optimum operating condition were 10 mg/l initial dye concentration, 6 gm/L adsorbent dosage, pH 5.5 and 80
min contact time.
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