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ABSTRACT

In this communication, we present the results oft@dy on the process optimization for the developnod
adsorbents from oil shale Moroccan of Timahdit laf¥) and their application to the elimination adrtain types of
bacteria contained in the domestic liquid wastdse @dsorbents prepared thermally are characterizgdlifferent
physico-chemical techniques and their performandsogption is evaluated by determination of the mmaxn
adsorption capacity of methylene blue. Bacteriatagitests were performed on bacteria, Escherictoé type,
contained in domestic liquid wastes. The charaztgidon results showed that the adsorbent obtainedhermal
activation of the decarbonated raw rock temperategeial to 300 °C for 2.5 hours in air has good teat and
structural properties. In addition, the tests oitgéhation of bacteria (Escherichia-coli) are consive, and allow
providing a broad use of these adsorbent in thie tyf application.
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INTRODUCTION

Environment preservation, in particular, the prablef water pollution is a major preoccupation pge by all

public, industrial, scientists, researchers andtipsldeciders at national and international lev&isr many years,
researchers have interested to develop methodseafnient of waste water containing organic or inaig

substances stable or radioactive. The techniquesnomly used in the case of liquid effluent treattnare: ion

exchange, coagulation [1-2], the biological treattj8-4], or the adsorption of various organic, erals, natural or
synthetic materials [5-6]. Many research works wiben directed to methods of treatment using nhtuederials

for their abundance and their low cost, among titan include clay minerals [7-8], zeolites [9-A0H various
carbonaceous adsorbents [11] prepared from abumdamtal materials and minor, products of some striles or

agricultural waste [10-13].

In this context, we set a goal for this work ertement a local material which is very abundanteivesal national

sites, through its transformation into adsorbeihis; Timahdit's Moroccan oil shale. Two precursersre subject of
this study, a powder obtained directly from the nawak layer (Y), the second precursor (YH) resgjtinom the
decarbonation of the raw rock.
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In this paper, we present results on the preparaia characterization of adsorbents and theirirugesting the
elimination of bacteria species Escherichia coli.

EXPERIMENTAL SECTION

Preparation of adsorbents

The adsorbents used in this study were prepared floroccan oil shale of Timahdit, this depositasdted in the
Middle Atlas region 35 km south of the town of Aarspread over an area of 100% consists of a vein of shale
from 100 to 150 m thick [14-16]. In this rock, tbeganic matter is embedded in a mineral matrix isbimg mainly
of carbonates which are associated with other spgsuch as silicates, free silica and pyrite. @dbsummarizes
the mineralogical composition of this layer Y.

Table1 Mineralogical composition of the Timahdit oil shale [15]

Constituent Calcite Dolomite Clays Silicate Organic matter
Wt. (%) 15.16 12.33  26.87 21.75 23.89

Preparation of precursor

Samples of the raw rock (Y) were crushed and grdend fine powder with a particle size <0.08 mmgi&ken
amount of this powder was added, with stirring,ofutson of 6N HCI until complete release of carbdioxide.
Reactions that result from this process are:

CaCQ+2HCl — , G®CaCh+H,0
CaMg(CQ), + 4HCI —» 2GG CaCh+ MgCl + 2H,0

Atfter filtration, the solid residue was thoroughiashed in a Soxhlet apparatus, using water asvargdio remove
traces of acids and stabilize the product. Theltiegyroduct, referenced by YH, is dried in an oer 12 h at 110
°C and stored for a possible future use.

Thermal Activation-Y and YH

For thermal activation of Y and YH, samples of egwkcursor is treated in a furnace under air aewint
temperatures ranging from 200 to 450 °C, the treatntime is between 0.5 h and 3 h. The choice efdh
temperatures is dictated by the large changes ksbwnture of the organic matter contained in trezprsor in this
temperature range [14-16]. Before being used imrdi®n tests, the prepared adsorbents, named ByY¥BAX
where X is the activation temperature, are charaet by different physicochemical techniques teees the effect
of activation at their textural and structural pedpes. The techniques used were the surface ayeBET method),
the surface functions (by the method of Boehm)thrsdmaximum adsorption capacity of methylene blue.

Antibacterial tests adsorbents prepared
Escherichia-coli are a germ of normal intestinalrdl of all animals, including humans. The preseotehis
microorganism in water consumption is a significask to the health of those who consume it [17].

To test the ability of our adsorbents to elimindie Escherichia coli, we emerged a mass of 1gdi adsorbent in
two syringe of capacity equal to 10 mL, equippethve filter paper disc in their lower end to avtiheé eventual
leaks from the adsorbent during elution. The swi@gre then wrapped in aluminum foil and steriliz@can
autoclave at 120 °C for 20 min.

1 mL of a 24 h culture Escherichia-coli is eluténtogh the different adsorbents. Elution is perfednwith
moderate pressure on the plunger of the syringe yatir thumb. In order to obtain a satisfactorytiely washing
with 4 mL of physiological water freshly preparetssterile is made immediately after elution.

RESULTSAND DISCUSSION

Properties of adsorbents used in the tests

Testing bacteria removal is performed on the tweoadents YA and YHA representing better adsorbebtained
by heat-activation of precursors Y and YH at a terafure equal to 300 °C for 2 hours for the finstl dor the
second 2.5 h. Table 2 summarizes the results ofclia@acterization of the two adsorbents by thrdterdint
analytical techniques.
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Table 2 Characterization of two prepared adsorbents YA and YHA

groups surface fonction(séq/g) Total g 1

carboxylic lactone hydroxyl (még/g) Qnaxen BM (mgg) - Seer (79")
YA 0.28 0.24 0.18 0.72 145 32
YHA 0.40 0.36 0.26 1.02 175 85

The values in Table 2 show the importance of theimmam adsorption capacity of adsorbents YA and Yé&Sspite
the low values of their specific areas. This firgdgan be justified by the development of surfactuies that play a
very important role in the adsorption process. Hewgit should be noted that this value differarifrone sample to
another 147 mg / g for YA and 175 mg / g for YHAIF difference can be explained by the rate of migyeatter
present in each precursor and the beneficial effethermal activation in an oxidizing atmosphea@)( This type
of activation on the one hand favors the formatiba carbon skeleton rich with high organic carbamd on the
other hand the development of its porosity, for iblease of light molecules (CO and £@rmed by controlled
oxidation of the organic matter existing in the qumsor. These changes can be identified by examitfie
morphology of these products. Indeed, the morphgldgken by scanning electron microscope (SEM)thef
precursors (Y and YH) and the adsorbents (YA and\YH

(Figure 1) indicate that these structures are rdexv@loped porosity and well distributed over athpées.

Figurel. SEM of Y, YA, YH and YHP.

Test elimination of germs bacteria (Escherichia-coli)

Generally carbonaceous adsorbents are used fostimapurposes, in particular the treatment ofagsvby various
pollutants. For this purpose we conducted testlitninate germs bacteria very answered in domegistewater
(Escherchia-coli) and compared the results witls¢habtained by the use of activated carbon solthfspurpose.
The results of these tests are summarized in Tabtee examination of values shows the efficacadgorbents
prepared vis-a-vis the bacterium Escherichia d¢otieed, from a solution containing 74,107 CFU/mle eid not
detect any bacteria in the petrie box at the entksifs. It appears through these results that théserbents are
better than some commercial adsorbents used i tvatgment.

Fixing bacterial germs is surely the result of cterpnteractions between the microorganism, inipaldr, the cell
wall and the adsorbent [17-19]. It appears thatsiingace functions, developed on the surface ofatieorbents,
were participated to the removal of virtually totaicroorganisms either by the heterogeneity ofdhdace, or by
the presence of divalent cations or by groups iof @0OH, C=0, C-OOH in the vicinity [19].
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Table 3 Resultsbacteria countswastewater CFU/mL

adsorbent Stock solutiolJFC/mL  Number of bacteri®dFC /mL  references

YA 74.10 0 this work

YHA 74.10 0 this work

CAC(1) 54.10 75.1d [15]

CAC(2) 28.16 82.10 [16]
CONCLUSION

Tests to eliminate bacteria species Escherichiabgohdsorbents and YA YHA, which were preparedtigrmal

activation of Moroccan oil shale Timahdit are vesyccessful and open windows into other applications
environmental fields. In perspective, we plan tgiave the textural and structural properties ofososnts by
searching the best conditions for activation argb@sion of application fields on real samples.
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