IJRET: International Journal of Research in Engineaing and Technology elSSN: 2319-1163 | pISSN: 2321-7308

DEVELOPMENT OF KINETIC MODEL FOR ADSORPTION OF
CAROTENOIDS ON ACTIVATED CLAY IN THE BLEACHING OF P ALM
OIL

Egbuna S.O
Department of Chemical Engineering, Enugu Sate University of Science and Technology, Enugu

Abstract
In this work the mechanism of adsorption for the bleaching of palm oil using activated clay as adsorbent was studied.
Tetraoxosulphate (VI) acid was used to activate a local (Inyi) clay obtained from Oji River province in Enugu Sate. The sample of
palm ail used in the study was obtained from Akpugo in the same state and was bleached with the activated clay. The oil was
characterized before and after bleaching and the results used in the study. It was observed that acid addition increases the bleaching
efficiency of activated clay. The mechanism of palm oil bleaching with the activated clay was developed from the results obtained.
The stability of the oil was measured in terms of Free Fatty Acid (FFA) 0.12%, Peroxide Value (PV) 3.0 m.eg/kg, Anisidine Value(AV)

4.55 m.eg/kg, lodine Value (1V) 48, Iron (Fe) 4.3 x 10*(Ppm), and

Phosphorous content 0.015 (Ppm), all of which were compared

with those of the American Oil Chemist Society (AOCS) standard val ues.
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1. INTRODUCTION

Vegetable oils and fats are lipid materials derifr@n plants.
Physically, oils are liquid and fats solid at rodemperature.
Chemically, fats and oils are composed of triglides as
contrasted with waxes which lack glyceride in th&iucture,
(Beare-Rogers, [1]). Fats and oils also contaie fedty acids,
mono- and di-glycerides, and unsaponifiable lipitlsey may
be edible or non-edible; palm oil and soya beanamitl linseed
oil, tung oil and castor oil respectively. Vegeahdils find
application in soap manufacture, cooking, margarine
shortening, lubricants and cosmetics and as biel{@ahl G,
[2]). Palm oil is a flesh fruit fat with a distinge orange-red
colour, due to its high content of carotenoids. Reahm oil, in
addition to carotenoid pigments content, contamgurities
like free fatty acid, fiber particles, Chlorophyimong others.
During processing, bleaching stage is an imporséep which
is devised to remove pigments, and other unwargedtituents
such as those of mucilaginous matter and volat{i€hristidis
et al, [3]). Many types of adsorbent have beenetesor the
removal of pigments from vegetable oils, Kamga let[4],
Falara et al, [5], Topallar, [6], Proctor and Snyg, Kheok
and Lim, [8].

Adsorption is defined in [9,10,11], as the adhesidratoms,
ions, biomolecules, or molecules of gas, liquiddissolved
solids to a surface, with physical and chemicalogutsons as
mmethods. A film of adsorbate (the molecules omatdoeing
accumulated) is created by this process on theasrirbf the
adsorbent. This differs from absorption as desdrilre[12].

Atoms on the surface of the adsorbent are part@iyered by
other adsorbent atoms and hence can attract adssrba
Nevertheless, the exact nature of the bonding, rdowp to [13]
depends on the details of the species involveti@pitocess may
be classified as physiosorption (characteristiomefik van der
Waals force), or chemisorption (characteristic obvalent
bonding), and it may occur due to electrostatiaaation.
Adsorption is widely used in industrial applicatorsuch as
activated carbon or charcoal, adsorption chillerater
purification, ion exchange and chromatography.

Freundlich and Kuster, the progenitors of isothefiiamson
[10], produced a relationship given by,

X _gpl/n
m

Where x is quantity adsorbed, m is mass of adsortien the
pressure of adsorbate and K and n are empiricadtants for
each adsorbent — adsorbate pair at a given teraperat

Adamson[10], also reported that the amount adsbdan be
measured as a function of partial pressure or ctretéoon at a
given temperature. The result was expressed asdsorgion
isotherm. The Irving Langmuir adsorption isothermodal
assumes that the adsorbent has S sites per urst ofaghich §
are not occupied and,Soccupied by adsorbate molecules.
Hence,S = §S;
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He assumed that the rate adsorptighand desorptiongrare
equal and at equilibrium;

raa = PS; 19 = kS ;and kPS =

kKP(&-9) = kS

kS
2

By expressing the amount adsorbed as a fractiothefsites
occupied, we have,

v @

kzP(l —9) = kle

g k2P _ KP
KL-k2P 1-KP

Where K = k/k; and K is equilibrium constant

The type of adsorbent used world-wide today bynesf are
mainly activated montmorillonite clays. Christidiad Kosiari,
[14], showed that removal di-carotene from oil with acid
activated low grade bentonite from Cyprus is a dbam
adsorption process. They obtained isotherm of tteairkelich
type. Some authors pointed out that bleaching poded to
and increased the fatty acid content of the vedetaih (Habile
et al, [15], Boki et al [16], Nnaedozie et al, [LHymore R.
and Ajay [18], have demonstrated that local amitivated
clay could be used successfully for the adsorptibpigments
and free fatty acid of palm oil. Egbuna and Angk®], have
also shown that bleaching stage of palm oil refinand the
nature of bleaching clay used play a vital rol¢hia stability of
the finished product. Hymore R. and Ajay [18], awowed
that clay, when analyzed, has the following chemica
compositions; SiQ Al,Os3, F&0s3;, CaO, MgO, NgO, K,O and
SO;. There are other properties which, when present in
abnormal quantities, hinder the performance of dlay as a
bleaching agent when activated. These include theuat of
moisture contained, the level of volatile mattensd anon
hydratable materials. However, non of the studientioned
above investigated the adsorption of free fattgacluring the
decolourization process, and the mechanism of adsbrption
process.

In the present study, the kinetics for the adsonpof palm oil
pigment, carotene and free fatty acid, (the adseyhanto the
active site of Nigerian (Inyi) clay (adsorbent) waesveloped
from data obtained from refining of local palm dilhe result
conformed with the Freudlich and Langmuir Isotherfos
adsorption.

2. MATERIALS AND METHODS.
2.1 Activation of Clay

Pre — activation treatments: The clay sample was first
dehydrated by putting it in a muffle furnace sealaout 108C for
24 hours. About 7kg of the said sample was crushea jaw
crusher, and the crushed material was subsequerdy reduced
with mortar and piston to obtain fine particlespegh to pass
through a 150 ASTM, E11 — 70 mesh sieves. This skayple
was then stored air-tight in a reagent bottle to used in
activation experiments.

Before activation process, the physical and chdmiagperties of
the clay sample were determined and compared Witbet of the
standard Fuller's earth. The aim was to determiirelével of
activation required. The major properties determjnehich play
a leading role in the adsorptive power of clay und; SiQ,

Al,O;, Fe0; Cal, KO, MgO, NgO, TiO,, SG;, and Ignition
loss.

Acid Activation of Inyi Clay: 50g of 150 mesh size pulverized
clay was weighed into a 250ml beaker and 100ml.@¥11of 80%
H,SO, was introduced and the contents shaken vigordadtyrm
a homogeneous slurry. The latter was then filteredi the residue
washed with distilled water to eliminate any tracéscid on its
surface. The washed clay was then oven dried enhpdrature of
150°C for 2hours to a constant weight, reground sirgled to,
20, 30, 40, 60, 80, 100 mesh sizes, and storedli@aa container
for bleaching experiments. The procedure was regefar acid
concentrations of 0.5, 1.5, 2.0, 2.5, and 3.0&6, in order to
establish the optimum acid concentration for thtévaton.

2.2 Properties of Inyi Clay: Laporte, method, [20],was
used.
2.2.1 Physical Properties

i) Non - clay residue: Determination of percentage amount of
non - clay residue in clay sample was done by, fasaking 1009
of clay sample completely in distilled water fof Bours. This
mixture was then stirred vigorously and poured iatdeaker
through a screen. The percentage amount of the -nafay
residue was then calculated as the difference iighwdetween
the screen before and after pouring the solutioouth it.

ii) Apparent bulk density (ABD): The sieved clay (natural or
activated), was put into a graduated cylinder afin weight and
topped to a constant volume. The weight was thkentand the
difference between the weight of the cylinder ahd tlay was
calculated as

W, -W,

Apparent bulk density (ABD) glcm® 4
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Where W - Weight of cylinder plus clay; W - Weight vibrated by gentle shaking of hand for 3 minutese hest was

of cylinder; V - Total weight of clay used. dismantled and the materials collected on eachesieeighed.
The results are shown in Figs 1 and 2.

iii) Titratable acidity: 20g of the sample was soaked

completely in a 100ml standard volumetric flask fbrdays 2.4 Bleaching of Raw Palm QOil

with distilled water. The soaked clay was stirréglovously to

obtain a homogeneous mixture. A 20ml aliquot of thay

suspension was titrated against a 0.1N sodium kKidko

solution using 2 drops of Phenolphthalein as irtdica

Titratable acidity was then calculated as;

The bleaching experiment was aimed at reducingctretene
pigments and FFA, so as to minimize the formatidrhydro
peroxides during deodorization and storage. Thegxgnt was
done with the produced clay.

Titratable acidity (mg) NaOH /g = Procedure: One per cen_t (1%) by weight c_)f the clay sample was
Mole (gram)NaOHconsumed added to 100g of the oil sample. The mixture waatée to a
5 constant temperature of 373K, with stirring for @hutes. The
Mass(g) of Clay oil was then filtered at the same temperature, toed filtrate
characterized. The results of characterizationshmvn in tables
iv) Moisture content: This was done by heating 200g of the 4, 5, 6, and 7; and Figs. 3and 4
hydrated clay sample (natural or activated), irumdce at a
temperature of 12C for 1 hour. The moisture content was 2.5 Mechanism of Bleaching (Adsorption)
calculated from the difference in the weight of theginal
sample and the dehydrated clay sample after heatind
cooling in a desiccator. The percentage moistorgent was

According to Languir adsorption isotherm, Ferraria [22],
adsorption takes place by the following reaction,

then calculated as; A +S—— AS 7
. W, - W, . _
Moisture content (%) =——= X100 6 It has been assumed that adsorption of caroteme Fralm oil
1 follows the Langmuir Isotherm, and hence the reactibove can

be used to develop a mechanism for the adsorpiamely,
Where - W - Weight of original clay sample

W - Weight of original sample after heating ki
N _ _ _ A+ S T— AS 8
v) Loss on Ignition: Clay contains organic and volatile k2
matters which occupy the adsorption sites in theey cind
render it incapable of adsorbing the adsorbableeriads. In 2AS QS +RS 9
addition, the presence of such substances redioeesisorptive
power of the clay as a bleaching agent. QS k= Q + S 10
k
2.2.2 Chemical Properties ®
. N . k-
Two methods were used for this characterizationegrgent, - >
occasioned by the two instruments available, nantket/Pye — RS kg R + S 11

Unican Spectrophotometer, for the analysis of ,Si®,0s,

Fe0;, and EEL Flame Photometer, for the analysis of CaO \yhere A is the reactant (palm oil), Q and R aredpaots; S, the
MgO, NgO, KO and S@ The pre treated clay sample 5g5orption site, QS and RS are adsorbed speciesastalso
(natural or actwatepl) was analyzed to determigecdintent of  ;csumed that the surface reaction, equation 8 @ rtite
the compounds as indicated above, and the resglisresented  getermining step, and all other equations are atiibgum, and

in tables 2 and 3 are equal to zero.

2.3 Particle Size Distribution of Bleaching Clay: From equation 8 - 11,

Methods of analysis of particle size of Coulsorg &ichardson = kPaCs  — kCa 12
[21], was used. The aim was to determine the parsize of _ 5

the prepared sample of the clay. The sieves weamgad into r2= KCa — KCoCr 13
a nest of sieves with the coarsest on top andittestf at the B

bottom. About 150g of the clay sample was placedhentop rs = kCo — kPoCs 14
sieve. To prevent loss of the particles, a lid wasd to cover _

the top sieve and a solid tray at the bottom. Téeesnest was fa= kCr — KPrCs 15
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But Vﬂ:c, and P=CRT

Since the adsorbate is a liquid, the pressurevsretated to
concentration by PV =nRT

Or P =nRT/V.
Pa =CART

Then PQ :CQRT
Pr =CRRT

Equation 12,14 and 15 can be re-written as:

= KCARTCS - |‘§CA 16
I3 = lgCQ - kCQRTCS 17
M4 = IﬁCR - KCRRTCS 18

Equations 16 to 18 are not rate determining stagscaording
to Bodenstein steady state approximation theogygqual to
zero, Octave |, [23Hence,

KICARTCS - k2CA
l':l- CA___ko 19
2 CARTCS

CA =K2CARTCS

Similarly,

ksCo =k6CQRTGs
ks _ CQRTGs _ 20
6 cq 3
_CQRTGs
CQ e

And

k7CR =kgCRRTCs

k7 _ CRRTCg
= = K4 21
kg Cr
Cr= CRRTGs
Kg

Substitution of equations 19 to 21 in equationvi8obtain,

CQRTC SJ[CRRTC SH

r2:K3(K2CARTC3)2—K4H > 2

22
- aKZplriregd-| DR S s J
2 2~ 2_CQCR |2 2
ro =Cg“| KgKo2“Cp“ - T2R 22
K3

Equation 22 is made up of constants, measurableeotrations
and temperatures, as well as non-measurable coatens G.
Since G is not measurable, it has to be eliminated. Howeae
adsorption site cannot just disappear; it eitheobees vacant site
or adsorbed site[10]. Assuming that the total sitesrepresented
by L, such that:

L=0C+ G+ G+ C, 23

Where, G — Vacant site

¢ —Site with A adsorbe on them
&— Site with R adsorbed on them
& — Site with Q Adsorbed on them

If we substitute equations 19 to 21 in 23, we have,

CQRTCs , CRRTCs
K3 K4
CQRT CRRT
K Kg

L=Cg+K2CARTCg +
24
L= C3{1+ K2CART +————

Cg= L 25

CoRT CpRT
{1+K2CART+ Q™ LCR }

K3 K4

LK3K4
K3Kg +KoK3K4CART +K 4 CQRT +K3 CRRT
26

2Cg=

Substitution of equation 26 in 22 gave,

2

LK4K, / RT kaCoCR
fp = sS4 k3K22CA2 _ Q 27

+KgK3gK4Cp +KgCq +KaCr

For K, =0,
2
LK3K4 /RT ~k4CQCR
ro =
2 K3Ky K3Kyg
RT

+ K4CQ +K3CRr
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2
r L (_k4CQCR
2 =
RT
1+ FCQ | RTCR K3Ka
K3 Kg
k
Let 4 :K';E:KA;E:KB
K3K4 K3 4
L
=

1+ KACQ +KBCR

] 26

K'COCR 29
(kcqeR)

Expanding and simplifying, for, Fords= Cz we have,

—LK'CQP

Cg=

) 1+2CdKA+ KB] +ZCQ2KAKB +ZCQ2[K%\+ K%}

Cs= -LKC 30
1+ 2K'CQ+2K"CQP

WhereK” =K AKB; K" =K AKB +K 4 +K2:

3. RESULTS AND DISCUSION

3.1 Oil Characterization Experiments:

Experiments were carried out in order to charaneettie raw and
bleached oils, even though the amount of oil neddetthe test
experiment for bleached and deodorized oils washness than
that used for raw oil. However, similar equatioresrgvused in the
calculation, AOCS [24]. Tables 1 was generated frtme
characterization experiments of raw bleached amdialézed oils
respectively. This table shows the physical and nibal
properties of the oll

Table 1Physio-Chemical Properties of the raw, bleacheddmuatiorized Oils used in the investigation. (Terapae — 108C,
Activated clay dosage 1%) [25]

Properties Raw Palm Oil Bleached oil Deodorized bi
Colour (PhysigDeep Orange Orange yellow Golden Yellow
Appearance)

Odour ...of Palm Oil Palm fruit odour Palm fruitad
Taste ...of Palm Fruit Bland taste Bland taste
Specific Gravity 0.9182 0.9025 0.9282
Melting Point(°C) 38 40 35

Moisture (%) 1.3 0.3 0.05
Refractive Index 1.4514 1.4562 1.4562

Free Fatty Acid (%) 3.80 2.80 0.12
Lovibond Red Unit (1" CellR3 5.8 3.2

Anisidine Value (M.eqg/kg)| 8.2 6.40 4.55
Peroxide Value (M.eq/kg) | 5.8 4.20 3.0
Phosphorous (Ppm) 9.0 0.5 0.015

Iron (Ppb) 350 20 4.3
Saponification Value 200 205 210

lodine Value 45 45.2 48

From the table, it can be seen that there is a edadifference
between the raw, bleached and deodorized oilserims of
their properties. However, while the difference higgh in
properties like, colour, taste, odour, moisture teaty FFA,
AV, PV, P, and Fe, it is low in others such as,cfegravity,
melting point, refractive index, saponification waland iodine

value.

3.2 Characterization of local Clay

Tables 2 and 3 are the results obtained by chaiziog natural
(Inyi) clay, before activation, Mag,[26]. The pexties of the
activated clay were compared with the literaturdues of
Fulmont AA, a brand of activated clay from Malayssad
Fuller's earth . The chemical properties of theyada analyzed
proved it to be montmorillonite with large amourft alkaline
metals. These are shown in table 4.
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Table 2 Results of Physical characterization of raw (Ir§iay before activation

Properties Dark Red Crude Inyi Clay| Milky Crude Inyi Clay | Int'l Standard [20]
Non Clay Residue (%) 3.55 9.56 40-7.0
Moisture content (%) 8.44 9.48 8-12
Apparent Bulk density g/cihn 0.87 0.63 0.740 - 0.810
Ignition Loss (%) 6.26 7.47 6.0-7.0
Titratable Acidity (mol/g) 0.78 1.13 0.72

Table 3Results of Chemical characterization of raw (IrGiay before activation

Components SiO, Al,O3 Fe0,

CaO

MgO

Na,O

K,0

Ignition loss

Values 63.39 4.42 0.11

1.62

2.33

4.10

3.48 11

From tables 3 and 4, it is observed that ,Sa® crude (Inyi)
clay is very good compared to Fuller's earth antiremt AA.
Al,O3; and FeO3
metal oxides are on the higher side, but do notritarte so

contents are also good . However, alkali

much to the bleaching action of clay. Activatiomwever,
improved the quality of the clay as an adsorben,[2

Table 4 Chemical Composition of Activated (Inyi) Clay coarpd to fuller’s Earth, and Fulmont AA

Properties Acid activated Inyi Clay Fuller's Earth Fulmont AA
Sio, 65 52.26 61.7
Al,05 9.56 14.33 12
Fe03 0.08 3.04 5.7
CaO 3.25 3.02 4.1
MgO 2.20 - 2.3
NaO 0.24 0.40 0.2
K0 2.00 0.48 0.32
Ignition loss 9.5 - 6.2

Table 5 The results of particle size analysis of activétagi) clay
Sieve Aperture(mm) Weight Average size  Weight Cumulative
numbers retained(g) fraction Weight fraction
20 0.840 82.33 0.6300 0.5489 0.5489
40 0.420 42.61 0.3350 0.2841 0.8330
60 0.250 14.45 0.2135 0.09963 0.9293
80 0.177 6.40 0.1630 0.0427 0.9720
100 0.149 2.36 0.1370 0.0157 0.9897
120 0.125 1.00 0.0625 0.0057 0.9944
150 0.095 0.85 0.0475 0.0057 1.0001

3.3 Particle Size Analysis

The particle size analysis of acid activated (Irgfgy is shown
in table 5. From the table, it is observed that biigger the
particle size the more the weight fraction, i.e teight fraction
increases linearly with average particle size. Fritia same

table it can be seen that the higher the sieve purftbesh
size), the smaller the weight of material retained.

The effect of activation chemical on the perfornanaf
activated clay is shown in Figure 1
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Fig 1 The effect of concentration of activation chemicalthe
performance of the activated clay.

From Fig 1, it is observed that the performancéhefactivated
clay measured in terms of colour reduction is iasegl until the
concentration of between 1.0 and 1.5M, (the optiybeyond
which it began to decrease, and became constargrdevihe
end.

The effect of particle size distribution of thedtieated clay on
the colour reduction in palm oil bleaching is shawifigure 2

145 —— Deodorized at 200 C with 0.02% clay fines

—0—Deodorized at 200 C withoutfines
=l

=3
1

unit (Lingh ce

=)
1

Lovibgnd Red

r~
1

I [ | [
5 0 15 20 2
Particle Size (Micron)

Fig. 2 The effects of particle size on the colour of physically refined palm

From the figure, it is observed that;

a) The smaller the particle size, the lower the colour
until the particle size of between 5 and 10 midson
reached. Beyond this point, colour rises probably
due to fines in the oil.

b) Colour rises sharply when 0.02% clay fines were
introduced in the oil during deodorization.

3.4 Bleaching Experiment

The results of laboratory bleaching experiments are
presented in tables 6, and 7.

Table 6 Laboratory bleaching experimental results compavi¢hl the international standard. (Test temp. i8°C1 and bleaching earth
doage is 1%)

Parameters Laboratory experiment International stardard
Bleached Qil Deodorized oil Bleached Qil Deodorizedil

Colour inlinch cell 11.5Red units 3.4Red units R&8 units 2.5 Red units

FFA% 2.8 0.12 3.5 0.1

PV m.eq/kg 4.2 3.00 3.2 1.0

AV m.eqg/kg 6.4 455 6.0 3.7

From table 6, it is observed that the variabletpup PV and
AV are higher relative to the internationals staddabut FFA
of bleached oil is lower than the standard values Tight be
due to the quality (grade) of the raw oil used ahe
conditions under which they were processed.

3.5 Variation of Temperature.

The effect of bleach temperature on colour, PV, Avid
FFA, are shown in table 7
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Table7 The effect of bleach temperature on Colour, PV,a\ FFA of physically refined palm oil.

Temperature °C Colourin 1 inch cell Peroxide | Anisidine value Free fatty acid
Bleached oil Deodorized oil value
20 14.2 3.8 6.5 3.60 0.62
40 13.0 3.7 6.0 3.65 0.60
60 12.5 3.8 5.5 3.70 0.48
80 11.0 3.6 5.0 3.80 0.50
95 8.2 3.5 4.3 3.85 0.40
100 5.8 3.2 3.0 4.55 0.12
110 5.0 3.5 2.8 6.00 0.13
120 4.5 4.8 1.2 6.50 0.40
140 4.0 5.1 1.0 10.50 0.50
160 3.6 5.5 0.9 14.50 0.60

From table 7 also, it is observed that;

1) Colour and PV decrease linearly with temperature fo
bleached oil.

2) Colour and FFA decrease marginally with
temperature for deodorized oil until a
temperature of 100, beyond which it
starts to rise.

3) AV, increases marginally, until a temperature of
100°C, beyond which it rises sharply.

The effect of clay dosage on phosphorous is shoviig. 4.
Phosphorous is reduced linearly with clay dosagl an
dosage of 1 per cent is reached, beyond this paimy,
increase in earth dosage has no correspondingtredun
phosphorous, and hence an asymptotic behaviouhef t
graph.

Bleached and deodorized colours are reduced witfe&se
in clay dosage, but the deodorized colour is atelowalue
compared to the bleached colour. This is due to dféect at

3.6 Variation of Clay dosage high temperature of deodorization.

In Fig 3, the effects of bleaching clay dosage @iCh =
contents respectively, are shown. —8— Rieached nil colat
= =A== Dendarized ni
ﬁ_ — &= = Phnasnharnii
Copper (Pp.b.) A — & = Percxide valiie
200 8_ =B = Aniridine \Valie
foe
g
i\
© \C
A
475
< \\ .
\h\\ )
~\
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o F\ ~~""‘Ab—\g———A
& — T a—
~ _. — L
——
ne 1N 1R 2N ' bl ~ 2N 2R

0 1 2 3 4

% BLEACHING EARTH Dosage
Figure 3 The effect of earth dosage on the copper content of physically refined Palm oil.

Fig.4. The relationship between bleaching clay dosage and
A — Bleached colour( Red unit, in 1 inch cell); B —
Deodorized colour( Red unit, in 1 inch cell); C —
Phosphorous(Ppm); D —Peroxide value(M.eqg/kg); E—
Anicidine value(M.eqg/kg)

From the figure. the Fe or Cu content is reducedadlily as
bleaching clay dosage is increased, as shown id.Fig
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3.7 Adsorption Mechanism CONCLUSIONS

Adsorption of carotene pigments on activated clayind The kinetic rate of adsorption of carotenoids otivated clay has
bleaching is a surface phenomenon, and hence fellogth been developed in this work. The clay obtained filag in Oji

Frundlich and Langmuir adsorption isotherms. Pcatity, all River Province of Nigeria, was activated using &ekosulphate
bleaching processes follow Langmuir/Freundlich saagdtion (VI) acid. The results of the characterizationtod tlay showed it
isotherm, which expresses the relationship betwdlea to be montmorillonite with more of metallic oxidekan the
concentrations in the fluid phase to that in thesoabent standard activated Fulmont AA bleaching earth. Tgsical

particle phase at a given temperature. properties of Bulk Density, Moisture content, pertcef non clay
residue and Ignition loss are in conformity withetstandard
Frundlich isotherm, is particularly for adsorptilom Liquid. values, while the chemical properties like Silidgdumina, and

However, in this study, langmuir isotherm was usedlerive Ferric oxide were found to be in agreement with stendard
the mechanism, because, one of the assumptionshisf t values. The bleaching performance of the activatad in terms
isotherm is that all adsorptions occur through theme of colour reduction showed that it is a veritablatenial in the
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