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ABSTRACT

Everyone now agrees that our planet goes wrong. She will face a dramatic
increase in demand for water inthe near future. But if it comesto that today
is because of our irresponsible behavior vis-a-vis this nature that we have
not adhered to itsfair value. Indeed, with technologica progress combined
with a population growth, water demand has increased. This generating
capacity is exceeded dueto our releases. Indeed, industrial, agricultural and
domestic effluents origin is often responsible for low or non-biodegradable
pollutants. Their impact on thefloraand faunaisvery harmful. Theelimination
of these pollutants can be achieved by adsorption of materials cost, research
has focused on the adsorption of acetic acid on clays. Studies in “batch
method” were used to determine the contact time (1 hour for the yellow clay
with removal efficiency of 41.25% and 2 hours for the gray clay with 35%
elimination substrate at a concentration of 0.2 mol / ). However improving
the removal efficiency can vary under the influence of some parameters:
temperature, concentration of adsorbatein solution, time, mass of adsorbent
and pH revealed a significant improvement in capacity and the rate of
adsorption of acetic acid on the media. In addition, the adsorption of this
compound iswell described by kinetic models of Langmuir and Freundlich.
As the adsorption kinetics is well described by the model pseudo-second
order modd. © 2014 TradeSciencelnc. - INDIA
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INTRODUCTION

Theintensiveuseof organic moleculesin everyday
lifehas caused problemsbothin theenvironment andin
food*2. It isimportant to mention that environmental
pollutionisdueto dischargesof textileindustriesandin
power, thetoxicity isdueto theincorporation of sev-
eral organic moleculesduetotheuseof fertilizersand
pesticides?.

To remedy thissituation, several decontamination

methods havebeen devel oped, weincludefor example:
adsorption*®, ion exchangel®”, flocculation-
coaculation®... etc..

Inthiswork, we present theresultsfor the adsorp-
tion of acetic acid ontwo typesof clay. Todo this, we
determined successively, the contact time, theinfluence
of parameters such astemperature, concentration of
adsorbatein solution, pH and massmedia Thisstudy
isessentid to understand the mechanismsgoverningthe
adsorption
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MATERIALSAND METHODS

Theclaysused aretheagadir region.

M easuresthe concentration of theorganic molecule
solutions at different reaction times were followed by
chemicd assay.

Theexperimentswereconducted in“batch method”
(inagngleflask of 50ml) a roomtemperature(25° C). It
should be noted that thetemperature control wasdoneby
amply readingthethermometer. Alsotoensuregood dis-
persion of solid particles, weadoptedthevaueof 10g/1
(0.5¢/50ml) for thesolid/ liquidratio.

Theadsorption kineticswas studied using pseudo-
first-order model and pseudo-second-order.

Asagaing thestudy of adsorptionisothermswas per-
formed usngmoded sof Langmuir and Freundlich.

RESULTSAND DISCUSSION

Char acterization of samplesof clays

We conducted aminerd ogicd and e ementd andy-
sistoidentify two typesof clay soilsused in our experi-
ments, and an analysisby X-ray:

TABLE 1showsthat 1and 2 soilsarerichin SIO2
dueto the presence of quartz, we also notethe pres-
ence of CaO andlossof firerespectively 24.81% and

TABLE 1: Resultsof analysisof clay soilsby fluorescence
X.

Components Sail 1 Sail 2
Si02 30,24 34,03
Al203 10,22 12,13
Fe203 4,06 4,60
Ca0 25,42 20,12
MgO 1,70 2,77
SO3 0,04 1,17
K20 1,25 1,57
Na20 0,16 0,08
P205 0,10 0,11
Cl 0,00 0,00
Loss of fire 24,81 22,26
total 98,00 98,84

22.26%. Also, we have significant rates of oxides
Fe203, Al203, MgO and K20.
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AsFigures1and 2 show that 1 and 2 soilsarerich
inquartz, caciteand chlinochlorecharacteristic of clay
minerds.

So soils1and 2 areclays. But to differentiate bet-
ter, we made amineralogical analysisfor both soils
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Figurel: X-ray diffractogram of the soil 1
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Figure?2: X-ray diffractogram of the soil 2

TABLE 2: Resultsof mineralogical analysisof clay soils.

Minerals % Sal 1 Sal 2
Dolomite % 0 26
Quartz % 26 30
Calcite % 56 32
Clay % 18 12

(TABLE 2), we can concludethat the ground oneis
yellow clay and soil 2isgray clay.

I nfluence of some parameterson theadsor ption:
Contact time

The study of theadsorption of aceticacid onyellow
and gray dlay dearly impliesthedetermination of thecon-
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tact time, timewhich correspondsto the adsorption equi-
librium or astateof saturation of thesupport subdtrate. In
this case, the experimental procedureissmple“batch
method”, is to be contacted separately, 0.2 mol /1 acetic
acidwith10g/1 of each soil type. Andlysisby chemica

assay will determinetheresdud concentrationof said sub-
drateduringthesamplestaken at different reactiontimes.

Thusthedetermination of theequilibriumtime, ledtothe
establishment of adsorptionisothermsthat areessentid for
theca culation of themaxi mum adsorption cgpecity andto
identify thetypeof adsorption to occur insngleor multi-
layer. Theresultsfrom Figure 3 showed that the contact
timeobtainedis2 hoursfor thetwo typesof clay witha
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Figure 3: Influence of the contact time on the acetic acid
adsorption

removd efficency of theorganicmoleculeof 41.25%for
theyellow clay and 35 %for gray clay.

Moreover, theextensonof thetimeuntil 6 hoursdoes
not lead toafurther improvement. Thisjudtifiestheinclu-
sonof thiscontact timefor other adsorption experiments.
Thisresult wasobtained by therel ation(®:

N o 208 bl g

Q: adsorption capacity of thesupport (mg/ g); CO: initia
concentration of organicmoléule (mg /1) att=0; Ct: Con-
centration of theorganicmolecule(mg/ g) a timet of the
adsorption process, V: Volumeof solution (subgtrate) (li-
ter); m: Massof support ().

Other factorssuch astheinitial concentration, tem-
perature, pH and adsorbent mass may influence the ad-
sorption capacity™™. Inaddition, it findsitsgpplicationin
variousadsorption modd sused
I nfluenceof theinitial concentration and temper a-
ture

o

Examination of Figures4 and 5 showstheinfluenceof
theinitia concentration on the adsorption cgpacity of the
organic molecule(the mass of the support being fixed).
Wenotethat it growsdongwiththeincreaseininitia con-
centration. According to thed assification of Giles(1960),
these curveshavethe shgpeof the Stypewherethesolute
isin competitionwith the solvent for the occupation of
binding Stespresent onthesolid phase. Thesecurvesare
characteristic of monofunctiona organic moleculeswith
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Figure4: influence of temper atureand theinitial substrate
concentration on the adsor ption of acetic acid on the clay
ydlow
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Figure5: Influenceof temperatureand theinitial substrate
concentration on the adsor ption of acetic acid on the clay
gray

moderateintermol ecular tractions.

But thetemperature, theexperimenta resultsshow a
grong retentionfor low temperaturesand showsthat this
parameter affectsnegetively the processby high energy
contributiontoincreasing therepulsiveforceslocated at
theinterfacesof solidandliquid medid™. Soitisinterest-
ing to notethat the contribution of heating playsadirect
rolein thekineticsof retention of the organic molecule.
Thismeansthat theretention process can beexothermic
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(Ah<0) andintheseconditionslead to aphysisorption2,
I nfluenceof pH

From Figure6, wefind that theadsorptionishighly
dependent on pH for both soil types, wenote. Increasing
theamount adsorbed withincreasing pH., Theadsorbed
amount increasestoamaximum at pH =5.5for yellow

& yellow clay

Qe (moligh

gayclay

Q i 2 3 i
pH
Figure6: Influenceof pH on theadsor ption of aceticacid

5 7

clay andpH =6for thegray clay.

Theadsorptionand much better for theenvironment
dightly acidicpH <4.5.

Probably asaceticacidisstabletotheacidicmedia
and basic media, theanionicform of aceticacid (ecetate)
and becomes stabletheresfter promotesadsorption

I nfluence of themass of adsor bent

Figure 7 illustrates the variation of the amount
adsorbed from the masses of adsorbents used at an
ambient temperatureof 25 ° C.Indeed, we observe that
the adsorbed amount of acetic acid increaseswithin-
creasing mass. Theoptima massof clayis1.5gaganst
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Figure7: Influence of themassof adsor bent in theadsor ption
of aceticacid
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itis2gfor gray clay.
Sudy of adsor ption isotherms

Theadsorption isothermsareimportant in deter-
mining the maximum capacity and identifying thetype
of adsorption.They are obtained first, by the knowl-
edge of contact timeand thenthe graphical representa
tion of Qe=f (It) where Qe and Ce are respectively
theamount of the organic molecul eadsorbed per gram
of adsorbent and concentration the balance of the or-
ganic molecule, respectively. Theexperimenta results
show that theisothermisof typeL, which corresponds
totheclassification of Gilles3. Thisindicatesagrowth
of adsorption when the concentration of the adsorbate
increases, and these curves can bemathematically de-
scribed by the Langmuir equation or Freundlich (see
bel ow). Asthenumber of Stesoccupied by solutemol -
eculesincreases, the adsorption of new moleculesbe-
comedifficult. Themoleculesarearranged inamono-
layer on the solid surface. The shape obtained shows
that theadsorption of theorganic moleculeprocesscould
occur inmonolayer.Because of their smplicity, theki-
netic models, the most commonly used are those of
Langmuir and Freundlich.

Langmuir isotherm: isrepresented by thefollow-
ing equation:

Oy al '(-

i'—)t.’ :
1+ aC,

Q.- Quantity adsorbed a equilibrium per unit weight of
the adsorbent (mg/g); Q,: adsorption capacity at satu-
ration (mg/g) and correspond to the formation of a
monolayer; a: adsorption coefficient.

Thelinearization of the Langmuir equation deter-
minesthe parametersaand Q..

Representing

I l+aC 1 ]
O QaC QaC Q

Representing

1 -

?) =7t el

€

We can thus deduce: Q, from theintercept.afromthe
dope.

e, Phiysical CHEMISTRY

Hn Tndéan g%wumé



12 Elimination of organic pollutant (Acetic acid) by adsorption on clays

PCAIJ, 9(1) 2014

Full Poper ===

TABLE 3: summarizesthevariouscorrelation coefficients
obtained for thetwo modelsof Langmuir and Freundlich:

RZ

|sotherm T;mufeer 250C 30°C  35°C

%ﬂﬁw 09457 09608 0,9649
Langmuir Clay

o 09223 08348 09036

Clay 77117 07754 08036
Freundlich 3cl:e|!ow

5 ra;’ 09978 09851 0,9898

Freundlich isotherm: it can be described by the
followingequation

TABLE 3: Correlation coefficientsat different temperatures
for the yellow and gray clay

g, = &6

K, and I/narerespectively the adsorption capacity in
mg/g and aconstant indicating theintensity of the ad-
sorption:

LnQ, = [(Ln(C,))

Thelinear form of thisequation alowsthe determina-
tionof K. and 1/n

Representing:
ILrQ, = Lnkf + L LnC,

7

Figures 8, 9, 10 and 11 respectively represent
Langmuireyou Freundlichisothermsat different tem-
peratures.

We can concludethat the adsorption of acetic acid
ontheyelow clay followsthe Langmuir modd witha
correlation coefficient of 0.9649 at atemperature of 35
° C, for against the gray clay is modeled with Freundlich

3000 y (25°C)= 1,1942x + 130,55
R? = 0,9978
g n
250,0 e y(30°C) = 0,9533x + 160,99
P R:=0,5851
200,0 Bt
E'-’ﬂ%"" ¥ (357C)= 1,0078x+ 155,71
o P N L
9 1500 —~F R!=0,9898
= L 4
* 25°C
100,0
m 30°C
50.0 15°C
0.0 Linéaire (25 °C)
0,0 50,0 100,0 150,0 — Lineaire (30 °C)
1/Ce —— Linéaire (35 °C)

Figure 8: Langmuir adsor ption isothermfor gray clay (25
°C,30°Cand35°C)
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300,0 ¥ [25°C)= 0,1934x + 49,395
R? = 0,9457
250,0 y (30°C)=0,1896x+ 49,014
R* = 10,9608
200 y (35°C)= 0,1885x + 50,983
R*=0,9649
§ 150,0
Ll
100,0
* 25°C
50,0 . 30°C
35°C
0,0 — Linéaire (25 °C)
00 200 400 600 80,0 1000 1200 Linéaire (30 °C)
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Figure 9: Langmuir adsor ption isotherm for theyelow clay
(25°C,30°Cand35°C)
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Figurel0: Freundlich adsor ption isother m for thegray clay
(25°C,30°Cand35°C)
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Figure11: Freundlich adsor ption isothermfor theyellow
clay (25°C,30° C and 35°C)
acorre ation coefficient of 0.9978 at atemperature of
25°C.

So for yellow clay the adsorption energy is con-
stant and i ndependent of the covered surface adsorp-
tionislocaized stesanditislimitedto amonolayer.

Specificarea

The specific surface areaof an adsorbent isbased
on measurements of adsorption capacity for agiven
solute. Theadsorbate must have an acceptable surface
for thefocusto theinterior of the pores.

A udéan Journal
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Just donated to determine the value of the mono-
layer adsorption capacity from adsorption
isotherm.K nowledge of themaximum adsorption (mg/
gor mol / g) quantity, leading to the determination of 6
by therdation:

TABLE 4: ValueQO, Kf, 1/nand ¢ adsor ption of aceticacid
onthegray and yellow clay

= Pyl Paper
¢ =Q/s*N

WhereN isAvogadro’s number s =21 A 2 is the area
occupied by amolecule of acetic acid.

The specific surfaceareas obtained at different tem-
peratures are summarized below in TABLE 4: Based
ontheseresultsin TABLE 4, the adsorption of acetic
acid ontheyelow clay providesbetter performanceat
atemperature of 35 °C with an optimum surface area

T Clay gray Clay yellow of 1012 m?/ g. Gray clay for the specific surface area is
Qo(mol/g) 0.007 0.0078 885 m?/ g at a temperature of 25 °C.
. Ki 0,0130 0,0343 _ o
1n 4,090 3,789 Adsor ption kinetics
o (m?g) 885 986 For the adsorption kinetics of acetic acid on both
Qu(mol/g) 0,0058 0,0076 types o_f claywa_sstgdied by adjusting the experi _mentd
K 0,0001 0,0380 datawith two kinetic models, namely pseudo-first or-
30°C n 5 679 3574 der and pseudo-second order. The form of the equa-
) ’ ’ tion linéairisée pseudo-first-order™® isgenerally ex-
o (m“g) 733 961 or .
Qu(mol/g) 0,006 0,008 Ln(g.-q) _ Ing—k t
K 0,0097 0,0384 S S ot
35ec ’ ’ Where ge and gt isthe amount of solute adsorbed at
Un 5,260 3,521 equilibrium and at timet, respectively (mg.g-1), k1is
o (m%g) 759 1012
TABLE5: Showstheparameter sfrom the pseudo-second or der kinetic model :
pseudo second or der
Cmoal.l-1 qgeexp (mg.g-1) gecal (mg.g-1) k2(min-1) hO(mgg-1min-1) R?
Clay yellow 02 0,0083 0,0084 2648,79 0,1861 0,99
Clay gray 02 0,007 0,0071 2169,26 0,1093 0,99

the adsorption rate constant (min-1). Thevalues of
k1 and geresult of thedope and intercept of theplot In
(ge-qt) versust.

Linearised form of the equation of the second or-
der ispseudol®’:
t/qt = YK2ge* +t/qe
Where k2 is the constant rate of adsorption (mg.g-
1.min-1).

Theequilibrium adsorption capacity, geand pseudo-
second-order rate congtant, k2 theresult from thedope
and intercept of thecurvet/ qt versust. Figure5: Pa-
rametersof pseudo-second order modd for yellow and
gray clay. Based ontheseresults, theadsorption of acetic
acid on yellow and gray clay isbest described by the
pseudo-second order model with acorrel ation coeffi-
cient of 0.99.

CONCLUSION

Theresultsobtained in thiswork have shown that
acetic acidisadsorbed well ontheyellow clay of gray
clay with the sametimeand higher removal efficiency
for the same mass adsorption on acid yellow clay is
better compared with that of gray clay.

Thetemperature has apositive effect on the gray
clay and negativeon theyellow clay.

Asthe acid ph has a negative impact on the ad-
sorption kineticsof theorganic moleculetothetwo types
of clay.

The adsorption of acetic acid ontheyellow clay
followsthelangmuir model and thegray clay iswell
described with thefreundlich mode

Theyellow clay hasasurface areagreater than that
of thegray clay.

The adsorption kinetics is best described by the
pseudo-second order model.
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