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ABSTRACT KEYWORDS
Dyes and pigments to cater to the needs of not only the textile industries EosinY dye;
but also of other industries such as paper, rubber, plastics, paints, printing Adsorption;
inks, art and craft, leather, food, drug and cosmetics. EosinY isasamodel Datepam;
anionic dye that isused in wool and silk to give red colour with ayellow Freundlichisotherm;
fluorescence. Generally dyesare stableto light, heat and oxidizing agents Biosorption;
and are usually biologicaly non-degradable. The dye-bearing effluent, Desorption.

when discharged into water bodies, affects photosynthesis, aquatic life,
and also humans. Many investigators have studied different techniques
for removal of colored dye from wastewater. The leaves of date palms,
Phoenix dactylifera L. were used as biosorption of phosphates from aque-
ous solution, dyes. Since adsorption of eosin Y is used by chitosan
nanoparticles, activated carbon. The present study deal with the adsorp-
tion of eosin Y from agueous solution using the Leaves of date palm of
Phoenix dactylifera L. The concentration of dye was determined by aUV-
visible spectrometer. In this study The effect of contact time, pH of solu-
tion, adsorbent dosage, initial eosin Y concentration and effect of tem-
perature were investigated. The equilibrium and kinetics of the process
wereinvestigated aswell. Theeosin Y uptake increased with the increase
of initial eosin Y concentration and decreased with increasing pH value.
The Freundlich isotherm was found to be the most suitable for eosin Y
adsorption on Phoenix dactylifera L date palm. A pseudo second-order
kinetic model successfully explains the kinetic of reaction. The posetive
values of AG, AH® and AS° indicate that the adsorption process is
unspontaneous and endothermic in nature. For desorption of the dye
from the adsorbent,It was observed that the desorption of the dye is
favored at highly basic pH (desorption was 86.952 % at apH of 13). Des-
orptionswere obtained after 180 minute of operation. Theresultsof present
investigation show that the relatively low cost and high capabilities of the
Phoenix dactylifera L date palm make them potentially attractive
adsorbents for the removal of eosin Y from agueous solution.
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INTRODUCTION

Varioustypesof dyesaremanufactured for printing
and dyeing industries from coal tar based hydrocar-
bons such asbenzene, naphthal ene, anthracene, tolu-
ene, xylene, etc. Dyes and pigments to cater to the
needsof not only thetextileindustriesbut a so of other
industries such as paper, rubber, plastics, paints, print-
inginks, art and craft, leather, food, drug and cosmet-
ics. Dyesareclassifiedinthree broad classes: (a) an-
ionic: direct, acid and reactive dyes(b) cationic: al ba-
sicdyesand (c) non-ionic: dispersed dyes. EosinY is
asamode anionic dyethatisusedinwool and silk to
givered colour with ayellow fluorescence™. Generaly
dyesare stableto light, heat and oxidizing agents, and
areusually biologically non-degradabl€?. Themgority
of thesedyesare of synthetic origin andtoxicinnature
with suspected carcinogenic and genotoxic effects. The
dye-bearing effluent, when discharged into water bod-
ies, affects photosynthesis, aguatic life, and aso hu-
mang?. Thewastewatersfrom theseindustriesareim-
portant source of water pollution. Many investigators
have studied different techniquesfor removal of col-
ored dyefrom wastewater, e.g. chemical coagulation/
flocculation, different advanced oxidation processes,
ozonations, cloud point extraction, nanofiltration, mi-
cdlar enhanced, ultrafiltration, adsorption onto (i) ag-
riculturd solidwaste(ii) cacned dunite(iii) varioustypes
of activated carbon and (iv) surfactant impregnated
montmorillonite, etc’Y. So thewastewatersfrom the
textileindustriesshould betreated beforethe r discharge
into environment!?. Theleavesof date palms, Phoenix
dactylifera L. were used asbiosorption of phosphates
from aqueous sol ution, dyes (methylenebluedye) and
wereeva uated asbiomonitorsof heavy metal contami-
nationinthecities. Sinceadsorptionof eosnY isused
by chitosan hydrobeadd?® chitosan nanoparticles® the
solar photo-fenton processes® activated carbon™.

The present study deal with theadsorption of eosin
Y from aqueoussolution usng theLeavesof datepam
of Phoenix dactylifera L. The Phoenix dactylifera
L. datepamisoneof themost cultivated pamsaround
theworld. It hasagood toleranceto cold and dry-hot
climates. After annually trimming operations, enormous
quantitiesof date pamleaveswastesarethrown away,
exception smaller scaesfor artisan products. Datepam
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leaves could offer an gppreciable economic and envi-
ronmental potential, which should beinaposition to
effectively contributeto their useasreinforcement in
hot dry climates. In this study, the effects of various
parameters such as, contact time, pH of solution, ad-
sorbent dosage, initid eosin'Y concentration and effect
of temperaturewere examined.

MATERIALSAND METHODS

Preparation of thematerials

Thedyeusedinthisstudy iseosinY, whichisan-
ionicin nature (The structure of thedyeisshownin
Figure 1)1,

Figurel: Sructureof eosinY

EosinY wasobtained from Merck. The dye solu-
tionswere prepared by dissolving accurately weighed
amountsof dyein distilled water at concentrations of
50, 100, 150, 200, 250 and 300 (mg/l). 1.0, 0.1, 0.05
and 0.02 N hydrochloric acid and sodium hydroxide
solutionswere used to adjust thepH of thedye solution
(Jenway pHmeter, model: 3510). The natural powder
used in this research are from the leaves of Phoenix
dactylifera L. Phoenix dactylifera L. date palm turn
obtained from boshehr province (southern of Iran). In
this study, we chose unwashed and dry leavesthen cut
and powdered them. Powder of Phoenix dactylifera
L L. date pamwaswashed with distilled water and the
solution was placed in aconstant temperature bath and
stirred with the help of astirrer at 700 rpm (Jenway
hotplate and stirrer, model: 1203). Then dried at 100
°C for 24 hour (Ehret oven, model: BK3064)!©!.

Adsor ption kinetic measur ements

EosinY adsorption kinetics study was carried out
with differentinitial concentrationsof eosin’Y and afixed
concentration of the adsorbents at room temprature (+
0.1°C) (bath: Julabo, model: F12). Beforethe start of
each kinetic experiment, 1000 mg of the samplewas

Hn Tndéan g%wumé



112

Kinetic study of eosin Y dye biosorption by leaves of date palm

PCAIJ, 7(3) 2012

Full Paper ==

loadedinalLitre. Six levesof initid eosin’Y concen-
trations 50, 100, 150, 200, 250 and 300 ppm were
used. ThepH of the solution was maintained at ade-
fined v ueby manually adding HCI and/or NaOH so-
lutions. The Erlenmeyer flask was capped and stirred
magnetically at 700 rpm for 180 minutesto ensure ap-
proximateequilibrium. Fveml| of solutionwassampled
for interva s between 0 and 180 minute of adsorption.
At the end of the adsorption period, the solution was
centrifuged with 5000 rpm for 5 minute. The concen-
tration of dyewas determined by a UV-visible spec-
trometer (GBC, Austrdiamode: Cintra20) at awave-
length (2, _) of 517 nmi*.

Desor ption exper iments

ToevauateeosinY desorption from the samples,
theresidua solidsretained on thefilter paper were col-
lected in 150 ml Erlenmeyer flask after filtration of the
suspension from an adsorptiontest. Theflask wascov-
ered withmagnetic stirringat 700 rpm for 3 hour while
pH was maintai ned at the samevalue asinthe adsorp-
tion experiment. The suspension sol ution was centri-
fuged and analyzed for desorbed eosinY inasimilar
way described previously. The quantity of desorbed
eosin’Y wasdetermined by theamount of eosinY in
solution after the desorption experiment. The
desorbability isexpressed according to the capacity of
desorption g, (mg/g) and the capacityof the adsorption
g, (mg/g) of adsorbate, asfollows:

a

Desor bability (%) = (g—de 100 @

Eosn uptake

TheeosinY uptakewascal culated following the
concentration difference method. Theinitial concen-
tration C, (mg/L) and | eft over eosin’Y concentration
at different timeintervals, C_(mg/g), were determined
andtheeosinY uptake g, (mgeosin’Y adsorbed/ g
adsorbent) was cal cul atedfrom mass bal ance equa-
tionasfollows:

c -C,
qe=( - xV) @

WhereVisthevolumeof thesolutioninlitreand M is
themass of sorbent in gram. Theextent of sorptionin
percentageisfoundfromtherelation:
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Sorption(%)=(ci(;C

e)xloo 3

All statistical analysiswas done using Microsoft
Excel 2003 version office X PE.

RESULTSAND DISCUSSION

Effect of contact time

Theresultsshow that adsorption processisclearly
timedependent. From thisstudly, it isobserved that most
of theeosinY specie uptake occurswithin atime of
180 minutea 70% of thetotally biosorbed for aninitia
eosinY concentration of 100 (mg/l). For periodsgreater
than 90 minute, the uptakeisfurther increased but with
amuch dower rate. Equilibrium began establishingit-
sdf after gpproximatdy acontact period of 180 minute.
Also, theoutcomeisgenerdly inlinewith previoussmilar
studies, such asthe adsorption of eosin’Y onto some
natural and low cost adsorbent attai nsequilibrium at
about 3 hour. Further increasein retention time does
not seem to have any impact on the equilibrium con-
centration. Hencedll the adsorption experi mentswere
carriedin 180 minute.

Effect of pH on eosin'Y adsor ption

The pH of the aqueous solution is an important
variablethat influencesthe bisorption of ionsat the
solid-liquid interfaces. The pH value of theeosinY
solution playsanimportant roleinthewholebiosorption
process and particularly on the bi osorption capacity.
With asimilar procedure, the effect of pH oneosinY
specie adsorption onto Phoenix dactylifera L. date
pa mwasexaminedin aseriesof experimentsthat used
thesameinitial eosin’Y concentration (100 mg/l) while
maintaining pH at different valuesbetween1.0and 8.0.
To achieve the maximum adsorption capacity of the
adsorbent for eosinY ionsit wasfound pH =4.0. The
results show that the uptake of eosin’Y specie adsorp-
tion onto Phoenix dactylifera L. date palm tendsto
decrease with theincrease of pH. Thiscan beattrib-
uted to thefact that ahigher pH valueleadsthe sur-
faceto carry more negative charges and thuswould
moresignificantly repul sethe negatively charged spe-
ciesinsolution. Therefore, at higher pH vaue, thede-
creaseof eosn’Y adsorption capacity resulted froman
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increased repulsion between the more negatively
charged eosin'Y anions and negatively charged OH-
anions charged surface adsorbent sites. Sowith in-
creasing acidity of the solution, the surface becomes
morepositively charged: consequently, higher remova
isexpected at low pH values.

Effect of adsor bent dosage

To achieve the maximum adsorption capacity of
the adsorbent for eosin Y ions, the dose of Phoenix
dactylifera L date palm materialswas varied from
2.0t020.0 (g/l) and it wasfound that adose of 8 (g/
I) was sufficient for the maximum uptake of eosinY
ionsunder thereported experimental conditions. Itis
also seen that afurther increase in adsorbent dose
(greater than 8.0 (g/l)) affectsthe uptake of eosinY
adsorption gresatly: theeosinY uptake adsorption de-
creases. Thisresultisrelated to the effect that for sig-
nificant doses of Phoenix dactylifera L date palm,
theleaveswererolled up the ones on the othersand
consequently thereisnot agood contact withtheeosin
Y ionsdissolvedinthefollowed solution.

Effect of initial eosin Y concentration

Experimentswere undertaken to study the effect of
varyinginitia concentration 50 - 300 (mg/l) oneosinY
specieremoval onto Phoenix dactyliferaL date palm.
The experiment were carried out at 25 °C, an adsor-
bent doseat 8 (g/l), an agitation speed at 700 rpm and
pH at 4 for a contact period of 180 minute. It was
foundthat adose of 100 (mg/l) wassufficient. Theex-
periment indicatesthat al curveshavethe same shape.
TheeosnY uptakedecreased withincreasnginitid eosin
Y concentration. Thismay beduetothefact that at a
fixed adsorbent dose, the number of active adsorption
sitesto accommodate the adsorbateion remainsun-
changed whilewith higher adsorbate concentrations,
the adsorbateionsto beaccommodated increase. Cor-
responding cumulaiveremova (mg/g) islower a higher
initid concentrations. Thisisattributableto decreasein
contact between adsorbent and adsorbate at higher
concentrations.

Effect of temperature

Adsorption experimentswerecarried out for 100
(mg/l), eosinY at four different temperature (5.0, 15.0,
25.0, 35.0, 45) °C using 8.0 g of Phoenix dactylifera
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L date palm per liter of the solution in order to ob-
servetheeffect of temprature on the adsorption ca-
pacity. It was observed that with anincreasein tem-
perature, adsorption capacity increased. Thethermo-
dynamic parameters AG°, AS° and AH° for thisad-
sorption process have been determined using thefol-
lowing equations:

AG® = AH°-T AS® 4)

q AS® —AH°
logK . =log] = |= +
9Re g(ce) (2.303R) (2.303RT) ®)

Whereg_isthe maximum amount of dye adsorbed per
unit mass of the Phoenix dactylifera L date pam (mg/
g). C_isequilibrium concentration (mg/L) and Tistem-
peraturein Kevin. It may be noted that the experimen-
tal dataconsidered herefor the calcul ation of thether-
modynamic parameters (AG°, AS” and AH®) arein
thelinear range of the equilibrium adsorption isotherm.
Therefore, EQ. 5 can be used with the experimental
data to evaluate entropy of adsorption AS® and en-
thalpy of adsorption AH® from aplot of log(q /C) ver-
sus 1/T. Thevaueof gibbsfreeenergy (AG®) isthen
calculated from Eq. 4. The values of AH°, AS® and
AG® areshownin TABLE 1for theinitia dye concen-
tration of 100 (mg/I)!.

1UT(K!
03 . L.,

0.0p32

0.0033 0.0034 0.0035 0.0036 0.0D37

y = -1338.9x + 4.0074
R? =0.9401

09
Figure2: Van’t Hoff plot for the biosor ption of eosinY on
Phoenix dactyliferaL date palm.

The posetivevaluesof AG® and AH® indicate that
the adsorption processis unspontaneous and endot-
hermicin nature. The posetivevalue of AS® suggests
increased randomness during adsorption.

Adsorption isotherms
Twowell known modd s, namely the Langmuir and
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TABLE 1: Thermodynamic par ameter sfor theadsor ption of eosin dyein the Phoenix dactylifera L datepalm

Dye concentration AH° AS AG° (kJmol™) at temper ature
(mg/l) (kJ mol™) (Imol K™ 278K 288K 298 K 308K
100 25.636 76.73 4.205 3.858 2.426 2.126

Freundlich models, are used to ana yze the experimen-
tal data

Langmuir isotherm

The Langmuir adsorptionisothermisapplicablein
many adsorption processes. Thebasic assumptionis
theformation of amonolayer of adsorbate onthe outer
surface of theadsorbent and no further adsorption there-
after. The Langmuir model isexpressed as.

[ Qnc,
9 '(1+ bCeJ ©)

A linear fromof thisexpressonis:

C. 1 C,
(qu_(Qb+Q) ¥
Where g, istheamount of adsorbate adsorbed per unit
weight of adsorbent (mg/g), and C_istheequilibrium
concentration of theadsorbate (mg/l). The constants Q
and b areLangmuir constants. Vauesof Q (mg/g)andb

(I/g) arecalculated from theintercept and sl ope of the
plot of C /g, versusC.

Freundlichisotherm

Thismodd isindicative of theextent of heteroge-
neity of the surface of the adsorbent andisgiven by:

qe = K Fctle/n (8)
WhereK_and nare Freundlich constant. Alinear form
of theFreundlich expressionisasfollows:

Iogqe=logKF+%IogCe ©)

The congtantsK _and n signify the adsorption capacity
and intensity of adsorption, respectively. Vauesof K _
and n are cal culated from theintercept and dope of the
plotof log g versuslog C M.

Adsorption data of eosin Y on the Phoenix
dactylifera L datepam areca culated. The coefficients
of thesetwo-isotherm mode sfor the Langmuir isotherm

is(R?=0.8368) (Figure2) and for Freundlich isotherm,
is(R?=0.9283) (Figure 3). Thedataprovideinforma-
tion on the maximum amount of Phoenix dactyliferaL
date padm required to adsorb aparticular massof eosin
under specified system condition. Correlation coeffi-
cientsarea o cd culated by fitting the experimentd ad-
sorption equilibrium data for the eosin Y- Phoenix
dactylifera L date palm system, using both the
Langmuir and freundlich adsorption isotherms. It was
found that theadsorptionisotherm for theeosinY Phoe-
nix dactylifera L date pam systemisexplained better
by theFreundlichisotherm.

8 1 @
7.5 -
7 4
= 65 -
2 =l
@
S 554
8 51 = 0.0293x + 3.4304
42 R? = 0.8368
4 1 .
35 T T )
10 60 ce (mgi) 110 160
1.4
s ) .
1.2 -
1.1 1
8
8.9
0.8
0.7 y =0.7205x - 0.233
0.6 1 & R? = 0.9283
0.5 T T
1 1.5 log Ce 2 25

Figure3: Langmuir (a) and Freundlich (b) biosor ption iso-

thermfor eosin on Phoenix dactyliferalL date palm.

TABLE 2: Langmuir and Freundlich constantsfor thebiosor ption eosin on Phoenix dactylifera L date palm.

Constant in Langmuir model

Constant in Freundlich model

T(CK)  Q(myg) b (I/g)

R (usingin Co=100mg/l)

T (°K) Ke (I/mg) n

298 34.13 0.0085

0.539

298 0.5848 1.3879
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Adsor ption kinetics

Thekinetics of theadsorption of easinY on Phoe-
nix dactylifera L date palm have been described by
first and pseudo second-order models. The Lagergren
sequationfor first-order kineticsisgiven asfollows:

Kt (10)

2.303

Where g_and ¢, are the amount of eosin’Y adsorbed
(mg/g) at equilibrium and at any timet, k, istherate
congtant (min). Theplot of log (q-q) versust givesa
straight linefor thefirst-order adsorption kinetics. The
vaueof thefirst-order rateconstant k isobtained from
thedopeof thestraight line.

The expression for the pseudo second-order rate
equationisgivenas.

(o a)
— | = 2+_
qt k2qe qe

InEq. 11, k,(g/mgmin) istherateconstant for theppseudo
second-order adsorption kinetics. Thedopeof theplot(t/

log(g.-9q,)=logqg,—

(1)

1.3
i (a) « 50{mg/T}
¥ w 100(mg’l)
a 150 (mgil)
os F : & 200(mal}
= © 250(mgl)
é'_ o0 200(mg/l)
g
= 034
024 200
~
o
-0.7 -
Time (min)
60
= 50{ma/l_ ®
50 * 100 (mgA)
40
o
g
iz
20 A
10 4
i =

100 150 200
Time (min)

Figure4: Pseudofirst-order (a) and Pseudo second-or der (b)

kinetic models data for biosorption of eosin on Phoenix

dactyliferaL datepalm.
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q) vstgivesthevaueof g, and fromtheintercept k, can
beca culated. Thevauesof theratecongtantsareshown
(Figure4) that it isclear from the nature of fit and the
correlation coefficientstabul ated that the adsorption of
eosin’Y on Phoenix dactylifera L date palm is better
represented by pseudo second-order kineticgt.

Desor ption study

Thetest of eosin’Y desorptionwere coducted with
initial eosin’Y concentration (100 mg/l) at pH 11. The
eosin’Y desorbability can be defined astheratio of the
desorbed eosin'Y over thetotal adsorbed eosin'Y by
the adsorbent. Therefore, the desorbability of eosinY
can be used to indicate the amount of the desorbed
eosinY inpercentagefromeosin’Y loaded onto Phoe-
nix dactylifera L date palm material. The amount of
thedesorbed eosinY isdlightly increased with thein-
crease of theadsorbed eosinY. Theseresultsindicate
that theeosin'Y adsorption onto Phoenix dactylifera
L date palmisnot completely reversibleand the bond-
ing between the sampl e particlesand adsorbed eosinis
likely strong. Itisrelatively difficult for the adsorbed
eosinY to be desorbed from the samples.

Desor ption kinetics

It is proposed that the desorption rate at any in-
stant would be proportional to thedriving force, i.e.
Thedifference between theinitia (at t =0) amount of
the adsorbed dye and the day concentrationin the so-
lution, a any timet. Thedye concentrationinthe solu-
tioninturn would berelated to the amount of the dye
till remaining adsorbed, through amassbalancethisis
mathematically represented by thefollowing equation:

(d—q)m(qo—kq) (12)

dt

Where o and k arethe constants (k= 1). g, and g are
the amount of adsorbed dye present per gram of Phoe-
nix dactylifera L date palm at timet =0 and at any
timet = t,respectively. Integrating Eq. 12 between t
=0 and any time, thefollowing expression of the per-
centage desorptionisobtained®.

k-1
k

D= 100><( j[l— e "] (13)

WhereD isdefined as D=(1-i]xloo (14)

Qo
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Thevaluesof kand o can be determined from the ex-
perimentd dataunder various operating condition.

Effect of pH

Theeffect of pH on the percentage desorption of
dyewithout adding any surfactantsisstudied. At higher
pH, the dye molecul es become anionicin natureand
adsorptionisredtricted, asdiscussedinsection 3.2. Thus,
withtheincreasein pH, desorptionincreases. it canbe
seen that after 180 minute of operation, desorption of
dye increases from about 49.37 % to 86.95% when
pH increasesfrom 11to 13.

CONCLUSIONS

Adsorption of eosin’Y on Phoenix dactylifera L
date palm was studied in this paper. Theeffect of vari-
ous operating conditions, namely, pH, initial dye con-
centration and temperature wereinvestigated for the
operation. Theequilibrium and kinetics of the process
wereinvestigated aswell. Removal of eosin’Y from
aqueous solution onto Phoenix dactylifera L datepam
was carried out at room temperature. Resultsindicate
that pH, initial eosin’Y concentration and adsorbent
dosageimpactedeosinY speciesremoval. TheeosinY
uptakeincreased withtheincreaseof initial eosnY con-
centration and decreased with increesngpH vaue. Itis
also seen that a further increase in adsorbent dose
(greater than 8 (g/l) affect the uptake of eosin Y
biosorption greatly. The conditions of maximum
biosorption of theeosinY ionswere optimized. In na-
ture and in normal treatment, the treated waters are
usualy at pH from 1.0 to 8.0, so the adsorption capac-
ity of eosinisabout 8.77 (mg/g) at pH 4, for an adsor-
bent dosage of 8 (¢/l), initid eosn concentration of 100
(mg/l), with Efficiency of biosorption (Ra=71.37 %),
under aconstant temperature of 5- 35°C, and the equi-
librium state was reached within 180 minute of expo-
suretime. The Freundlichisothermwasfoundto bethe
most suitable for eosin Y adsorption on Phoenix
dactylifera L date palm. A pseudo second-order ki-
netic mode successfully explainsthekinetic data. For
desorption of thedye from the adsorbent, anumber of

Physical CHEMISTRY o

pH valuesand different surfactantswere used (pH =
11 - 13). It was observed that the desorption of the
dye is favored at highly basic pH (desorption was
86.95% at a pH of 13). Desorptions were obtained
after 180 minute of operation. Theresultsof present
Investigation show that therelatively low cost and high
capabilities of the Phoenix dactylifera L date palm
makethem potentialy attractive adsorbentsfor there-
moval of eosnY from agueoussolution.
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