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ABSTRACT:

Adsorption of Congo Red (CR)from agueous solutions usinglathyrussativus crop
(Lakh) seed husk as low-cost adsorbent have been studied as a function of contact time,
adsorbent dose, initia concentration, temperature and solution pH. The adsorption
capacity increased with increasing contact time, adsorbent dose and initial concentration
of CR but decreasing with increase in temperature. The maximum adsorption capacity
was 72.15 at 50C, 1gm/50ml adsorbent dose and pH = 6.53. The experimental data were
analyzed by Langmuir and Freundlich adsorption isotherms and found that Langmuir
adsorption isotherms best fit the experimental data over the whole concentration range
with R2 value 0.999. Thermodynamic parameters such as standard Gibb's free energy
(AG®), standard enthalpy (AH®), and standard entropy (AS°) changes were calculated.
Thermodynamic parameters of CR / LSH system indicated spontaneous and exothermic
nature of the adsorption process. The adsorption of CR follows pseudo second order rate
kinetics. The results investigates that lathyrussativus crop (Lakh) seed husk is effective in
the adsorption of CR dye from aqueous solutions and can be used as alternative of high
cost commercial adsorbents.
Keywords. Adsorption, Congo Red, lathyrussativus crop, thermodynamic parameters,
adsorption isotherms, kinetics.

INTRODUCTION:

Water pollution caused by
discharge of wastewater as a result of
industrial activities has been considered
one of the grave environmental issues in
the world, especially in developing
countries (YusefOmidiKhaniabadiet al.
2017). The discharge of many organic
and inorganic pollutants into water
media by different industries, as a global

environmental problem, has stimulated
worldwide  attention  because  of
theirharmful effects on the environment
and also human hesalth (Enenebeaku K.et
al.2016.). One of the most important of
these pollutants is dye substances.

Dyes have long been used in
dyeing, paper and pulp, textiles, plastics,
leather, cosmetics andfood industries.
Color stuff discharged from these
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industries  poses certain  hazards
andenvironmental  problems.  These
colored compounds are not only
aesthetically displeasing butalso
inhibiting sunlight penetration into the
stream and affecting aguatic ecosystem.
Dyes usualyhave complex aromatic
molecular structures which make them
more stable and difficult tobiodegrade.
Furthermore, many dyes are toxic to
some microorganisms and may cause
directdestruction or inhibition of their
catalytic capabilities. There are more
than 100,000commercialy available
dyes with over 7x10°tons of dyestuff are
produced annualyacross the world
today(Jourvand Met al.2015.).Many
types of dye are used in textile industries
such as direct, reactive, acid and basic
dyes.Most of these dyes represent acute
problems to the ecological system as
they  considered toxicand  have
carcinogenic properties, which make the
water inhibitory to aquatic life. Due to
theirchemical structure, dyes possess a
high potential to resist fading on
exposure to light andwater. The main
sources of wastewater generated by the
textile  industry  originate  from
thewashing and bleaching of natura
fibers and from the dyeing and finishing
steps. Given the greatvariety of fibers,
dyes and process aids, these processes
generate wastewater of great
chemicalcomplexity and diversity, which
are not adequately trested in
conventional wastewater treatmentP ant.

Congo red (CR) is an anionic dye
widely used in textiles, paper, rubber and
plastic industries. The present study is
undertaken with a view to assess

thefeasibility of abundantly available
lathyrussativus crop seed husk powder
as an adsorbent for the Congo red
adsorption. The effects of various
parameters such as adsorbent dose, pH,
contact time and initial CR concentration
on the adsorption process have been
studied.

In our day various physic-
chemical techniques have been studied
to assess their applicability for the
treatment of this type of industria
discharge. Among these processes may
be includednano-filtration and
ozonalysis (E. Remoudakiet al.2003),
flocculation (P. K. Baskaranet al. 2010.),
ultrasound oxidation process (C. B.
Chandranet al. 2002.), adsorption
(Mckay G. 1982.) etc., in which
adsorption process is one of the effective
techniques that have been successfully
employed foradsorption of dye from
wastewater. Although, activated carbon
adsorption appears to be one of the most
widely used techniques for adsorption of
dye, but in view of the high cost and
regeneration problems, there has been a
constant search for aternative low-cost.
A number of  non-conventional
adsorbents such as bale tree leaf powder
(P. SenthilKumaretet al.2009.),neem
leaves (Shenu Singh et al.2008.),
Alternantherabettzichiana plant (A. K.
patilet al.2010.),Gram seed husk
(Jirekar, D. B.et al.2013.), Rice hull ash
(Kan-SenChauet al 2001.), subabulseed
pods (V. S. Shrivastava 2012.), fly ash,
(I. D. Mall et al. 2005.), Green gram
seed husk(Jirekar, D. B. et al. 2014.),
coir pith carbon (C. Namasivayamet al.
2002.), etc. have been used for the
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adsorption of CR dyes from agueous
solutions.

In the present paper
lathyrussativus(Grass pea) cropseed
husk powder was employed for
adsorption of CR and used as an
effective adsorbent in the wastewater
treatment. The adsorption technique was
found to be very useful and cost
effective for a better adsorption of dye.
MATERIALS AND METHODS:

The mature  and fresh
lathyrussativus cropseeds were
purchased from local market and washed
thoroughly by using distilled water to
clean them from dirt and impurities.
After that, the lathyrussativus crop seeds
were soaked into distilled water up to 24
h. Then their skin was removing from
thelr pulses and washed with distilled

water. It was dried in shadow. After
drying the husk was ground by grinder
to constant size of 60 um fine powders
of lathyrussativus cropseed husk (LSH).
The dried fine powder adsorbent was
kept in an air tight glass bottle ready for
further experiments.

Congo Red (CR) (CI: 22120,
MW: 696.66 g.) supplied by Loba
Chemicals Pvt. Ltd. Mumba (India)
were used as adsorbate without
purification. The stock solution of 1000
mg/L CR dye was prepared by
dissolving the desired amount of Congo
Red in double distilled water and
suitable diluted to require initia
concentrations. The structure of this dye
isshowninFig. 1.

Sea -

Fig. 1: Structureof Congored

Adsorption experiment was carried out
by batch adsorption techniques at room
temperature. The effect of pH on CR
adsorption were studied by shaking 25
ml, 20 mg/L. of CR dye solution
concentration with 0.5 g. adsorbent dose
in conical flasks. The effect of contact
time and initial concentration were
studied by shaking 50 ml 20 mg/L CR
solutions concentration with 1.0 g.
adsorbent in a 100 ml conical flask.
After definite time intervals, a sample
were withdrawn from the flask, the
supernatant solution was analyzed for

residual dye concentration. Adsorbent
dose effect was studied using 20 mg/L
CR solution concentration. The CR
concentrations was analyzed using a
UV-Visible single beam
Spectrophotometer (BioEra: Ca
No.BI/CI/SP/SB-S-03), at A max = 510
nm. The pH of the CR solution was
adjusted by adding 0.1 M HCI or 0.1 M
NaOH solution and measurement was
done by digital pH-meter (Elico: LI
615). The amount of dye adsorbed per
unite weight of husk adsorbent at
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time't’, q,(mg/L) and percentage dye
adsorption capacity was calculated as
__ V(Co—Ct)

ac=— 1 %
Adsorption capacity = (COC_OCt)
*100
)

Where,C,istheinitial dye concentration
(mg/L), C, isthe concentration of dye at

65 —

60 —
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s e o —
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any timet,V isthe volume of solution
(ml) and M isthe mass of husk (gm).
RESULTS AND DI SCUSSION:

Effect of contact time and initial
concentration: The time-dependent
behavior of CR dye adsorption was
examined by varying the contact time
between adsorbent and adsorbate in the
range of 5 to 35 min. The results are
shown in Fig. 2.

i

3334

Time in min.

T T
30 35

Fig:2. Effect of contacttime with various concentrations of CR
[Adsorbentdose=1.0gm, Temp.=300.5K, pH=6.52]

The extent of adsorption of CR
on LSH was found to increase, reach a
maximum adsorption value with increase
in contact time shown in Fig.2. The CR
concentration increased, the adsorption
of CR dye increased from 60.28% in 5
mg/L to 74.79% in 20 mg/L solution.
Higher concentration resulted in higher
driving force of the concentration
gradient. This driving force accelerates
the diffusion of dye from the solution
into the adsorbent (Mehment, D.
Ysemin, O. and Viahir, A). It is cleared
that the efficiency of CR adsorption
depends on the initiadl CR dye
concentration. The adsorption of CR dye

increased with increase in CR dye
concentration and remains constant after
equilibrium time.

Effect of adsorbent dose: Adsorbent
dose is an important parameter because
it determines the capacity of an
adsorbent for a given initia
concentration of adsorbate. The effect of
adsorbent dose was studied with
onadsorption of CR dye keeping all the
experimental conditions constant. The
adsorption of CR by LSH at different
adsorbent doses from 0.5 g. to 2.5.g. for
20 mg/L of CR dye concentration at pH
6.52 was studied. The results are shown
inFig. 3.
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Fig:3. Effect of adsorbentdose with time.

[Initial conc.=20 mg/L.,

The results show that the adsorption of
CR dyes increases as the adsorbent dose
increase due to increase in total number
of exchange sites.

Effect of pH: Congo Red is an example
of diazo dye, and the initia pH
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Temp.=300.5 K,pH=6.52]

influences the molecular form of Congo
Red in the agueous solution. The effect
pH of solution was studied between 2.0
to 11.0 shown in Fig. 4.

—ma— CR

T T T
2 4 6

Initial pH

Fig:4. Effectof pH on adsorption of CR

[Adsorbentdose=0.5 gm .,

The CR dye solution below pH 2
changed colour from red to dark blue
and the origina red colour was different
above pH 11. Fig.4 shows that the pH
increases from 2 to 11 the adsorption of
CR dye decreases from 94.75 to 71.41
%. The maximum CR dye adsorption
takes place at pH 2.

Initialconc.=20 mg/L., lemp.=300.5K]

Effect of temperature: Temperature is

one of the important parameters
affecting separation in most of the
processes. In the present work

adsorption of CR dye decreased from
7215 % to 66.16 %, by increasing
temperature from 306.4 K to 326.4 K .
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The trend of decrease confirms that exothermic. It isshown in Fg.7
process of adsorption of CR dye to be
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Fig:7. Effect of temperature on adsorption of CR dye.
[Adsorbentdose=1.0 gm, Initial conc.= 20 mg/L, pH=6.53]

The Gibb’'s free energy (AG®), enthalpy (AH®), and entropy (AS°) changes for the
adsorption were determined by using equation.
AG° = AH® — TAS°(3)

log (1) = —— + —"—(4)
Ce 2.303R  2.303RT _
For the adsorbent concentration is unity (m = 1.0 gm) equation (4) becomes

1 (& _AS° —AH® 5)
08 (¢e’ = 2303r " 2303RT"
q.isthe amount of dye adsorbed per unite mass of husk (mg/g), Ceis the equilibrium

concentration (mg/L) and T is the temperaturein °K %is called adsorption affinity. The
values of Gibb's free energy (AG°®) has been calculated by knowing the enthal py of
adsorption (AH®) and entropy of adsorption (AG°) and (AH®) was obtained from a plot of
log (%)versus 1T from equation (4) and (5). Once these two parameters were obtai ned,
(AG®) is determined from equation (3) (Table:1)

Table: 1. Thermodynamic parameter values of CR.
Thermodynamic parameters of Congo Red Dye

(AG°) Kd/mole (AH®) KJ/mole (AS°) J/mole.K
-2.977
-2.859
2742 -10.168 ~23.472
-2.625
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TheAG® values obtained in present study for the CR are < -10 KJ /mole, it
indicates that physical adsorption was the predominant mechanism in the adsorption
process. The Gibb’'s free energy indicates the degree of spontaneity of the adsorption
process, where more negative vaue reflects a more energetically favorable adsorption
process. The negative value of AG® indicates that the adsorption is favorable and
spontaneous (Y. C. Sharma et al. 2007; T. Vimalaet al. 2007). The negative value
of AH® suggests that the adsorption is exothermic (P. Sivkukmaret al. 2008). The
negative vaue of AS°suggests that the decreased disorder and randomness at the solid
solution interface with adsorption.

ADSORPTION KINETIC MODELS:

Pseudo first order kinetic model assumed that the rate of solute up take with time

was directly proportional to difference in saturation concentration and the adsorbed

d
amount. S ACD
(6)
Where,q; andq, are the amount of dye adsorbed (mg/g) at contact timet (min) and at
equilibrium k; isthe pseudo first order rate constant (min™)

After integrating with the boundary conditionsatt =0, q; =O0andatt=t, q; = q;
and rearranging equation (6), the rate law for a pseudo first order reaction become.

k
log (qe — qr) =10g g — 57— t(7)
The plot of log (q. — g;)versus t gave a straight line with slope — 5 3k013R and intercept

log q. .Adsorption rate were calculated from the slope and results are given in table (2)
Pseudo second order kinetic model was

L = ka(de — )7(8)
k,isequilibrium rate constant for pseudo second order adsorption (g/mg min).

After integrating with the boundary conditionsatt =0, q; =0andatt=t, q; = q;

and rearranging equation (8), the rate law for a pseudo second order reaction become.

qi = ——+(9) The plot of —versust gavea
t 242 de qat

straight line with opeqi and intercepts

1

k
2q%

the calculated values of k, , g.values

aregivenintable (2)
Table: 2. Comparison of the experiments and the kinetic model of CR dye on L SH
adsor bent.

Pseudo-First order Pseudo Second order

— K q
Dyes | Ki (min”) | q,(mgg) | RZ mi e
q.(mg/g) (g/mg.min) | (mglg)

CR 28.06010° | 54.688 | 0.953 | 4.147*10° 675.676 | 0.999
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The value of R? with first order was 0.953 while for pseudo second order R?
value was 0.999 for LSH adsorbent. It is clear that the adsorption of CR on LSH
adsorbent was better represented by pseudo second order kinetics. This indicates that the
adsorption system belongs to the s pseudo second order kinetic model similar
phenomenon were observed in the previous work (Li Wang et al. 2008;C.
Namasivayamet al. 1994).

ADSORPTION EQUILIBRIUM:

To study the validity of Freundlich adsorption isothermthe following equation has

been used

Log x¥fm=log K¢+ (1/n) log C, (20)
Kfis the Freundlich constant [mg/g (L/g)"™ related to bonding energy, and n is the
heterogeneity factor. The plot of Log x/m against log C, gives straight line which exhibits
monolayer coverage of the adsorbate on the other surface of the adsorbent. The value of
nbetween 2-10 indicates good adsorption.

The equilibrium datawas also analyzed in the light of Langmuiradsorption model.

X _ Qob Ce(ll)
m 1+ bC,

Where, x/m is the amount of dye removed per unit mass of adsorbent, C, is the
equilibrium concentration. Plot of % versusC,, gives a straight line. The values of Q,and

b were determined from graph.
Table:3. Langmuir and Freundlich isother m constantsfor the adsor ption of CR dye.

Langmuir constants Freundlich constants
b* 10 K
Dyes QO R RZ n f RZ
(mglg) | *(Lg) | “* (Mglg(L/g))""
CR 526.316 | 1.111 | 0.999 | 0.941 | 1.004 3477 0.876

The R, value was found to be between 0
and 1 for CR studies, it is confirm that
the ongoing adsorption of CR is
favorable. The data revea that the
Langmuir model yields better fit than the
Freundlich model. The value of n is
greater than unity, (1< n <10), that
means favorable adsorption.(N.
Kannanet al 2010). The vaue of n was
found to be between 1 and 10, this
indicates favorable adsorption.

CONCLUSION:

Adsorption of CR is dependent
on pH, initial concentration, adsorption
time and contact time. From the result, it
was concluded that maximum adsorption
of CR from agueous solutions occurred
a pH 2. The percentage adsorption of
CR dye on LSH increases with
increasing dose of adsorbent, contact
time and initial concentration and
decreased with increasing temperature.
The adsorption of CR on LSH adsorbent
was better represented by pseudo second
order kinetics than first order. The
negative value of AG® confirms that the
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feasibility of the reaction and
spontaneous nature of the adsorption.
Negative value of AS° and AH®
suggests that the decreased disorder and

than Freundlich isotherm model. The
investigation showed that L SH adsorbent
was agricultural waste, abundant, cheap,
readily avallable and environment-

randomness at the solid solution
interface with exothermic adsorption.
The experimenta data for the adsorption
of CR dye on LSH fits well for the
Langmuir adsorption isotherm model

friendly effective adsorbent, which can
be successfully, used for the adsorption
of Congo Red from aqueous solutions.

REFERENCES:

o A.K. patil, V. S. Shrivastava; Alternantherabettzichiana plant powder as low cost
adsorbent for removal of Congo Red from agueous solution, Inter. J. of Chem.
Tech. Reses.,2010; 2: 842-850.

e C. B. Chandran, D. Singh, P. Nigam, Remediation of textile effluent using
agricultural residues. Appl. Biochem. Biotechnol.,2002;102, 207-212.

e C. Namasivayam, D. Kavitha, Remova of Congo Red from water by adsorption
onto activated carbon prepared from coir pith, an agricultural solid waste, Dyes
Pigments,2002; 54: 47-58.

e C. Namasivayam, R. Jeyakumar and R. T. Yamuna Dye remova from
wastewater by adsorption on “waste” Fe (I11)/Cr (l1I) hydroxide, Waste
Management, 1994;14(7):643-648.

e Enenebeaku K. Conradl, Okorocha J. Nnaemeka, Enenebeaku E. Uchechi,
Anukam Basil, Onyeocha O. Veronica, Ogukwe E. Cynthia, OguzieE.Emeka
Adsorption of Congo Red Dye from Aqueous Solution Using Agricultural Waste,
Journal of Applied Chemistry Vol. 9(9) Ver. I, Sep. 2016; PP 39-51.

e E. Remoudaki, A. Hatzikioseyian, K. Tsezos, M. Tsezos, The Mechanism of
metal s precipitation by biologically generated alkalinity in biofilm reactors, Water
Res.2003; 37(6) 3843-3854.

e |.D.Madl,V.C. Srivastava, N. K. Agarwal, I. M. Mishra, Removal of congo red
dye from agueous solution by bagasse fly ash and activated carbon: kinetic study
and equilibrium isotherm analyses, Chemosphere, 2005, 61: 492-501.

e Jirekar, D. B.; Dar, B. A,; Farooqui M. N., M. Husk of gram seeds as alow —cost
adsorbent for the removal of methylene blue dye from aqueous solutionsJ.
Environ. Sci. Water Resour.2013; 2, 226.

e Jirekar, D. B.; Pathan, A. A.; Farooqui, M. N. Adsorption Studies of Methylene
Blue Dye from Aqueous Solution onto Phaseolusaureus Biomaterials Orient. J.
Chem. 2014; 30, 1263.

e Jourvand M, Shams Khorramabadi G, Omidi-Khaniabadi Y, Godini H,
Nourmoradi H. Removal of methylene blue from agueous solutions using
modified clay. JBas Res Med Sci. 2015; 2(1): 32-41.

Dattatraya Jirekar Page 447



International Journal of Universal Print

[SSN: 2454-7263 ID: ACTRA 2018 070 Published Mar. 2018
Volume No. 04, Issue No.07, Copyright © Universal Print

Web: www.universalprint.org , Email: ijup@universalprint.org

Title Key: Adsorption of congo red dye from aqueous ...

A'JUP‘.
IVERSAL PNI

e Kan-SenChau, Jyh-Chng Tsai and Chieh- Tsung Lo; The adsorption of Congo
Red and vacuum pump oil by rice hull ash, Bioresource Techol,2001;78: 217-219.

e Li Wang and Aigin Wang; Adsorption properties of congo red from agueous
solutions onto surfactant-modified montmorillonite, J. Hazardous Mat., 2008;
160:173-180.

e Mehment, D. Ysemin, O. and Viahir, A., Adsorption kinetics and mechanism of
cationic methyl violet and methylene blue dyes onto sepiolite, Dyes and
Pigments, 2006;1:1-13.

e Mckay G., Adsorption of dyestuffs from agqueous solutions with activated carbon
I: Equilibrium and batch contact-time studies J. Chem. Technol. Biotechnol.1982;
32, 759-772.

e N. Kannan and P. Sargjini.,” Studies on the removal of manganese (I1) ions by
adsorption on commercial activated carbon”, Ind. Env. Prot. 2010;30(5):404-408.

e P. K. Baskaran, B. R. Venkatraman, M. Hema and S. Arivoli, Adsorption studies of
copper ion by low cost activated carbon. J. Chem. Pharm Res.2010; 2(5), 642-635.

e P. Senthil Kumar, K. Kirthik, Equilibrium and Kinetic Study of Adsorption of
Nickel from Aqueous Solution onto Bael Tree Leaf Powder: J. of Engi. Sci. and
Tech.2009; 4,(4), 351-363.

e P. Sivkukmar and P. N. Palanisamy; Law cost non-conventional activated carbon
for the removal of reactive red 4; Kinetic and isotherm studies, Rasayan J. Chem.
2008;4:872-883.

e Shenu Singh and C. P. Kauushik; Adsorption of Congo Red dye from aqueous
solutions using neem leaves as adsorbent, Asian J. of chem.,2008, 20: 4994-5000.

e T.Vimaa, S. Agnes Pramila Mary, V. Thamizharasan and S. Arivoli; Kinetic
equilibrium and Mechanistic study for adsorption of ferrousion, Ind. J. Env. Prot.,
2007; 12: 1090-1097.

e V. S Shrivastava; Remova of Congo Red dye from agueous solution by
L eucaenaleucocephala (Subabul) seed pods; Inter. J. of Chem Tech Reses.,2012;
4: (3), 1038-1043.

e Y.C. Shama, S. N. Kaul, C. H. Weng, Adsorption separation of Cadmium from
agueous sol utions and wastewaters by riverbed sand, Eng.Poll,2007;150:251-257.

e YusefOmidiKhaniabadi, Mohammad JavadMohammadi, MojtabaShegerd,
ShahramSadeghi, SedighehSaeedi, Hassan Basiri, Removal of Congo red dye
from aqueous solutions by a low-cost adsorbent: activated carbon prepared from
Aloe vera leaves shell, Environmental Heath Engineering and Management
Journa,2017; 4(1), 29-35.

e ZhanwangZheng, ChunhuaXiong and Caiping Yow; Adsorption behavior of
SDA-200 resin towards p-nitrophenol in agueous solution; Asian J. Chem.,
2010;22(3): 2003-2012.

Dattatraya Jirekar Page 448



