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ABSTRACT

The sorption of amino-phenol (dye) from aqueoustimi using groundnut (Arachis hypogea) shellskireetic and
thermodynamic approaches has been investigatedn e various experimental parameters analyzeslathount

of dye adsorbed increased from 0.202mg/g-0.218=mthe adsorbent dosage was increased from 2-@gsimilar
manner, the amount of dye adsorbed was increased €.19Img/g-0.210mg/g with increases in contawtetifrom
20- 100mins. Also, when the operating temperatuas wmcreased from 30°C to 70°C,the the amount & dy
adsorbed increased from 0.207mg/g-0.210mg/g. Treomadion capacity increased from 0.186mg/g to &mMg/g
with an increase in concentration of dye from I0ga§0mg/g. While examining the bio-sorption efficign
Langmuir and Freundlich models were used. The iwieft of determination (& for both isotherms were 0.996
and 0.994 respectively. Pseudo-first order kineticel Pseudo-second order kinetics were used toyaeathe
experimental data in which the rate constan{sakd k were observed to be 0.053 and 1.465 respectively.
Thermodynamic parameters like free energys), enthalpy 4H) and entropy AS) of the system were also
determined and it was found that the adsorptioncpss was endothermic in nature, non- spontaneodsaan
reversible isothermal process.
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INTRODUCTION

Pollution is the burning topic of the modern worlthe most dangerous type of the pollution is watwlution
Various toxic metal ions present in industrialleghts are the major sources of the pollution.fidustries such as
plastic, cosmetics, paper, textile, food and phasutcals, use chemical compounds such as Azo dy@sh are
synthetic compounds characterized by the presefin@esoor more Azo group (-N=N-) bound to aromatngs. The
textile industry is the largest consumer of theselpcts, which accounts for more than 50% of thedgd dyestuff
material [2]

However, the waste discharged from textile indastdonsist essentially of these dyes. Consequsintly discharge
into natural bodies of water is undesirable foresel/reasons. For example, it diminishes the agsthaality of
water bodies and can also be devastating to th#éhhef its consumers because of its persistenck ram-
biodegradability characteristics. Also, small cartcations of these dyes in effluent water are highikible.
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Consequently, the removal of colour from effluectstaining various kinds of synthetic dyes becoingzortant

[3].

Conventional methods such as ion-exchange, ultratfon, chemical precipitation etc., have beeredusn
wastewater treatment, but the complexity and higgt of using these methods have made it necessamyloy the
use of non-conventional agricultural by-productbeTadsorption method whereby activated carbon esntiost
widely used adsorbent has been shown to be artieéfenethod for colour removal. It has been widelgognized
that dye removed by activated carbon adsorptiotuis to the surface action between the dye anduhetibnal
groups present in the surface of the carbon[4].@uts high cost, carbon is now prepared from digggsewage and
wastes. These materials are easily acquired, aféeand cheap. They include the use of maize cabhask [3],
coconut fiber nuts, sugarcane, begasse, orange[feabalm fruit particles, sunflowers stalks, legrlhusk,
wood[6], tree fern[7], etc.

Hence in this study, we investigated the use ofigdout(Arachis hypogeaghell biomass in the adsorption removal
of Azo dyes from aqueous solutions. It is a lowt@igo-industrial waste that is common both in Nwethern and
Southern part of Nigeria. Experimental parametéfiecting the adsorption process such as effechitil dye ion
concentration, contact time, adsorbent dosage emgdrature were studied. The equilibrium adsorpdiata were
fit into the Langmuir and Freundlich Isotherms, lRE®e — first order and Pseudo — second order equstiere
considered for data interpretation. Thermodynarmai@ameters were also estimated in order to studpah&e of the
system.

MATERIALSAND METHODS

a.Sample Collection and Preparation of the Adsor bent

Groundnuts were bought from Abraka Market in Eteidast Local Government Area of Delta State, N&ggerhe
seeds were removed and the shells were sun-driexbifioe days. The dried samples were pounded aneldsissing
450nm sieve. The sieved adsorbent was stored lestigocontainer for analyses.

b.Preparation of Dye Solution
The dye (Amino-Phenol) used in this study was ol@ifrom a commercial market without further paafion.
The dye stock solution was prepared by dissolvibigd. of dye in 1 liter of water.

EXPERIMENTAL PROCEDURES

a. Effect of Dyelon concentration on Adsorption

The experiment on the effect of the dye ion conegiain on adsorption was performed according toptevious
works of[8].Several standard dye solutions of 1,30, 40 and 50mg/| were prepared. 50m1 of eatheo$olution
was added to accurately weighed 2+0.0lg adsorlmefive different conical flasks and agitated for @thutes. At
the end of the time, the suspension was filterédgug/hatman No. 1 filter paper, then centrifugetie Tdye in
concentration was determined using U-V Spectropheter.

b.Effect of Contact Time on Adsorption

The experiment on the effect of contact time onatisorption of the dye ion by the groundnut sheédicabent was
performed according to the previous works of[8Ja2ghe adsorbents was weighed into five differeoical flasks.
Concentration of I0mg/L of the dye was preparedgslistilled water.50m1 of the dye solution wastineeasured
into the five flasks. The flasks were then labdiedtime intervals of 20, 40, 60, 80 and 100 migut€he flasks
were tightly covered and agitated at the approptiate intervals. At the end of each time interytie suspensions
were filtered using Whatman No. | filter paper @hen centrifuged. The dye in concentration wasrdated using
U — V Spectrophotometer.

c. Effect of Adsorbent Dosage on Adsor ption

The experiment on the effect of adsorbent dosagtheradsorption of dye ion by the groundnut shatisorbent
was performed according to the previous works off8]3, 4, 5 and 6g of the adsorbent were weightal five
different conical flasks. 50ml of the dye solutisms measured into the five conical flasks. ThekBasere then
labeled for dosage differences of 2, 3, 4, 5 andTég flasks were tightly covered and agitated Z0mins and
thereafter the suspensions were filtered using Wwhat No. | filter paper, then centrifuged. The dym i
concentration was determined using U-V Spectropheter.
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d.Effect of Temperature on Adsorption

The experiment on the effect of temperature on ptism was performed according to the previous wafrfQ].2g
of the adsorbent was weighted into five conicatkkaand 50ml of the dye solution (I0Omg/L) was meegunto the
five flasks. The flasks were labeled for tempemtdifference of 30, 40, 50, 60 and 70°C. The flaskse tightly
covered and heated at the appropriate temperasimg thermostatic water bath at 20mins each. Atetiné of the
timing schedule, each of the flasks was broughtamat agitated for about 5 minutes. Then the suspensvere
filtered using Whatman No. 1 filter paper and cémgeed. The dye ion concentration was determinadguil-V
Spectrophotometer.

Data Evaluation

a. Calculation of the Degree of Dyes Removed in Aqueous Solution

The amount of amino phenol dyes removed by theradsb during the experiments were determined uaintpss
balance equation expressed as shown below:

\Y
e = M(CO - Ce)
Where;

ge = dye concentration on the biomass (mg/g) at Bxyisim.
C. = dye concentration in solution (mg/l)

V = Volume of initial dye solution used (m1)

M = mass of adsorbent used (g)

(b) Kinetic Treatment of Experimental Data
In order to comprehensively investigate the medmasiof adsorption, the equations of Pseudo — didér and
pseudo-second order mechanisms were applied exgerimental data.

The linear form of pseudo-first order model whiastbeen described previously is given as:
In(q, —q,)=Ing, - Kt

Where

g.= Mass of dye adsorbed at equilibrium (mg/g)

g = Mass of dye adsorbed at time t(mg/g)
k = equilibrium constant. The linear plot of lafgq) versus t confirms this model.

The linear form of pseudo-second order model asusad by [10] is given as:

t 1 t
=4 —
g h q
Where

g: = Amount of dye ion on the adsorbent surface ()ngigime t.

de = Amount of dye ion adsorbed at equilibrium (mgi@) the initial adsorption rate, lis further defined by the
equatiorho=K,q¢

Where K is the pseudo second order rate constant (g/my min

A linear plot oft/qt against t confirms the model.
RESULTSAND DISCUSSION

a. The Effect of Contact Time

The effect of stay time for the adsorption of the dvas studied between the intervals of 20minsvaasl varied
from 20 to 100mins. Figure | illustrate the adsavptof dye at different time duration. As the canitime was
increased, the amount of dye adsorbed was incréem®edd.191mg/g to 0.210mg/g. Similar trend wasered for
PE** adsorption on teak leaves activated carbon[12]

From the Figure | below, it indicates that the amtoof dye removed increased with increase in tiasewell as
percentage of dye removed in which maximum per(@391%) was obtained at I00mins. This may be duthé
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fact that, as the dye solution adsorbent systdmiizy agitated at longer time, more of the moleculatoms of the
dye will accumulate on the surface of the adsorbati equilibrium is reached.

However, similar trends have been observed by suttrer researchers[11];[9] and[8].
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. CGH'?(: time (mins)

Figurel : Effect of contact time on dyeremoval

b. The Effect of Adsorbent Dosage

The effect of the amount of adsorbent (groundnatisbn the adsorption of amino phenol was studieavhich the
amount of adsorbent was varied from 2g to 6g. ledushows the effect of adsorbent dosage on timeval of the

dye in which the amount of dye adsorbed increasenh f0.202mg/g — 0.218mg as the adsorbent dosage was
increased from 2-6g.

From Figure II, maximum absorption of 0.218mg/gtd dye occurred when the adsorbent dosage wad/d@g.
so, the maximum percentage (87.08%) of dye adsabtds dosage (69) is also shown in Figure 2velo
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Figurell: Effect of Dosage on dyeion removal
Meanwhile, similar behaviour has been reportedthgroworkers[13];[8] and[14].

b.The Effect of Temperature

The dependence of dye adsorption on temperaturestudsed within the temperature range of 30-70°ke €ffect
of temperature on the adsorption of dye is shawhigure Il in which the amount of dye adsorbecréased from
0.207 to 0.213mg/g with increase in temperaturenfB0 to 70°C.

Though the increase in the amount of dye removethesemperature increases is not of much signifie,
according to[8] the higher removal due to incregsegmperature may be attributed to chemical reac¢tking place
between the functional groups of the adsorbentlaadlye. More so, at higher temperatures theredvoealincrease
in the mobility of the large dye ion thereby prophgca swelling effect within the internal structwrthe adsorbent.
Thus, enabling the large dye molecules to penefiatiner, however, the trend of increased adsomptioth
increased temperature has been reported by oth&ersfil5];[11]
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Figurelll: The Effect of temperature on dyeion removal

d.Effect of Dye lon Concentration

The experimental results as shown in Figure IMh&f removal of amino phenol dye by groundnut sfrein
various initial dye ion concentrations are giveheTadsorption capacity increased from 0.186 to8nfifZg with an
increase in the concentration of dye from 10 torfgflg, having maximum adsorption of 1.028mg/g at §@mn

However, the actual percent removal of the dye feasd to increase with increase in initial dye camication
(Figure 1V). This may be due to the fact that as tlye concentration is increasing, more dye islaliai for
adsorption on the adsorbent. This is due to thecefif concentration gradient which is the mairvidg force for
the adsorption process[9]. Similar trends have lodmserved by other workers[11].
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FigurelV: Effect of concentration on dyeion removal

e. Langmuir Isotherm

The Langmuir isotherm model was chosen for tharedton of maximum adsorption capacity corresponding
complete monolayer coverage on the biomass sutfabes plots of specific adsorption @) against the
equilibrium concentrations {care shown in Figure V and the linear isothermapwaaters, g, K. and the coefficient
of determinations are presented in Table |

S =1

1 +.KG
Where;
K, = Langmuir isotherm constant
C, = Initial dye ion concentration of 10mg/I.

The § parameter indicates the shape of the isotherrollasvk:
S > 1 unfavorable isotherm

S = | linear isotherm

S = O irreversible isotherm

0 < §< 1 favorable isotherm
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The separatin parameter had been used by],to study the adsorption ofpb2+ and2+ ions on maize cob
biomass.

The separation parameter for the dye is less timity indicating that thegroundnut shell biomass is an excell
adsorbent for amino phenol ions. The Langmuir isothparameters are shown in Table | be

15 y=-0.275x+ 11.10
Rz = 0.966
S 10 0 o
SN
%
0 - T T T T 1 —Lineary
0 2 4 6 8 10
X(mg/l)

FigureV: The Langmuir isotherm plot

Where; Y=C/g. and X=C

TABLE I: LINEAR LANGMUIR ISOTHERM PARAMETERS

Dyeion am(mg/g) | Ki(L/ig) | R? S
Amino phenc | -3.636 -40.36 | 0.9 -0.0025

f. Freundlich I sotherm
The Freundlich model was chosen to estimate therptisn intensity of the adsorbeon the adsorbent surface. T

linear Freundlich isotherm for the adsorption & ttye ion into groundnut shell waste biomass aesemted it
Figure VI. Examination of the plot reveals that theeundlich isotherm is also an appropriate modelthe
adsaption process under consideration. Table Il shthedinear coefficient of determination?).

Based on the value o’ Rhe linear form of the Langmuir isothern?=0.996) appears to produce a more reasot
model for the adsorption of amino phenol than the Freundlich’s modelt®0.994).

0.5 - y=1.142% - 2 465
R2 = 0.994
0
® 05
té" L 2
> 1 Linear(Y)
-1.5 A
_2 J

X(mg/l)

FigureVI: Freundlich isotherm plot
Where;Y=Ing and X=InG

TABLE Il: FREUNDLICH ISOTHERM MODEL

Dyeion am(mg/g) | Ki(L/g) | R? S
Amino phenc | 0.876 -0.463 0.994 -0.07p
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g.Adsorption Kinetics
The kinetics of adsorption is probably the most amignt factor in predicting the rate at which agsion takes

place for a given system.

A plot of In(g.-q;) against t as shown in Figure VIl gave the psefigo-order kinetics. From the plot, it is observed
that the relationship between dye ion diffusivity(ge-g) and time is linear which confirms the model’slipito
describe the data. In Table Ill, the value of deafht of determination Ris shown and the value indicates that
Pseudo-first order model provide a good descripfmnthe adsorption of amine- phenol on the growtdshell

biomass.

500 -
y=4.615x + 14.3

& 200 1 R2 = 0.999
£ 300
e
> |

100 ——LinearyY

O T T 1
0 50 100 150
X(mins)

FigureVII: Pseudo-first order plot
Where; Y=In(g-q;) and X=t

TABLE I11: PSEUDO-FIRST ORDER KINETIC PARAMETER

Dyeion Ki g«mglg) | R?
Amino phenol| 0.876] -0.463 0.99%4

However confirming the linearity of the Pseudo-Fisder Model, the same observation has been exbdg[15]
for the absorption of basic dye on strongly chatapolymer.

500 -
y=4.615x + 14.3

400 - R%=0.999
T 300 -
£
= 200 - oy

100 - LinearY

0 T T 1
0 50 100 150
X(mins)

Figure VIII: Pseudo-second order plot
Where; Y=t/qand X=t

TABLE 1V: VALUES OF PSEUDO-SECOND ORDER KINETIC VALUES

Dyeion ho(mg/g/min) | Ky(mg/g/min) | ge(mglg) | R?
Amino phenol| 0.069 1.465 0.217 0.999
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Pseudo-Second Order Model

A plot t/q against t as shown in Figure VIII gave the PseBdoond Order Kinetics. From the plot, it is observ
that the relationship between téand t is linear which confirms the model. Alsoe timitial sorption rate §y the
equilibrium adsorption capacity,cthe Pseudo-Second Order rate constarardl the coefficient of determination
R? are presented in Table IV below. Based on theevaluR,the pseudo-second order model provide a better
description for the adsorption process better thanpseudo-first order model. This observation bheen reported
by[17] for the adsorption of basic blue using ckesed activated carbon adsorbent.

Thermodynamic Parameters
The values of thermodynamic parameters like frer@n(AG®) enthalpy(AH®) and entropyAS’) of the adsorption
process were calculated from the Langmuir condfamging the following equations.

AG = —RT Ink

Ink = AS - AH
R ~RT

AG = AH -AS

The value ofAH° and AS°® were calculated from the slope and interceptheflinear variation of Ink with the
reciprocal of temperature (I/T) and are given ibl€av and Figure IX.

0.082 -
0.08 -
0.078 -
0.076 -
0.074 -
0.072 -
0.07 - Linear Y
0.068 T T T T T )

0.00280.0029 0.003 0.00310.00320.00330.0034

y = 24x + 0.000
R?=0.993

InK(L/g)

L

1/T(1/mins)

FigurelX : Thermodynamic plot

TABLEV: THERMODYNAMIC PARAMETERS OF THE ADSORPTION PROCESS

Temperature’C) | AH® (KImole) | AG® (KImole) | AS? (JKmole)
30 119.539 119.539 0.00
40 119.539 119.539 0.00
50 119.539 119.539 0.00
60 119.539 119.539 0.00
70 119.539 119.539 0.00

From Table V above, the values 46° at different temperatures are positive, which shdkat the adsorption
process is not spontaneous. The values of entlapylso positive, which reveals the endothermtareaof the
process according to[11] for the removal of basfe,dnethylene blue by using bioadsorbents ulvautacand
sargassum. The values of entropy are zero whiakaie\a reversible isothermal process.

CONCLUSION
The kinetics and thermodynamics of the sorptiothefazo dye (Amino- Phenol) by groundii@tachis hypogaea)

shell have been studied. It was found out thatettgerimental parameters studied all followed theesérend. As
contact time, temperature, adsorbent dosage atial ihye ion concentration increased, the amourntyefadsorbed
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and the percentage removal of dyes increased. qiigbeium data fit both the Langmuir and Freuntlisotherms
but the Langmuir model was found to be a bettacdgtor of adsorption process. The kinetic assessmof the
data showed that the pseudo-second order gave ter bambetic description of the adsorption proce¥he
thermodynamic parameters also showed that the gtitsoiprocess was endothermic but not spontaneous.

However, the data obtained showed that groundiatgchis hypogaea¥hells biomass was effective as adsorbent
for removing dyes from wastewater can be used @ceplof a conventional method. This is justifiedtbg fact,
groundnut shell waste is cheap, readily availabtb@an also readily adsorb dyes from waste water.

The values ofAG®° at different temperatures are positive, whictidates that the adsorption process is not
spontaneous. The positive values of the enthafeal that the adsorption process was endothérmioature
which is in accordance with the work of [11] forethremoval of basic dye, methylene blue by usingdéorbents
ulva lactura and sargassum. The zero values adrtrepy show a reversible isothermal process.
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