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ABSTRACT

Clay from Ukpor was acid activated (at various concentrations) to improve its adsor ptive capacity by increasing the
specific surface area. The activated samples were used to adsorb colour pigments from palm oil. To study the
adsorption capacity of the activated clay samples, the effects of temperature, contact time, adsorbent dosage and
particle size were studied. The experimental data were analyzed using the established kinetic model s of Pseudo-first
order, Pseudo-second order, Elovich, and intra-particle diffusion. The data fitted very well to the Pseudo-second
order kinetic model with a regression coefficient of 0.995. Equilibrium isotherms were analyzed by Langmuir,
Freundlich, and Temkin adsorption models. The data conformed to the Freundlich isotherm model with regression
coefficient of 0.998. The activation energy was calculated as 18kJ/mol, while the other thermodynamics parameters
were determined as AS = 0.075J/mol, AH = 43.565J/mol, and AG = -74.347kJ/mol. These values indicate that the
removal of colour pigment fromrefined palm oil by acid activated Ukpor clay is exothermic and can be attributed to
a physico-chemical adsorption process.
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INTRODUCTION

Bleaching involves solely the removal of varietyiofpurities like fatty acids, gums, trace metalspgphatides,
etc., followed by decolourization. Bleaching of lgdi oils helps in raising their smoke point andage durability.
Bleaching is achieved by using natural or activatkys and activated carbons. The use of activataegs in
bleaching edible oils has been investigated by nsankors [1-8]. The bleaching capacity of natutayenaterials
is greatly increased by acid treatment (activatidie acid treatment of the natural clay mateiialsarts different
physico-chemical properties like surface area,iggidnd cation exchange capacity (CEC), thereloyeiasing their
adsorptive ability.

Kinetics describe the solute uptake rate that otmtthe residence time of sorbate uptake at thigl-solution
interface, and are more important because to desigmopriate sorption treatment plants, the rate/ldth any
pollutant is removed from solutions must be presticf9], [10]. There are few researches on the kigaif the
bleaching process. Topallar [11], studied the kasedf sunflower seed oil bleaching and proposeataformula of
log (A/Ao) = -k \t, according to absorbance measurement. Nwankweak [d2], investigated the kinetics of B-
carotene removal from palm oil using unmodifiedunat clay, and they concluded that the adsorptidiovived the
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zero order kinetic equation. Al-Zahrani et al, [1Blvestigated the kinetics of sulphuric acid aafiion of Saudi
bentonite and found out that it followed the zerdes kinetic equation.

In this study the adsorption performance of acitivated Ukpor clay was investigated in bleachingifigd palm
oil. The kinetics, equilibrium and thermodynamidgte bleaching process were studied to elucidetartechanism
of the process.

MATERIALSAND METHODS

Materials

The clay used in this study was mined at Ukpor§N54’ 27.5”"; E: 6° 56’ 3.7"; A: 137m) in Nnewi Sthulocal
government area, while the palm oil was obtainedhfia local palm oil mill in Isuofia (N: 6° 1’ 60’E: 7° 2’ 607,
A: 361m) in Aguata local government area, both imafkbra state of Nigeria. All the chemicals usedewef
analytical grade bought from Conraws Nig. Itd.

Clay preparation and activation

The mined clay was sun-dried for two days and ghtb smaller particles using mortar and pestle gtound
samples were sieved to remove impurities and tiven dried at 10%. The samples were then put in contact with
hydrochloric acid in a 250 chilask placed in a regulated water bath. The flaak heated while continuously being
stirred. To study the effect of activation variahléhe experiment was repeated at various contiemsa(l — 5M),
temperatures (50 — 14D), for various contact times (2 — 6h). At the céetipn of the heating time, the slurry was
removed from the bath and allowed to cool. After dooling, the slurry was filtered via a Buchnemrfal and the
clay residue was washed several times with didtilkater, followed by filtration until the filtrateas neutral to pH
indicator paper. The prepared wet sample was thied th an oven at 12Q over night. The lumps of the prepared
clays were crushed and sieved again into variousclgsizes ranging from 0.045 to 0.408 mm andestdfor
further use in the bleaching process. The activatag samples were labeled as follows: UKO, UK1,2JKIK3,
UK4, and UK5, where the numbers denote the acideatnation. The activated clays were then charaeter

Adsor ption Experiment

100g of the refined unbleached palm oil was meaksau into a 250 ml conical flask and heated onagmetically-
stirred hot plate to 9€ while stirring continuously. 2g of the sized mated clay samples was then added to the
heated oil and stirred continuously via a magnstiicer carefully inserted into the beaker. The ighmixture was
heated to a temperature of B0for 45 minutes. At the completion of the timee thot oil and clay mixture was
filtered under gravity using Whatman filter papes.M2 (15 cm diameter), before measuring the albsamd The
bleaching/adsorption efficiency of the activatedyckamples was then determined by measuring ttoaiicof the
bleached oil using UV-VIS Spectrophotometer (ModétJ 525) at 450 nm. The bleaching efficiency isroef by

the following expression in this study:

B E (%) = Aunbleached = Ableached X 100

'ﬁnbleached (1)

Where Aunbieached@Nd Apjeacheg@l® absorbencies of unbleached and bleached plalraspectively, at 450 nm, BE is
bleaching efficiency.

To study the effect of process variables on thediling efficiency of the activated clay samples émve
experimental procedure was carried at differemieslof the parameters. The experiment was perfoanditferent
mass of the adsorbent (activated clay) which wagedeaat 0.5, 1.5, 2.5, 3.5, and 4.5 grams. The &aipre and
time of heating were also varied at 30, 70, 80, 20@ 120; and 10, 20, 30, 40, 50, 60, and 80 m#nuespectively.
The effect of activation parameters on the bleagtfiiciency of the clay samples was investigatgdubing the
different samples activated with varying acid camcation in the bleaching process.
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RESULTSAND DISCUSSION

Physical characterization
The results of the physical characterization of rdae and activated clays are summarized in TablEhg. results

show that the acid activation of the clay causedesmodifications in the structure of the clays.
Table 1: Physical propertiesof raw and activated clay samples[14]

. Clay type

Properties UKO [ UKL | UK2 [ UK3 | UK4 [ UK5
Surface area (ffy) 96.2 | 159.5] 2024 226p 294[3 3428
Bulk Density (Kg/m) 1153.4| 874 | 8384 7539 715/8 864.9
Oil Retention (%) 35 41.2 45.8 50.4 538 55|8
Acidity 0.02 0.07 0.12 0.13 0.16 0.1y
pH 7.6 3.9 1.8 1.7 1.5 1.3
Cation Exchange Capac (meg/100g 97 84 68 59 5C 48

As can be seen from the table, the surface arél@eddictivated samples increased as the acid coatientused in
the activation step increased and also the catkohamge capacity decreased with increasing acidesdration
indicating the extent of removal of the octahedstions (Af*, F€"*, and Md") from the clay structure. Comparing
Table 1 with Figure 1 shows that the maximum bleaglefficiency does not always coincide to the leigfhsurface
area as reported by other authors [15], [16].

Effect of acid concentration on bleaching efficignc

Figure 1 shows the variation of bleaching efficigmdth time at different acid concentrations. Tigufe shows that
as the acid concentration increased, the bleachifigency increased up to a maximum value of 68.@0@
concentration of 4M HCI. Above this concentratidhe bleaching efficiency decreased to 60.4%. This be
attributed to the destruction of the clay crystedlstructure by the excess acid.
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Figure 1: Variation of bleaching efficiency with time at different acid concentration.

Effect of temperature on the bleaching efficiency

The variations of bleaching efficiency with timedifferent temperatures are shown in Figure 2. fidgngre shows
that the bleaching efficiency increased with inseem temperature up to a temperature of 393K aededsed with
further increase in temperature. This is as a re$windesirable structural changes of the oil rooles via oxidative
degradation and isomerisation. This situation wss geported by other researchers [17], [18].
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Figure2: Variation of bleaching efficiency with time at different temperatures.

Effect of particle size on the bleaching efficiency

The effect of varying the particle size of the cldsorbents on the bleaching efficiency is showRigure 3. The
figure shows that the bleaching efficiency has an irveztationship with the particle size. The bleaghefficiency
decreases as the particle size increased. Thisl d@ubttributed to larger surface area availabtecémtact on th
surface of the adsorberesulting to enough active sites for adsorp
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Figure 3: Variation of bleaching efficiency with particle size.

Effect of clay dosage on bleaching efficiency

Figure 4 shows the effect of clay dosage on thadbimg efficiency of the adsorbenepared from Ukpor clay. Tt
figure shows that as the adsorbent dose increttsetbjeaching efficiency increased as well witheifihe increas
in bleaching efficiency remained constant aftem#ifiutes for higher doses of 3.5 and 4.5¢g, but reathcontant
after 50 minutes at doses below 3.5g. This couldtbéuted to the complete adsorption of the colgigments tc
the available active sites on the adsor}
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Figure 4: Variation of bleaching efficiency with time at different clay dosage.

Kinetics of bleaching

The effect of temperature on the bleaching efficieaf Ukpor clay activated with 4M hydrochloric dds reflected
in Figure 1. The data were tested with differentekic models in order to describe the adsorptiteraction
between the colour pigment and the activated cldae kinetic models used in the analysis of the @ataas
follows: Pseudo-first order, pseudo-second orddaoviEh, intra-particle diffusion, and mass transfid@netic
equations. The respective linear forms of the eqostare as given below:

log (—q) =log g —k t (Pseudo-first order model) 2)
1/g=1/(k g2 +t/g. (Pseudo-second order model) 3)
g = (1B) In(ap) + (1B) Int (Elovich model) 4)
logg=logKgy+alogt (Intra-particle diffusion model) )(5
In(C,— Q) =InD +K,t (Mass transfer equation) (6)
18 +
16
14
12 € 303K
_10 - W 343K
(=2
S g A 353K
X 373K
6 .
X 393K
4 .
®413K
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Figure 5: Pseudo-second or der kinetic plot for colour pigment removal from palm ail.
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Table 2: The kinetic parametersevaluated for colour pigment adsor ption onto activated Nteje clay [14].

o Temperature (°C)
Kinetic models Parameters 303 3 353 373 393 3
Ki 04x10¢ | 05x1¢ | 06x10° | 0.7x1C | 08x1F | 0.7x1C°
Pseudo-first Order de (Mg/g) 8.33] 10.42: 10.52( 9.41¢ 11.34¢ 10.98:
R? 0.976 0.983 0.970 0.960 0.973 0.978
K 0.35x10° | 0.34x1C¢ | 1.38x 10 | 1.56 x 10 | 1.78 x 1F | 1.64 x 10
Pseudo second Order| ge (mg/g) 17.5¢ 21.7¢ 15.6% 14.9¢ 13.6% 12.32
R? 0.998 0.997 0.998 0.997 0.997 0.996
o (mg/g min) 0.3238 0.4695 0.7896 0.8333 0.9954 4889
Elovich B (mg/g min 0.498( 0.3557 0.312( 0.349¢ 0.298¢ 0.306¢
R? 0.932 0.939 0.980 0.972 0.923 0.947,
Kia(mg/gmin) 0.1409 0.2193 0.6295 0.7534 0.8931L 0.8043
Intra-Particle Diffusion| a 0.8570 0.835 0.647 0.620 0.438 0.513
R? 0.987 0.986 0.984 0.988 0.983 0.986
Ko (min™) 0.021 0.020 0.019 0.018 0.016 0.017,
Mass Transfer D 0.3091 0.4440 0.5423 0.7712 0.8349 0.7905
R? 0.837 0.815 0.826 0.855 0.843 0.837

The associated kinetic parameters have been egdlfraim the slopes and intercepts of the respelitiear plots of
the kinetic equations, and the values are showfaisle 2. Comparison of the analyzed data basedhetirtear
regression coefficient @Rvalues as shown in the table, showed that therarpntal data is best described by the
pseudo-second order equation (Eq. (3)), which hasntost linear fit with correlation coefficient R > 0.997.
Hence, the plot of the linear form of the pseudoesed order kinetic equation is shown in Figure 5.

Adsor ption isotherm

It was observed that as the temperature incredsedrhount adsorbed on the surface of the adsoiheneiased.
This change occurs as a result of increase in ikirgtergy of the colour pigment particles, whickraases the
frequency of collisions between the adsorbent &edparticles and thus enhances adsorption on tfigcewf the
adsorbent.

Two main types of adsorption may usually be distislged on surfaces. In the first type, the forgesod a physical
nature and the adsorption is relatively weak. Tdreds in this type of adsorption are known as va@r\Waals forces
and this type of adsorption is called van der Waalsorption, physical adsorption or physisorptibhe heat
evolved during van der Waals adsorption is ususttall, less than 20 kJ/mol. In the second typedsbeption, first
considered in 1916 by Langmuir, the adsorbed médscare held to the surface by covalent forceshefdgame
general type as those occurring between bound atomslecules. The heat evolved during this typadsgorption,
known as chemisorptions, is usually comparablehtt evolved during chemical bonding, namely, 30600

kJ/mol.

Langmuir considered adsorption to distribute mdieswver the surface of the adsorbent in the fofra oini-
molecular layer and for the dynamic equilibriumvbetn adsorbed and free molecules, he proposealbeihg
relation:

P/(X/m) = 1/a + (a/b) P (7)

Where P is equilibrium pressure for a given amaifrgubstance adsorbed, X is the amount of substaseerbed,
m is the amount of adsorbeatandb are constants.

The mathematical expression relating adsorptiaesaual solute concentration was developed byrietiéeh:
Xim=KC_C (8)
Where C is the amount of residual substance, aaddn are constants.

Since the absorbance measurements are taken erpatiments for the bleaching process, the relaimeunt of
pigment adsorbed (X) and the residual relative arhatiequilibrium (Xe) are obtained from Equatignand 8:
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X=(Ag—A) /Ay %)
Xe=A/Ay=1-X (10)

where A is the absorbance of unbleached (crude) palnmdilfis the absorbance of bleached oil at time t.

Thus, by means of Equations 9 and 10, by writingnstead of equilibrium pressure P and the residubstance C,
Equations 7 and 8 are rearranged as follows (TapdlP98):

Xe / (X/m) = 1/a + (a/b) Xe (11)
X/ m=K X" or the linear form
log (X/m) =log K + n log Xe (12)

To evaluate the nature of adsorption, the experiahatata of Figure 2, was analyzed by the estaddishotherm
equations viz; Langmuir, Freundlich, and Temkin.

The Freundlich, Langmuir, and Temkin model paramsetend the statistical fits of the adsorption datahese
models as calculated from the respective plots &hmiwn) are presented in Table 3. It was obserliat the
Freundlich model adequately described the adsarpléba with regression coefficient values gredtant0.997.

Table 3: Theisotherm parameter sobtained from linear analysis of colour pigment adsor ption onto Ukpor clay activated with 4M HCI
(Ajemba, 2012)

Temperature (K)
Isotherm models | Parameters 303 43 353 373 393 13
K 11.94x 10 | 19.36 x1F | 30.27x 10 | 47.42x 16 | 56.31x 1G | 49.41 x 1G
Freundlich n -0.112 -0.117 -0.118 -0.131 -0.168 -0.153
R? 0.998 0.998 0.998 0.997 0.997 0.996
Ka -0.0524 -0.0272 -0.0149 -0.0078 -0.0053 -0.002¢4
Langmuir Om -6.1720 -3.4312 -2.2349 -1.4876 -1.0542 -0.8321L
R? 0.982 0.983 0.987 0.987 0.985 0.984
Kr 0.8988 1.0000 1.0515 1.0159 1.1237 1.0935
Temkin by -19.01 x 1€ | -19.44 x 18 | -10.09x 1€ | -6.98x 1€ | 2.7ex1C | -0.76 x 1¢
R? 0.939 0.941 0.985 0.983 0.964 0.955

Adsor ption Thermodynamics

Thermodynamic considerations of an adsorption @®care necessary to conclude whether the process is
spontaneous or not. The Gibbs free energy chax®%,is an indication of spontaneity of a chemicalctem and
therefore is an important criterion for spontaneBgpth energy and entropy factors must be consilererder to
determine the Gibbs free energy of the processcti®@s occur spontaneously at a given temperafuté&? is a
negative quantity. The free energy of an adsorptionsidering the adsorption equilibrium constantskgiven by

the following equation:

AG°=-RTInK (13)

WhereAG’ is the standard free energy change (J/mol), Ruttieersal gas constant (8.314 J/mol K), and T és th
absolute temperature (K). Considering the relatigndetweemAG® and K, change in equilibrium constant with
temperature can be obtained in the differentiahfas follows:

D In K¢/ dT =AH°/ RT? (14)

After integration, the integrated form of Eq. (b&comes:

INnK;=-@AH°/RT) +Y (15)

Where Y is a constant. Eq. (15) can be rearrangethtain
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-RT In K = AH° -~ TRY (16)
Let
AS’ = RY a7

Substituting in Eqg. (16), becomes
-RT In K; = AH® - TAS® (18)

The above equation can then be written in the fotig forms:

AG°® = AH°— TAS® (19)
Or
InK;=(AS’/R) — AH°/ RT) (20)

The values ofAH® andAS’ are calculated from the slope and intercept oftbeof In K; versus 1/T (not shown).

The values of the thermodynamic parameters are isliroWable 4. As can be seen from the table, theegaof the
Gibbs free energy change of adsorptiag®, are all negative and show a decrease in the iwegatlue as the
temperature increases. According to Saha and Chawgdfl9], a decrease in the negative value\Gf with an

increase in temperature indicates that the adsergirocess is more favourable at higher temperaturbis is

possible because the mobility of adsorbate iongoudés in the solution increased with an increagemperature
and that the affinity of adsorbate on the adsorihigher at high temperatures. This postulati@s wonfirmed in
this study as can be seen in the effect of temperain the adsorption efficiency. As the tempertfrthe reaction
was increased, the adsorption of the colouring pigisonto the adsorbent increased.

The values of the enthalpyH°®, and entropyAS’, as calculated from the plot of In\ersus 1/T, are also presented
in Table 4. The value of the enthalpy is negatind this implies that the adsorption of colour pignsefrom palm
oil onto locally activated clay is exothermic. Tadsorption process in the solid-liquid system ombination of
two processes: (a) the desorption of the solventeocntes previously adsorbed, and (b) the adsorptibithe
adsorbate species. In an exothermic process, thlesiwergy absorbed in bond breaking is less thandtal energy
released in bond making between adsorbate andlagpresulting in the release of extra energyhin form of
heat. The magnitude &fH° gives an idea about the type of sorption. The kealtved during physical adsorption
falls in the range of 2.1 — 20.9kJ/mol while thebled during chemical sorption is in the rang80f— 200 kJ/mol.
Therefore, as seen from Table 4, it is deducedtiwtdsorption of colour pigments onto acid atéigiadNteje clay
can be attributed to a physico-chemical adsorpgimcess rather than a pure physical or chemicabrptisn
process [19].

The value ofAS’ as presented in Table 4 is positive and this ctfléhe affinity of the adsorbent towards the
adsorbate species. A positive valueA& suggests increased randomness at the solid/solintierface with some
structural changes in the adsorbate and the ad#orbiee adsorbed solvent molecules, which are aliggl by the
adsorbate species, gain more translational entitegoyis lost by the adsorbate ions/molecules, #flogving for the
prevalence of randomness in the system [19].

Table 4: Adsor ption ther modynamic parameters

Temp. (K) In K¢ AG°(kJ/moal) | AH°(J/mal) | AS°(J/mol)
30: | 4.4278(| -84.86
343 3.94434|  -85.827
353 3.49763|  -86.877
373 3.04863|  -87.927 | 8762 0.105
393 2.87688|  -88.784
413 -3.00760|  -89.824
CONCLUSION

The kinetics, equilibrium and thermodynamics stadéthe removal of colour pigments from palm @ing acid
activated Ukpor clay have been successfully ingastid. The structure of the activated clay was fremtland it led
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to increased surface area and adsorption capatieyremoval of the colour pigment increased asdhmerature of
the process and acid concentration increased. aime srend was observed when the clay dosage amdvigne
varied. The experimental data agreed with the psesedond order kinetic equation, while the linesothierm
analyses indicated that the equilibrium data candégcribed with the Freundlich model. The thermadyit

parameters revealed the spontaneous and exotheatoie of colour pigment adsorption onto activatdgor clay,

and the adsorption takes place with increase obpnt
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