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Abstract

Water hyacinth (Eichhornia crassipes) is a free-floating plant, growing plentifully in the tropical water bodies. It is being speculated
that the large biomass can be used in wastewater treatment, heavy steel and dye remediation, as a substrate for bioethanol and biogas
production, electrical energy generation, industrial uses, human food and antioxidants, medicines, feed, agriculture, and sustainable
improvement. In this work, the adsorption of Congo Red (CR) from aqueous solution onto EC biomass was investigated through a
series of batch experiments. The effects of operating parameters such as pH (3-9), dosage (0.1-0.9 g. /100 ml), agitated velocity (100-
300), size particle (88-353um), temperature (10-50°C), initial dye concentration (50-500) mg/l, and sorption—desorption were
investigated to assess the efficiency of EC-elimination from aqueous solution. Different pre-treatments, alkali, and acid were
achieved to increase the adsorption uptake. The optimum conditions for maximum removal of CR from an aqueous solution of 50
mg/L were as follows: pH (6), particle size (88 um), stirring speed (200 rpm), and dose (0.3 g). The experimental isotherms data were
analyzed using Langmuir, Freundlich, and Temkin isotherm equations and the results indicated that the Langmuir isotherm showed a
better fit for CR adsorption with a higher adsorption uptake of 92.263mg/g, and the Kinetic data were fitted well with pseudo-second-
order kinetic model. Thermodynamic parameters were calculated from Van’t Hoff plot, confirming that the adsorption process was
spontaneous and endothermic. Data show that the adsorption-desorption process lasts for four cycles before losing its efficiency and

the recovery efficiency increased up to 76.63%.
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1- Introduction

Organic pollution is the term used when large amounts

of organic compounds consist of wastewater. It originates
from domestic sewage, city run-off, industrial effluents,
and agricultural wastewater. Sewage cure plant life and
industry which includes meals processing, pulp and paper
making, agriculture and aquaculture Organic pollution
include pesticides, fertilizers, hydrocarbons, phenols,
plasticizers, biphenyls, detergents, oils, greases,
pharmaceuticals, proteins, carbohydrates and dye [1].
In brief, over 100 000 types of dyes have been used for
industrial applications in textile, pulp, and paper,
pharmaceuticals, tannery [2]. Dye wastewater from textile
dyeing and dye manufacturing industries cause serious
pollution problems. The dye effluents discharged into
water bodies like lakes, rivers, etc. [3]. Consequently, the
removal of dyes from such wastewaters is an important
environmental problem and complete dye removal is
needed because dyes are visible even at low
concentrations [4].

Generally, dyes are classified into three categories: (a)
anionic: direct, acid, and reactive dyes; (b) cationic: basic
dyes; and (c) nonionic: disperse dyes [5].

Congo red is an anionic acidic dye, used in the analysis
of amyloidosis and medicine as a biological stain. Congo
pink acts as an indicator with the aid of changing to red-
brown coloration in alkaline medium and to blue color in
acidic medium. It is additionally used as a gamma-ray
Congo red is an anionic acidic dye, used in the analysis of
amyloidosis and two as a biological stain in medicine.

Congo red acts as an indicator by using changing to red-
brown color in alkaline medium and to blue color in
acidic medium. Congo purple was used as a gamma-ray
Dosimeter because its coloration decays with the intensity
of irradiation. The Congo red poses enormous poisoning
in the direction of and animals human beings.

Both, short time or extended contacts of the CR with
and pores and skin eyes cause sharp irritation. On
ingestion, it produces gastrointestinal irritation with
vomiting, nausea, and diarrhea. It is carcinogenic and
prolongs use of the Congo red dye outcomes into tumor
formation amongsthumans [6]. Congo red one of
important dye that found in the wastewater have higher
solubility in the water about 1 ¢/30 ml. In general
physical, chemical and biological remedy techniques can
be used for the elimination of dyes from water.
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The individual methods vary in their effectivity to
eliminate or degrade the dyes and additionally in the cost
required for the remedy of the related volumes of polluted
water [7]. Dyes can't be easily eliminated through
traditional cure due to their complex structure and
artificial origin. At present, several methods have been
employed for the elimination of dye contaminants from
wastewater, which encompass ultrasound irradiation,
photocatalytic ~ technology,  coagulation-flocculation,
Oxidation, Ozonation, Membrane separation, biological
remedies [8], Adsorption, reverse osmosis, ion-exchange,
electrochemical destruction[9,10].

At present, adsorption among the numerous techniques
reported for the treatment of dye-containing wastewater is
considered as one of the most promising methods due to
its simplicity, effectiveness, and low cost [11]. Hence, in
the latest years interests are increasing in the use of
alternative non-classical waste materials [12]. So many
researchers have proved the capability of agricultural
solid wastes as adsorbents to remove many types of
pollutants including dyes [13].

This work aims to study the process of purification

wastewater through the removal of selective toxic
contaminants using water hyacinth  (Eichhornia
Crassipes) because it is available in abundance,

inexpensive, easy manipulation, non-polluting, relatively
simple recovery of metal contaminant for recycling, and
are not a source of secondary waste.

2- Experimental Work

2.1. Preparation of Biomass and Adsorbate

Water hyacinth (Eichhornia crassipes) was collected
from Tiger River in the Aldora district of Baghdad. Step
one collected the water hyacinth from the site thoroughly
washed it to take the sludge off and dirt and other
unwanted materials by tap water from the surfaces of EC.
Step two, water hyacinths were separated into stems,
leaves, and roots. Step three, washed several times with
distilled water to make its clean then the biomass were
dried in the sun for five days ground into, and then
washed several times with distilled water before drying in
an oven at 105°C for two hoursto ensure that the sample
dried completely.

Step four, the samples are crushed by the electric
grinder. The dried pulverized biomass adsorbent material
was sieved through standard sieves to obtain particle sizes
between (63-125 um;125-250 pum; 250-500 pm) and
storied in a desiccator at room temperature under dry
conditions untilused[14,15,16]. A Congo Red dye (1.0 g)
was dissolved per one liter of distilled water to prepare
(1000) mg/L of CR stock solution, and the concentration
of CR used to experiment
(5,10,15,20,30,40,50,100,200,300,400 and 500 mg/L)
were obtain by dilution of the stock solution. . 0.1 M of
hydrochloric acid or sodium hydroxide base was added to
regulate the solution pH to the desired value.
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Congo red dye was the sodium salt of 3,.37{[1,1’-
Biiphenyl]-4,4"-diylbis(azo) }bis(4-amino-1-naphthalene
sulfonic acid disodium salt) with a formula
(CsH22NgNay06S,), has a molecular weight of 696.66
was obtained from sigmae Aldrich with, 99.99% purity
and its chemical structure is showin in Fig. 1.[17,18].

NHZ

/SO Na
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CONGO RED

Fig. 1. The chemical formula of Congo red
2.2. Batch Experiments

The study of batch experiments was limited to six steps
to identify the circumstances for the maximum dye
removal efficiency. The influence of pH, dosage of
adsorbent, rpm, and particle size, initial concentration
with time, and temperature on the removal of CR were
also examined using Eichhornia crassipes. The effect of
pH on the Congo red adsorption by EC was investigated
at pH range from 3 to 9, dosage (0.1-0.99/100ml), 50
ppm, 200 rpm. Agitation speed effects were investigated
by using different agitation speeds (100,150, 200,250, and
300 rpm) with 50 mg/l dye solution and the optimum
values of dosage and pH. To investigate whether particle
size (88, 176, and 353 um) affected the removal
efficiency of Congo Red, the experiment was applied
using 50 mg/l of Congo Red solution with the optimum
values of dosage, pH, and agitation speed. The variance
initial  concentration of contaminant (50, 100,
200,300,400, and 500 mg/l) with the optimum values of
dosage, pH, particle size, and agitation speed to study the
effect of initial concentration on removal efficiency. The
impact of temperature on the adsorption of Congo red dye
was studied within the range of temperatures (10, 20, 30,
40, and 50 °C) and the best condition value of previous
tests.

The associated thermodynamic parameters were
calculated from the results of temperature experiments.
The studies of desorption help to explain the mechanism
of adsorption and recovery of the adsorbate and adsorbent
so that makes the treatment process economical, the
adsorption-desorption experiments were carried for (0.05
and 0.1 M NaOH) discretely up to four cycles. The time
of a single cycle system is composed of adsorption phase
(120 min) followed by desorption phase (60 min) and the
conditions (pH=6, dosage 0.39/100 ml; speed, 200 rpm;
CR concentration, 50 mg/l; temperature, 25°C),
Calculated the uptake removal efficiency and eluting
efficiencies of the desorbent Ed was from the equations
below [19]:
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_ (Ci=Cov (1)
Removal efficiency % = (C‘;—C‘z) *100 2)
Where:

Ci — Initial conc. of CR (mg/l)

Ce —Conc. of CR at time t (mg/l)

m — Mass of the EC (g).

E (%) = 7= * 100 (3)
Where:

mgy — the mass desorbed of CR, mg/I
m,q—the total adsorbed quantity of CR (mg/l)

3- Results and Discussion

3.1. FT-IR Analysis

Fourier Transform Infrared Spectroscopy (FTIR) was
used to examine the difference in the functional group of
water hyacinth (Eichhornia crassipes) and acid treated
adsorbents before and after sorption of Congo Red.
Analysis of (FTIR) was performed using Perkin-Elmer
FTIR, (FTIR spectrum RX1) [20]. The functional groups
are important in the adsorption process and act on the
control of the adsorption mechanism. The study was
carried out within the range of wave-number of (400-
4000, cm™) [21]. Fig. 2, shows the FTIR spectrum of
water hyacinth (Eichhornia crassipes) biomass before and
after sorption of Congo red dye. The peak around free
water hyacinth (Eichhornia crassipes) at 3379.28,2922.18,
1649.13 and 1039.22 cm™ are due to —OH,—CH, C=0, and
C-O stretching vibration respectively[20]. Reduce the
intensity of acute peaks concluded that Congo red has
been functionalized by the adsorbent. But The peak
around modified water hyacinth ( Eichhornia crassipes) at
3383.25, 2910.14, 1651.06, and 1050.41 are due to —OH,
-CH, C=0, and alcoholic hydroxyl stretching vibration
respectively[22].

100 - ——before — after
80 -
=
£ 60 1
£40 -
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Wave Number (cm-
Fig. 2. Before adsorption (free EC) and  after adsorption

of CR
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3.2. Effect of pH

The removal of pollutants from water and wastewater
by adsorption is greatly influenced by the pH of the
solution which affects the nature of the surface charge of
the adsorbent as-well-as the extent of ionization and
speciation of the aqueous adsorbate species and
consequently the rate of adsorption [23].

A change of pH affects the adsorptive process during
the charge on the surface of the adsorbent, the degree of
ionization of the adsorptive molecule, and the extent of
dissociation of the functional groups on the active sites of
the adsorbent [24, 25].

The main red color of CR was found over the pH range
of (6-10), and the solution relatively changed its color
from red to dark blue when the pH ranges of (3-5).

Also, the red color of the solution for pH values more
than ten used to be various from its major red color. Also,
Congo red was a little soluble in water when the pH value
below 2 [26, 27].

The impact of pH on Congo red adsorption was studied
at 25 C° with 50 mg/l of Congo red solution, 0.3 g/L dose
of adsorbent, 180 min of contact time, 200 rpm agitation
speed, and 88um particle size adsorbent, when the pH
value has increased the adsorption of the dye on the
surface of the adsorbent increased until the pH reaches 6
and then the adsorption decreases with increasing pH as
shown in Fig. 3.

The Amplify in the extent of adsorption with increase in
pH is due to the neutralization of the charges at the
surface of the adsorbents.

It can be safely assumed that through increasing the pH
of the solution desire of the poor facilities (SO3) of the
dye for the active websites of the adsorbents increases,
which in turn facilitates the adsorption procedure as the
pH value of the system rise, the quantity of negatively
charged sites increases and the range of positively
charged web sites decreases.

At higher pH, the highly negatively charged adsorbent
floor sites do not choose the adsorption of deprotonated
CR due to electro-static repulsion.

Also, minimize adsorption of CR at alkaline pH is
because of the presence of extra [OH™] ions competing
with the dye anions for the adsorption sites. Similar data
have been stated for the adsorption of CR on activated
carbon and waste orange peels [28].

Therefore, the best pH value should be set to 6, when
using Nile flower to remove the Congo red dye, because
the electrical interaction between negative charge of CR
and positive charge of positive absorption surface is
enhanced [8].



H. Q. Ali and A. A. Mohammed / Iraqi Journal of Chemical and Petroleum Engineering 21,4 (2020) 21 - 32

g5 S

EREIAER

Removal efficiency %

th
th
L

g

pH
Fig. 3. Effect of pH solution on the removal efficiency (m
=0.3 g/ 100 ml, 25°C, Ci = 50 mg / L for CR, speed =
200 rpm, 88 pum, and time = 120 min).

3.3. Effect of Biomass Dosage

The dose of Water Hyacinth (Eichornia crassipes) is an
important parameter to determine the capacity of the
sorbent—sorbate equilibrium in the system for a given the
best amount of the adsorbent and predict the cost of
adsorbent per unit of dye solution [29].

Fig. 4 presents that the percentage removal efficiency of
Congo red increases from 86% to 93.95% with an
increase in the dose from 0.1 to 0.3 ¢g/100ml while
increasing adsorbent dosage more than 0.3g/100ml
resulted in a decrease in the removal efficiency. The
initial increase in the adsorbent dosage is related to an
increased in the surface area and the higher number of
available adsorption sites so that increases removal
efficiency.

However, the higher dosage will cause the
agglomeration of adsorbent particles that can also lead to
a decrease in the surface place and increasing the
diffusional path length and therefore so that the
unsaturation of adsorption sites can also lead to a drop in
dye removal percentage. Hence, the adsorption sites
remain unsaturated during the process as they are not
accessible [30, 31, and 32].
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Fig. 4. Effect of adsorbents dosage on the removal of CR
dye (Co=50 mg/L, pH=6, agitation speed =200 rpm,
D=88um, time=120 min)
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3.4 Effect of agitated speed

Agitation rate carries out an important position in the
adsorption technique and affecting the distribution of the
solute in bulk media and the formation of the external-
boundary layer.

Increasing shaking speed decreases the thickness of the
boundary film surrounding adsorbent particles and
constrict the resistance offered by film diffusion, finally
effect on the adsorption capacity [33, 34, and 35].

The effect of agitation speed on the adsorption capacity
of Water Hyacinth (Eichornia crassipes) was studied by
varying the shaking speeds range five value (100, 150,
200, 250, and 300 rpm) using an orbital shaker
maintained at 25 C°.

As shown in Fig. 5, were kept constant. The removal
efficiency percent of Congo red increased from 88.39 to
95.03% as the agitation velocity increased from 100 to
300 rpm. The increase in removal efficiency with the
increase of rate is due to the proper distribution of
adsorbent throughout the bulk solution [36].

100 1
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removal efficiency %o
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70 T T ]
0 100 200 300

agitation speed (rpm)
Fig. 5. Effect of agitation speed on removal of Congo red
dye by adsorbents (Co=50 mg/L, pH=6, dosage=

0.39/100ml, D=88um, time=120 min)
3.5. Effect of Biomass Particle Size

The adsorbent particle size adsorbent plays an
important parameter in adsorption. The increase in
removal efficiency is because that the smaller adsorbent
particles have shortened diffusion paths and increased
total surface area, and therefore, the capability to
penetrate all internal pore structures of adsorbent is very
high[37,38,39].

The process of adsorption was carried out using three
different ranges of particle size as fine, medium, and
coarse (88, 176, and 353) um, while other parameters
were constant.

Fig. 6 shows that the percentage removal of Congo red
decreased from 92.91% to 82.39% as the particle size
increased.
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Fig. 6. Effect of particle size on removal of CR (Co=50
mg/L, pH=6, dosage=0.3g/100ml, time=120min, agitation

speed=200 rpm)
3.6. Effect of Initial Concentration with Time

Initial Congo red concentration is a significant role in
the sorption process. The effect of the concentration on
the removal of Congo Red dye was carried out at various
initial dye concentration (50, 100, 200, 300, 400, and 500)
mg/l shown in Fig. 7, while other parameters were
constant (contact time 120 min, pH 6, dose 0.3 g/ L and
temperature 25 C°). The efficiency value decreased from
91.87 to 35.45%, when increasing the initial concentration
from 50 to 500 mg/L.

The initial dye concentration supplies the needful
driving force to outdo the resistance to the mass transfer
of Congo red between the solid phase and aqueous phase
[40]. The lowering of removal efficiency of Congo Red
dye with the increase of its initial concentration can be
explained as follows: because the mass of Water Hyacinth
(Eichornia crassipes) is constant for all six concentrations,
while the Congo Red molecules must compete for sites
onto which they can adsorb and the relative number of
function group cites decreases with increasing dye
concentration on the surface of the adsorbent. [41].

The higher initial concentration of Congo red in
solution leads to saturation of the available, sites much
earlier which results in a higher Congo red content in the
solution at equilibrium [42]. On the other side, the
increase in initial Congo red dye concentration will cause
an increase in the uptake of the adsorbent because of the
high driving force for mass transfer at a high initial dye
concentration [43].

It is shown in Fig. 8 that the Congo red adsorption
capacity of adsorbent increased from 15.49 to 65.76 mg/g
when the concentration of dye increased from 50 to 500
mg/ L. The effect of contact time on the percentage
removal of the Congo red dyes was investigated at initial
dye concentration ranging from 50 to 500 mg/L as shown
in Fig. 9.

The contact time is one of the significant parameters for
the adsorption operation and the optimization of contact
time in the adsorption operation is necessary to improve
cost effectiveness [44].

25

The removal efficiency of Congo red onto Water
Hyacinth (Eichornia crassipes) by adsorption was rapid in
the first 25 min due to the larger surface area of Water
Hyacinth (Eichornia crassipes) available, then slowly
arrive equilibrium after 40 min and hold constant until
120 min.
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Removal efficiency %o

0 100 200 300 400 500
initial concentration (mg/L)

Fig. 7. Effect of agitation speed on removal of Congo Red

dye by adsorbents (Co=50 mg/L, pH=6, dosage=

0.39/100ml, D=88um, time=120 min)
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Fig. 8. Effect of initial concentration on adsorption uptake
of biosorbent (pH 6, m= 0.3 g, 25°C, speed= 200 rpm, 88
pum and time=120 min)
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Fig. 9. Effect of initial concentration with time on the
removal efficiency of CR (pH 6, m= 0.3 g, 25°C, speed=
200 rpm, 88 um, and time=120 min)



H. Q. Ali and A. A. Mohammed / Iraqi Journal of Chemical and Petroleum Engineering 21,4 (2020) 21 - 32

3.7. Effect of Temperature and Thermodynamic study

It is well known that temperature plays an important
role in the adsorption process. The result of this effect of
temperature range from 10 C° to 50 C° on the adsorption
efficiency is shown in fig. 10 while other parameters were
kept constant. With increasing temperature, the results
show that the removal efficiency was increased from
81.71% to 93.24%.

100 1
95
90
85 4
30
75 1
70 A
65
60 -
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Removal efficiency %o

0 10 2 30 0 50
Temperature(C?)

Fig. 10. Effect of temperature on the removal efficiency

of CR (pH 6, m=0.3 g, Ci= 50 mg/L, speed= 200 rpm, 88

pum, and time =120 min)

The sorption thermodynamics is beneficial to look into
whether the method is spontaneous or not and additionally
to acquire an insight into the sorption conduct. The values
of enthalpy and entropy were achieved from the slope and
intercept of In Kc versus 1/T. Calculate parameters
including the Gibbs free energy change of adsorption
(AG®), enthalpy (AH®), and entropy (AS°) these
parameters and the values describing are calculated
according to Egs (4-7) and tabulated in Table 1. The
values of the change in enthalpy indicated that the
adsorption process is physical in nature. Also the positive
value of AHe further confirms the endothermic nature of
the adsorption process. The negative value of AG°
indicates the feasibility and spontaneity of the adsorption
process.

The positive value of AS® indicates the perfect affinity
of CR towards adsorbent and increased randomness at the
Water Hyacinth (Eichornia crassipes) solution surface
[45]. The parameter S* indicates the measure of the
potential of an adsorbate to remain on the adsorbent [46].
The activation energy (Ea) indicates the type of
adsorption which is mainly physical or chemical, so that
the activation energy shown in Table 1, has a value
corresponding to chemisorption[12].

Lnke= &) - &5 (4)
AG®=AHP —AS°T (5)
Ke= (3 (6)

S'=(L-0)exp- () (")

Where: Kc the equilibrium constant, Cad the adsorbed
concentration of RC on the adsorbent per liter of the
solution at equilibrium (mg/L), Ce is the equilibrium
concentration of RC in the solution (mg/L), AH® change
of enthalpy (kJ/mole), R the universal gas constant (8.314
J/mole. K), AS°® change of entropy (J/K. mole), AG°
change of the Gibbs free energy of ( klJ/mole ), T
temperature of the solution (K), 0 is surface coverage, S*
is sticking probability and Ea is the activation energy.

Table 1. The thermodynamic parameters for the sorption
of Congo red on Eichornia crassipes
AG AS AH Ea

TO) (mol)  (molk) (kUmol)  (kiimol) S
373 -3.54

203 -4.744

303 -5.045 120 30283 43771 152E-09
313 -7.146

323 -8.346

3.8. Desorption

The desirable reusability is essentially important for
practical application therapy due to the fact it will
decrease the overall fee. The Congo red adsorbed onto
adsorbent was recovered by different concentrations of
NaOH.

From the de-sorption study, it used to be determined
that for increasing in molarity of NaOH, de-sorption
increased and greater than (76.63 %) of CR was once
desorbed from EC the usage of (0.1 M) NaOH solution.
Desorption of Congo red was increased to 81.63% with an
increase in the concentration to (0.1 M) NaOH solution.
The results show that the biomass can be repeated four
times under the same condition. Equation (3) was used to
calculate the recovery percentage of 0.05 and 0.1M NaOH
concentration.

The strong base inability to completely desorb the
Congo red is because the portion of sorbate can be
complex formation between the Congo red molecules and
the active sites on EC. Fig. 11 shows the results of the
desorption process

This desorption is found to be a better solution as it
decreases the process cost and also the dependency of the
process on a continuous supply of the biosorbent.

0.1 M NaOH
mAds
100 91.35
%0 87.75
7 80.93 mDes
80 663 73.12
e 70
Z 60 54.2
£ 5
g 30.02
S 4
30
20
10
0
Ads Des Ads Des Ads Des Ads Des
Cycle



H. Q. Ali and A. A. Mohammed / Iraqi Journal of Chemical and Petroleum Engineering 21,4 (2020) 21 - 32

0.05 M NaOH
100 91.35
:g 80.12 = Ads
<0 o 71.02  Des
E' 60 49.26
£ 5 . 4121
E 40
30 27.63
20 15.93
10
0
Ads Des Ads Des Ads Des Ads Des
Cycle

Fig. 11. Regeneration efficiency at various concentration
of NaOH

3.9. Pretreatment of biomass

Pretreatment of EC was done using NaOH and /or HCL
to raise its efficiency in the removal of dyes from aqueous
solution.

The water hyacinth (EC) biomass was modify with (0.05,
0.1, and 0.5) M NaOH and (0.05, 0.1, and 0.5) M HCL

The results plotted in fig. 12, showed EC treated by
HCL has high efficiency compared with that treated by
NaOH.

120 -
100 1
< o —o
80 - —e
X
= 60 —e—HCL
=
2404 —e—NaOH
=
]
& 20 -
0
0 0.1 0.5 0.6

0.2 0.3 0.4
Concentration

Fig. 12. Modification of algae biomass using different

concentrations of NaoH and HCI to remove dyes from

solution (pH 6, m= 0.3 g, Ci= 50 mg/l, 88 um, speed= 200

rpm, and time=120 min)

4- Biosorption Isotherm and Kinetics Models

Adsorption isotherms learn about are essential for the
description of how molecules or ions of adsorbate interact
with adsorbent surface sites and additionally are
indispensable in optimizing the use of adsorbent.

The correlation of equilibrium data the usage of either a
theoretical or empirical equation is essential for the
adsorption interpretation and prediction of the extent of
adsorption. Various theoretical and empirical models
were established and studied to characterize the different
types of adsorption isotherms. The Langmuir, Freundlich,
and Temkin isotherms were among the most frequently
used [47, 48].

27

Table 2. Models to the kinetics and isotherm

Model Equation Reference
Langmuir Isotherm Qe = amb ce [19]

. 1+b Ce
Freundlich Isotherm 0o = KCM [18]
Temkin isotherm ge =BT In Ky Ce [19]

BT =21
" b
Pseudo-first-order In(Qe-g) =INQge—ky t [53]
Pseudo-second-order t-_1 £ [54]
qt K2qe2 qe

Intra- particle qt=k,t>+ C [53]
diffusion
Elovich model Q= % In(ap) +% In(t) [19]
Sum  square  error 2(Cle.calc-Cle meas) [19]
(SSE)
Nonlinear chi-square 5 (aecale—ge,meas)2 [19]
test (X2) qemeas

The Freundlich model is to describe heterogeneous
surface adsorption and multilayer adsorption beneath
different non-ideal conditions. Temkin isotherm assumes
the heat of adsorption of all molecules in the layer
decreases linearly with coverage and uniform distribution
of binding energies [49]. The Langmuir isotherm is
prevalently applied to describe the monolayer adsorption
befell on the homogeneous surface of adsorbent [50].

80 -
[ ]

exp.qe langmuir

70 temKin

e

frendlich

30 A

qe, mg/g

20 A

10 A

0

10 60 80 100
Ce, mg/L
Fig. 13. Isotherm model for sorption of CR dye on EC

biomass

0 20

The Microsoft Excel SOLVER software was used to
analyze of non-linear isotherm model tabulated in Table
2.

The results of these models were obtained by drawing
by Congo red uptake (qe) versus Congo red concentration
(Ce) as showed in Fig. 13, and values of the parameters
were tabulated in Table 3.
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The Langmuir adsorption model was found to fit the
experimental data sufficiently in corresponding with the

Table 3. Parameters of isotherms for sorption of Congo
red

non-linear correlation coefficients (R?) and the value Type of  parameters values
decrease of the chi-square test statistic (x?) and sum isotherm
Langmuir Omax (MQ/Q) 92.263
square error (SSE) was favorable. The value of RL shows
that the isotherm is favorable. Freundlich's value of
adsorption intensity (n >1) suggests that the isotherm b (mg) 0.021
sorption is favorable [51]. R? 0.983
The pseudo-second-order kinetic is greater fitted for this
study which is evident with nearly similar values of RL 0.432
experimental and calcu_lated values of ge with the hlgh Sum square error SSE 10,990
range degree of correlation R2 from (0.99 - 1) as shown in X2 1394
Table 4. Freundlich K (malg) 3.195
So that the pseudo 2nd order model is assumed the rate- 1467
limiting step can also be chemical phenomena [52]. The " '
values of the kinetic models are tabulated Table 4. R? 0811
Sum square error SSE 17.713
x? 4111
Temkin Kz (I/mg) 0.383
B, 15.939
br 155.439
R? 0.978
Sum square error SSE 14.187
X? 1.651
Table 4. Parameters of kinetic models for the sorption of CR
Kinetics 50 100 300 400 500
Parameters
models Ppm ppm ppm ppm ppm
Experimental Qe 15.499 29.059 58.295 61.525 70.435
) 0. 8.399 15.016 33.151 41.048 50.522
Efg:fo first Kq 0.048 0.028 0.010 0.0062 0.001
R? 0.761 0.659 0.863 0.713 0.825
Qe 15.760 29.981 58.987 62.026 71.798
Efg:fo second Ke 0533 0.453 0.261 0.164 0.064
R? 1 1 1 0.988 0.979
' C 13.463 25.299 51.062 55.041 63.339
Intra-particle Ke 0.260 0.609 0.676 0.688 0.765
diffusion
R? 0.609 0.722 0.883 0.812 0.751
o 3.64E+15 1.56E+13 3.86E+12 1.64E+08 2.07E+04
Elovich model B 2.639 1.166 0.579 0.358 0.171
R? 0.829 0.884 0.966 0.936 0.925
5- Conclusions The values of (AG°, AH°, and AS°) for the

The results show that Water Hyacinth (Eichornia
crassipes) biomass could be used as an efficient
biosorbent material for the removal of Congo red dye
from aqueous solution.

The maximum value of removal efficiency
approximately (93%) at pH 6, 0.3 g /100ml dosage, 200
rpm agitation speed, 88 pum particle size, 50 ppm initial
CR concentration, and 25°C temperature for 120 min.
Langmuir model fitted well the experimental data
compared to Freundlich and Temkin models. the kinetic
study showed that the pseudo-second-order model was
very well simulated experimental data.

thermodynamic study indicated that the biosorption of CR
was the feasibility, spontaneity and endothermic at the
ranges (293-323 k) of temperature.

The value of adsorption-desorption process showed that
the EC can be used for four cycles with nearly the same
efficiency. Modify the EC with HCL show the highest
removal efficiency compared to NaOH in all its
concentrations.
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Nomenclature

EC: Eichornia crassipes
CR: Congo red
B: Affinity of the binding site, L/ mg,

Bt & b+: Temkin constants

C: Value of intercept that offers an notion about the
boundary layer thickness, mg/g

Ca: Adsorbed concentration, mg/L

Ce: Concentration at equilibrium, mg/L

Ci: Initial concentration, mg/

Ea: Activation energy, KJ/ mole

AG®:  Gibbs free energy, KJ/mole

AH®:  Enthalpy change, KJ/mole

Ky Pseudo-first-order rate constant, min™

k,: Pseudo-second-order rate constant, g/mg. min

Kc: Equilibrium constant

Ks: Constant indicative of the relative adsorption
capacity of the adsorbent, mg/g

Kp: Intra-particle diffusion rate constant, mg/g
min0.5

k: Temkin sorption potential, L/ mg

m: Mass of adsorbent, g

1/n: Constant indicative of the intensity of the
adsorption

ge: Sorbed dyes molecules on the adsorbent, mg/ g

Qm: The maximum sorption capacity for monolayer
coverage, mg/ g

e CR uptake capacity, mg/g at any time t

R: Universal gas constant

S*: Sticking probability

AS®:  Entropy change, J/K. mole

T: Temperature, K

V: Volume, L

O: Surface coverage
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