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ABSTRACT KEYWORDS

Mixed solid state/solution routes were applied to synthesize new family of
free-fluoride synthetic clay for water remediation applications. The selected
samples of synthetic free fluoride -Na-4-mica were having the general for-
mula(NaMgM,Si,O,,.nH,0) where M=Al, Bi and Cr**". Structural and mi-
cro-structural properties were monitoring by using both of XRD and SEM
evaluating, grain size of the mica bulk was found to be in between 2.37-
3.43umwhich arelower than those reported in literatures. Electrical investi-
gation proved that clay | &1 exhibited semi-conducting behavior while

Synthesis;
Micaclay;
Freefluoride;
XRD;

SEM;
Electrical properties.

insulating behavior with clay 111 that confirm the energy gap AE, is maxi-

mum for chromium clay.

INTRODUCTION

The“swelling micas”. This group of synthetic clays,
of which Na-4-micaisonly one, wereoriginaly devel -
oped expressly for water treatment. They expand as
they absorb metd ions, then collapse, sedling the met-
alsinsde. Na-4-micaisformed by combining kaolin-
ite, asoft clay mineral used inthe ceramicsindustry,
with magnesium oxidein sodiumfluorideat atempera-
tureof 890°C. Theresulting product hasnatura mica’s
sheet likestructureand brittle composition, but the pace
betweenthelayerd®3.

Waste streams encountered in mining operations,
and various chemical processing industries, contain
heavy metalswhich are non-biodegradabl e, toxic pri-
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ority pollutants. Dueto their tendency to accumulatein
living organisms, causing various diseasesand disor-
ders, thetreatment methodsfor meta-bearing effluents
areessentia for environmental and human health pro-
tection. Among numerous commonly used techniques
for water purification, adsorption technol ogies have
gained the most attention because of their low cost and
easy operation(+18l,

Inrecent years, anintensveresearch was conducted
focus ng onthe sdlection and/or production of low-cost
adsorbentswith good metal -binding capacities, which
could beutilized asan alternative to themost widely
used adsorbent in wastewater trestment-activated car-
bon. Natural materialsof both organic and inorganic
nature (such as chitosan, zeolites, minerals, etc) and
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certain waste productsfromindustria operations(such
asfly ash, coal and oxides) areclassified aslow-cost
adsorbents because they are economical and locally
avail abl €% Na-4-mi ca has much the same compo-
gtionasnatura mica, containing duminum, silicon, and
magnesium. But natural micaa so contains potassium
ions, which sitin hexagonal holesintheminerd’s lay-
ers, superimpaosed upon oneanother, bonding the sheets
tightly together. This“closed” structure makes natural
micaapoor ion exchange medium*2.,

Themgor goal inthepresent articleisto investi-
gaetheeffect of solution routesynthesison; Structura
andNano-structurdl propertiesof NaMgM, S ,O,,.nH,O
mica clay sample.Electrical properties of
NaMgM,S,0,,.nH,0 micaclay sample. Application
of free-fluorideenvironmentdly friend micaclay for wa-
ter remediationinthe near futureasnew synthetic mica

clay for cation selectivity of sometoxic heavy metals.
EXPERIMENTAL

Samplespreparation

The selected samples of synthetic freefluoride -
Na-4-mica which having the general formula
(Na,MgM,Si,0,,.nH,0) where M=Al, Bi and Cr*
were synthesized by applying solution routeand sin-
tering procedure using the molar ratios of
Na,0.2Si0,.2H,0, MgCO,, Al O,,Bi, 0, and Cr,O,
each of highly purechemica gradepurity. Themixture
were ground carefully then disolved infew drops of
concentrated nitric acid forming nitrate extract which
diluted by distill water. The nitrate solution was neu-
tralized by using 45% urea solution and pH be-
comes~6.5.

Mixture | wasfor sodium silicates solution and
mixturell wasfor rest of component (Al+Mg+Bi+Cr)
nitrates according to chemical formuladesired. Mix-
turel wasdiluted by distill water to be 100 ml then
pH was adjusted to be 8.5 concentrated sol ution of
ammoniawasadded carefully till heavy white precipi-
tate from Metal s hydroxideis obtained and the pH
must be higher than 8. The precursor isfiltered and
washed by 2.5% ammonium nitrate sol ution.Mixture
Il of (Al+Mg+Bi+Cr) was passing through the same
treatment but in present of ethylene glycol as
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complexing agent to produce gel atinous preci pitate of
metal s cations hydroxide 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 15 hrsthen reground and pressed into pel-
lets (thickness 0.2cm and diameter 1.2cm) under 10
Ton/cm?. Sintering was carried out under air stream at
1050°C for 10 hrs. The sampleswere slowly cooled
down (20°C/hr) till 500°C and annealed therefor 5 hrs
under air stream. Thefurnaceis shut off and cooled
dowly downtoroomtemperature. Findly thematerias
arekept in vacuum desiccator over silicagd dryer.

The sample were named as Clay
I=NaMgAl S9,0,,nH,0),daylI{NaMgBi,9,0,,nH,0)
adClaylll=NaMg.Cr,S,0,.nH.0.

H* H*

H"

Figurel: Sructureof Al-Silicates-Clay |
Asdescribedin Figure 1, tetrahedral unitsof sili-
cate arethe backbone structure of micaclay indicating
that each unit cell surrounded by 4-Na-atomsthat can
bereplacedif it isapplied as cationsexchanger.

Phaseidentification

The X-ray diffraction (XRD) measurementswere
carried out at room temperature on the fine ground
samplesusing Cu-K _ radiation source,Ni-filter anda
computerized STOE diffractometer/Germany withtwo
theta step scan technique.

Scannig Electron Microscopy (SEM) measure-
mentswerecarried out at different sectorsinthepre-
pared samplesby using acomputerized SEM camera
witheementa andyzer unit (PHILIPS-XL 30 ESEM/
USA).

Electrical measurements
DC-dlectrica conductivity of the prepared materi-
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alswasundertaken asafunction of temperaturefrom
room temperaturetill 520°C and performed onthepell et
surface by using two probe circuit and garaphite paste
was used as connective matter.

RESULTSAND DISCUSSION

Phaseidentification

Figure (2a-c), displaysthe X-ray powder diffrac-
tion pattern recorded for synthetic freefluoride-Na-4-
micasampleswhich are having the general formula
(NaMgM,Si,0,,.nH,0) where M=Al, Bi and Cr*
respectively. Theandysisof the corresponding 20 val-
uesand theinterplanar spacingsd (A°) werecarried
out using computerized program and indicated that, the
X-ray crystallinestructure mainly belongsto amono-
clinicphaseNaMgM,S,0,,.nH, O inmajor besides
few peaksof unreacted starting oxides as secondary
phasein minor. Thelattice parameters of the unit cell
wererefined using the least-squares sub-routine of a
standard computer program theserefined lattice pa-
rameterswerefound typically to thosereported inf**2
literatures. Theseunit cdll parametersarein good agree-
ment with those of the reported ones for
Na,MgM,Si,O,,.nH.O structure’®.

Itisobvioudy that, the additions of nono-oxides
componentshaveanegligible effect onthemain crys-
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Figure2a-c: X-ray diffraction patternsrecorded for; (a) Al-
clay, (b) Bi-1, clayll and (c) Chromiumclay (Clay 111)
solution route. Itisclear that theatomic percentagere-
corded isapproximatdy typica withthemolar ratiosof
the prepared sample emphasi zing the quality of prepa-
ration through solution 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 routes 28,

SE-microscopy measur ements
Figure (3a-c), show the SEM-micrographs re-

tdlinestructureNa,MgM,S,0,.nH,0with Fluoride-  corded Na,Mg:M,Si O,,.nH, O that prepared via so-
content (x=0.0) asshownin Figure (2c). TABLE 2: EDX-Elemental analysisdata recorded for Bi-clay-I1
From Figure(2a,b), one canindicate that mono- Bi-Clay-11
dlnlgpha_seofmlc&clayNa4MgGM4S|4OZZ.nHZO|sthe Element \éVt At K- 2 A e
dominating phase by ratio exceeds than 90% % %  Ratio
(d,.=1.12-1.13nm) confirming that nano-oxidescom- OK 3968 5335 02269 17394 01431 1.1114
ponent aresuccessfully reacted and formed monodinic NaK 1629 3313 0.0499 11333 0.7253 1.0136
biotite phasewith very good degreeof crystallinity. M.gK 1826 1448 0.2931 1.0746 0.9907 1.0345
TABLE 1, explain EDX-glemental andlysisdatare- B.|L 17.36 1365 0.0613 05181 1.0418 1.2298
corded for Na,Mg,M,Si,0,.nH,O that prepared via SL 1868 1423 01364 02175 1.0101 1.0312
TABLE 1: EDX-Elemental analysisdatarecorded for Al-clay-l ~ TABLE 3 : EDX-Elemental analysis data recorded for Cr-clay-I11
Al-Clay-I Cr-Clay-I 11
Element \&’)t @: R*;t'io z A F Element \(;’)t éot R*;t'io z A F
OK 3588 5625 01069 1.7394 0.1431 1.0004 OK 3781 57.25 01069 1.7334 0.1481 1.0804
Nak 1529 30.13 0.0479 11333 0.7253 1.0131 Nak 1821 3513 00479 11733 0.7353 1.0131
MgK 1826 1548 02931 1.0746 0.9907 1.0213 MgK 1222 1648 02731 1.0746 0.9607 1.0813
AlL 1896 1465 00513 05181 1.0418 1.1198 CrL 1666 1665 00513 05181 1.0718 1.1498
SIL 1968 1423 02364 02175 1.0101 1.0212 SL 1898 1623 02364 02175 1.0501 1.1212
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[ution routewhere M=Al***, Bi*** and Cr***. Theesti-
mated average of grain sizewascalculated and found

in between 2.37- 3.43um supporting thedatareported
in3,

My SpelMan  Del WD Exg
i 2

Ll
(c) Cr-clay-111
Figure 3a-c : SE-micrographsrecorded for with different
magnification factors, (a) Al-clay-1, (b) Bi-clay-I1 and (c) Cr-
clay-Il1
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The EDX examinationsfor random spotsin the
samesampleconfirmed and arecong gent with our XRD
andysisfor polycrystdlineNaMgM,S,O,,.nH, O that
prepared viasol ution route, such that the differencesin
themolar ratiosEDX estimated for thesame sampleis
emphasized and an evidencefor the existence of mono-
clinic-phasewith good approximation to molar ratios
see(TABLE 1-3).

From figure (2a-c), 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.

Electrical properties

Fgure4, exhibitsDC-dectrica conductivity of the
prepared mica-material NaMg M ,Si,O,,.nH,O was
undertaken asafunction of temperature from room
temperaturetill 520°C and performed onthe pellet sur-
face by using two probecircuit and garaphite pastewas
used asconnective matter.

Itisclear that the conductionincreases astempera-
turesraisereflecting semiconductor behavior of both
Al-clay | and Bi-clay Il samples, whileinsulating be-
havior for Cr-clay 11l sample.

Although most of minerd slicates-structureclay re-
ported as semiconductorsasin literaturesd?2! Cr++-
clay 111 violate and recorded an insulating behavior
through theinvestigated range of temperaturereflecting
the bigger of enery gap for Cr-clay I11.

Transport properties of the materials obeying
Arrheniusequation c_=c exp (-E/K_T), wherethe
symbolshavetheir usual meanings. It isobserved that
the conductivity of the material increaseswithrisein
temperature, and showsthe negative temperature co-
efficient of resistance behavior for both of clay | and
clay Il. Thecalculated values of activation energies of
the clay compounds are found to be 0.34, 0.41 and
1.31eV forclay|, clay Il and clay Il respectively.

Thisbehavior suggeststhat the conduction mecha
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Figure4: DC-dectrical conductivity asafunction of absolute
temperaturerecorded for clay |, clay Il and clay 111

1.4

s fl=e=clayt =ar | ©© T T ]
o 3 Clay li= Bi B
2B Caym=cr - 3
11 ]
P 3
> 3
0.9 - -
ZosfE 3
v 0.7 d E
T r
2 06 4
oe | I E
0.3 i -
oz E 1 5 1 i L 3

clay ll
Clay-Tvpe

Figure5: Variatin of enery gap (Eg) asfunction of clay-type
nism of the compound may be due to the hopping of
charge carrier that enhanced by cationsholesand the
energy gabsbetween conductionand valencebandin-
creasefromclay | toclay 11l seeFigure5.

From Figure4, itisclear that Bi-clay-11 exhibits semi-
conducting behavior until 410°C and | ossitssemicon-
ducting behavior after thistemperature dueto increas-
ing of itsenergy gap giving aninsulating behavior as
showninFigure4.

clay| clay-il

COCLUSIONS

The conclusiveremarkesinsidethisarticlecan be
summarizedin thefollowing points; Solution technique
exhibitsstructure quality as preparation technique.

Electrical features of free fluoride HP mica clay for water remediation
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Synthetic free-fluoride NaMgM ,Si O,
crystalizeinmonodinic phase.

SE-micrographs confirmed that particlessizewas
found in nano-scale (25-135nm) Clay-IlI
(NaMgM, Si,0,,.nH,0 where M=Cr***) has the
highest Eg=1.31eV.

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

nH,O
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