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ABSTRACT KEYWORDS
Solution route was applied to synthesize new family of free-fluoride syn- Synthesis;
thetic clay. All starting solutions were made by applying carbon tetra-chlo- Micaclay;
ride (CCl,) asasolvent. The selected sample of synthetic free fluoride-Na-4- Freefluoride;
mica was having the general formula (Na,MgM,Si,O,,.nH,0) where XRD;
M=Cr*was exposured to two different y-irradiation doses 1% dose=1.5 MR/ SEM;

h and 2nd dose=3 MR/h at 25cm distance. Structural parameters such as Structural Parameters.
lattice constants, volume and phase quality were monitoring carefully by
using both of XRD and SEM evaluating grain size of the micabulk. Structural

investigations proved that Cr-clay exhibits monoclinic phase accompanied

with structure quality in comparison with both of Bi-and Al-clays.
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INTRODUCTION

Recently many studieswere carriedout to investi-
gatetheeffectsof nuclear irradiations such asgamma
irradiationg® onthe physico-chemica parameters (de-
gree of crystallinity, specific surface area, cation ex-
change capacity and main layerscharge). “swelling mi-
cas’ this group of synthetic clays, of which Na-4-mica
isonly one, wereoriginally devel oped expressly for
water treetment. They expand asthey absorb metd ions,
then collapse, sealingthemetalsinside. Na-4-micais
formed by combining kaolinite, asoft clay minera used
inthe ceramicsindustry, with magnesium oxidein so-

diumfluorideat atemperature of 890°C. Theresulting
product hasnaturd mica’s sheet like structure and brittle
composition, but the space between thelayers.

Waste streamsencountered in mining operations, and
variouschemica processngindustries, contain heavy met-
a swhich arenon-biodegradabl e, toxic priority pollut-
ants. Duetothe r tendency to accumulaeinliving organ-
isms, causing variousdiseases and disorders, thetreat-
ment methodsfor metal -bearing effluentsare essentia
for environmenta and human health protection. Among
numerous commonly used techniquesfor water purifica-
tion, adsorption technol ogies have gained themost at-
tention because of their low cost and easy operation**.,
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In recent years, an intensive research was con-
ducted focusing on the selection and/or production of
low-cost adsorbentswith good metal -binding capaci-
ties, which could beutilized asan dternativeto themost
widely used adsorbent in wastewater treatment-acti-
vated carbon. Natural materialsof both organic and
inorganic nature (such aschitosan, zeolites, minerals,
etc.) and certain waste productsfromindustria opera-
tions(such asfly ash, cod and oxides) areclassified as
low-cost adsorbents because they are economical and
locally availabl €31 Na-4-micahas much the same
composition asnatura mica, containingauminum, sili-
con, and magnesium. But natural micaalso contains
potassium ions, which sit in hexagonal holesin the
minerd’s layers, superimposed upon one another, bond-
ing the sheetstightly together. This“closed” structure
makes natural micaapoor ion exchange medium2,

Themgor goal inthepresent articleisto investi-
gatetheeffect gammairradiation doseson Structura
and micro-structural properties of
Na,Mg.Cr,S,0,,.nH,O micaclay sample.

474722

EXPERIMENTAL

Samplespreparation

The selected samples of synthetic freefluoride -
Na-4-mica which having the general formula
(NaMgM,Si,0,,.nH,0) where M=Cr* was synthe-
sized by applying solution route and sintering proce-
dure using the molar ratios of Na,0.2Si0,.2H,0,
MgCO, and Cr,0O, each of highly pure chemica grade
purity. Themixturewereground carefully then disolved
infew dropsof concentrated nitricacid forming nitrate
extract which diluted by water/carbon tetra-chloride
50% volume.

Mixturel wasfor sodium slicatessolution and mix-
turell wasfor rest of component (Mg+Cr) nitratesac-
cordingto chemicd formuladesired. Mixturel wasdi-
luted by CCl, to be 100ml then pH was adjusted to be
8.5 concentrated sol ution of anmoniawas added care-
fully till heavy white precipitatefrom Metalshydroxide
isobtained and the pH must be higher than 8. Thepre-
cursor isfiltered and washed by 2.5% ammonium ni-
trate solution. Mixture Il of (Mg+Cr) was passing
through the sametreatment but in present of ethylene
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glycol ascomplexing agent to produce gel atinous pre-
cipitate of metals cationshydroxide precursor.

The Mixture I+Mixture Il precursors were for-
warded to mufflefurnace and cal cinations processwas
performed at 880°C under a compressed air atmo-
spherefor 10hrsthen reground and pressedinto pellets
(thickness 0.2cm and diameter 1.2cm) under 10 Ton/
cm?. Sintering was carried out under air stream at
1000°C for 10hrs. The sampleswere slowly cooled
down (20°C/hr) till 500°C and annealed therefor 3hrs
under air stream. Thefurnaceis shut off and cooled
dowly downtoroomtemperature. Findly thematerias
arekept in vacuum desiccator over silicagd dryer.

The sample was named as Clay

Figurela: Molecular sieving structureof Cr-111-silicates-
clay

Figurelb: Structureof al-silicates-clay |

I=(Na,MgAl,Si,O,,.nH,0), Clay lI=(NaMg,Bi -

Si,0,,.nH,0) and Clay [1I=Na,Mg Cr, S ,O,,.nH,O.
Asdescribed inFigure 1 tetrahedra unitsof slicateare
thebackbonestructure of micaclay indicating that each
unit cell surrounded by 4-Na-atoms that can be re-

placed if itisapplied ascationsexchanger or molecular
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Samplesirradiation

The samplewas cut asthreedimensiond rectangle
and exposured to perpendecular gammearirradiations
source by two different doses 1st dose=1.5MR/h at
25cm distance) and 2™ dose=3MR/h at 25 cm dis-
tance) by using Cs'*” asgamarray irradiations source.

Phaseidentification

The X-ray diffraction (XRD) measurementswere
carried out at room temperature on the fine ground
samplesusing Cu-Ka radiation source, Ni-filter and a
computerized STOE diffractometer/Germany withtwo
thetastep scan technique.

Scannig Electron Microscopy (SEM) measure-
mentswere carried out at different sectorsin thepre-
pared samples by using acomputerized SEM camera
with elementa anayzer unit (PHILIPS-XL 30 ESEM/
USA).

RESULTSAND DISCUSSION

Phaseidentification

Figure (2,3a-c): display the high resolution X-ray
powder diffraction pattern recorded for synthetic free
fluoride-Na-4-micasampleswhicharehaving thegen-
erd formula(NaMg,M, S, O,,.nH,0) whereM=Cr*.
Theanalysisof the corresponding 26 valuesand the
interplanar spacingsd(A°) were carried out using com-
puterized program and indicated that, the X -ray crys-
talline structure mainly belongsto amonoclinic phase
NaMgM,Si,0,,.nH,0 in major besides few peaks
of unreacted starting oxides as secondary phasein mi-
nor. Thelattice parametersof theunit cell wererefined
using theleast-squares sub-routine of astandard com-
puter program theserefined | atti ce parameterswerefound
typically tothosereported in**# |iteratures. Theseunit
cell parametersarein good agreement with those of the
reported onesfor NaMg,M,Si,O,,.nH.O structure’®.

Itisobvioudy that, gammairradiati on doseshavea
negligible effect on the main crystalline structure of
Na,Mg.Cr,Si,0,,.nH,0 asshownin Figure (2b,c).

From Figure (3a,b) one can indicate that mono-
clinic phase of mica-clay NaMg.Cr,Si,O,,.nH,Ois
the dominating phase by ratio exceeds than 90% (d
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Figure2: RoomtemperatureHR-XRD recorded for Cr-111-

clay
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Figure3a-c: HR-X-ray diffraction patternsrecorded for;
(@) Cr-l11-clay (Non-irradiated sample)

(b) After 1& gamma-irradiation dose=1.5MR/h

(c)After 2nd gamma-irradiation dose=3MR/h
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Figure3d: Variation of c-axisver susgammairradiation dose
100=1.12-1.13nm) confirming that gammexrirradiation
doses does not affect on themonoclinic biotite phase.
Theseresultsarein full agreement with thosere-
ported by Allard and Calas®! who are confirmed that

Gamma-Irradiation Dose
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radiations effectshave negligible on both of structural
and chemical propertiesof clay mineral.

Thelatticeconstantsa, b, c of domain monoclinic
phase were calculated after 1% and 2™ irradiation dose
indicating that no sharp changes occurredintheseval-
ues.

Figure (3d) showsthevariation of c-axis|attice pa-
rameter asafunction of gammaabsorbed dose. It was
observed that c-axis compresses as gamma-absorbed
doseincreasesasclear in Figure (3d) dueto induced
gamma-ray hasoxidative nature causing oxidationto
metdscationsfrom lower to higher oxidation satesuch
asCrlll, CrlV and consequently increasinginthetota
chargeing delattice causing compression of thevolume
|attice and consequently decreasing in c-axis.

TABLE 1 explain EDX-elementd andyssdatare-
corded for Na,Mg.Cr,S,O,,.nH,O that prepared via
solution route. It isclear that the atomic percentagere-
cordedisapproximately typica withthemolar ratiosof
the prepared sample emphasizing the quality of prepa-
ration through sol ution technique.

On the basis of molar ratio the allowed error in
experimental proceduresthrough out solutionrout is
lesser than thosereported in literaturesfor those syn-
thesized by solid state routeg® 2.

SE-micr oscopy measur ements

Figure 4 show the SEM-micrographs recorded
NaMgM,Si,0,,.nH,0 that prepared via solution
routewhere M=Cr***. Theestimated averageof grain
szewasca culated and found in between 2.37-3.43um
supporting thedatareported in®,

The EDX examinations for random spotsin the
samesampleconfirmed and arecons stent with our XRD
andysisfor polycrystdlineNaMgM,S ,O,,.nH,Othat
prepared viasol ution route, such that the differencesin

TABLE 1: EDX-Elemental analysisdatarecorded for Cr-
cay-11

Cr-Clay-I11
Element \(%t OAAJI R';t'io z A F
OK 3781 5725 01069 17334 0.1481 1.0804
NaK 1821 3513 00479 11733 07353 1.0131
Mgk 1222 1648 02731 10746 09607 10813
CrL 1666 1665 00513 05181 10718 1.1498
SL 1898 1623 02364 02175 10501 1.1212
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Cr-day-11

Figure4: SE-micrographsrecorded for Cr-l111-clay
themolar ratiosEDX estimated for thesame sampleis
emphasized and an evidencefor the existence of mono-
clinic-phasewith good approximation to molar ratios
see(TABLE 1).

From Figure 4, it is so difficult to observe
inhomogeneitiy within the micrograph dueto that the
powdersused arevery fine and the particle size esti-
matedistoosmall.

Thisindicatesthat, theactua grainszeinthemate-
rial bulk issmaller than that detected on the surface
morphology. Furthermore, particle sizewaestimated
from both of XRD and SEM analysesanditsaverage
found to bein between 25-124nm confiming that solu-
tion route synthesisincreasesthefraction ratio of nano-
particlesformation.

In our opinion thisstructure quality enhanced by
polar solven applied (carbontetrachloride) that privent
cooagulation of smdler grainswith each other actingas
grainsizesplitter enhancing nano-particleformation as
occurredinour results.

COCLUSIONS

Theconclusiveremarkesinsidethisarticlecan be
summarized inthefollowing points;

Sol ution technique gpplying organic sol vent (Polar
Solvent) asmediamatrix exhibitsstructure quality as
preparation technique.

Synthetic free-fluoride NaMgM,Si,O,,.nH.O
crystalizeinmonodinic phase.

SE-micrographs confirmed that particlessizewas
found in nano-sca e (25-135nm).

Gammairradiations haveadight effect on both of
structural and microstructural parameters.

HP-synthetic micas can applied as cations sel ec-
tivity for water remediation.
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