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Abstract

The flocculation of kaolinite colloidal particles was carried out at pH = 6 in suspension of initial turbidity
varying between 24 NTU and 102 NTU by a casein extracted from Cocos nucifera cream. During Jar-test
essays, 90% to 99% of colloids were eliminated in the sediments. The optimal doses of casein used depend
on the initial colloids concentrations of the suspension and were found to be 60 mg/L and 100 mg/L respect-
tively for suspensions having turbidity of 24 NTU and 102 NTU. The corresponding residual turbidity are
respectively 2.80 NTU and 10.22 NTU for clarified water. The structural analysis of the freeze-dried sedi-
ments by FTIR shows sharp adsorption bands at 1558 cm™ and 1653 cm™, indicating the presence of casein
in the sediment. The flocculation process between the particles of kaolinite and the coconut casein is adsorp-

tion and bridging.
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1. Introduction

The removal of colloidal matter from water requires the
use of inorganic coagulants, synthetic organic polymers or
natural macromolecules. Alum is the most widely used
coagulant for water treatment because of its proven per-
formance, its effectiveness and its easy handling. Sludges
produced during the water treatment with mineral salt are
very abundant and not biodegradable. The presence of
this mud is a risk for the environment [1]. Stauber (1999)
and McLachlan (1995) [2,3] have shown that during the
use of aluminum salts for water treatment, aluminum
residue was dissolved in treated water and that the con-
sumption of water containing a great quantity of alumi-
num salts would be involved in Alzheimer disease. Syn-
thetic organic coagulants have the disadvantages of high
price and toxicity, so their use in the production process
of drinking water is limited [4].

The inorganic coagulants (aluminum and iron salts)
are not produced in developing countries which import
them and have consequently a high cost on the countries
development process. Within the framework of sustainable
development, it would be interesting to develop local re-
sources. Natural macromolecular coagulants are the ob-
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ject of several researches because of their abundant sour-
ce, low price, innocuous nature, multifunction and bio-
degradability [5]. All those properties justify the actual grow-
ing interest for natural coagulant. For example, coagulating
properties were found for natural macromolecules from
the aqueous extracts of dry seeds of Moringa oleifera [6-8].

The coconut palm (Cocos nucifera) is abundant in
most tropical countries. We have shown during our previ-
ous work that a casein extracted from the coconut cream
has flocculating properties [9]. The aim of the present
study is to suggest a technology of water treatment for
the destabilization and the flocculation of kaolinite sus-
pensions using coconut cream casein. The structure of
the collected and freeze-dried sediments is analyzed to
appreciate the flocculation process of kaolinite particles
by coconut cream casein.

2. Material and Methods
2.1. Preparation of Coconut Cream Casein

The coconuts used in this study were bought on a local
market of Cotonou in Benin Republic. The ripe coconuts
were dehusked and cracked to remove the water they
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contain. Hundred grams of the coconut endosperm finely
worn were added to 500 mL of distilled water. The mix-
ture is stirred for 10 min before being filtered through a
sieve of 80 pum porosity. The extract is formed of an
aqueous phase (coconut milk) and an organic phase (co-
conut cream). Coconut cream casein was prepared using
an isoelectric precipitation method. To 100 mL of coco-
nut cream, we added hydrochloric acid 0.5 M until total
precipitation of the casein. The extracted organic fraction
was centrifuged at 3500 trs:-min~ during 20 min to sepa-
rate the oil phase from the protein fraction. The raw ca-
sein is oven-dried at 40°C during 24 hours. The fats pre-
sent in the raw casein were extracted with hexane using a
soxlhet and the collected protein granules were powdered
and labelled CaSMG. Two grams (2 g) of CaSMG were
added to 100 mL of ultra-pure water then shaken during
two hours. The obtained mixture is used as coagulant [9].

2.2. Kaolinite Suspensions

The kaolinite used in this study comes from Mayouom in
the western Cameroon Republic. Geological origin of
this kaolinite deposit was discussed by Njoya et al. (2006)
[10]. The raw kaolinite was ground and wet-sieved at <
40 pm. The granulometric analysis gives a D50 of 7.3
pm and a D90 of 23.9 um. The physical and chemical
characteristics of this clay are: specific surface area: 25.9
+0.1 m%g™ (BET); silicon oxide: 48.28%:; aluminum ox-
ide: 34.21%; iron oxide: 1.97%; Potassium oxide: 1.23%;
Titanium oxide: 3.39%.

The kaolinite suspension was prepared by mixing 2 g
of kaolinite powder in 1 L of ultrapure water. This mix-
ture was stirred for 2 h, after which it was allowed to set-
tle for 30 min so that any remaining coarse particles are
eliminated. The supernatant was diluted in ultrapure wa-
ter containing 336 mg/L of NaHCO; to have the turbid-
ities wished for the jar-tests [11,12]. The pH of the col-
loidal suspension is adjusted to 6 using 0.1 N HCI solu-
tion.

2.3. Jar-Test Essays

Jar-test essays were achieved on suspensions S; and S,
with initial turbidities respectively 102 NTU and 24 NTU
to evaluate coagulation activity of CaSMG. The synthe-
tic turbid water (100 mL) was filled in reactors of 150
mL capacity. The reactors are made of beaker-glass on
which four baffles in Plexiglas are fixed to avoid any
whirlpool at high speed. CaSMG was added into each
reactor with a Pasteur pipette (100 - 1000 pL) at various
doses and was agitated at 250 tr-min* for 3 min. The
mixing speed was then reduced to 60 tr-min during 30
min. After stirring, the mixture is transferred in Imhoff
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cones for sedimentation during 30 min. From each cone,
50 mL of the floating at 25 mm depth from the water
surface is then taken for analysis.

On this sample, the pH, the residual turbidity (RT
sample) and the electrophoretic mobility were respect-
tively measured by a pH-meter WTN, a Turbidimeter
HACH 2100P and a zetaphoremeter 1V by CAD Instru-
mentation. The sediment volume was read on the Imhoff
cones. Following volume measurement, the sediments were
collected and freeze-dried. For infrared analysis, 1 mg of
freeze-dried sediment was mixed with 250 mg KBr and a
tablet was prepared using a press connected to a vacuum
pump. Fourier-Transform Infra Red (FTIR) spectroscopy
was conducted in transmission mode using a Bruker sys-
tem 2000 spectrophotometer. The spectra were recorded
in the 4000 - 400 cm™ range with 200 scans collected at
2 cm™ resolution.

The coagulation activity was calculated based on
Lee’s equation [13]: coagulation activity = (RT blank —
RT sample)/RT blank where RT blank is the residual
turbidity for the same system without coagulant.

3. Results and Discussion

3.1. Fourier-Transform Infra Red (FTIR)
Spectroscopy of CaSMG

The FTIR spectrum of casein is shown on Figure 1.

On this spectrum, the amides functions characterizing
the protein nature of the CaSMG are observable. The
sharp absorption bands at 1649 cm™ and 1536 cm™ are
attributed to the stretching vibration of CO in primary
amide and secondary amide respectively [14-18]. The
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Figure 1. FTIR spectrum of CaSMG.
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wide bands at 3411 cm™ and 3290 cm™ are attributed to
the stretching vibrations of OH and NH respectively and
inter-molecular hydrogen bonds of casein [19]. The peaks
appearing at 2924 cm™, 2854 cm™ and 2956 cm™ are
assigned to the vibrating absorption of C-H asymmetric
and symmetric stretching in CH, and C-H asymmetric
stretching in CHj3 respectively [20-22]. The FTIR spec-
trum of CaSMG is similar to the one of active protein
purified from the seeds of Moringa oleifera used for the
aggregation of colloidal particles [23].

3.2. Relationship between Turbidity, Sediment
Volume and Dosage of CaSMG

The jar-test essay carried out with the two colloidal sus-
pensions S; and S, gave the results presented on Figures
2and 3.

Results on Figure 2 show a variation of coagulating
activity of CaSMG as function of its doses.

The coagulating activity of the suspension S; has in-
creased quickly to reach 92% with 100 mg/L dose, then
slowly up to 99.64% for 160 mg/L dose. In the case of the
suspension S,, the coagulating activity increases up to
90% with 80 mg/L dose and decreases to 74% with high-
er dose of CaSMG. The observed decrease is due to kao-
linite particles restructuration. These results show an im-
portant coagulating activity of the coconut casein cream
and this indicates that CaSMG can be used to destabilize
and flocculate the colloidal particles.

On Figure 3 a progressive decrease of water turbid-
ities with growing doses of CaSMG is shown. The resi-
dual turbidity decrease start as first quantities of CaSMG
are added to kaolinite colloidal suspensions. This obser-

100

80 A

60 -

% Turbidity removed

—+—Suspension |

40
—— Suspension 2

0 T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200
Dosage of CaSMG (mg/L)

Figure 2. Effect of varying CaSMG dosage on kaolinite tur-
bidity removal at pH 6.
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Figure 3. Effect of CaSMG dosage on residual turbidity and
sediment volume at pH 6.

vation could be explained by the destabilization and floc-
culation of colloidal particles present in the kaolinite sus-
pensions. These results have confirmed the flocculating
properties of CaSMG [9]. The optimal doses depend on
the initial suspension turbidity and were found to be 100
mg/L and 60 mg/L respectively for S; and S, suspensions.
The coagulating-flocculating activities are 92% for S;
and 88% for S,. No restabilization of kaolinite particles
has been noted at the level of suspension S; whereas this
phenomenon occurred for the suspension S,. In fact, an
increase of the residual turbidity has been noted for the
jar-test essays carried out with S, for the dosage of ca-
sein superior to 80 mg/L.

The sediments volumes were less than 0.1 mL with Ca-
SMG doses less than 80 mg/L for S; and 20 mg/L for S,.
For CaSMG doses higher than 80mg/L for S; and 20
mg/L for S,, one could notice increases of sediments vo-
lumes of 1 mL for S; and 0.5 mL for S, and the corre-
sponding doses were 140 mg/L for S; and 80 mg/L for S..
The sediments volumes were then decreased for doses of
casein higher than 80 mg/L for S,. This decrease of sedi-
ment volume is related to a restabilization process of col-
loidal particles. The quantities of sediments collected
depend on the colloids contained in the various suspen-
sions.

3.3. pH Variation of Treated Water

The variation of the treated water pH is shown on Figure
4.

On Figure 4, a slight decrease of pH proportional to
casein doses, is observed for the treated water. The de-
crease of pH was approximately 0.5 and 0.9 unit pH for
S, and S; respectively. The pH decrease is negligible.
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Figure 4. Effect of CaSMG dosage on pH.

3.4. Transmission Fourier-Transform Infra Red
(FTIR) Spectroscopy of Freeze-Dried
Sediments

The FTIR spectra of S; sediments freeze-dried are repre-
sented on Figure 5. The main observed peaks and their
corresponding characteristics are summarized in Table 1.

On Figure 5, the FTIR spectra of the sediment due to
kaolinite and casein aggregation are presented. The spec-
tra indicate the relative intensities variation of peaks as
function of CaSMG doses. The characteristics vibration
modes of kaolinite and CaSMG vibrations are observable
and this is a proof of the fact that the sediments contain
both kaolinite and CaMSG. On these spectra, we notice
broad and intense bands at 1032 cm™, 1007 cm™ and
1115 cm™ which are characteristic Si-O bond vibration
in kaolinite. Moreover, new peaks were observed at 2961
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Figure 5. FTIR spectra of freeze-dried sediment as a func-
tion of CaSMG doses (Suspension S;).
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Table 1. Fourier Transformed Infra Red bonds of freeze-
dried sediments of kaolinite flocculation by casein.

%L(CTJ“ Assignment Reference

3695 3697

3667 3667 OH stretching bands in kaolinite [24,25]

3652 3652

3620 3620
3400 OH vibration and with a partial contribution of N-H [19]
2961 C-H asymmetric stretching in CHg [20]
2924 C-H asymmetric stretching in CH, [21]
2855 C-H symmetric stretching in CH, [22]
1653 Strong C=0 asymmetric stretching in amide | [18]
1558 C=0 asymmetric stretching in amide | [18]

1114 1115

1120 1032 Si-O vibration in siloxane or silica [24,26]
1007

924 912 Al-OH vibration [24,27]

796 797

752 751

700 694 Vibration Gibbsite-like layer of kaolinite [24,27]

a: kaolinite; b: freeze-dried sediment.

cm™, 2924 cm™ and 2855 cm™ characterizing the C-H
bond vibration in CH, and CHj; contained in CaSMG re-
sidues (Figure 1). The intense band at 1653 cm™ and
1558 cm™ is assigned to C=0 vibration in amides | and
. The large band at 3300 cm™ is assigned to hydrogen
bonds between OH and NH within the sediment. The
bands at 1930 cm™, 1824 cm™ and 1637 cm™ on the pure
kaolinite spectrum are combination bands due to bending
and in plane vibrations mode of water. This band disap-
pears on the sediments spectra because of the freeze
drying process used to eliminate water in the sediment. A
simultaneous elimination of kaolinite and residues of
casein, therefore occurred during the flocculation proc-
ess.

During the destabilization process of kaolinite suspen-
sions, the quantity of aggregated colloids of kaolinite and
of the residues of casein eliminated increase with the
dose of casein introduced into the suspension. As a mat-
ter of fact, the intensity of the peaks correspond to C-H,
C=0 and Si-O bonds vibrations progressively increase
(Fi- gure 5).

The sediment spectra (Figure 5) show that the aggre-
gation of particles of kaolinite has not modified the
structure of the casein as well as the one of the aggrega-
ted kaolinite. An apparition of new functions has not
been noted on the spectra, which implies that the floccu-
lation process of kaolinite particles by the casein is an
adsorption of particles of kaolinite on the chains of ca-
sein macromolecules and thanks to its a-helice, structure,
the micro flocs formed are related, one to another, by hy-
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drogen bonds, which permits to form stable aggregates
that flocculate.

The relative abundance of CH,/CH3;, CO and Si-O in
the freeze-dried sediments as a function of the CaSMG
doses were characterized by the following ratios of peaks
intensities: [2961/129241 11558/11653 and 11007/11032 where 2961
cm™, 2924 cm™ correspond to C-H asymmetric stretch-
ing in CH; and C-H symmetric stretching in CH3 respec-
tively, 1653 cm™ and 1558 cm™ correspond to C=0O asy-
mmetric stretching in amides | and Il respectively, 1032
cm and 1007 cm™ correspond to Si-O stretching.

The Figure 6 shows that the ratio ly997/11032 1S practi-
cally constant when the CaSMG doses varying between
20 mg/L and 80 mg/L and increase for doses higher than
80 mg/L. At the optimal dose (100 mg/L), the ratio value
is 0.99 in the freeze-dried sediment. The initial value of
this ratio in the pure kaolinite is 1.04. Hence, approxi-
mately 95% of kaolinite colloids present in the S; sus-
pension are eliminated at the optimal dose. These results
confirm those obtained with jar-test essays (Figure 2)
and show that the kaolinite particles flocculation started
by adding the first doses of casein.

The ratio Inee/l94 iS high in the freeze-dried sedi-
ments at the beginning of experiment (doses of casein
under 40 mg/L). Then, the ratio decrease drastically when
the casein doses varies between 40 mg/L and 80 mg/L
with a value reached 0.88 for 80 mg/L and the sediment
volume less than 0.1 mL (Figure 3). For casein doses hi-
gher than 80 mg/L, we observe a continuous increase of
the ratio till 1.01 for 120 mg/L. Beyond this dose, we no-
tice a decrease of the ratio which then become constant.

The ratios I558/11653 and Iogs1/ 12924 have the same trends.

These ratios are related to vibrations mainly due to
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Figure 6. Variation of peak intensity ratio lygo7/l1032, l15s58/
l1g53 and log61/12924 @s function of CaSMG doses (Suspension
S)).

Copyright © 2011 SciRes.

ET AL.

casein presence within the sediment. Hence the increase
of the ratio /;558/11653 for CaSMG dosage greater than 140
mg/L is due to excess CaSMG. Therefore, this is a proof
that the residual casein is eliminated from the system and
could be in the mud. The mud obtained during jar-tests
are rich with organic matters and the presence of kaolin-
ite particles embedded within this organic matter is good
evidence of kaolinite-CaSMG association with the aggre-
gates.

3.5. Destabilization Mechanism

The result presented on Figure 7 show that the electro-
phoretic mobility of the particles in the treated water are
negative. For the CaSMG doses used, a neutralization of
the charge was not observed. The value of the electropho-
retic mobility decrease in absolute value indicating that
the casein used is a cationic polyelectrolyte. This conclu-
sion is in accordance with the measured electrophoretic
mobility of a solution of CaSMG (40mg/L) that was
+0.34 pS/s/V/em at a pH around 7. Giving that the parti-
cles of kaolinite are negatively charged, then, the coagu-
lation process of the kaolinite suspension using CaSMG
is caused by the destabilization of negatively charged col-
loids by cationic polyelectrolyte. However, from the fact
that the electrophoretic mobility was not reduced to zero,
then the mechanism of the particles of kaolinite floccu-
lation process is not charge neutralization but rather th-
rough adsorption and bridging or heterocoagulation [28].

4, Conclusions

The aggregation process of kaolinite particles by CaSMG
started as soon as first portions of casein were added.
The value of optimal doses depends on initial turbidities
of the colloidal suspensions to be destabilized and floc-

Dosage of CaSMG (mg/L)
0

)20 40 60 80 100 120 140 160 180

Electrophoretic mobility (uS/cm/V)

4

Figure 7. Variation of electrophoretic mobility of treated
water at pH 6 (Suspension 1).
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culated. pH of treated water decrease proportionately to
the casein doses but remain negligible. The collected
sediments are biodegradable due to the biodegradability
of the coagulating agent. During flocculation process, 90
to 99% of colloidal particles are eliminated in the sedi-
ments. The colloids and casein residues are eliminated
simultaneously. The particles of kaolinite are surrounded
by the macromolecules of casein and the aggregation
process is achieved by adsorption and bridging or het-
erocoagulation between the two charged particles.

The coconut casein is a coagulant and a rather suc-
cessful flocculant. Furthermore, its natural origin makes
it an economic and ecological agent because it is biode-
gradable, not toxic and generates less sediment than the
use of alum. The casein from coconut cream appears as a
good substitute or alternative to salts of aluminum and
other synthetic polyelectrolytes in water treatment. The
residual muds can be used as organic amendment on ag-
ricultural lands.
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