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ABSTRACT KEYWORDS
Mixed solid state/ solution routes were applied to synthesize new family of Synthesis,
free-fluoride synthetic clay for water remediation applications. To facilitate Micaclay;
the incorporation of the cations the solution route was applied with some Freefluoride;
hydrothermal conditions and complexing with organic moiety (Ethylene XRD;
glycol). The sample of synthetic free fluoride -Na-4-mica was having the SEM;

genera formula (Na,Mg,M,Si,O,,.nH,0) where M = Cr*". Structural and ICP-Ms.
micro-structural propertieswere monitoring by using both of XRD and SEM
evaluating, grain size of the micabulk wasfound to bein between 2.27- 3.33
um which are lower than those reported in literatures. Synthetic clay was
tested and applied three times (stepwise) as a cations selective remediator.
Analytical investigations were made by using |CP-Ms spectroscopy. In-
vestigations proved that synthetic Cr(I11)-type clay has medium-to-strong
efficiency as cation selective clay towards heavy metals tested. To confirm
the synthesized 4Na-mica with general formulaNaMg.M,Si AlO,,.nH,O
that prepared via solution route where M = Cr*** theoretical treatment was
made by visualizing of tetrahedrally NaMg —silicates unit cell that consid-
ered the main constituent of molecular sieving layers that responsible to-
gether with cation exchanging strength (4Na-mica) for removal of investi-
gated heavy metals cations namely(**Hg**, 27Pb**, 12Cd** and **°La**").
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INTRODUCTION tions, big effortshave been madein understanding their

cation exchange properties. Specificaly, severa stud-

Duetotheinteresting exchangebehaviour observed  ieshave been performed to characterizetheinterlayer
inthehigh chargemicasvauablefor practical epplica  exchange of aset of hydrated monovaent and divadent
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metal ions on an ultrafine Na-4-Mica. It was estab-
lished that theion exchangeisstrongly influenced by
thes zeof thecomplex formed in the aqueoussolution,
being less effective as the hydrated ionic radius in-
creased®d,

Waste streams encountered in mining operations,
and various chemical processing industries, contain
heavy metalswhich are non-biodegradabl e, toxic pri-
ority pollutants. Dueto their tendency to accumulatein
living organisms, causing various diseasesand disor-
ders, thetreatment methodsfor metd-bearing effluents
areessentia for environmental and human hedth pro-
tection. Among numerous commonly used techniques
for water purification, adsorption technol ogies have
ganed themogt attention because of their low cost and
easy operation(*+8,

In recent years, an intensive research was
conducted focusing on the sel ection and/or production
of low-cost adsorbents with good metal-binding
capacities, which could be utilized asan alternativeto
themost widely used adsorbent inwasteweter trestment-
activated carbon. Natural materia sof both organicand
inorganic nature (such aschitosan, zeolites, minerals,
etc) and certain waste products from industrial
operations(such asfly ash, cod and oxides) aredassfied
aslow-cost adsorbents because they are economical
andlocdly availabl€'*® Na-4-micahasmuch thesame
composition as natural mica, containing aluminum,
dlicon, and magnesium. But natural micad so contains
potassium ions, which sit in hexagonal holesin the
minera’s layers, superimposed upon one another,
bonding the sheets tightly together. This “closed”
structure makes natural mica a poor ion exchange
medium,*2,

Thehigh adsorption cgpacity of such claysdescribed
above, together with an exclusive sdectivity for harmful
divaent and heavy metd captionshave converted these
samples in a promising material for practical
applications?*3Y, In particular, theavailability of these
claysfor water decontamination and radioactivewaste
capture by ion exchange are under intense
investigation®>%4, Severa synthesismethodshavebeen
reported in order to obtain pureNa-4-Micaphasesince
it was identified by the first time in 1972 by
Gregorkiewitz as secondary product from thereaction
of augite powder in NaF and MgF, meltsat 900°CI.,

M.Khaled Elsabawy et al. 21

—== Qurrent Research Papsr

Pauluset a. have described an elaborated multi-step
process to obtain pure phase mica of much smaller
crystal sizé®. Later, Franklinand Leepresented asolid
state synthesis procedurein which thecrystal size of
mica is controlled by selecting the crystalization
temperature and reaction time®”. The major goal of
the present articleistoinvestigateefficiency of synthetic
free-fluoride meso-porous mica-clay namely,Cr- -mica
clay ascation selective with molecular sieving power
towards:

1) Selectivity of somedi-valent toxic heavy metals
(Hg++,Pb++ and Cd++)

2) Tri-vaent cation exchangeof lanthanum speciesin
the high charge Na-n-Mica(n =4) is reported for
the first time without any pre-swelling step and
avoidingtheuseof long organicions

3) Visuaizing of tetrahedral Silicates layers and
evaluating of cavity sizewhichisresponsiblefor
molecular seving phenomenoninthisartificia free-
fluorideclay

EXPERIMENTAL

Clays synthesis

The selected samples of synthetic freefluoride—
Na-4-mica which having the general formula
(NaMgM,Si, Al 022.nH,0) whereM =Cr¥x=1
was synthes zed by applying solution routeand sintering
procedure using the molar ratios of
Na,0.250,.2H,0,Al,0,,MgCO, and Cr,0O,each of
highly purechemical grade purity. Themixturewere
ground carefully then disolved in few drops of
concentrated nitric acid forming nitrate extract which
diluted by distill water. The nitrate solution was
neutralized by using 45 % ureasol ution and pH becomes
~6.5.

Mixture | was for sodium silicates solution and
mixture |l wasfor rest of component (Al +Mg+ Cr)
nitratesaccording to chemica formuladesired. Mixture
| wasdiluted by distill water to be 100 ml then pH was
adjusted to be 8.5 concentrated sol ution of ammonia
was added carefully till heavy white precipitatefrom
Meta shydroxideisobtaned and thepH must be higher
than 8. Theprecursor isfiltered and washed by 2.5 %
ammonium nitratesolution. Mixturell of (Mg+ Cr) was
passing through the same treatment but in present of
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ethylene glycol as complexing agent to produce
gelatinous precipitate of metals cations hydroxide
precursor.

The Mixture | + Mixture Il precursors were
forwarded to muffle furnace and cal cinations process
was performed at 880°C under a compressed air
atmospherefor 15 hrsthen reground and pressedinto
pellets (thickness 0.2 cm and diameter 1.2 cm) under
10 Ton/cm?. Sinteringwas carried out under air stream
at 1050°C for 10 hrs.The samples were slowly cooled
down (20°C /hr) till 500°C and annealed there for 5
hrsunder air stream. Thefurnaceis shut off and cooled
dowly downtoroom temperature.Finadly thematerias
arekept in vacuum desiccator over silicagd dryer.

The sample was named as Clay | =
NaMg.Cr,Si,AlO,,.nH,O. Asdescribed in figure 1
tetrahedral unitsof silicate arethe backbone structure
of micaclay indicating that each unit cell surrounded by
4-Na-atoms that can be replaced if it is applied as
cationsexchanger.

Phaseidentification of applied clays

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 with
two thetastep scan technique.

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

| CP-M S-Analytical investigations

The trace d ements (**Hg'*, 2"Pb**, 1?Cd** and
139_a+*) were measured with an ICP-M Sinstrument
(ELAN 5000a Perkin Elmer SCIEX, Norwalk, CT,
USA) equipped with a standard troch,cross flow
nenbulizer and Ni-sampler skimmer cones. Theplasma
conditions and measurements parameters applied are
listedinthe TABLE 1.

Cation selectivity & molecular sieving experiment

Thecationexchangeand selectivity experiment with
clay I (Crlll-clay) was performed by using different
three columnseachwith diameter 1.2 cm? and theweight
of applied clay was 200 mg in each column. The par-
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TABLE 1: ICP-M Sinstrument (EL AN 5000a Perkin Elmer
oper ating conditions)

ICP-M S plasma condition

Frequency/MHz 40

Rf Forward power/Kw 10
Argon gas flow rates ml min*

Outer 15
Intermediate 0.8
Nebulizer 0.93-0.98

M easur ements parameter s

Resolution m/z at 10 % peak hight 0.8(normal)
Scanning mode Peak hopping

Replicate time/ms 250

Sweeps per reading 1

Reading per replicate 1

Number of replicates 10

Point per spectral peak 1

ticlesize of applied clay was selected to be< 100 um
sincethe synthesized clay sieved by specific meshes
then the column packed with clay. The outl et solution
of first step was used asinlet for second remediation
step and so onin thethird remediation. We believed
that the power responsiblefor remediation and removal
of traceelements not only cation exchanging of 4ANa
micabut a so molecular sieving phenomenonwithinsli-
catestructureof mica. All standard solutionswerestan-
dardized to be 10 ppm for each standard by using meta
oxide (each of purity > 99.9). The standard additions
methodswithY-interna referenceswere gppliedfor dl
invedtigation.

Theexperiment was performed at R.T. 27°C and
therate of flow was adjusted to befive drops/second
by using 25 ml separating funnel and theinvestigated
solution wasleft with clay inthe column with continu-
ousshakingfor 5 hrs(experiment duration).

Surfaceareadetermination of Cr(l11)-clay

Nitrogen adsorption-desorption isotherms were ap-
plied for estimation surface area of synthesized clay.
The adsorptionisothermsof N, werecarried outina
MicromeriticsASAP 2000 instrument at -196°C with
amicro-poresystem. Specific surface areaswerecal-
culated by applying the BET equation to theisotherm.
Thetotal volumewas considered to bethe volume of
liquid N, adsorbed at arelative pressureof 0.98. The
low BET surfaceareavaueca culated for thissample-
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Figurel: Sructureof Cr-silicates-clay

m Mica-Phase
o M-Silicates-Phase

Cr-IIT-Mica-like Structure

s d=122A

0 10 20 30 40 50 60 70
Two Theta Desree

Figurela: X-ray diffraction pattern recor ded for free-fluoride
micawith chemical formulaNa,Mg,Cr, S AIO,,.nH,O

5 m?/g- agreeswith the situation inwhich the sodium
cations and the interlayer water are fully filling the
bidimensond gdleriesof theduminoslicateinanon-
porous structure. But after the treatment with water,
the product gave also atype Il isotherm, with atype
H4 hysteresisloop, indicativeof new dit-shaped meso-
porous structure. Theincrement in the specific BET
surfacearea, upto six times (21.4 m?/g), isassociated
with anincrement of the externa surface between clay
domains by the hydrothermal treatment of metal-hy-
droxideprecursors.

RESULTSAND DISCUSSION

Phaseidentification

Figure ladisplaysthe X-ray powder diffraction
pattern recorded for synthetic freefluoride—Na-4-mica
samples which has the general formula
(NaMgM,SiAlO,,.nH,O) where M = Cr*. The
analysis of the corresponding 26 values and the
interplanar spacings d (A°) were carried out using
computerized program and indicated that,the X-ray
crysdlinedructuremanly belongstoamonodinic phase
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Figure2a-c: SE-micrographsrecor ded for free-fluoridemica
with chemical formula NaMg.CCr Si,AlO,,.nH,O with
different threemagnification factors

Na,MgM,S_AlO,,.nH,Oinmajor besidesfew pesks
of M -silicate. Theimpuritieshave beenidentified as
magnesium silicate phase called forsterite (Mg, SO,
JCPDS 34-0189), asclear infigure 1, and as sodium
duminosilicate phase(Na,Al SO, , JCPDS49-0004)
indicated asbluecircles. These unit cell parametersare
ingood agreement with those of the reported onesfor
Na,MgM,Si,O,,.nH.O structure’®.

From figure 1aone can indicate that monoclinic
phase of mica-clay NaMgM,Si_AlO,,.nH.Oisthe
dominating phase by ratio exceedsthan92%(d , =
1.2 2 nm) confirming that nano-oxidescomponent are
successfully reacted and formed monoclinic biotite
phasewith very good degree of crystallinity.

Thestrongest peak observed inthepatterns, centred
a ~7.4°20, isdtributed tothesymmetrica basd [0 0 1]
reflection for thehydrated Na-n-(Mica) (n=4) witha
gpacing value of 1.2 nm as clear in figure 1. Another
basal peak of low intengity isa so observed in the pat-
ternat adistanceof d = 0.9 nm - indicated as 001d in
thefigure1- whichisattributedintheliteraturetothe
anhydrous micaphase. Theposition of the basal peaks
isrelated to the distance between thelayersand mainly
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Figure3a-d: Cation sdectivity ratioafter 1%, 2" and 3'“remediation cyclesfor; Hg™ (b) Pb*, (c) Cd** and (d) La*** respectively

depends on the layer attraction, nature of the cations
present in the interlayer space, the hydration rate of
those cationsand also on the octahedral character of
theM-silicated®,

TABLE 2 explain EDX-elemental analysisdata
recorded for NaMg.M,Si_AlO,,.nH,O that prepared
viasolutionroute.lt isclear that the atomic percentage
recorded i sapproximately typica withthemolar ratios
of prepared sample emphasizing the quality of
preparation through sol ution technique.

Onthebasisof molar ratio thealowed error in
experimenta proceduresthrough out solutionroutis
lesser thanthosereported in literaturesfor those
synthesized by solid state routes*#.

SE-micr oscopy measur ements

Figure 2a-c show the SEM-micrographsrecorded
NaMgM Si_AlO,,.nH,O that prepared viasolution
routewhereM = Cr*** withthree different magnifica
tion factors. The estimated average of grain sizewas

Snoironmental Science (=

calculated and found in between 2.27-3.33 um sup-
porting the datareported in3.

The EDX examinationsfor random spotsin the
samesampleconfirmed and arecons gent with our XRD
andysisfor polycrystalineNaMgM S ,AlO,,.nH,O
that prepared viasol ution route, such that the differ-
encesinthemolar ratiosEDX estimated for the same
sampleisemphasized and an evidencefor the exist-
ence of monoclinic - phasewith good fitting to molar
ratios(TABLE 2).

From figure 2a-c, it is so difficult to observe
inhomogeneitiy within the micrograph dueto that the
powders used arevery fine and the particle size esti-
matedistoo small.

Thisindicatethat, theactual grainsizeinthemate-
rial bulk issmaller than that detected on the surface
morphology of the investigated clay.This trend of
mismeasuring grain sizewas observed with“%44, Fur-
thermore, particles zewasestimated from both of XRD
and SEM analysesand itsaveragefound to bein be-
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tween 22-130 nm confiming that sol ution route synthe-
ssincreasesthefractionratio of nano-particlesforma-
tion.

The surface morphology asclear infigure 2ahas
huge numbers of porousdueto the bubling effect re-
sulted from biproduct gases (NH, & CO,) that rel eased
during thermal trestment cycleby additiona to solution
route synthesiswith M-hydroxide precursorsformed
after complexation enhance meso-porous structure
whichyieldtoincreasing of surfacearearemarkably.

Sepwiseremediation process

Thecationexchangeand selectivity experiment with
clay | (Crlll-clay) was performed by using different
three columnseachwithdiameter 1.2 cm? and theweight
of applied clay was 200 mg in each column. The par-
ticlesize of applied clay was selected to be< 100 um
sincethe synthesized clay sieved by specific meshes
then the column packed with clay. The outlet solution
of first stepwas used asinlet for second remediation
step and so oninthethird remediation.

We believed that the power responsible for
remediation and removal of trace elementsnot only
cation exchanging of acidic 4Na-micabut alsotothe
molecular Seving phenomenonwithinslicatestructure
andin between layersof mica.

Figure 3ashowsthe cation sdectivity of chromium
clay towardsdivaent mercuricion. It isclear that ~58
% of the standard solution (10 ppm) was captured
through the cation exchange processtogether with mo-
lecular sieving in between silicate layers after first
remediation cycle,81 % after 2™ remediation cycleand
finally 98.7 % after the third remediation cyclewhich
confirm and reflect superior efficiency of Cr-111-clay
towardsHg*™ ion.

Figure 3b and 3c show thecation sdectivity of chro-
mium clay towards divaent cations of (Pb**,Cd*), it
was noticeabl e that after 1% remediation processthe
selectivity ratio was 69 and 75 %, 88,89.5 % after 2™
remediation cycle and finally 98.9,98.5 % after 3
remediation cyclerespectively.

Although thereareno much investigationswere
foundinliteraturesconcerning application of micasclay
towardstri-vaent cationsbut in the present investiga-
tionswereported cation selectivity and high efficiency
of Cr-Ill-clay towardstri-valent La***ionasclearin
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Figureda-c: Theremain concentration in ppm for tested
metalsionsafter; 1¥ remediation cycle (b) 2" remediation
cycleand (c) 3 remediation cycler espectively

figure3d the selectivity ratioswerefound 71,91.3 and
99.4 % after 1%, 2™ and 3 remediation cyclesrespec-
tivey.

Figure 4a-c showsremain concentrationsin ppm
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TABLE 2: EDX-Elemental analysisdatarecor ded for Cr-clay-|

Cr-Clay-I
Element Wt% At% K-Ratio z A F
oK 37.81 5725 0.1069 1.7334 0.1481 1.0804
NaK 1821 35.13 0.0479 1.1733 0.7353 1.0131
MgK 1222 1648 0.2731 1.0746 0.9607 1.0813
CrL 1666 16.65 0.0513 05181 1.0718 1.1498
SiL 1698 16.23 0.2364 0.2175 1.0501 1.1212
AlL 3.87 5331 0.1235 0.1297 0.8650 1.0456

TABLE 3 : ICP-MS analytical data recorded for three
remediation processes

Cr-Clayl R(S) ppm ppm ppm  ppm R(S)
Hg™+0.03 Pb**+0.03 Cd™*+0.03 La"™"+0.03

g NAMBCISAIOL. Y606 o7 00) 105(148) 0A7(209

3rd nHz 0.13(1.77) 0.11(1.09) 0.14(0.91) 0.06(0.81)
R = Remain, (S) = Selective by Clay
of investigated trace heavy meta snamely (Hg**, Po*,
Cd* and tri-valent La™**). It isclear that theremain
concentrationsafter 1% cycle of remediation were 4.2,
3.1, 2.5 and 2.9 ppm while 1.9, 1.2, 1.05 and 0.87
ppm after 2™ remediation cycleandfinally 0.13, 0.11,
0.14 and 0.06 ppm after 3 remediation cyclerespec-
tively.

Fromfigure4a-cand TABLE 2 one can observe
that thenet result of La* remediationismaximum effi-
ciency recording 99.4 % after 3 cycle of remediation
whichisasurpriseregardingtoliteratures.

Thisbehavior has been related to the difficulty of
the cationsto diffuseinto the narrow interlayer space
or tothefact that edges could collapse at the beginning
of theprocess preventing the exchangeto proceed. De-
spite of thedetailed study carried out inmono and di-
valent cations, not much information isavailable con-
cerning theadsorption behavior of voluminoustrivaent
cations. Inthisdirection, Shimizu et d .14 reported the
formation of meta oxidepillared claysby intercaation
of Fe* polyhydroxy cationsin high chargeNa-3-Mica
and Na-4-Mica. However, for theion exchangeto be
effective along and tedious pre-swelling step with
organoammonium ionswas needed to openthelayers
and facilitatetheincorporation of thepillar precursor.

Matching with Shimizu et al.*? in present
investigationsethyleneglycol wasgpplied ascomplexing
agent to produce gel atinous meso-porous preci pitate
of metal s cations hydroxide precursor enhancing the

Clay

type Composition
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Figure5: Visualized tetragonal bi-unit cell of Na-Silicates
which isthemain constituent of Cr-111-Silicateclay

Figure6: Molecular sieving structureof Cr-111-slicates-clay

layersand facilitate theincorporation of cationseven
those with tri-valent like La***. Consequently, an
enhancement of dability isexpectedinthosehigh charge
micasfromtheextrathicknessof thenon-exchangemica
layer inthedtratified clay. Despiteof theevident interest
for thisnew family of Cr-111-clays, not muchinvestigation
hasbeen pursuedinthisdirection dueto two fundamenta
points: (1) those swelling micas have not shown any
affinity for trivaent cationsor their hydrolysisproducts
in solution, and (2) the inherent difficulty for the
voluminous peci esto penetrateinto theinterlayer space.

For thelanthanum to be exchanged, the poly-hy-
drated cationshaveto compensatethehighly attractive
el ectrostatic forces between thelayersto diffuseinto
theinterlayer space. Oncethethermodynamic require-
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TABLE 4 : Selected some bond distances estimated from
visualized structureof tetrahedral silicate unit cell

M.Khaled Elsabawy et al. 27

—== Qurrent Research Peper

TABLE 5: Some selected angles of atom1-"2-3 estimated
fromvisualized structur e of tetragonal silicateunit cell

Atom, Atom, Bond length A° Atomi1”23 Angle®
Si1|Mg1 o1 1.7286 SiiMg -01-01 114.534
o1 1.7286 01- 01 108.548
o1 1.7685 01- 01 109.659
o1 1.7685 01-01 109.659
Nal o1 2.3294 01-01 108.548
o1 2.3294 01-01 105.509
o1 2.4561 Nal -01-O1 139.484
o1 2.4561 01-01 109.155
01 Si1|Mg1 1.7286 01-01 103.846
Si1| Mgl 1.7685 01-01 103.846
o1 1.2127 01-01 109.155
Nal 2.3294 01-01 69.946
Nal 2.4561 01 -Si1Mgl-01 136.791
- . . 01 -Si1Mgl-01 136.791
ment has been satisfied, aquick exchangeisexpected , Mg
. P ) Ol -Si1Mgl-0O1 136.791
to occur sincediffusionisfaster inan dready expanded . .
01 -Si1Mgl-SilMg 146.731
siructure. 01 -Si1Mg1-Si1M 146.731
Inthe present investigation, the cation exchange of , g 9 '
o . . Si1|Mg1-Nal 121.063
lanthanum speciesin the high chargeNa-n-Mica(n = ,
. e : : Si1|Mg1-Nal 103.252
4) isreportedfor thefirst timewithout any pre-swelling ,
- - . Si1|Mg1-Nal 100.117
step and avoiding theuseof long organicions. Tofacili- S1MgLNet 92273
tatetheincorporation of the cationsthe solution route 9 '
Nal-Nal 84.672

was applied with some hydrothermal conditionsand
complexingwith organic moiety (Ethyleneglycol). The
diffusion of the hydrated lanthanum through the clay
gallerieshasbeen confirmed by ICP-Msinvestigations
(TABLEQ).

Visualizing of silicatestructureand estimation of
cavity size

To confirm thesynthesi zed 4Na-micawith general
formulaNaMgM,S AIO,,.nH,Othat prepared via
solution route whereM = Cr*** theoretical treatment
wasmadeby visudizing of tetrahedraly NaVig—silicates
unit cell thet cong dered themain congtituent of molecular
sieving layers that responsible together with cation
exchanging strength (4Na-mica) for investigated heavy
metalscationsremova. Thevisudizing of tetrahedrally
NaMg-silicates unit cell (Figure 5) was performed via
Diamond Impact Crystd package. Thestudy madewas
concerned by matching and comparison of calculated
andtheoretical dataasbond distances, oxidation states
and bondtorsiononthecrystal structureformed. The
study and comparison between experimental and

theoretical dataexhibited good fitting of pesk positions
between experimental and theoretical dataconfirming
that solution route synthesiswith some hydrothermal
conditionlead to micaclay with specific Sieving power
with certainsizecavity.

Theanadysisof bond distancesrecordedin Table.3
onecan notify that thereareno violation on the O1-Si-
O1 bond distances observed (~1.725 A) which reflect
that there is no any kind of distortion inside poly—
tetrahedrons and consequently lattice structure of
dlicates.

Furthermore there are no torsions |loaded on the
bondsangleingdebi-latticeof NaeMg-Silicatesspecidly
01-Si-0O1 angles(136.79°) which reflect stability of
non-swelled slicates-micastructure.

Thepresent resultsarein full agreement with swell-
ing syntheticmicasNa-n-Mica(n= 2, 3 and 4), where
nisthelayer charge per unit cell, which hasbeen suc-
cessfully synthesized with an unusual cation exchange
capacity upto 468 mequiv./100 g of clay in Na-4-Mica
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with up to four monovalent /or two di-vaent hydrated
cationsaccommodated in theditrigona holesintheex-
ternal surface of thetetrahedral layer*d. Despitethe
large negative charge originated by i somorphic substi-
tution of silicon by chromiuminthetetrahedral layer,
high charge micas unlike brittle micas, exhibit unex-
pected structure stability.

We believethat the superior features of removal
(Hg™, Pb**, Cd* and La"**) ionsfrom aqueous sol u-
tion or polluted drains-water after three different
remediation cyclesisnot only dueto 4Na-acidic cen-
tersthat can be replaced as cation axchanger process
but a so attributableto the molecular sieving and inter-
slicateslayer calation sincetheionicradius of hexa
coordinated radii of investigated cations are
(1.02,1.19,0.95and 1.03 A) for (Hg**, Pb*, Cd** and
La™*) ionsrespectively.

Asclear infigure 6 thecavity can beconsidered as
regular hexagonwithregular length equd to the base of
tetrahedron which is O1-O1 bond length that equal
1.217 A as clear in TABLE 3. Accordingly the area of
hexagon could berepresented as cavity sizethat math-
ematically equal t0 3.86 A2,

According to the proposed cavity sizewhichequa
t0 3.86 A2 one can understand that hexa- coordinated
radii of investigated cationswhichare(1.02, 1.19,0.95
and 1.03 A) for (Hg**, Pb**, Cd** and La"**) ionsre-
Spectively can not penetratethrough thiscavity Sze(3.86
A?) specialy if these cationsarehighly hydrated since
thegteric-hinderanceeffect will behighand consequently
themolecular seving efficiency will beincreased.

Similar behavior was observed by Shimizu et a2
who reported the possibility of formation of metal ox-
idepillared clays by interca ation of Fe** poly-hydroxy
cations in high charge Na-3-Mica and Na-4-Mica
However, for theion exchangeand Seving strength are
effective along and tedious pre-swelling step with
organo-ammonium ionswas needed to openthelayers
and facilitatetheincorporation of thepillar precursor
andinour caseethyleneglycol playsthisrole.

CONCLUSIONS
Theconclusiveremarksinsidethisarticlecan be

briefed asfollow:
a.  Solutionroutewith somehydrotherma conditions
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and complexingwith organicmoiety (Ethylenegly-
col) was applied to synthesize -free fluoride-
Na,Mg.Cr, S AlO,,.nH.O.
b. Cr-lll-clay exhibitsmoderate-to-strong strength
as cation selectivewith molecular sieving power
towards
e Sdectivity of somedi-vaent toxic heavy metas
(Hg++,Pb++ and Cd++)

¢ Tri-vdent cation exchangeof lanthanum species
inthehigh chargeNa-n-Mica(n=4)

¢ Solution routewith some hydrothermal condi-
tionsyield to specific surface area 21.4 m?4/g
whichishigher six timethanthosereportedin
literatures

c. SE-micographswith EDX andysisconfirmed that
free fluoride- NaMg,Cr,Si AlO,,.nH,O has
meso-porous structurewith grain sizein between
2.27- 3.33 um and average particle size 22-130
nm confiming that solution route synthesis
increases the fraction ratio of nano-particles
formation

The cavity sizewas estimated to beequal to 3.86

A?and hexa- coordinated radii of investigated cations

which are (1.02, 1.19, 0.95 and 1.03 A) for (Hg"*,

Pb**, Cd* and La"**) ions respectively can not pen-

etratethroughthiscavity size(3.86 A?) specidly if these

cationsarehighly hydrated sincethe steric-hinderance
effect will behigh and consequently themolecular Sev-
ing efficiency will beincreased.
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