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Abstract

This work had as a general objective the evaluation of adsorption capacity of dichromate ions by clay collected in the
Impfondo locality. The mineralogy of this soil was determined by X-Ray diffraction, Infrared spectroscopy and differential
thermal analysis and thermogravimetry analysis. The geotechnical (Atterberg limits and grain-size distribution) and the
chemical properties (chemical composition, CEC, Tamm Fe and Mehra-Jackson Fe) were also studied. The surface
properties (specific surface area and zero charge point) were evaluated. The adsorption isotherms and adsorption kinetics
were carried out. Impf clay consists mainly of kaolinite, but also illite, quartz, goethite, anatase, rutile and hematite. The
particle size distribution corresponds to clay texture and offers the adsorption possibility. The surface properties (CEC,
adsorption isotherm, adsorption kinetics, point of zero charge) have permitted to evaluate the adsorption capacity of Impf
clay. This study showed that the adsorption isotherm of dichromate can be interpreted by the Langmuir and Freundlich
models. Both models are to the extent of acceptability. The Freundlich model was used to calculate the Freundlich constant
and the heterogeneity factor. This study made it possible to conclude that the adsorption yield of dichromate on Impfondo
kaolinite is low, it increases with the mass of the introduced kaolinite. And at a mass of 0.5 g of kaolinite in 25 ml of
dichromate solution, the adsorption sites become saturated and the equilibrium is reached. Following adsorption kinetics,
the adsorption of dichromate is described by the second-order model. It was possible to determine the rate constant and the
adsorption capacity of equilibrium dichromate ions. The adsorption of dichromate is favored when the pH of the environment
is much lower than that of the zero charge point of the kaolinite.

Keywords: Clay, mineralogical characterization, size-particle distribution, adsorption, dichromate ions, specific surface area.

Introduction

Industrial activities are generally a very important source of
pollution and contribute to the degradation of the environment.
The release of heavy metals in nature causes many chemical
reactions between the cations of these metals and some ligands
in the environment. This is the case of chromium ions in the
aquatic environment which react with oxygen to form chromate
and dichromate, thereby modifying the chemical composition
and physicochemical properties of water. Several researchers
have been interested in the adsorption of heavy metal cations by
solid adsorbentsl's, and few have been interested in the
adsorption of the complexes formed by these metals®’. Several
studies have shown the anti-polluting role of clays®. Nowadays
the applications of clays are constantly growing, and they are
used as adsorbents in the elimination of micro pollutants in
environment. This is justified by the presence of negative
charges on the surface, the possibility of cation exchange, the
large specific surface area and their availability in nature”.

The quantities of chromium detected in groundwater and surface

waters in Brazzaville could be at risk. Indeed, in a study of
groundwater in Mayanga quarter of Brazzaville, Sita-Keba
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observed concentrations of Cr(VI) relatively higher than the
WHO standards’. Nimy observed levels of Cr(VI) superior to
the WHO standards in the waters of the national company of
distribution of water in Brazzaville'’. In other area of
Brazzaville, in particular Poudriere quarter, groundwater
showed higher concentrations of Cr(VI) with the WHO
standards. chromium in its hexavalent form, deemed the most
toxic form, is involved in the pollution of surface water, by its
use in many industries (electroplating, chemical industry,
industry of pigments) and as anti-corrosion agents''™". Cr(VI)
shows a higher than Cr(Ill) harmful; potassium chromed
experimentally disrupts the growth of algae and as soon as the
concentration of 0.5mgl™ in the middle, reduced photosynthesis,
reduces the biomass in Chlorella pyrenoidosa as showed by the
works of Meisch and  Schmitt-Beckmann'®.  Many
epidemiological studies have shown that occupational exposure
of humans to the chromates cause growth in respiratory
cancers”'7.  Ultraviolet light associated with hexavalent
chromium in drinking water stimulate significantly the
formation of skin cancers compared to UV alone in mice'®.
Chromium in its hexavalent form is toxic for reproduction'”*,
Allergic contact dermatitis occurs often as result of dermal
exposure to hexavalent chromium®. A study revealed that a
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0.25% of dichromate solution can cause positive allergic
reactions™.

Consider the elimination of chromium in the groundwater by
adsorption requires effective adsorbents. Therefore the study of
local clays could open up opportunities to find the adsorbents to
remove chromium in waters.

Thus, the general objective of this work is the characterization
and the evaluation of chromium adsorption capacity of a clay
soil collected at Impfondo locality.

X-ray diffraction will be used for identification of minerals
present in this soil. Consolidate the identification, we will use
Fourier Transform infra-red spectroscopy in mode diffuse
reflectance, differential thermal analysis and thermogravimetry
analysis The geotechnical (Atterberg limits and grain-size
distribution) and the chemical properties (chemical composition,
CEC, Tamm Fe and Mehra-Jackson Fe) will be also studied.
The surface properties (specific surface area and zero charge
point) will be evaluated. The adsorption isotherms and
adsorption kinetics will be carried out.

Material and methods

Location of sampling site: Impfondo is a village in the
northeast of the Republic of Congo, capital of the Likouala
Department. It is located on the Ubangi River (Figure-1). The
coordinates are 1°37'12 "North, 18°03'18" East and the altitude
is 326m.
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Figure-1: Localisation of Impfondo locality™.

Pedological point of view, the region is characterized by
ferralithiques and alluvial hydromorphic soils®. The sampling
site is 4km from the port and on the edge of the Ubangi River.
Samples are taken during the dry season. Indeed during the
rainy season floods cover the natural soil profile.
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Physicochemical and mineralogical characterization: The
limits of Atterberg were measured according to the standards™.,
The proportions of the following particle classes are determined
according to the standard NF P94 056 and NF P94 057%.

The X-ray pattern was recorded on a raw sample using a
PANALYTICAL X'PERT PRO' 'K «; (0-26) diffractometer
using Cu Ko, radiation (45kV, 40mA) in the Institute of
Condensed Matter Chemistry of Bordeaux (ICMCB).

The chemical analysis of the major elements was carried out
according to the procedure of Carignan et al.”* at CRPG Nancy.

The extraction of iron and aluminium is done according to two
methods: i. Mehra Jackson meth0d27, ii. Tamm method®.

The iron and aluminium contents, extracted from these two
techniques were carried out by atomic emission spectrometry in
induced plasma of argon (ICP-AES).

Diffuse Reflectance Infra-red Fourier Transform Spectroscopy
(DRIFTS) was performed over a wave number domain between
600 and 4000/cm using a Bruker IFS 55 spectrometer equipped
with a broad band detector of MCT type (Mercury and
Cadmium Tellurium) cooled at 77K and with an accessory of
diffuse reflection (Harrick Corporation).

The powdered sample was diluted in KBr (50 mg of sample in
350mg of KBr). The spectra were recorded by accumulating 200
scans at a 2.0/cm resolution.

The Differential Thermal Analysis (DTA) and Thermo
Gravimetry (TGA) were carried out with a SETARAM device
coupled with a thermobalance. The heating rate was 10°C./min.

The specific surface area of the crude fraction and the fine
fraction of this sample was determined from the adsorption
isotherms of methylene blue”. The maximum quantity M; of the
methylene blue adsorbed is determined in millimoles per 100g
of material, from the level of the adsorption isotherm. Knowing
the surface A4,, (135A?) of a molecule of methylene blue and the
maximum quantity My, the specific surface area was estimated
by the following equation:

S = MpA,6.02.10"*m?g ™" €))
The Cation Exchange Capacity was determined on the raw
sample and on the fine fraction according to METSON. It
consists of three stages: i. the sample is first saturated with
ammonium ions (NHF) by successive percolations of a 1mol/L
solution of ammonium acetate (CH;CO,NH,). His buffering
capacity makes it possible to reduce the pH of the environment
to about 7, which is one of the essential characteristics of this
method. ii. the excess of ammonium ions are removed by
percolation of ethyl alcohol, after which they are exchanged
with a 1 mol/L sodium chloride solution.
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The displaced ammonium ions are assayed by
spectrocolorimetry on the previous solution, after filtration. The
concentrations found are converted to cmol+/kg (centimol of
positive charge per kilogram of soil). Taking test is 2.5g of soil
sifted to 2mm.

Adsorption of dichromate ion on the IMPF sample: Kinetics
of adsorption: The kinetics of adsorption of dichromate ions by
this kaolinite was observed by mixing in several erlenmeyers of
250ml, 0,5g of the kaolinite and 25ml of 122,3mg/l dichromate
solution. The pH of the mixture was adjusted to 1,99. The
solutions were stirred for 2h, and every 20min, the samples were
taken. This allowed the evolution of the dichromate content to
be monitored.

Adsorption isotherm: The method chosen consists of
maintaining constant the concentration of the adsorbate and then
varying the mass of the adsorbent’’. In 7 erlenmeyer flasks of
250 ml each, 0.1g; 0.2g; 0.3g; 0.4g; 0.5g; 0.6g and 0.7g of the
kaolinite sample was introduced successively, and 25ml of the
4.10" *M of dichromate solution. The pH of the mixtures was
adjusted to 1.99. The mixtures were stirred at 25°C for 3hours,
then settled overnight and then centrifuged for 30min. The
supernatant solutions were analyzed for equilibrium dichromate
concentrations by spectrophotometry. The adsorption capacities
of IMPF sample was calculated using equilibrium studies. The
mass balance equation for this process at equilibrium is given by
equation (2).

Qe =(Co—Ce)V/m @
Where: Q.(mg/g) is the adsorbent capacity, Co(mg/L) is the
initial concentration, C.(mg/L) is the final or equilibrium
concentration, V is the experimental solution volume (L), and m
is the adsorbent mass (g).

Point of zero charge (PZC): The principle used in this work
consists in titrating the clay suspensions with KCl with
hydrochloric acid (HCI) or sodium hydroxide solution (NaOH),
in order to monitor the pH of the suspension of clay at different
ionic forces as a function of the quantity of hydrochloric acid
and added base®. Indeed, six suspensions of clay were prepared
by mixing 1.5g of the IMPF sample with 25mL of a potassium
chloride (KCl) solution at various concentrations: two
suspensions with a solution of 0.1NKCl, two others with 0.0IN
KCI and two solutions with a solution of 0.001NKCI. After
stirring for 24hours, the suspensions are subjected to pH-metric
titration by the 0.INHCI solution or the 0.INNaOH solution
using the pH meter. The point of zero charge (PZC) is
determined from the intersection of the titration curves of the
different suspensions.

Effect of pH: The influence of pH on the adsorption of
dichromate ions was studied by introducing in the erlenmeyer
flasks different masses of kaolinite and 25ml of the dichromate
solution at pH 5.03 and 1.99. The mixtures are first stirred using
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the magnetic stirrers for 120minutes. After decantation, the
supernatants are centrifuged for 30min.

Results and discussion

Limits of Atterberg: The limits of Atterberg are shown in the
Table-1.

Table-1: limits of Atterberg of IMPF sample.

Sample IMPF
Liquidity limit Wy, 50,08
Plasticity limit Wp 22,08
Plasticity index Ip 28

This result, which shows the plasticity index IP=28, qualifies
this sample as a inorganic clay of medium plasticity using the
CASAGRANDE chart™ (Figure-2).
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Figure-2: Positioning of IMPF sample in CASAGRANDE
chart.

Particle size analysis: The results of particle size analysis of
IMPF sample are shown in the Table-2.

Table-2: Particle size analysis of IMPF sample
Argile % Sable %

Sample Limon % Total %

IMPF 80 8 12 100

This result reveals that the IMPF sample has the clay texture.
With 80% of clay, IMPF sample would present a high capacity
to adsorb the micropollutants. Indeed, the adsorption intensity
depends to size of particles™.

XRD pattern of IMPF sample: The Figure-3 shows the XRD
pattern of IMPF sample. Examination of the XRD pattern of the
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IMPF sample revealed the presence of the following minerals:
kaolinite, illite, quartz, goethite, anatase, rutile and hematite® .
With regard to the heights of the peaks, kaolinite is the most
abundant clay mineral.

The height of the peaks related to goethite and the hematite
indicated the considerable presence of the iron in that sample.
Titanium oxides (rutile and anatase) are also relatively non-
negligible.

In the XRD pattern of an ordered kaolinite, the interval ranging
from 19° to 23° presents usually three distinct peaks while the
increase in disorder makes that the sequence of 02/, 11!/
reflections in the range 20°-33° becomes increasingly blurred

5000
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until with halloysite only a smooth diffraction band with the
superimposed 002 basal reflection is obtained”’. As we observe
one peak in this interval, we can think that the kaolinite is
disordered. Figure-4 represents the XRD pattern of the sample
heated to 500°C.

We can observe the disappearance of the peak at 7,23A. The
kaolinite is transformed into metakaolinite. The persistence of
the peak at 10,0A confirms the presence of illite.

Chemical properties of the IMPF sample: The Table-3 gives
us the chemical properties.
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Figure-3: XRD pattern of IMPF sample.
(I=illite, K=kaolinite, G=goethite, Q= quartz, A=anatase, R=rutile, H=hematite)

Moutou

Echantillon B (500°c)

et

'jxw._ A

jLL,,

Flgure -4: XRD pattern (sample heated to SOOOC)

Table-3: Chemical properties.
Si0, Al O; Fe,0; MnO MgO CaO Na,O K,0 TiO, P,0s P.F.
52,34 | 25,07 6 0,02 0,25 0,04 0,05 0,66 2,03 0,07 12,47
Organic carbon Total nitrogen Organic matter
Organic matter
0,229% 0,0275% 0,397%
CEC 8,8 cmol+/kg 9,
Tamm Fe Tamm Al Mehra-Jackson Fe Mehra-Jackson Al
0.077% 0,144% 2,96% 0,377%
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The SiO, / Al,Oj; ratio in the IMPF sample is 2,1. It is higher
than the ratio in kaolinite (1,2) that is the most predominant clay
mineral soils. This corresponds to a significant presence of
quartz in The IMPF.

The rate of alkaline and alkaline earth oxides is negligible.
Indeed, this soil flooded during the rainy season which last six
months, is highly leached. The K,O rate relatively important
would correspond to presence of illite. These values are lower
than in an illitico-kaolinic clay”® and comparable to the kaolinic
clay LOU”. The non-negligible MgO content in the IMPF
sample would possibly correspond to the very low presence of
smectites or T-O-T mineral in which magnesium substitutions
of aluminum would occur in the octahedral layers.

The Tamm method provides information on the iron present in
the amorphous state in the sample, often in the form of
complexes of organic compounds™.

In the IMPF sample, the amount of the amorphous iron is very
low (0,077g /100g). The Mehra Jackson method applied to the
same sample shows 2,96g 100g of crystallized and amorphous
iron. The combined results of Iron Tamm and Iron Mehra
Jackson methods led to a percentage of 3,04% free iron.
Moreover, the chemical analysis shows 6% of iron oxide
(Fe,0Os3), which corresponds to 4,2% of total iron. The
calculation of the percentage of structural iron, gives 1,16%.
The free iron represents 72,4% of total iron. The importance of
free iron would justify the manifestation of the peaks relating to
the goethite and hematite on the IMPF XRD pattern.

Loss on ignition is important for IMPF (12,47). It depends on
the content of the clay species and the significant presence of
goethite.

Differential and gravimetric thermal analysis: The Figure-5
gives us the DTA curve of IMPF sample:
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Figure-5: DTA curve.

Examination of this figure reveals the presence of an
endothermic peak at approximately 100°C, an endothermic peak
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at 535°C and an exothermic peak at 971°C. In relation with the
results of the XRD, the first peak corresponds to the departure
of the hygroscopic water (adsorbed), the second can be
attributed to the dehydroxylation of the kaolinite which turns
into metakaolinite and the exothermic peak to the structural
reorganization of metakaolinite to mullite*"*>. Unlike the DTA
curves of LOU and MOU clays®* which have relatively large
rates of sand, peak linked to the reversible quartz transformation
is not visible on the DTA curve of IMPF.

The following Figures-6 and 7 represent the TGA and DTG
curves.
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Figure-7: DTG curve.

The analysis of these curves reveals three phenomena causing
weight loss: i. Around 91°C of the order of 2.2%, ii. Around
295°C of the order of 1.1%, iii. Around 535°C of the order of
7.7%.

The losses of weight around 91°C and 535°C are related to the
departure of adsorbed and the deshydroxylation of kaolinite.
The loss of weight around 295°C could be related to the
presence of goethite. Indeed, it is indicated that goethite
undergoes a hematite transformation at these temperatures®.
The weight loss of 7.7% corresponding to the dehydroxylation
of the kaolinite leads us to estimate a kaolinite content (55%) in
this IMPF sample.
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Mineralogical balance: Mineralogical balance is carried out
according the formulae***’

T(a) = ¥ M;P;(a) 3)
Where: T(a)=Mass percent of the element oxyde a in the
sample, Mi=Mass percent of the mineral “i“ in the studied
material, Pi(a) =Massic amount of the oxyde of the “a*“ element
in the mineral “i“ deduced from the ideal formula of the minéral
i

Table-4: Mineralogical balance of IMPF sample.
Illite

Kaolinite Quartz Hématite Rutile

61,79% 5,59% 27,27% 4,34% 2,03%

Referring to the chemical analysis, the IMPF clay soil contains a
significant clayey species rate (kaolinite and illite = 67,38%).
Therefore the IMPF sample presents a significant potential as
adsorbent. On the other hand, considering weight loss revealed
by thermogravimetry and associated to the deshydroxylation of
kaolinite, this latter would be less important (55%). But if the
rate of kaolinite decreased, illite rate would be increased since
the total content of clay species remains constant (67,38%),
therefore the illite rate will be 12.38%. The kaolinite/illite ratio
(4,44) is near to the report of the intensities of the principal
peaks in the XRD pattern of the IMPF sample (3603,6/904, 57 =
3,98). 55% would be near the true rate of kaolinite. These values
are between the minimum value of the CEC of the kaolinite
(5meq/100g) and that of the CEC of the illite (10meq/100g)*.
These values show a predominance of kaolinite. The CEC of the
fine fraction is greater than that of the crude clay. This can be
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explained by the enrichment of the fine fraction of clay minerals
relative to the crude clay soil.

Infra-Red Spectrum: The IR spectrum of IMPF sample is
showed in Figure-8.

The range from 3700cm™ to 3600cm™ corresponds to the
elongation modes of the OH groups*’. The IMPF sample shows
three intense bands 3696cm‘l, 3653cm™ and 3620cm™ in this
range.

The kaolinite is the most abundant clay mineral in the IMPF
sample. It is indicated that four OH stretching bands are typical
of kaolinite”™™. The three bands observed on IMPF TFIR
spectrum are ascribed to elongation vibrations '. Many studies
on cristallinity of kaolinite showed that the decrease of order in
kaolinite leads to decrease of the bands (three instead four:
3695, 3658 and 3620cm™)’>**. The three bands observed in the
range 3700-3600cm™ can be assigned to hydroxyl stretching
modes. But the kaolinite in IMPF should be disordered. The
intense bands at 3420 and 1631/cm are due to the free water
molecules™. In TFTIS spectrum at 80°C of LOU sample, the
intensities of these bands highly decrease™. The well defined
band at 3435/cm in DRIFTS could reveal small amounts of
gibbsite™. The very weak percentage of Al Mehra-Jackson does
not favor this attribution. The bands at 935cm™ and 915cm™
correspond to the AI-OH-Al and AlO-H deformation vibrations.
The bands at 1159 and 1113 cm™ correspond to the symmetrical
and asymmetric Si-O mode. The elongation mode of the Si-O
bond in kaolinite gives 1021cm™.
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Figure-8: infra-red spectrum of IMPF sample.
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The band 752 and the band 795 due to the silica in the samples
are quite distinct in IMPF.

A study by infrared spectroscopy of kaolinite-quartz mixtures
reveals that the quartz has two bands around the frequency 1010
em™” %7 The band to 652 cm™ expresses the presence of the
goethite™.

The band at 2131 ¢cm™ is attributed to the deformation-rotation
combination of the water molecule™.

Specific surface: The Figure-9 gives us the adsorption
isotherms of BM on fine fraction and crude clay of IMPF

sample.

The Table-7 shows the value of the specific surface area of the
crude clay soil and that of the clay fraction.

Table-7: specific surface area.

IMPF sample Cru;isﬂc lay Clay fraction
specific surface area (mz/g) 69,89 78,83

These values are very higher than the values of clay LOU and
MOU which are kaolinitic clays, measured by BET methods
(37,0 and 33,7 m%/g). These clays have the size distribution near
the IMPF sample.

Brindley et al. indicate that maximum adsorption of methylene
blue, corresponding to complete exchange of the inorganic by
the organic ions, occurs with larger amounts of methylene blue
than are required for optimum flocculation®. In their study the
value of My is taken as the amounts of methylene blue adsorbed
for optimum flocculation. It is considered that the amount of
methylene blue adsorbed under these conditions corresponds to
coverage of the clay surface with methylene blue molecules™.
The optimum flocculation is often situated before the curvature
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on the isotherm. Taking M; lower to the maximum adsorption
we have the following specific surface area 46,8m*g (crude
clay) and 62,4 mz/g (fine fraction). The LOU illite and kaolinite
content are practically identical to that of IMPF and his BET
specific surface is 37m*g”. The value of IMPF neared the value
of kaolinite from Florida®. The relatively significant proportion
of illite would cause a higher specific surface area of IMPF
sample compared to that of kaolinite.

Point of zero charge of IMPF clay sample: The evolution of
pH based on the concentration of hydrochloric acid or soda is
given in Figure-10 (crude sample) and Figure-11 (fine fraction).

From these curves, the pH of the points of zero charge (PZC)
has been determined (4.5 for raw sample and 5.0 for the fine
fraction).

Many studies on kaolinite reveal that this latter has PZC around
of 3 and even lower to 3. However, the PZC of the oxisols are
quite high (4 to 5). Hendershot and Lavkulich showed that iron
oxides coating clayey minerals increase the PZC of these™. The
PZC value of IMPF sample is relatively high because of the
large presence of oxides of iron in the soil.

These values are close to that of the zero charge point of
kaolinite comparable to that found by Rahajaritompo R. L.
(pHpen = 4.6)61. This may be due to the fact that kaolinite is the
major mineral species in these clays.

Thus, it may be thought that when the clays are suspended, for
pH values below 4.6 the surface of the clay particles is
positively charged and can therefore fix the anions.

Adsorption Isotherm: The adsorption isotherm of our study is
obtained by plotting the adsorbed amount of dichromate ions Qe
(in mg/g) as a function of equilibrium concentration Ce (mg /1)
of the dichromate ions (Figure-12).
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Figure-9: Adsorption isotherms of methylene blue.
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This isotherm corresponds to that of type H®*. It does not start
with zero, and the initial part of this isotherm is vertical. This
figure shows that, at low starting concentrations, the adsorption
would almost be total. This phenomenon occurs when the
interaction between the adsorbed molecules and the surface of
the solid is very strong.

Application of the Langmuir model: The linearization
according to the simplified model of Langmuir is represented in
Figure-13.
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Figure-13: Langmuir model.

0.01

The linearized Langmuir equation is Y = 814.52X — 6.517.

The plot of that Langmuir equation gives the straight line of the
form

Yo, = ocont Yo @)

Where: Q, = (C, — C,)V/m is the adsorbed quantity of

solution (mg/g); C, is the equilibrium concentration of solution
(mg/1); V: volume of solution (liter); m: the mass of clay (gram);

Om = (X V/m)o(mg /g) is the maximum adsorbed quantity; b
is the ratio of constants of adsorption rate and desorption rate.

The correlation factor is R*= 0.5134

Application of the Freundlich model: Determination of the
Freundlich constant and the heterogeneity factor.

The Figure-14 shows Ln (Qe) as a function of Ln (Ce)
according to the Freundlich model.

The linearized equation of Freundlich is Y = 6.0934X - 28.536.

It gives the straight line of the form
Ln(Q.) = LnKy + (1/p)Lnc, )

Where: l/n is the slope; LnKp is the ordinate at origin.
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Therefore, Kp = —28,536 , K = 4,04.10713, where Ky is

constant of Freundlich type, 1/n =6,0934, n=0.16, son <1,
where n is the factor of heterogeneity.

The correlation factor is R* = 0.5136

0.4 y = 6,0934x - 28,536
03 R?=0,5136

0.2 L J V'S
0.1 S

o 0

= 0.1462

= 0.2
0.3
0.4
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4.68 47 472 474

Ln Ce
Figure 14: Freundlich model.

This study shows that the Freundlich model gives results similar
to the Langmuir model by the correlation factor. Since the value
of 1/n is greater than one (1), this confirms the strong interaction
between the adsorbent and the adsorbate®™. So adsorption of
dichromate ions by Impfondo clay soil is possible.

The correlation coefficient shows that the Langmuir model and
the Freundlich are within the acceptability limit.

Dichromate ions adsorption on the IMPF sample can be
described by the Freundlich and also Langmuir equations. But
the correlation factors, medium and at the acceptability indicate
thus that others phenomena must be taken into account. From
the Langmuir point of view, the presence of two clay species
(kaolinite and illite) should be at the origin of many adsorption
sites®. In the case of kaolinite, to first approximation, at least
two types of adsorption sites on the edges with the hydroxides
=SiOH (tetrahedral sheet) and =AIOH (octahedral sheet) of
which the PZC have different values®. The more complex
structure of the illite is quite similar to that of the
Montmorillonite; so presumably it is found several types of sites
at the ends of layers, Si - O, Al-OH and Al - O to the Si-O, Al-
OH et Al-O at the level of the siliceous and alumina sheets®.
Therefore, it was possible to apply the Langmuir’s modified
model for the competitive adsorption. It is a well known fact
that the adsorption is subject to a competition between several
species®. The acidification of IMPF clay suspension can produce
the hydroxyl ions by dissolution of iron oxides. The OH- ions
could be entering in competition with the dichromate. The
application of Freundlich modified model for competitive
adsorption would have improved the correlation factor®.

Kinetics of elimination: Removal of the dichromate ions was
monitored as a function of the agitation time of the solutions
(Figure-15).
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Figure-15 shows that there is equilibrium between 20 and 80
minutes. This equilibrium time corresponds to the maximum
efficiency of the dichromate adsorption on the kaolinite. We
observe a decrease and then the growth of the dichromate
content, which could be explained by the dichromate desorption
by the kaolinite. That was observed in the study of the removal
of cadmium by adsorption on sodium and calcium bentonites',
and in the study of the co-adsorption of heavy metals on
modified bentonite in the presence of mineral and biological
flocculants”.

Application of the second order kinetic model: The linear

plots of second-order kinetic model (equation 3) for dichromate
ions are shown in Figures-7.

1, 1 t
/o= k02 o ©)
The K, and Q. values are experimentally determined by plotting

t/Q, against t. And a kinetic model is concerned only with the
effect of observable parameters on the overall rate.
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The correlation coefficient R* value for IMPF sorption for
dichromate is 0.9788.

The equation of this line is: Y = 0,866X + 0,941

By identification with the equation (3), the equilibrium
adsorption capacity is obtained: Qe = 1.1539 mg / g and the
rate constant K, = 0.798 g.mg'.min™".

The equilibrium adsorption capacity determined by the second
order model (1.1539 mg / g) is very close to that determined
experimentally (1.1317 mg/ g).

Elimination efficiency: These results are obtained by following
the evolution of the adsorbed amounts of the dichromate ions as
a function of the mass of the kaolinite. The removal efficiency is
calculated from the following equation:

(%)removal = (C, — C,)x 100/C, @)

where Cy and C, are the initial and equilibrium concentrations
(mg/L) respectively

0 &
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Figure-15: Monitoring of elimination efficiency as a function of agitation time.
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Figure-16: Determination of the adsorption capacity at equilibrium and of the rate constant of adsorption.
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Figure-17: Influence of the mass of the kaolinite on the removal efficiency of the dichromate ions.

The retention of the dichromate ions increases with the mass of
the kaolinite and we also observe the appearance of a plateau
corresponding to a maximum efficiency from 0.5 g of kaolinite.
This same observation was also made in a study on the
adsorption of organic micropollutants on bentonite’" and in a
study on the elimination of cadmium by adsorption on sodium
and calcium bentonites'.

These results could be explained by the increase in the mass of
kaolinite which would increase the number of sites able to fix
the dichromate ions; and the appearance of the bearing could be
explained by the phenomenon of flocculation.

Influence of pH on adsorption: This study shows that at pH =
1.99 the adsorption of the dichromate is favorable, and at pH =
5.03 the adsorption of the dichromate is practically zero. These
results could be explained by the fact that below the pH of the
point of zero charge (pH = 4.7), this clay behaves as an anion
fixer, thus dichromate. On the other hand, above the point of
zero charge, it behaves as a cation fixer, which justifies the fact
that the dichromate is not adsorbed®.

Conclusion

This work had as a general objective the evaluation of
adsorption capacity of dichromate ions by clay collected in the
Impfondo locality. The mineralogy of this soil was determined
by X-Ray diffraction, Infrared spectroscopy and differential
thermal analysis and thermogravimetry analysis. The
geotechnical (Atterberg limits and grain-size distribution) and
the chemical properties (chemical composition, CEC, Tamm Fe
and Mehra-Jackson Fe) were also studied. The surface
properties (specific surface area and zero charge point) were
evaluated. The adsorption isotherms and adsorption kinetics
were carried out.

Impf clay consists mainly of kaolinite, but also illite, quartz,

goethite, anatase, rutile and hematite. The particle size
distribution corresponds to clay texture and offers the adsorption
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possibility. The surface properties (CEC, adsorption isotherm,
adsorption kinetics, point of zero charge) have permitted to
evaluate the adsorption capacity of Impf clay. This study
showed that the adsorption isotherm of dichromate can be
interpreted by the Langmuir and Freundlich models. Both
models are to the extent of acceptability. The Freundlich model
was used to calculate the Freundlich constant and the
heterogeneity factor.

This study made it possible to conclude that the adsorption yield
of dichromate on Impfondo kaolinite is low; it increases with
the mass of the introduced kaolinite. And at a mass of 0.5 g of
kaolinite in 25 ml of dichromate solution, the adsorption sites
become saturated and the equilibrium is reached.

Following adsorption kinetics, the adsorption of dichromate is
described by the second-order model. It was possible to
determine the rate constant and the adsorption capacity of
equilibrium dichromate ions.

The adsorption of dichromate is favored when the pH of the
environment is much lower than that of the zero charge point of
the kaolinite.
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