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Abstract : The contamination of water with dyesis
oneof themain problemsall over theworld. In recent
years, concentrated efforts have been madeto develop
an efficient, cost-effectiveand environmentdly friendly
technol ogy for the cleanup of water polluted with dyes.
The current study was undertaken to assessthe poten-
tia of leaves, flowersand bark of Delonix regia asad-
sorbent to clean up thewater polluted with methylene
bluedye. Different conditions, such aspH of aqueous
solution, amount of adsorbent, agitation timeand dye
concentration, wereoptimized to get maximumremova
of methylenebluefrom agueous solution. Thedataob-
tained indicated that |eaves performed better than flow-
ersand bark as an adsorbent of methylene blue. The
highest level sof remova of dyeby leaves, flowersand

INTRODUCTION

Dyesarefrequently reported as contaminant in the
effluent of textile, paper, plagtic, food, legther, cosmetic
and dye producingindustries®3. Dyesinhibit the pen-
etration of light into water and consequently reduce
photosynthetic activity inwater bodies. Moreover, dyes
showed persistencein the environment for along pe-
riod of timedueto their non-biodegradablenature. Dyes

bark were 92.2 %, 82.5 % and 69.2 %, respectively.
Similarly, more COD reduction wasobserved by leaves
than flowersand bark. Theequilibrium datawas best
fitted withthe Langmuir adsorptionisothermmodels. In
particular, adsorption process was best depicted by
pseudo second order kinetics. Thisisthefirst report that
leaves, flowersand bark of Delonixregiawereableto
cleanwater polluted with methyleneblue. Although dif-
ferent parts of Delonix regia showed potentia to re-
move methylenebluefromwater, pH of water, amount
of adsorbent, agitation timeand dye concentration can
affect theefficiency of adsorption of plant materid.

© Global Scientificlnc.

K eywor ds : Methylene blue dye; Delonix regia;
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can affect humanshedth dueto their propertiesto cause
alergy, dermatitisand cancert*®, Synthetic dyesin par-
ticular methyleneblueor their metabolitesaretoxicto
theaguaticlifeand have shown carcinogenic, teratoge-
nic and/or mutagenic effectd®”. Moreover, methylene
blue uptake causes sickness, vomiting, mental confu-
sionand methemoglobinemid®d. Therefore, theremova
of methylenebluefrom water isoneof the hot topicsin
thefield of environmental science and technol ogy.
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A number of conventional methods havebeenre-
ported for theremoval of dyefrom water2®12, How-
ever, thesemethods of dyeremoval are costly and can-
not effectively be used to clean up the water contami-
nated with dyes**14. Moreover, these methodsrequire
largeamount of dectricd energy and highly trained man-
power®>17. Adsorption isconsidered asthe best ap-
proach for theremoval of dyesfromwater duetoits
simpl e operation and easy handling™®*9. A number of
plant based adsorbents, such as sawdust, corn cob,
barley husk, rice hull and bagasse pith, showed poten-
tial to removethedyesfrom water2022,

Delonix regia, belonging to the family
Caesalpiniaceae, having notablerangeof medicind and
biological properties??4, |t hasbeen used for thetreat-
ment of condtipation, inflammation, arthritis, leucorrhoea
and rheumatismi#1, However, the adsorption potentia
of leaves, flowersand bark of thisvauableplant israrely
evaluated for the remediation of water polluted with
dye. Theaim of the present study wasto explorethe
adsorption potential of leaves, flowers and bark of
Delonix regia plant to clean water polluted with meth-
yleneblue. Moreover, different conditions, such aspH
of water, dye concentration, agitation timeand adsor-
bent dose, wereoptimized and adsorptionisotherm and
kineticsmodel swere used to best describe the equilib-
rium adsorption data.

EXPERIMENTAL

Prepar ation of adsor bents

Leaves, flowers and bark of Delonix regia col-
lected from the University of Agriculture, Faisalabad
(Pakistan) weredried and pulverized. Equal amounts
of leaves, flowersand bark were soaked in equal vol-
ume of methanol in conical flasksand werekeptina
shaker for eight hours. After filtration, theresidues of
leaves, flowersand bark wereair dried at room tem-
perature and then rinsed with distilled water to elimi-
nate the surface-adhered material and water-soluble
particles. Latter on material wasdried at 104°C in an
ovenfor 20 h, and sieved through 80 mesh sizesieve.
The obtained plant material was applied to remove
methylenebluefromwater.

Experimental set up
Theéefficacy of the prepared adsorbentswas evalu-

ated at different agitation times, adsorbent dosages, dye
concentrationsand pH of dyesolution. Experimentswere
performed by using required amount of adsorbent into
250 mL conical flaskscontaining 100mL of methylene
blue solution. Theconical flaskswere put in ashaker
(100 rpm) at room temprature. After specified time,
water sampleswere collected, and theamount of re-
sidua dyeinwater was examined at maximum wave-
length (668 nm) of the dye. The dye adsorption con-
centration at equilibrium g, (mg/g) wasdetermined us-
ing following equation:

g,=(C,-C)V/W

where, C_and C_(mg L) aretheliquid phase concen-
trationsof dyeat initial and equilibrium, respectively, V
(L) thevolumeof the solution and W(g) isthe mass of
adsorbent used?®,

Deter mination of chemical oxygen demand

Beforeand after trestment of methylenebluesolu-
tion with adsorbent, the chemical oxygen demand
(COD) of thewater was determined by using standard
method?",

RESULTSAND DISCUSSION

Effect of pH on adsor ption of methyleneblue

The pH of thewater iscons dered one of the most
important parametersthat can affect adsorption effi-
ciency of an adsorbent materia. To determinetheinflu-
enceof pH on methylene blue adsorption onto | eaves,
flowersand bark, the experimentswere performed by
varying pH of aqueoussolution of methylenebluefrom
2-10. Maximum removal of dye was attained at pH
7.0 withleavesand at pH 6.0 with both flowers and
bark material (Figurel). Thehighest |levelsof removal
of dyeby leaves, flowersand bark were 92.2 %, 82.5
% and 69.2 %, respectively. Upon decreasing the pH
of the solution, the number of negatively charged ad-
sorbent sitesincreased, that not favorsthe adsorption
of thepositively charged dye cationg*#.

Effect of agitation time on adsor ption of methyl-
eneblue

Theeffect of variousagitationintervason adsorp-
tion of methyleneblue using leaves, flowersand bark
materiasisshownin Figure 2. The higher adsorption
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Figurel: Effect of pH on dyeremoval by leaves, flower sand bar k of Delonix regia (initial dyeconcentration=100mgL%;
adsor bent dose=0.4 % agitation time=2h). Valuesare meansof triplicate deter minations.

level wasattained when the agitation timewas 15, 30
and 45 minutesfor leaves, flowers and bark, respec-
tivey. Themaximumremova (97.1%) of dyeformagque-
ous mediawas obtained using leavesas adsorbent. In
caseof flowersand bark asadsorbent materia themaxi-
mum removal of dyewas86.9 % and 79.8 %, respec-
tively. Theseresultsindicated thet |eaveswere more ef-
fectivefor theremoval of dyefromwater in compara-
tively lesstime. Thismight be dueto the available of
more adsorption sitesin leaves material ascompareto
flowersand bark. With increasein contact time, the ad-
sorption rate declined to aconstant level. It might be
duetothat all existing Steswere engaged and no more
activesiteswere present for theattachment of remain-
ing dyemol eculeson adsorbent surface. Recently, Anwar
et a'® reported that initialy large numbers of unoccu-
pied surface siteswere present for adsorption process,
and after sometimeremaining siteswerenot occupied
duetorepulsveforces between thesolutemoleculeson
the solid and bulk phase solution. Theequilibrium was
achieved rapidly within 15 min a the gudied concentra-
tion of dyeby using leaves asadsorbent. However, in
case of flowersand bark the equilibrium was achieved
inabout 30 and 45 min, respectively. Initidly inthedye

adsorption process moleculeshaveto first encounter
the surrounding layer and then it hasto diffusefrom
boundary layer film onto adsorbent surface®.

Effect of adsor bent dose on adsor ption of methyl-
eneblue

To study the influence of adsorbent dose on the
remova of dyefrom agueoussol ution, different amounts
of material of leaves, flowersand bark ranging from
0.2t0 1.0% (wt/val) wereused. Themaximumremova
of dyefrom water was achieved at adsorbent dose of
0.4%for leavesand 0.6% for flowersand bark (Figure
3). However, further increase in adsorbent dose de-
creased removal of dyefrom water. Similarly, inan-
other study removal of dyeform water decreased as
the amount of adsorbent i ncreased®Y.

Effect of initial dye concentration on adsor ption
of methyleneblue

Theinfluenceof initial methylene blue concentra-
tion on its adsorption onto |eaves, flowers and bark
was studied at 50, 100, 150, 200 and 250 mg L™ of
methyleneblue. Maximum dyeremova wasachieved
by leaves at 100 mg L of dye concentration. How-
ever, flowersand bark showed maximum dyeremoval
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Figure2: Effect of agitation timeon dyeremoval by leaves, flower sand bark of Delonix regia (adsor bent dose=0.4%; pH=
7.0). Valuesaremeansof triplicatedeter minations.
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Figure3: Effect of adsor bent dosage on dyeremoval by leaves, flower sand bar k of Delonix regia (adsor bent dose=0.4%;

pH=7.0). Valuesaremeansof triplicate deter minations.

at 150 mg L dyesolution. Astheinitia amount of dye

tion by leaves, flowers and bark material wasevau-
inthewater enhanced, adsorption efficiency of leaves,

_ ated at 100 mg L* of dye concentration; adsorbent
flowersand bark decreased (Figure4). dose 0.4% and pH 7.0. The reduction in COD was

COD reduction 75.8%, 61.7% and 48.7% by using leaves, flowersand
The COD removal fromthemethylenebluesolu-  bark adsorbents, respectively (Figure5).
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Figure4 : Effect of methyleneblue concentration onitsremoval by leaves, flower sand bark of Delonix regia (adsor bent dose
=0.4%; pH=7.0). Valuesaremeansof triplicatedeter minations.

Analysisof data using adsor ption models

Tofittheequilibrium adsorption data, thefivemainly
adsorption isotherm model swereemployed, whichin-
cluded the Langmuir, Freundlich, Florry-Huggins,
Temkin and Dubinin-Radushkevich modds.

L angmuir isotherm model

The Langmuir isotherm model presumes mono-
layer coverage of adsorbate on ahomogeneous sur-
face of adsorbent. It isusually adapted for specific
homogeneous sites within the adsorbents. The
Langmuir isothermisdescribed by thefollowing linear
equationt*,

C 1 C.
e X.K, X @
WhereC_(mgL™) istheamount of dyeat equilibrium,
g, (mgg™) indicatesthe quantity of adsorbate adsorbed
per unit massof adsorbent, whereas X andK | arethe
Langmuir constants associ ated to adsorption cagpability
and rate of adsorption, respectively.

The corresponding parameters of Langmulir iSo-
therms for methylene blue adsorption onto |eaves,
flowersand bark wereshownin TABLE 1. The X °
values were 90.91, 129.87 and 117.65 mg g* for

leaves, flowersand bark, respectively. Thevalues of
‘K, ” for methylene blue were 0.073, 0.0104, and
0.0054 L g*for leaves, flowersand bark adsorbents,
respectively. The ‘K’ is adsorption equilibrium con-
stant linked to apparent energy of adsorption. The
correlation coefficient vaue (R?) isimpending to one,
clearly indicating that Langmuir isotherm holdsgood
to show adsorption of methylene bluedye on leaves,
flowers and bark. The data signified the homoge-
neous distribution of active site onto the adsorbent
surface.

Freundlich isother m modd

The Freundlichisotherm model was used to deter-
mine the adsorption strength of the adsorbate on the
adsorbent surface. TheFreundlichisothermisillustrated
by following equation’,

Iogqe=llogCe+Iogk 2
n

Where isthe concentration of dyeadsorbed at equi-
librium (mgg™) and C_ representsthe equilibrium con-
centration of thedye. K and nare Freundlich constants,
n indicates how favorablethe adsorption processis,
andK (mgg? (L mg?) 1/n) isthe adsorption capability
of the adsorbent. The 1/nis sloperanged between 0
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Figure5: Effect of different biosorbentson COD reduction in aqueoussolution of methyleneblue (dyeconcentration 100 mg
L%; adsor bent dose 0.4%; pH =7.0; agitation time 3h). Valuesaremeansof triplicatedeter minations.

and 1 and showed adsorption intensity.

For dl theisothermsstudied, theisotherm constants
and thecorrdation coefficientsR? areshownin TABLE
1. TheK valueswere 15.070, 2.832 and 1.395 L g*
for leaves, flowersand bark, respectively. Thevalues
of ‘n’ for methylene blue adsorption were, 2.721, 1.467
and 1.384 for leaves, flowers and bark, respectively,
indicating the adsorption strength of these plant materi-
as

TheFlorry—Hugginsisotherm model

Tofind out theleve of surface coverage character-
istic of the adsorbate on the adsorbent, the Florry—
Hugginsisotherm mode wasused. Horry-Hugginslin-
earized equation isrepresented as.

0
Ioga=logK -« +nlog(1-0) ©)

Wherenisnumber of adsorbate molecul es approach-
ing adsorbent, K _ , isequilibrium congtant, C isinitia
adsorbate concentration and 6= (1-C_/ C ) islimit of
surfacecoverage. A lesser valueof ‘n’ designates lower
number of sorbate moleculeswhereasagreater value

of ‘n’ is indication of higher number of sorbate mol-
eculesresiding in active sites of sorbent. K, repre-
sentsefficiency of biomassand ahigher valueof K_,
indicates most efficient adsorbent.

Values of n obtained in this study were not very
closewith experimental qvaues(TABLE 1). Greater
vauesof ‘n’ in case of leaves material revealed that this
material was more proficient than flowers and bark
materid for dyeelimination. Vauesof K, showed that
leavesweremoreefficient than flowersand bark. These
resultsreveaed that Florry—Huggins isotherm plot is
not favorabl eto show the sorption. However, val ues of
correlation coefficients as 0.9829 in case of |eaves
showed alinear relationship between Florry-Huggins
isotherm model sand | eaves adsorbent.

Temkin isotherm modé

Temkinisotherm plot eva uatestheadsorption ability
of sorbent for sorbate. When eva uated with respect to
coefficient of determination (R8), Temkinisotherm model
indicated to befavorablefor fitnessto the experimenta
data

Temkinisotherm equation can beillustrated ag*!
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RT RT

|nKT+b—|nCe 4

WhereRisuniversal gasconstant (KIJmol* K1), Tis
temperature (K), K, (dm*g™) isisotherm sorption po-
tential andb, (KJmoal) isheat of sorption.

Valuesof K, (dm*g™) for eaves biomass showed
that model favorsthe experimenta dataof leaveshbio-
mass. Order of b, valueswasin coincidewith theex-
perimental databecause heat of sorption of the mol-
eculesdeclineslinearly with coverage dueto sorbate
and sorbent interactionsand lower valuesof b, for leaves
biomass revealed this biosorbent is more favorable
(TABLEY).

Dubinin-Radushkevich isotherm modd

The Dubinin-Radushkevich model explainsthe
unigue porosity of the biomassand apparent energy of
adsorption. Theeguationfor Dubinin-Radushkevichiso-
thermisasbel owt*!,

Ing,=Ing,-2B_RTIn(1+1/C,) (5)
Where B, isfreeenergy of sorption per mole of sor-
bate, Risuniversal gasconstant (KIJmol* K1), Tis
temperature (K), C,_isequilibrium dye concentration
(mg L") and g, isDubinin-Radushkevich constant in-
dicating the sorption ability of adsorbent.

The ‘B’ for the biomass towards the dye were

g.=

lessthan unity showing that sorption of dyeby leaves,
flowersand bark materia wassignificant (TABLE 1).
ThegD and R vaues acquired fromisotherm datasup-
ported thefitnessof modd to leaves, flowersand bark
adsorbents.

Kineticmodeling

In this study, pseudo-first-order and pseudo-sec-
ond-order kinetics have been used to explain sorption
rate. Linearized form of pseudo-firs-order equation can
bewritten as.

100(qe-q) = log go- <22 ©
2.303

and linearized pseudo-second-order equationis
t 1 .t
0 keawng? G, )
Whereg, and g, indicate adsorption capacity values at
equilibriumandtimet, respectively. k  andk, , rep-
resent pseudo-first-order and pseudo-second-order
rate constants. These values can be cal cul ated from
slope andintercept. A higher value of R? for pseudo-
second-order model than pseudo-first-order kinetic
model suggestes pseudo-second-order kinetic model
isfavorableto explain sorptionrate.

Thekineticsof dye adsorption ontoleaves, flowers
and bark of Delonix regia were studied by applying

TABLE 1: Acomparison of different equilibrium modelsto explain sor ption behavior of Delonix regialeaves, flower sand

bark adsorbents
Equilibrium models Parameters Adsorbents
L eave Flower Bark
K. (dm*g™) 0.073 0.0104 0.0054
Langmuir isotherm model Xm (Mg g?) 90.91 129.87 117.65
R? 0.9852 0.9902 0.9923
n 2.721 1.467 1.384
Freundlich isotherm model K (dm*g?) 15.07 2.832 1.395
R? 0.973 0.9831 0.988
n 0.8735 3.1734 50.246
Florry-Hugginsisotherm model Ky 5.198x10° 3.45x10° 2.069x10°
R? 0.9829 0.9149 0.9324
br (kj mol™) 167.89 99.93 117.19
Temkin isotherm model Kt (dm* g™ 3.418 0.01009 0.00266
R? 0.9811 0.9714 0.9686
Bp (mol? kj?™) 0.00055 0.0038 0.0065
Dubinin-Radushkevich isotherm model oo (mg g™ 67.98 74.55 61.26
R? 0.8915 0.9271 0.9263
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TABLE 2: A comparison of different kinetic modelsto explain sor ption r ate of leaves, flower sand bark adsor bents

N Adsorbents
Sor bent dose Kinetic model Parameters

Flowers L eaves Bark
K1.a0s (Min™) 0.0269 0.0578 0.0532
Pseudo 1% Order Kinetic model 0e (Mg g™) 146.68 308.88 203.28
029 R? 0.8922 0.9869 0.8714
K 2.a0s(g mg™ min'?) 0.0002  0.000232  0.00031
Pseudo 2™ Order Kinetic model 0e (Mg g™ 238.09 3125 188.68
R? 0.992 0.9892 0.9903
K1 aas (Min™) 0.058 0.0568 0.0688

Pseudo 1% Order Kinetic model 0e (Mg g™ 120.50 70.29 60.21
04g R? 0.84 0.9034 0.7536
K 2.a0s(g mg™ min') 0.00082  0.001427  0.0025

Pseudo 2™ Order Kinetic model 0e (Mg g™) 142.85 153.85 86.21

R? 0.9979 0.9988 0.999
K 1 a0 (Min™) 0.0373 0.03846 0.0472

Pseudo 1% Order Kinetic model 0e (Mg g¥) 19.78 13.69 12.03
069 R? 0.9969 0.9951 0.8296
K 2405 (g mg™ min?) 0.0038  0.005976  0.0064

Pseudo 2™ Order Kinetic model 0e (Mg g™) 91.74 101.01 83.33
R? 0.9999 1.000 0.9998

K 1 a0 (Min™) 0.0658 0.0433 0.038

Pseudo 1% Order Kinetic model 0e (Mg g?) 23.44 7.577 2.44
08g R? 0.9405 0.9858 0.9484
K 2,405 (g mg™ min'?) 0.00629 0.0127 0.0341

Pseudo 2™ Order Kinetic model de (Mg g™) 71.94 75.76 63.29

R? 0.9997 1.000 1.000
K1.a0s (Min™) 0.0522 0.0688 0.0428

Pseudo 1% Order Kinetic model 0e (Mg g™) 1191 13.34 9.02
10g R? 0.894 0.9655 0.9549
K 2.a0s(g mg™ min') 0.00974 0.0136 0.00999

Pseudo 2™ Order Kinetic model ge (Mg g™) 59.17 62.11 56.18

R? 0.9999 1.000 1.000

the pseudo-first and second order kinetic models. The
valuesfor rate constantsK . (min*), g,(mgg) and
correlation coefficientsarerepresented in TABLE 2.
Thedataindicated agood acquiescencewith thepseudo-
second order model with correlation coefficient greater
than 0.998 and the predicted val ues of genearly coin-
cidethe experimentd vauesthusindicating the good-
nessof theplot.

CONCLUSION

It was concluded that |eaves of Delonix regiawere

found to be moreefficient adsorbent for thedimination
of methylenebluedyefromwater than flowersand bark.
Leavesof Delonix regia can beexplored onindustrial
scaefor thetrestment of wastewater containing methyl-
enebluedye. However, pH of effluent, amount of adsor-
bent, agitation timeand dye concentration should beop-
timized to get maximum remova of dyefrom effluent.
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