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Abstract : The aim of this study is to explain how organic compounds, like acetate and propionate, affect the 
adsorption of chromium (III) in the clay surface according to the pH and to model heavy metal adsorption. Adsorption 
has been modelled by computer program PHREEQC using single and double site binding models. The modelling of 
binary and ternary surface complexation was deliberately done at high ionic strength (0,1 M NaNO3) for eliminating 
adsorption onto the permanent negatively charged sites of MB clay. The bulk clay (MB) used in this study comes from 
Niono (Mali). Physicochemical characteristics of this clay were determined in the preliminary work [1]. Isotherm 
adsorption shows that adsorption increases with pH. Adsorption reaches 99% in pH 5 and become constant after this 
value of pH. These data are modelled using a computer program PHREEQC. The main study was carried out with 
chromium, but impurity organic compounds present in the system: sodium acetate and sodium propionate. The program 
shows that the weak concentrations of organic compounds (lower than 1 mmol/L) do not have an effect on chromium 
adsorption; but with high concentrations one has significant reductions in adsorption. 
 
Keywords : clay, chromium (III), adsorption, Isotherm, model, PHREEQC 
 

Nano - kaolinite Naturelle  de Niono (Mali ) 
II. Adsorption du chrome dans les eaux usées de tannerie en présence de 

composés organiques  
 
Résumé : Le but de cette étude est d'expliquer comment les composés organiques, tels que l'acétate et le propionate de 
potassium, affectent l'adsorption du chrome (III) sur la surface de l’argile en fonction du pH et de modéliser adsorption 
des métaux lourds. L’adsorption a été modélisée par un programme informatique PHREEQC utilisant des modèles site 
de liaisons simples et doubles. La modélisation sur les surface de complexation binaires et tertiaires a été délibérément 
fait à force ionique élevée (0,1 M de NaNO3) pour éliminer l'adsorption sur les sites permanents de l’argile (MB), 
chargés négativement. L'argile brute (MB) utilisée dans cette étude provient de Niono (Mali). Les caractéristiques 
physico-chimiques de cette argile ont été déterminées dans un travail préliminaire [1]. L’isotherme d'adsorption montre 
que l'adsorption augmente avec le pH. L’adsorption atteint 99% à pH 5 et devient constante après cette valeur de pH. 
Ces données sont modélisées en utilisant le logiciel PHREEQC. L'étude a été effectuée sur une solution de chrome (III), 
en présence de composés organiques considérés comme impuretés présentes dans le système: l’acétate et le propionate 
de sodium. Le programme montre qu’à faibles concentrations les composés organiques (inférieur à 1 mmol / L) n’ont 
pas d'effet sur l’adsorption du chrome; mais à concentrations élevées on a une réduction significative de l'adsorption. 
 
Mots clés : Argile ; chrome (III) ; adsorption, Isotherme, modèle, PHREEQC 

                                                 
* Corresponding author:  E-mail: samakeivanov@yahoo.fr 
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1. Introduction  
     
    Chromium contamination in soils and water 
poses a serious threat to humans, plants and 
animals. Chromium exists mainly in the III and VI 
oxidation state in soil and groundwater systems. Cr 
(VI) rarely occurs naturally and is acutely toxic, and 
is recognized as a human respiratory carcinogen [2]. 
Although trivalent chromium is less toxic than 
hexavalent chromium, long-term exposure to Cr 
(III) is known to cause allergic skin reactions and 
cancer [3]. 
      Kaolinite is a well-defined naturally occurring 
1:1 aluminosilicate mineral composed of one 
tetrahedral and one dioctahedral sheet. Kaolinite is 
very common in soils, especially in tropical and 
sub-tropical areas. The potential adsorption sites on 
kaolinite include the silanol, ≡SiOH, and aluminol, 
≡AlOH, hydroxyl groups on the mineral edges and 
the permanently charged sites, ≡X-, on the basal 
surfaces [4]. Although some studies have concluded 
that there is no net permanent charge in kaolinite [5], 
most researchers now accept that there is a small pH 
independent cation exchange capacity of 
approximately 1– 8 cmolc kg-1 [6] [7] [8] estimated that 
aluminium substitution in tetrahedral sheets to be up 
to 0.012 per unit cell to give a negative charge of 
about 2 cmolc kg-1. Protonation and deprotonation 
reactions on the edges of kaolinite result in 
positively or negatively charged edge sites. 
Permanent negatively charged sites on kaolinite 
surfaces arise from isomorphous substitution, 
although these sites are generally much less 
abundant than the edge sites. These permanent 
charges are neutralized by the adsorption of cations 
from the background electrolyte to form outer-
sphere complexes. 
    Although both proton and metal binding onto 
kaolinite have been studied previously, there is no 
universal consensus as to which surface sites 
control pH-dependent adsorption from aqueous 
solutions. Motta et al. used a one-site model, 
≡SOH2+, to investigate the surface charges on 

kaolinite [9]. Alberga et al. and Brady et al. used 
silanol and aluminol to represent the adsorption 
sites on kaolinite [10] [11]. Brady divided aluminol 
sites into those located at both the edge and basal 
plane of the dioctahedral sheet and also included the 
permanent charged site, ≡X-, on the siloxane face to 
represent sites where cation exchange reactions 
occur [12]. Huertas suggested another three-site 
model: external hydroxo-aluminum sites in the 
dioctahedral sheets with weak Al acidic sites and 
silanol groups at the mineral edges [13]. 
Although aluminol and silanol groups at the mineral 
edges exhibit different affinities for protons and 
metal cations, their differences normally show up at 
very acidic or alkaline conditions (pH < 3 or pH > 
9) [13]. Spark et al. suggested that two main 
processes were involved in trace metal adsorption 
by kaolinite: the first occurred on the permanent 
charged sites and the second has characteristics 
similar to the adsorption on oxide minerals, 
indicating that this process occurred on the variable 
charged aluminol sites [14]. Schindler et al., and 
more recently Lackovic et al. have proposed a two-
site model: permanently charged sites  (≡X-) on the 
basal faces accounting for cation exchange reactions 
and amphoteric edge hydroxyl groups (≡SOH), 
accounting for specific adsorption of cations (Fig. 
1) [15] [16]. Results from previous studies have shown 
that the two-site model could successfully predict 
the adsorption of metallic cations onto kaolinite in 
the pH range 3–9. Because of its smaller number of 
input, parameters compared to the three-site model, 
the two-site model was used in this study. 
Most previous studies on the adsorption of metallic 
cations onto kaolinite have been carried out at fixed 
ionic strengths and the adsorption behaviour of 
metal cations has not been fully investigated. In this 
study the adsorption of chromium in the presence of 
organics compounds onto kaolinite as a function of 
pH was investigated and a two-site surface 
complexation model was used to describe the 
adsorption behaviour of these metals onto kaolinite. 

 
 
 
 

 

 

 
 

Figure 1: Proposed charged sites on kaolinite used in the two site adsorption model (from Xueyuan G. et al., 2005). 

9 



J. Soc. Ouest-Afr. Chim. (2015) 040 ; 8- 16 

 

D. Samaké et al 

This work is justified by considering that chromium 
(III) is well adsorbed on clay in distilled water 
(more than 99%), without the presence of organic 
compounds (figure 5).  On the contrary in the 
effluents of tannery this adsorption is very weak, 
less than 11% (figure 3).  The objective of this work 
is to see the influence of some organic compounds 
like acetate, propionate and citrate of sodium on the 
adsorption of chromium (III) on clay in distilled 
water, and to simulate the adsorption process by the 
PHREEQC software [17]. 
 
 
 

2. Field sites 
2.1. Kaolin    
 

The kaolin used in this study comes from 
Marakabassi (MB), a small town close to Niono 
located at 300 km North from Bamako (Mali). The 
sampling area is in the south of the so called "lower 
Kala "(12 degrees North), near Niono, at 115 km - 
north of Segou and at 350 km north-east of Bamako 
(Figure 4). These areas included irrigated 
perimeters of Office du Niger and out of these 
perimeters (not irrigated zone).  

 

 
 
 
 
 
 

Figure 2: Interaction of the chromium (III) cations on the clay in the trimeric (from Sajidu, S.M.I. et al., 2008).  

 

Figure 3: Chromium adsorption in tannery waste water. Experimental conditions: Solid/liquid ratio 1/100, speed 
agitator 200 tr/min; contact time 30 min. 

 

Figure 4: Map of Niger inland Delta in Mali  

Kaolin area 
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Geological and pedological context  
 

     Geology the underground structure consists in 
three geological units of very different thickness 
depending upon the zones [18]: the infra Cambrian 
substratum (roof of horizon located at a 30 m 
average depth), the Continental Terminal (thickness 
varing from 10 to 60 meters) and the alluvial 
coverage (between 5 and 10 meters).  
Pedology - Three morphological units can be 
distinguished in the Office of Niger’s dead delta [19]: 
high sandy lifting, depressions between the sandy 
heights and basins of decantation.  
The high sandy lifting comprises the different types 
of Seno soils. They consist in sands and silts and are 
located on both the two sides of the old outflows; 
they were often used as a background for the 
irrigation channels installation.  
The decantation basins were submitted to a long 
period of flood when the dead delta was still 
functional. They are composed of clayey soils 
having a structure of two types: a coarse prismatic 
structure (soils of Dian type) or a structure of 
grained or polyhedral fine surface (soils of Moursi 
type). The clayey fraction amount is increasing as 
followed: Seno, Danga, Dian and Moursi soils 
respectively. Those clays are of illite, kaolinite and 
smectite types. 
 
2.2. Tannery 
 

     The waste water concerned by this study come 
from a tannery factory named TAMALI – SA.  It is 
located in the industrial park (Southern side) at the 
edge of the Niger River in Bamako city.  Created in 
1970 as a national production unit, TAMALI – SA 
was managed jointly since 1985 by Mali and China.  
From 1992 TAMALI – SA was privatised [1]. 
The following parameters were analyzed in situ 
with portable multiparameter Sension 156 from 
HACH. Temperature and pH with platinum 
electrode were calibrated using pH buffers 4.00 and 
7.00; conductivity, dissolved salt rate were 
measured with Hach sunder type 51975-00; 
calibrated using NaCl solution 1000µS/cm standard, 
dissolved oxygen with electrode Clark calibrated 
with water satured air (table I). Chromium 
concentration is measured using ICP. AES Perkin 
Elmer Optima 3300 DV and organic compounds 
using gas chromatograph coupled mass 
spectrometer Auto system -Turbomass of Perkin-
Elmer.  
Table I: Physicochemical characteristics of waste water from TAMALI 

 
T° C pH 

Cond. 
(mS/cm) 

DO 
(mg/L) 

TDS 
(g/L) 

Cr conc 
(mg/L) 

Water 
sample 

22.4 3.53 74.54 48.55 5.32 5.3 

DO – dissolute oxygen; TDS- rate dissolved salt. 

2.3. Simulation of surface complexation 
 

PHREEQC is a computer program for speciation, 
batch reaction, and one dimensional transport 
calculations, distributed free of charge by the U.S. 
Geological Survey [20]. The thermodynamic 
database accompanying the code includes cation 
exchange equilibrium according to the Gaines-
Thomas convention, but the flexible input format 
enables the application of other exchange equations 
used in soil science. Gapon, Vanselow, and 
Rothmund-Kornfeld showed that the formulas can 
be implemented in PHREEQC calculations to 
obtain the composition of (1) an exchangeable 
cation in equilibrium with a given solution 
composition, (2) a solution in equilibrium with a 
given exchangeable cation, and (3) a solution and 
exchangeable(s) cation(s) following the reaction 
after mixing. With the interface PHREEQC for 
Windows, an isotherm plot can be quickly obtained 
[17]. 
In aqueous solutions, metals can act as a Lewis acid 
(i.e., an electron acceptor). An electron-pair 
donating surface functional group (such as –OH, –
SH, and –COOH) and an electron-pair acceptor 
metal ion (such as Me3+) form Lewis salt-type 
compounds. For an oxide (e.g., ferric oxide) the 
functional surface hydroxo group ≡Fe–OH may act 
as Lewis basis in deprotonated form (≡Fe–O−) to 
bind a Lewis acid metal ion Cr3+: 
 
≡Fe–OH + Cr3+ =   ≡Fe–OCr2+ + H+                                                                 (1) 

 
Where, ≡S–OH represents a surface functional 
group. As there are no molecules of the aqueous 
solvent (i.e., water) interposed between the surface 
functional group and the metal ion bound to it these 
surface complexes are called “innersphere 
complexes”.  

≡S–OH+ Cr (OH2)n2
+ = ≡S–O (H2O)Cr+ + (n − 1)H2O + H+                                    (2)                                                        

Inner-sphere complexes are in general more stable 
than outer-sphere complexes as the primary bonding 
force in inner-sphere complexes is coordinate-
covalent bonding in contrast to electrostatic bonding 
in outer-sphere complexes. Spectroscopic studies of 
surface complexes showed that the spectra of these 
complexes are often reminiscent to those of 
analogous aqueous complexes. 
 Investigations on the local structural environment 
of chromium (III) sorbed on silica using EXAFS 
have been reported by [20]. Their results showed 
formation of monodentate chromium (III) surface 
complex on silica with Cr–Si distance of 3.39 Å for 
the sorbed chromium while formation of 

11 



J. Soc. Ouest-Afr. Chim. (2015) 040 ; 8- 16 

 

D. Samaké et al 

 

polynuclear chromium hydroxide octahedra was 
discerned on the surface. 
[21] identified two hydrolysis complexes in aqueous 
solution [Cr3(OH)4(H2O)10]

5+ present in aqueous 
chromium(III) solution with pH≈3.5, and indefinite 
[Cr(OHx)2‹(OH)2›]n

n(2x−3)+ chains with double 
hydroxo bridges (figure 2) and each chromium also 
binds additionally two hydroxide ions/water 
molecules full-filling an octahedral configuration 
present in very alkaline aqueous solutions, pH > 14 
[22].  It seems that both types of chromium(III) 
hydrolysis complexes are present on the clay 
surfaces with predominance of the indefinite chains 
as the contribution at 3.6 Å , typical of the trimer, is 
present but suppressed in comparison with the pure 
[Cr3(OH)4(H2O)10]

5+ complex (Figure 2). 
Any presence of solid chromium(III) oxide on the 
clay surfaces can be ruled out as the Cr–O bond and 
Cr· · ·Cr distance in Cr2O3 are significantly shorter 
than the distances observed of the chromium(III) 
species in this study [21]. A possible interaction of 
the chromium (III) cations on the clays in the 
trimeric form is shown in figure 3. Long-range 
distances expected in well-defined precipitations 
were not observed and the metals in most cases 
were in hydrolysed form.  
[Cr3(OH)4(H2O)10]

5+ compared with the theoretical 
signals (bold lines). Lower panel: phase shifted 
Fourier transforms of the EXAFS data. 
 

Table II  : Surface complexation model parameters for Cr (III) 
adsorption onto kaolinite. 

The acid-base constants are taken from the literature 
[15] 

 logK 

Surface acidity reactions  
4.37 
-9.18 
-2.9 

 
 

0.9 
-2 

3.15 
3 

-6,25 
CCM 

≡SOH° + H+ = ≡SOH2
+ 

≡SOH°  = ≡SO- + H+ 

≡X- .H+ + Na+ = ≡X-.Na+ + H+ 
Surface cation adsorption reaction 

≡SOH° + Cr3+ = ≡SOCr2+ + H+ 

2≡SOH° + Cr3+ = ≡(SO)2Cr+ + 2H+ 

2≡SOH° + Cr3+ + H2O = ≡SOCrOH + 2H+ 

2≡X-. H+ + Cr3+ = ≡X2
+.Cr+ + 2H+ 

≡SOH° + H+ + L2- = ≡SOH2L- 
                                   Model  

Site density [≡X-]T (cmolckg-1) 1.56 
3.99 
2.2 

 
0.1 M 

64 
10 

Site density [≡SOH]T (cmolckg-1) 
Specific capacitance, κ (Fm-2) 

Electrolyte (NaNO3) 
Specific surface (m2g-1) 

Suspension density (g.L-1) 

 
Environmental relevance 
 
    The mineral tanning, based on chromium, is the 
most widespread process for the tanning on a large 

scale because it acts quickly and produces leather 
with good physical and chemical properties. In 
many countries, the tannery effluents are poured in 
sewers in surface water or mixed with irrigation 
water.  The strong inorganic salt (chromium) and 
organics concentrations affect the water quality and 
make it unsuitable to consumption. Particules in 
suspension (lime, hairs, fleshing waste, etc.) lead to 
turbid surface water and sometimes settle at the 
bottom of sewer pipes. These two processes lead to 
adverse conditions for wild life. Mineral tannery 
contamined waters poured on the ground will have 
perverse effects on soil productivity and can make it 
sterile.  The infiltration also has perverse effects on 
quality of subsoil ground waters. The discharges of 
untreated tannery effluents in sewerage water 
systems cause a calcium carbonate deposit and a 
clogging of the sewers. It is possible to effectively 
treat the industrial water used before pouring it in 
surface water.  After this purification, the levels of 
chromium and DBO (biochemical demand for 
oxygen) are relatively low. Clay particles may 
enhance this coagulation / floculation process and 
enhance chromium removal via, as we have seen, 
ternary complex formation. Muds produced in this 
treatment process must be stored in special 
discharges because of their chromium content.   
 
3. Materials and methods.  
3.1. Materials 
 

     The (MB) clay has a large specific surface area 
(64 m2.g-1) and a large cation exchange capacity 
(0.34 Meq. Kg-1). Chemical analysis of the solid 
leads to a 1.53 SiO2/Al 2O3 ratio and confirms the 
structural characterization results (table II ), which 
showed that mineral is mainly composed of  
kaolinite with trace amount of smectite and mica [1]. 
 
Tannery waste water preparation  
     The SPE Technique (Solid Phase Extraction) is 
to retain analyte and to concentrate the sample of 
tannery.  The protocol of extraction adopted is as 
follows:  200 mL of filtered effluent are treated on a 
cartridge C18 (500 mg, 6 ml) with a flow of 5 
mL/min.  The eluted fraction is acidified at pH 3.5 
and filtered on a Lichrolut cartridge EN with a flow 
of 15 mL/min.  After preconcentration the 
adsorbents are dried to avoid the hydrolysis of the 
trapped aqueous solutions.  Each cartridge is then 
treated in the following way.  
The Lichrolut cartridge is eluted by it by twice 5 
mL of methanol to a flow of 1 mL/min.  A contact 
of 5 min between two elutions is necessary to 
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desorb the aqueous solutions effectively.   
The cartridge C18 is eluted with 3 different solvents 
to obtain fractions containing of made up of polarity 
and different functional groups.  Elution was thus 
carried out successively with:  5 mL of hexane 
(fraction A), 5 mL of a mixture dichloromethane-
hexane (4:1 v/v) (fraction B), and 5 mL of a mixture 
methanol-dichloromethane (9:1 v/v) (fraction C).   
The four fractions A, B, C and D obtained are 
evaporated under flows of nitrogen, then taken 
again by 2 mL of suitable solvent.  
 

Method of organic compounds in tannery 
wastewater 
 

     Organics in the tannery waste water fractions 
were analyzed by coupled gas chromatography – 
mass spectrometry.  The analyzer used is an 
Autosystem-Turbomass of Perkin-Elmer.The mass 
spectrometer was operated in the electron impact 
ionization mode with an ionizing energy of 70 eV 
and an emission current of 200 mA. The ion source 
temperature was 280 °C.  The colonna, type: 
WCOT CP SIL 5 CB de Chrompack, Length : 25 m, 
interne Diameter : 0.10 mm , phase thickness 0,10 
µm was programmed has follow: initial isotherm 2 
min at 40°C, ramp 1 de 30°C/min. Isotherm 12 min 
at 100°C, ramp 25°C/min, isotherm finale  20 min 
at 300°C.  Helium was used as the carrier gas at 
68.947 Pa (10 psi). The injection volume was 2 mL 
in a splitless mode. Results obtained are presented 
in table IV. 
Solutions obtained in the sorption isotherm were 
analysed by ICP-AES with detection limit 0.002 
mg/L. 
 

Qualitative and semi quantitative analyze by 
ionic chromatography 
 

    A complementary analysis by ionic 
chromatography was carried out by the laboratory 
TERA Environment.  The results obtained are 
presented in table III .  
  

Table III : Quantitative analysis of tannery waste water. 
 Fluorure 

(ppm) 
Acetate 
(ppm) 

Propionate 
(ppm) 

Formiate 
(ppm) 

Sample 2.9 18.5 3.0 7.9 
D.L. 0.29 1.29 1.69 0.78 

D.L – detection Limit 
Table IV: Organic compounds in tannery waste water 

Compounds Fraction 
Nonane A 
Decane A 
Tridecane A 
tetradecane A 
Others alkanes with undermined number of C  A 
Acetic acid B 
propionic acid B 
Undecanoic acid B 

Tetradecanoic acid B 
Pentadecanoic acid B 
oleic acid B 
Dibutyl phthalate B et D 
1,2,4-benzene tricarboxylic acid-1,2-dimethyl ester B 
Acetic acid, 2-propenyl ester B 
1,2,4-benzene tricarboxylic acid-1,2-dimethyl ester B 
1-propène-2-ol acetate B 
pentaacetate B 
2-heptanaone B 
Benzophenone B et C 
nonanal B 
undecanal B 
benzene B 
pyridine A et D 
dimethyl amine D 
alanine D 
dimethyl pentanol D 
2,4-bis(1,1-dimethyl) phenol  D 

A- Hexane; B- Dichloromethane/hexane (4:1 v/v); C - methanol-
dichloromethane (9:1 v/v); D – Dichloromethane. 

 
3.2. Method of chromium adsorption on clay in 
presence of organic compounds. 
 

3.2.1. Solution preparation 
 

A 100 mmol.L-1 chromium(III), sodium acetate, 
sodium propionate, and sodium citrate solutions 
were obtained from dissolution of analytical grade 
reagent CrCl3,6H2O 96% min from Labosi, 
C2H3NaO2,3H2O 99% from Fluka, C3H5O2 99% 
from Sigma  respectively in deionised water. 
 

3.2.2. Adsorption experiment 
 

Five millilitres of sodium nitrate solution as well as 
aliquots of the 10-1 mol.L-1 stock chromium solution 
and organic stock solution were added to 0.50 g of 
the clay in the 50mL centrifugation tube. The ionic 
strenght of the medium is stabilized by 10 mL 
nitrate solution of sodium with 0,1 M  and the pH 
was adjusted between 2.5 and 7 by drop wise 
addition of 0.1mol.L-1 HCl or NaOH. The clay 
suspensions were stirred for 24 h at room 
temperature. pH suspensions were measured with 
pH-meter  Orion research and centrifuged in 
Beckman Avanti J-20 à 12500 tprs during 15 min. 
Supernatant were filtered with sterile filter Rotilabo 
and  the residual chromium concentrations in the 
filtrate were measured with  I.C.P. AES (Perkin 
Elmer Optima 3300 DV). % chromium adsorbed 
was calculated using formula: 
 

%Crads =

0

0

][

)][]([100

Cr

CrCrx eq−
,                                                             (1) 

 

Were [Cr]0 is the Initial chromium concentration; 
[Cr]eq is the chromium concentration in equilibrium. 
 

6 

13 



J. Soc. Ouest-Afr. Chim. (2015) 040 ; 8- 16 

 

D. Samaké et al 

 

4. Results and discussions   
 

      Results from adsorption of chromium alone are 
shown in Figure 5. Initial sorption value is about 
30% at pH 2.5. Sorption increases from pH 2.5 to 
pH 5.0 where adsorption is nearly complete (99%). 
Beyond, the curve shows constant adsorption level 
up to pH 7.  
The curve resulting from modelling (figure 5) 
presents a percentage of adsorption of 42% at pH 
2.7 a value slightly higher than the experimental 
one.  As the pH increases this curve become similar 
to the experimental one. They are identical from pH 
4.5.  In this study we considered adsorption only on 
the strong site.  Concurrently to SoCr(OH)2 the less 
stable compounds like SoCr+2 and SoCrOH+ are 
formed. 
     Adsorption of chromium in the presence of 
organics compounds (acetate or propionate) are 
shown in Figure 6 and Figure 7, respectively. The 
comparison between the curve obtained in presence 
of acetate and those obtained in presence of 
propionate show the same behaviour because they 
have the same thermodynamics constants.  
With low concentration of organics compound (1 
mmol/L) we did not observe any variation between 
adsorption without organic compound. But, on 
contrary, with concentration of 5 mmol/L curve 
show a change in adsorption. It can be seen that 
chromium (III) adsorption onto kaolinite is 
depended to organic compounds concentration: as 
the organic compound concentration increases, less  
is adsorption of the chromium (III) onto kaolinitic  
clay. Adsorption rate without organic compound is 
higher than that of 5 mmol/L of organic compound  
which is also higher than 10 mmol/L of organic 
compounds. Further studies extended to other  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

organic compounds over acetate and propionate 
may allow having more details about the organic 
compound nature influence.  
Chromium is complexed by anthropogenic 
complexants such as acetate and propionate. 
Complexation will alter chromium reactivity, 
affecting properties such as catalytic activity, 
toxicity, and mobility [23]. The adsorption of a heavy 
metal onto the surface of a hydrous oxide is also 
represented as the formation of a metal complex. As 
hydrous oxide surfaces display amphoteric 
properties, they are able to coordinate with ligands 
as well. These three components metal, ligand, and 
reactive surface afford the formation of a ternary 
complex. This ternary complex can be exceedingly 
stable and may possess properties, which are very 
different from those of the individual component 
species. The formation of a ternary surface complex 
can be explained by two different mechanisms. 
First, bonding of the complex occurs through the 
metal to the surface: 
 

S–OH+ Cr3+ + HL = S–OCr–L+ + 2H+,                                    (3) 
 

Where L represents the ligand and S–OH represents 
a hydroxyl functional group on the oxide surface. 
The surface complex is designated as “metal-like” 
or “type A” [24]. This mechanism is usually 
characterized by increasing adsorption with 
increasing pH (Figure 3). Second, the ligand may 
form a bridge between the surface and the metal, 
which is only possible when it is multidentate so it 
can coordinate with both species: 
2 ≡S-OH + Cr(H2O)2L3+ =  (≡S)2-L-Cr(H2O)25  + OH-    

    Here, none of the 2 ligands studied are 
multidentate, meaning that only the first hypothesis 
can occur. In that case, the phenomenon increases 
with increasing pH values, which can be observed 
on figure 5. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Chromium adsorption on kaolinite. Experimental conditions: Cr concentration 6.10-4 M; Solid/liquid ratio 1/100; at room temperature; 
reaction time 24 hours. ♦ - Experimental curve, ■ – Fitted curve 
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Figure 6: Adsorption of chromium in the presence of sodium acetate (filled squares 1mol/L, filled triangle 10mmol/L) vs without organic ligand 

(filled diamonds). Experimental conditions: Cr concentration 1.4.10-3 mol/L; mass solid/liquid ratio 1/100. Full line: model curve. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Adsorption of chromium in presence of sodium propionate (filled squares, filled triangle 10mmol/L) vs 
without organic ligand (filled diamonds). Experimental conditions: Cr concentration 1.4.10-3 mol/L; mass solid/liquid 

ratio 1/100. Full line: modele curve 
 
5. Conclusions 
 
The present study shows that the present Mali 
Kaolinite clay sample is specific because its 
properties are different from that of pure kaolinite. 
It is a good adsorbent for the metallic cation. 
 Chromium (III) adsorption on this kaolinite is 
larger compared to chromium sorption on large 
particle Kaolinite. It is strongly pH dependant.   
We have a strong adsorption (approximately 99% at 
pH≥5). It must be noted that low organic 
compounds concentration does not affect chromium 
adsorption on clay (fig.5, 6 and 7); that was 
confirmed by model PHREEQC. With a 10 mMol/L 
organic compounds concentration, chromium 
adsorption rate falls down and does reach 80%. 
Adsorption rate doesn’t reach this value when the 
raw wastewater from tannery is directly adsorbed 
onto MB clay. In this case, we only have about 15% 
adsorption rate,  possibly due to other compounds 
organics or not. 
The difference between curve without organic and 
curve with organic may be due to the complexation 
of chromium by ligand (organics). The chromium –  

 
acetate or chromium - propionate complexes 
occurrences are highly pH dependant.  
Thus, in this study, we have identified the 
phenomenon which prevents chromium to be 
adsorbed onto MB clay of Mali in tannery effluents. 
In perspective it would be interesting to explore 
methods allowing eliminating the organics before 
waste water treatment by kaolinitic clay minerals.  
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