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ABSTRACT

Chemical properties of local sand and brick froont€d African Republic were determined by using the
following techniques: ESEM/ED$H, *Na and®Si MAS NMR, CHNS, and ICP-AES. From batch experitsesand and
brick samples were tested for the adsorption ohgiehe blue (MB) in aqueous media. The experimeaditd were well
correlated by both the Langmuir and Freundlich nedgrick adsorbents were developed with betteogaton for the
removal of MB from aqueous solutions than sand.rblydation and dealumination of the brick with H@Jlowed by a
deposition of iron oxyhydroxide, significantly imgpred its MB adsorption capacity. Structural and photogical
characterization further proved that coated bria#l better BET surface area and porosity than daledtrokinetic studies
on sand and brick samples confirmed that electiostateraction is indeed the potential mechanismtdbuting to the
enhanced MB adsorption on these adsorbents. Specgpiz analyses showed that the enhanced adsowajuacity of
treated brick was intimately related to the gerienadf sodic surface sitesS-O'Na’" (with S = Fe, Al, and Si) that favor

the uptake of a cationic dye like methylene bligeelectrostatic forces at the solid — water intezfac
KEYWORDS: Sand, Brick, Adsorption, Methylene Blue, Zeta Ptt#nlsotherms
1. INTRODUCTION

The removal of dyes from wastewaters becomes avaeieenvironmental issue because these synthetic
compounds are difficult to biodegrade, can affegtiadic ecosystems (by diminishing light penetrataomd thereby
photosynthesis process), and can cause damage n@anhieings due to their toxic, mutagenic or campémic
characteristics. Numerous adsorbents like clay] [Ty ash [5-8], alumina [9-11], activated carbr2-15], biosorbents
[16, 19], and polymers [20-24], have been repofftadthe removal of dyes from aqueous solutions., Bluir cost,
abundance, accessibility or synthesis often limdsnomically their use. In contrast, natural mifseli&e sand and brick
(a composite mainly composed of sand and clays tand,lesser extent, iron oxides) have more pakas inexpensive
and environmental friendly adsorbents due to theater abundance worldwide, much lower cost, cbanaind physical
stability, and high permeability that facilitateestiow of water in sand/brick beds. Sand is commaded as filter media
in wastewater-treatment plants for the removaludbitlity, SS (suspended solids), COD (chemical exydemand), BOD

(bio-chemical oxygen demand), and coliforms baatahirough physical / microbiological processes {#2% and

| Impact Factor(JCC): 2.3128- This article can be dowloaded from www.impactjournals.us |




| 14 B. Bagoua, E. Foto, O. Allahdin, M. Wartel, J. Mabingui & A. Boughriet |

references therein). Sand filters are also knowmetan economical method which necessitates lésdsknanpower due

to its simplicity. Sand was also used in the pasam adsorbent in laboratory scale experimentshiremoval of, for
instance: inorganic ions [28, 29], and dyes [30-82m water. As for the brick, its adsorption claesistics were
employed in the removal of various ionic speci@s:irforganic anions like: phosphates alone [33], or phosphates +
nitrates + chlorides [34], fluorides [35]; (ietallic ions like: Hg(ll) [36], Zn(ll) [37], Cr(VI) [38], bothCr(VI) and Ni(ll)
[39], or Ni(ll) alone [40]; and (iii)organic compounds like: detergent composed of surfactants (line&ylabenzene
sulfonate + alkyl sulfate) [34]), methylene blud [42], dye basic bluél [43].

The objective of the present work was to evaluageability of locally available sand and brick ier@ral African
Republic (C.A.R.) for the elimination of methylebkie (MB) from aqueous solutions. The study wasiedrout with the
aim to compare the adsorption performances of thesgerials toward a cationic organic species, MBtcB experiments
were performed under different conditions of iditiiye concentration, and adsorption isotherms vekeermined by
testing two mathematical models: Freundlich anddpamir. The brick was afterwards modified by differechemical
surface treatments in a manner that these signtficamproved its capability to uptake MB from watdElemental
compositions of sand and brick samples were deteuinby the ICP-AES and CHNS techniques, and thereaif
adsorption sites present at their surfaces wassiipated by ESEM/EDS antH, *Na and*Si MAS NMR. Zeta
measurements were performed on sand and brick samyith the aim of assessing the effects of chdmigdace changes

on the adsorption performance of the adsorbentsextu

2. MATERIALS AND METHODS

2.1 Adsorbents preparation

The sand and brick samples used in this study wlet&ned from Bangui region in the Central Afriddapublic.
Two types of sand were used in this work: one ctdié in soils near Bangui city; the other in Ouhdnrgiver bed. X-ray
diffraction and chemical analysis were performedimse materials: sand is mainly composed of quaniz brick of the
following minerals:[160-65 wt % quartz[]120-25 wt % metakaolinite (2SAI,03); 4-5 wt % illite;< 4 wt % iron oxides
/ hydroxides; anek 3 wt % feldspar + mica + biotite. Before use, savphysical / chemical treatments were carriedoout
the raw brick. First, it was broken into grains asidved with sizes ranging from 0.7 to 1.0 mm. ®ec¢dhe resulting
particles were leached with a 6M HCI solution at®@or 6 hours. Third, a deposition of FeOOH ontGIH treated brick
was performed by a precipitation of iron (ll) (bging a 0.25M F& ions solution) with NaOH solutions (6M and 1M) at
around pH 7.4. As for the sand samples, they wiexed into five types of grain sizes: 0.2 — 0.4t 0.0.6; 0.6 — 1.0; 1.0 —

1.4 mm; and > 1.4 mm.
2.2. Chemicals

All chemicals employed in the experiments were wiwdl grades. Sodium hydroxide and hydrochlorided a
were supplied by DISLAB (France). The salt Fe gNGI,O was purchased from Prolabo, and methylene bara ¥WR
Chemicals (DISLAB).

2.3. Chemical Attack and Procedure

All chemical attacks of sand and brick samples weagle with 2M nitric acid at 90°C for 2 hours. Tieeovered

solutions were analyzed for element contents usimuctively Coupled Plasma - Atomic Emission Spestopy
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(ICP-AES); model Varian Pro Axial View.
2.4. Spectroscopic Analyses

2.4.1 Electron Microscopy analysis _ Micrographs of representative specimens of sandbaick were recorded
by using an environmental scanning electron mi@psc(ESEM, Quanta 200 FEI). Elemental analysis performed
using ESEM/EDS (ESEM, model: QUANTA-200-FEI, eq@dpmith an Energy Dispersive X-Ray Spectrometer BOS
flash 3001 and monitored by QUANTA-400 softwarebelated by Bruker). ED’s measurements were cawigdat 20
kV at low vacuum (1.00 Torr) and the maximum pule®ughput was 20 kcps. Different surface areagingnfrom 0.5 to
3.5 mm? were targeted on sand or brick grains aashaned by ESEM/EDS. Atomic quantifications and neamatical
treatments were undertaken using QUANTA-400 softwarorder to determine the averaged elemental ositipn of the

surface brick /sand and to detect chemical / el¢émheariability’s.

2.42 NMR MAS analysis __*H and®*Na MAS NMR spectra were recorded at 800 and 211Hz Mespectively,
on a 18.8 T Bruker Avance Ill spectrometer equippétth a Bruker 3.2 mm probe-heatH MAS NMR analyses were
performed at a spinning frequenaoy,{ of 20 kHz with a pulse length of 3.25 @4 flip angle), 64 transients and a
recycle delay (rd) of 5 $3Na (I = 3/2) MAS NMR analyses were performed atsof 20 kHz with a pulse length of 1 ps
(~ 15 flip angle), 1024 transients, and 2 s rd. Torabierize the local structure around silicon atamithe brick samples,
25 MAS NMR spectra were acquired at 79.5 MHz onrakBr AVANCE | 9.4 T spectrometer equipped with aulger
7.0 mm probe-head®Si MAS NMR spectra were recorded withla, of 4 kHz, a pulse length of 5 u&/2 flip angle), 256
transients and 30 s rd. All thel, Na, and®Si chemical shifts were referenced as 0 ppm to TNEKI solution (1 M),

and TMS, respectively.
2.5. Batch Experiments

Adsorption-isotherms studies were performed in¥8@mL-flasks _each one containing 2g of brick gsllein
which were added 50 mL of a methylene blue (MBusioh having a concentration ranging from®1® 5x10° M.
These flasks were placed on a mechanical shakeméioned above) and gently shaked at a speed@fram.
Preliminary sorption experiments showed that atreadime of 4 hours at a temperature of 17°C + W& sufficient for
the system to attain thermodynamic equilibrium.eAftards, suspensions were filtered and the recdveotution was
analyzed to determine MB concentrations using U'siMe spectrometry at a wavelength of 644 nm. Tinentity of MB
adsorbed on to sand or brick, noted(l@ mg/g) was assessed from the difference betwseinitial and the equilibrium
contents of MB (in the liquid phase), which wasidéd by the mass of suspended material. It shoelddied that all

these experiments were at least triplicate and\data averaged.

3. RESULTS AND DISCUSSIONS
3.1 Isotherm Models

Studies of adsorption isotherms are very importagfain information about adsorption performandesand and
brick toward MB. Langmuir and Freundlich isothermedels were applied in this work to fit the equililtm adsorption
data of MB on to different samples of sand andkoir that, the adsorption isotherms of MB onaadsand brick were
determined in the range of MB concentration betw&6f and 5x10 M. The amount of dye removed per gram of

adsorbent was calculated from the equation:
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Q. (1)

In which Qe (mg/g) is the amount of MB adsorbedeqtilibrium; Co and Ce represent the initial and at
equilibrium dye concentrations (mg/L; and V and re ¢the volume of the solution (L) and mass of aldeot (g),
respectively. For instance, figure 1 displays thlatspof Qe versus Ce which were obtained in theosahof MB from
water with different grains sizes of sand.

Bangui sand Oubangui sand
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Figure 1: Variation of the Amount of MB Adsorbed at Equilibrium on to Sand Samples (Qe; Mg/G) as
Function of the MB Concentration at Equilibrium in the Liquid Phase (Ce; Mg/L)
Langmuir isotherm__This mathematical model assumes that the adsofuesesses homogeneous (monolayer)

adsorption surfaces. It is represented by theviotig equation [44]:

j— Qmax'K L 'Ce

2
Q. 1+K, .C, @

Where G is the equilibrium aqueous MB concentration (mg/Q) the amount of MB adsorbed per gram of
adsorbent at equilibrium (mg/g);& and K are the Langmuir constant related to the maximasogption capacity

(mg/g) and energy of adsorption (L/mg), respectiv&he linear form of the Langmuir expression igegi by:

C, 1 C,
= + 3)
Qe K L 'Qmax Qmax

The plots of @Q. versus Gare linear for all studied adsorbents (see Figyre

Freundlich isotherm__This mathematical model is employed for heterogeseadsorption surfaces, and is
expressed as [44, 45]:

Qe = Kr. ce’ (4)

Where Kk is the Freundlich constant representing the naykit adsorption capacity; and n is a constant tepic
the adsorption intensity. The linear form of thed#rdlich expression is given by:

Log(Qy) = Log(Ke) + (1/n) Log(C) ®)
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The plots of Log (@ versus Log (@ are linear for all studied adsorbents (see Figeire
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Figure 2: Langmuir and Freundlich Isotherms for MB Uptake by Sand and
Brick Samples from Aqueous Solutions

Adsorption isotherms analysis A detailed analysis of the correlation coeffice () from Table 1 showed that

Langmuir and Freundlich models adequately predithedexperimental data well for the adsorption & bh to sand and
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brick.

Table 1: Langmuir and Freundlich Parameters for MB Uptake by Sand and Brick Samples

Adsorbent Langmuir Freundlich

Qmax I(L R2 KF N R2

(Ma/G) | (L/Ma) (LIG)
Oubangui sand
0.2 - 0.4mm 0.38 | 322 | 09985 058 5.14 0.9994
0.4 - 0.6mm 022 | 2.00| 09986 045 5.88 0.9908
0.6 - 1.0mm 016 | 143 ] 09991 0.3§ 5.1y 0.9952
1.0-1.4mm 011 | 143 ] 09942 0.31] 522 0.9786
>1.4mm 0.10 | 0.40] 0.9999 0.22 1.78 0.9865
Bangui sand
0.2 -0.4mm 0.47 | 17.66] 0.9989 0.7d 9.09 0.9726
0.4 —0.6mm 0.37 | 6.65| 0.9974 059 4.68 0.9778
0.6 - 1.0mm 0.32 | 224 | 09975 052 4.36 0.9885
1.0 —1.4mm 022 | 155] 0.9929 0.39 3.01 0.9752
>1.4mm 0.10 | 1.46 ] 0.9854 0.29 7.78 0.9548
HCl-treated
sand
0.6 —1.0mm 0.04| 054 | 0908 014 091 0.9777
Raw brick
0.7 - 1.0mm 1.005| 3.05| 0.9394 0.53p 1.676 0.9810
HCl-treated
brick
0.7 -1.0mm 0.788| 0.024| 0.925 0.196 1.235 0.9677
Coated brick
0.7-1.0 7.018| 0.622| 0.9808 0.622 1.578 0.985

It is however interesting to note that for both daand coated brick Langmuir model presents somerbet
correlation coefficients (0.9808 <R 0.9986) than those from Freundlich model ( 08954% < 0.9994). In other words,
Langmuir isotherm was found to be more applicalolethe experimental data of MB, indicating the fotima of

monolayer coverage of the adsorbate at the sudsand and coated brick.

Figure 3 shows the comparison of adsorption perdmeas obtained in this work for sand and brick $asp

Adsorption performances, Qmax (mg/g)
8.0

7.0

6.0

5.0

4.0

3.0

2.0

y H m=
0.0 T T T

Bangui sand Oubangui sand Raw brick HCl-treated brick Coated brick

Figure 3: Comparison of MB Adsorption Performances
Obtained for Different Sandnd Brick Adsorbents
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In what follows, we first tried to identify the pbe(s) and functional groups which were presumedbeto

implicated at the adsorbent-water interface dutirgMB-adsorption process.
3.2 Chemical Properties of Sand and Brick from C.ARR

Sand__ ICP-AES analyses of solutions recovered afterl etal attack of sand samples revealed the presaince
aluminum, and to a lesser extent, iron in additorsilicon which is the major element (with oxygen)the chemical

structure of natural quartz.

The ESEM micrograph of a sand grain (Figure 4)ldigpregions of different contrasts with white ayrdy tones

which indicate the diversity of compounds formihg sample.

892
MAG: 142 x HV: 20,0 kV WD:9,8 mm

Figure 4: ESEM Image of a RawSand Grain, and EDS Spectra of two Targeted Surfase(Zones 1 and 2)

In this typical ESEM image (Figure 4), the targetenfaces are mainly composed of O and Si on darlez
(in which Al and Fe are present at low levels) &hdFe, Si and Al on light zones, as shown in the BDS spectra of
Figure 4. It can be concluded that sand surfacatagoroughly both Si@(with some traces of iron oxides and clays) in

dark zones and iron oxides and clays in light zones

ESEM/EDS micro-observation with a cross-sectioraafand grain indicated increasing levels of batin iand
aluminum alongside a light-grey zone shown in therograph of Figure 5, whereas levels of silicocréases in dark

zones (Figure 5).
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MAG: 568 x HV: 20,0 kV WD: 10,2 mm

Figure 5: ESEM/EDS Micro-Observation with a Cross-®ction of a Raw-Sand Grain
Showing the Levels of Al, Fe and Si Atoms

This observation suggested that iron oxides amecéged with clays at sand surfaces.

To know whether or not the aluminosilicates and iogides present at the surface of Bangui sandceglayrole in
the removal of MB from water, the adsorption capa(®..) was plotted against Al and Fe amounts see FiguAes can

be seen in this figure, no correlation was fountiveen Q..x and Al and Fe, suggesting that these surface plaasenot
implicated in the MB-adsorption process.

0.5
05 . |_ hd D
§ 0.4 * Py S 0.4 7 * .
203 * g 031 ¢
vl * o T: * *
é 0.2 . C% 0.2 .
© o1 * . 0.1 *e >
0 T T 0 T
7 9 11 13 15 0 10 20 30 40
Sand Al (mg/g) Sand Fe (mg/g)

Figure 6: Evolution of the MB—Adsorption Capacity of the Sand (Qe; Mg/G) as a
Function of Al Content (Mg/G) __ (A); ad Fe Content (Mg/G) __ (B)

Moreover, the CHNS technique permitted us to camfine presence of organic matter (OM) which is edain
to sand grains: the content of organic carbon (@@ed from 0.189 to 0.876 g per kg of sand, sdd€eTa.

Table 2: Organic-Carbon Contents (G/Kg) in Raw-
Sand Samples with Different Grain Sizes

Organic carbon (g/kg)
Bangui sand Oubangui sand
0.2 -0.4mm 0.876 0.834
04-0.6 0.696 0.436
0.6-1.0 0.446 0.275
1.0-14 0.331 0.283
>1.4 0.189 0.302

The MB-adsorption capacity was plotted against the OCevidudifferent Banguisand samples (see Figure 7).
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Bangui sand Oubangui sand
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Figure 7: Variation of the MB—-Adsorption Capacity (Qmax; Mg/G) of two Raw Sands (one from Bangui Region ah
the Other from Oubangui River-Bed) as a Function ofOrganic Carbon Content (G/Kg) Present in These
Adsorbents

A straight line was found with a correlation coeifint R ~ 0.94-0.93. This finding proved the importance of
organic matter (fulvic and/or humic acids) in thading of MB at the sand surface. It was previouslggested that MB
can react with both anionic and aromatic groupfiwhic acids through ion exchange amd Tt interactions [46, 47].

However, the nature of organic matter at sand sasfavas not investigated here, and mechanisticcsspeere not
addressed as well.

2335
MAG: 123 x HV: 15,0 kV WD: 10.3 mm

Figure 8: ESEM Micrographs of a Sand Grain: Before__ (A); and After an
Acid Treatment with a 6M Hcl Solution at 90°C for 3Hours__ (B)
It is worth noting that an acid treatment of ramaawvith a 6M HCI solution at 90°C for 3 hours leal the

elimination of all the coatings on quartz surfa¢as shown above in Figure 8), and consequently MBe-adsorption

capacity of resulting grains was found to decreisgly from 0.32 to 0.04 mg/g (see Table 1).

Raw brick__ The ESEM micrograph of raw brick exhibits highlgrpus and non-uniform textural surfaces with
major fissures and cracks, except for quartz ciyqtaot shown here). Detailled ESEM/EDS analysese vparformed
sporadically on raw — brick particles (not showmefl)eand as a whole micro-analytical data showatlttie compositions
of targeted regions are mainly: Si and O deriveamfrSiQ in the crystalline form of quartz; Al, Si and Oofn
(metakaolinite) aluminosilicates; and to a lesseéem® Fe-rich deposits indicating the presenceaf oxides.

HCl-treated brick__ the ?Si MAS NMR spectrum consists of three resolved masges centered at -91, -102, -
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111 ppm (in addition to the resonance of quarizaiks at -107 ppm), as pointed out previously [48jese signals were
ascribed respectively to: (i)¥®i (SiO)son; (i) Q° Si (SIOW(AIO)OH and/or @ Si(SIOR(OH); (iii) Q* °Si nuclei with no
“—QH" functions in their immediate proximities [48}fter spectral deconvolution, tHél MAS NMR spectrum contains
four magnetic resonances which were attributedi}asolated silanols and aluminols at ~1.8 and9~2om [48-50]; (ii)
H,O bound to aluminosilicates [49] and/or physisorleder at varying degrees of hydrogen bond strefigth and (iii)
H-bonded water and H-bonded silanol at 6.5-7.0 pi8¥b1].

Iron-oxihydroxide-coated brick__ Figure 9 shows the ESEM micrograph of coated-bragecimens.

The ESEM/EDS technique revealed that silicon, orygguminum and iron are the major elements.

Figure 9: ESEM/EDS Mapping: Spatial Distribution of Al, Fe, Na and Si on Coated Brick

From EDS mapping images (Figure 9), the spatidtitigion of Al, Fe, Na and Si on a targeted suefat coated
brick permitted us to localize Si-rich particlesl-rieh aggregates and Fe-rich deposits. These thoses are mainly
composed of quartz, aluminosilicates and iron oxlybyide, respectively. We greatly suspect the imsoient of an
attachment of iron to clay surfaces with the foinratof Al-Si-Fe-O associations (as clusters) durthg coating

procedure, as pointed out by Cismasu et al. [52].

The'H MAS NMR spectrum (not shown here) consists roygtila (badly resolved) broad signal which is ldyge

lower than that observed for HCl-treated brick.sTsignal attenuation results from the neutralizatdd hydroxyl groups
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by sodium hydroxide at the brick surface according
=X-OH + NdOH « =X-0O Na" + H,0 (6)

The occurrence of sodium atoms at the brick surfaas confirmed both by the EDS mapping image of thi

element (see Figure 9) afitNa MNR (not shown here).
3.3 BET Analyses of Sand and Brick from C.A.R

Surface area and porosity of sand and brick samalesimportant characteristics for their applicasicas
adsorbents since they determine their accessibilitlB molecules to the active sites described abdheir BET surface
areas and porosity were investigated based ongeitr@dsorption-desorption isotherms at 77 °K. BEfadare listed in

Table 3.

Table 3: Specific Surface Area, Pore Volume and Avage Pore Diameter
Measured on Sand and Brick Samplegth Different Grain Sizes

Specific Surface Area | Pore Volume, Average Pore

AL EEl oSS (BET), M?G cm¥G Diameter, A
Bangui sand
0.2 —0.4mm 1.5 0.002 38.9
0.4-0.6 2.0 0.002 40.4
0.6-1.0 2.4 0.002 40.4
1.0-14 3.0 0.002 40.4
>1.4 4.1 0.004 40.5
Oubangui sand
0.2 -0.4mm 0.7 0.001 39.6
0.4-0.6 2.9 0.002 40.4
0.6-1.0 2.9 0.001 39.7
1.0-14 2.2 0.002 40.4
>1.4 2.0 0.001 39.4
Raw brick
0.7 —1.0mm 76 0.150 160
HCl-treated
brick
0.7 -1.0mm 96.7 0.230 161
Coated brick
0.7 —1.0mm 49.1 0.210 203

As a whole, the BET surface areas of sand and lseakples were respectively 6471 nf/g and 49.396.7 ni/g,
and pore volumes were respectively 080004 cnig and 0.1560.230 cni/g, while average pore diameters varied from
38.9 to 40.5 A for sand samples and from 160 toR@&r brick samples. To summarize, the weak BEffame areas and
porosities of sand samples suggested the diffaxdessibility of MB molecules to the active sartéssiwhich is directly
associated with their adsorption capacity; As Far taw brick, its specific surface area is aboutri?§, which is from 20
to 100 orders of magnitude higher than those ofthdied sands; After acid activation (with HCI 6a¥190°C for 6 hours
according to a hydroxylation/dealumination procei® surface areas and pore volumes of the aetiiatick increased
respectively from 76 to 96.7 %y and from 0.150 to 0.230 éfg as a result of the generation of new hydroxgugs
(aluminol and silanol) at its surface, as descrilmeskection 3.2. However, the surface area of H&ited brick decreased

at 49.1 /g by a deposition of iron oxy hydroxide on tostsface, while its average pore diameter increfrsed 161 to
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203 A and its pore volume barely changed from 0.230.210 crifg. Changes in surface area and porosity obtaioed f
coated brick were due to its aggregates morpholatich caused profound external surface roughné&nhwompared to

sand surfaces (see Figures 4, 8 and 9).

Following the detailed chemical characterizatiod 8ET analyses described in sections 3.2 and 3e3samples
of sand and brick were subjected to electro kinetts. The zeta potential provides informationchanges in the ionic

surface properties of the solid particles suspeiil@dter.
3.4 Electro kinetic Behavior

Zeta potential measurements were performed on aaddrick samples over a pH range from 2 up toi§u(e
10).

10

& Coated brick

.30 - @ Raw brick

Zeta potential (mV)
N
o

A HCl-treated brick

A
o
T

A Bangui sand

T T T T N B B A M |

-50 -

Figure 10: The Influence of Ph on the Zeta Potentlaf Different Adsorbents:
Bangui Sand; Raw Brick; Hcl-Treated Brick; and Coated Brick

Electrokinetic data revealed a zeta potential ®wer for both the sand and brick, from positiventegative,
evidencing that the surface charge in these métewas affected by the medium pH. The observedtreldaetic
properties could be attributed to surface protamatr de-protonation, depending mainly upon howrbxd (organic or

mineral) groups on the surface of sand and briteeéct with surrounding water molecules@ and OH ions.

As a whole, the zeta potential becomes positivevatpH (pH< pHgp) and negative at high pH for both materials
due to their amphoteric nature. Thus, at low pHdfoxyl” (organic and/or mineral) surface groupstéu=X-0OH in the

text) can react with protons as:
=X-OH + 0" « =X-OH," + H,0 @)

And with the increase of the pH value, the zeteeptial then decreases and becomes negative, neydaak

deprotonation / dissociation of hydroxyl functicared generation of negative charges on the solidceias:
=X-OH + H,0 « =X-0 + H,0" (8)

In this latter case, the cationic dye (MB) remowah be enhanced by strong electrostatic attradietmween

deprotonated groupsX—0") and positively chargedN* groups of MB dye.
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The curves of zeta potential versus pH, determifoeédthe sand samples, are shown in Figures 10 dnd 1
Their isoelectric point (IEP) occurs at pH 2.2-28%ir maximum zeta potential is +5 mV, and theimim -23 mV. The

IEP value indicates the pH at which the zeta p@Ehecomes equal to 0, and the negative surfaasgehl equilibrate the
positive surface charges as well.

After the elimination of organic matter from thendaby heating at 500°C for 24 hours, the pH atisbhelectric

point (pHep) Was found to increase from ~2.3 (before treatinent3.5 (after treatment), see Figure 11.

Oubangui sand

15
. 10 -
>
£ 5 - .\\ pH
= o N
2
o 50 1 2 7
]
o-10 -
8
3 -15 ¢ Before treatment

-20 -

B T=500°C (24h)
-25 -

Figure 11: The Influence of Ph on the Zeta Potentlaof Oubangui Sand
Before and After a Thermal Treahent at 500°C for 24 Hours
The pHep for heated sand was approximate to the IEP vakmsrted for quartz (2.8; [53, 54]), quartz#Fe-3;
[55]) and most-studied Sg&pecimens (2.6-3.8; [56]). The maximum zeta p@ebecomes +8.7 mV at pH 2.05, and its
minimum -22.9 mV at pH 6.05. The observed shiftia pHgp toward a positive value for a binary-system ofdsarHA
after the heating procedure, seems then to bestensiwith a loss of the electrokinetic propertésiA since the phgp of
humic acids is known to bke?2 [53, 54].

The curve of zeta potential versus pH, determiteddw brick, is shown in Figure 10. Its isoelecipbint (IEP)
occurs at pH 4.0; and its minimum zeta potentiadis7 mV at pH 8.15.

Note that some differences emerge concerning #wrel kinetic properties of the sand and brialst the pHep
of the sand is lower than that of the brick; aedondat pH > phkp the curve for the brick (Figure 10) lies belowttba
the sand over the whole range of pH >gai¥alues. This latter finding indicated that theckrsurface is more negatively
charged in water, and thereby potentially bettaiodaent of cations than the sand surface (seed-RBjutin agreement with

batch experiments on MB adsorption reported inige@.1.

For HCHreated brick, the pH at the isoelectric point baes lower (phtr = 2.3; see Figure 10) than that of raw
brick (pHep = 4.0) as a result of the generation of new aiteb sat the surface (silanol and aluminol). Howewvewas
noticed that the adsorption performance of thisemalt barely changes when compared to that of raek l{Figure 2).
Indeed, SiOH in hydroxylated brick (like in kaoli@) is weakly dissociated as:

ESIOH + HO — ESi0 + H;O* 9)

(pKa = 4.0 - 6.5 for silanols in kaolinite [57]);
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And AIOH is much weakly dissociated as:
ZAIOH + H,O — ZAIO0™ + H;0" (10)
(pKa = 8.40 — 9.84 for aluminols in kaolinite [57]).

After precipitating iron(lll) on HCl-treated brickith iron sodium hydroxide, the pH at the isoelecpoint for

the resulting material becomes higher pH: 3.2), and the minimum zeta potential is -42 ni\pld 8.9, see Figure 10.
The observed shift in the zeta potential towardositive value for the binary-system of brick + iromyhydroxide is
consistent with previous observations on adsorptiwaracteristics of montmorillonite clay modifiedthviron oxide with
respect to MB in agueous media [58]. Owing to these electro kinetic characteristics, the adsorptiapacity of MB on
to this new adsorbent was found to increase sigmifly. This enhancement was attributed to the #&bion of negative
surface charges as sodic siteX-O" Na" (with X = Al, Si, and Fe) which interact more fambly with cationic MB ions
in water. Indeed, from electrochemical titratiomvis recently revealed by Allahdin et al. [59] th@tthe addition of HO"
solution into coated-brick suspensions could némg&X—-O" groups at the material surface; and (ii) at léasttypes of
basic groups were detected, suggesting that Nasateere bound not only to iron-oxihydroxide,=BeONa’, but also to
other basic sites likeSiONa" and=AlI'Na" from brick aluminosilicates (silanol and alumirming generated through

brick-metakaolinite hydroxylation by HCI treatment)

From these studies, it is nevertheless difficukéstablish a quantitative relationship betweeretita potential{)
and the amount of MB adsorbed on to sand and pacticularly for two reasons: the surface potensidligher tharf and
the specific surface area of these two adsorbeffesdsignificantly each other. However, when exang negativel
values at initial batch-experiments pH as a fumctd MB adsorbed, a non-linear increase was obdaicenfirming that
the degree of increase {nupon adsorption corresponded to better affinityyi molecules towards brick surfaces than

sand surfaces.
CONCLUSIONS

In the present work, sand and brick from Banguiaegvere studied in terms of their removal of MBgationic
dye pollutant. The experimental data obtained veiéimd and coated brick best fitted the Langmuirhiswh model.
This fitting then revealed that the coverage of Bamined on the surface of sand and brick occuadrding to a

monolayer adsorption process.

Adsorption performances were found to be more edlab the presence of hydroxyl an@0OCO groups at the
surfaces of the sand (organic matter) and bridkr(sl and aluminol) than to the surface physica&t B characteristics of
these materials. Hydroxylation and dealuminatiomas¥ brick by acid activation allowed an increa$e-OH functions at
the solid surface, and subsequently, a depositidron oxihydroxide led to the generation of (ioami#e) sodic surface
sites:=X-O'Na’, with X = Al, Si, and Fe. These chemical changestirface brick were found to be the main reasdms w
the observed adsorbed amount of MB on to coatetk lwias higher than that on to raw brick. From etedtinetic
measurements, it was demonstrated that (i) eld¢atiosattraction was the primary driving force aetsolid — water
interface for MB adsorption in our systems; andl ifiore negative zeta-potential values were obtafbpedoated brick

across the whole pH range > pk The enhancement in MB adsorption by coated bwiak interpreted in terms of new
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negative charges at the material surface. Frominhisstigation, a conclusion could easily be draam:increase of the
adsorption capacity would be due to the enforcenentlectrostatic attraction between cationic MBd amegatively
charged adsorbent surfaces, mainly observed oadfieated- brick material, with a strong implication of Nans and

H* and OH potential- determining ions due to the exchanges at the briskter interface.
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