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ABSTRACT

Mixed solid state/ solution routes were applied to synthesize new family of
free-fluoride synthetic clay for water remediation applications. The sample
of synthetic free fluoride —Na-4-mica were having the general formula
(NaMgM,Si,0,,.nH,0) where M = Cr**. Structural and micro-structural
properties were 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 time (stepwise) as a cations sel ective remediator material for
someindustrial polluted water drains containing traces from some selected
heavy metals cations. Analytical investigations were made by using | CP-
Ms spectroscopy. Investigations proved that synthetic Cr(l11)-type clay
has medium-to-strong efficiency as cation selective clay towards heavy
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metal s tested.

INTRODUCTION

Due to the interesting exchange behaviour ob-
served inthe high charge micasvaluablefor practical
gpplications, big effortshave been madein understand-
ing their cation exchange properties. Specificaly, sev-
era studieshave been performed to characterizethe
interlayer exchange of aset of hydrated monovalent
and divalent metal ionson an ultrafine Na-4-Mica. It
was established that theion exchangeisstrongly influ-
enced by the size of the complex formed in the aque-
oussolution, being lesseffectiveasthe hydrated ionic
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radiusincreases.

Waste streams encountered in mining operations,
and various chemical processing industries, contain
heavy metal swhich are non-biodegradabl e, toxic pri-
ority pollutants. Dueto their tendency to accumulatein
living organisms, causing various diseasesand disor-
ders, thetreatment methodsfor meta-bearing effluents
areessentid for environmental and human health pro-
tection. Among numerous commonly used techniques
for water purification, adsorption technologies have
gained the most attention because of their low cost and
easy operation(*18l,
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In recent years, an intensive research was con-
ducted focusing on the sel ection and/or production
of low-cost adsorbents with good metal-binding ca-
pacities, which could be utilized asan alternative to
the most widely used adsorbent in wastewater treat-
ment-activated carbon. Natural materials of both or-
ganic and inorganic nature (such as chitosan, zeo-
lites, minerds, etc) and certain waste productsfrom
industrial operations (such asfly ash, coal and ox-
ides) are classified aslow-cost adsorbents because
they are economical and locally avail abl€%28 Na-4-
micahas much the same composition asnatural mica,
containing aluminum, silicon, and magnesium. But
natural micaalso contains potassiumions, which sit
in hexagonal holesinthe mineral’s layers, superim-
posed upon one another, bonding the sheetstightly
together. This“closed” structure makes natural mica
apoor ion exchange medium(*2,

Thehigh adsorption capacity of such daysdescribed
above, together with an exclusive selectivity for harm-
ful divalent and heavy metal captionshave converted
these samplesin apromising material for practical
applicationd®3Y, |n particular, theavailability of these
claysfor water decontamination and radioactivewaste
capture by ion exchange are under intenseinvestiga-
tiont*>34, Several synthesis methods have been re-
ported in order to obtain pure Na-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 °C'*,
Pauluset al. have described an elaborated multi-step
processto obtain pure phasemicaof muchsmdler crys-
tal size®l, Later, Franklin and Lee presented asolid
state synthesisprocedurein which thecrystal size of
micaiscontrolled by selecting the crystallization tem-
perature and reaction time®.

Themajor goa of the present articleisto investi-
gate efficiency of synthetic free-fluoride meso-porous
mica-clay namely, Cr- -micaclay as cation 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 longorganicions.

—= Pyl Paper
EXPERIMENTAL

Clays synthesis

The selected samples of synthetic freefluoride—
Na-4-mica which having the general formula
(NaMgM,Si, Al 022.nH.O) whereM =Cr®*,x=1
was synthesi zed by applying solution route and sinter-
ing procedure using the molar ratios of
Na,0.2Si0,.2H.0, Al,O,, MgCO, and Cr,O, each
of highly purechemica gradepurity. Themixturewere
ground carefully then disolved in few drops of concen-
trated nitric acid forming nitrate extract which diluted
by ditill water. Thenitrate sol ution was neutralized by
using 45 % ureasol ution and pH becomes~ 6.5.

Mixturel wasfor sodium slicatessol ution and mix-
ture Il wasfor rest of component (Al +Mg+ Cr) ni-
trates according to chemicd formuladesired. Mixturel
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
ethyleneglycol ascomplexing agent to produce gel ati-
nous preci pitate of metal s cations hydroxide precursor.

TheMixturel + Mixturell precursorswerefor-
warded to mufflefurnace and ca cinations processwas
performed at 880 °C under a compressed air atmo-
spherefor 15 hrsthen reground and pressed into pel-
lets (thickness 0.2 cm and diameter 1.2 cm) under 10
Ton /cn?. Sintering was carried out under air stream at
1050 °C for 10 hrs. The samples were slowly cooled
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down (20 °C /hr) till 500 °C and annealed there for 5
hrsunder air stream. Thefurnaceis shut off and cooled
dowly downtoroomtemperature. Findly thematerids
arekept in vacuum desiccator over silicagd dryer.

The sample was named as Clay | = Na,Mg Cr,-
Si,AlO,,.nH,O. Asdescribed infigure 1 tetrahedral
unitsof silicatearethe backbone structure of micaclay
indicating that each unit cell surrounded by 4-Na-at-
omsthat can bereplacedif it isapplied as cations ex-
changer.

Phaseidentification of applied clays

TheX-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 Micrascopy (SEM) measurements
were carried out at different sectors in the prepared
samplesby using acomputerized SEM camerawith €l-
ementd andyzer 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 EImer SCIEX, Norwalk, CT,
USA) equipped with a standard troch, cross flow
nenbulizer and Ni-sampler skimmer cones. Theplasma

TABLE 1: ICP-M Sinstrument (EL AN 5000a Per kin Elmer
oper ating conditions _

I.ICP-M S plasma condition
Frequency/MHz 40

Rf Forward power/Kw 1.0

Argon gas flow rates ml min™

Oute 15

Intermediate 0.8

Nebulizer 0.93-0.98
I'1.Measurements Parameters:

- Resolution rg/eza?hllgr:f 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
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conditions and measurements parameters applied are
listedinthefollowing TABLE 1.

Cation selectivity & molecular sieving experiment

Thecation exchangeand selectivity experiment with
clay (CrllI-clay) wasperformed by using different three
columnseach with diameter 1.2 cm? and theweight of
applied clay was 200 mg in each column. Theparticle
sizeof applied clay was selected to be= 100 um since
thesynthesized clay sieved by specific meshesthenthe
column packed with day. Theoutlet solution of first step
was used asinlet for second remediation step and soon
inthethird remediation. Webelieved that the power re-
sponsiblefor remediation and remova of tracedements
not only cation exchanging of 4Na-micabut aso mo-
lecular sieving phenomenonwithinslicate structure of
mica All stlandard solutionswerestandardizedtobe 10
ppm for each standard by using meta oxide (each of
purity =99.9). Thestandard additionsmethodswith Y-
internd referenceswasgoplied for dl investigation.

Theexperiment wasperformed at R.T. 27 °C and
therate of flow was adjusted to befive drops/second
by using 25 ml separating funnel and theinvestigated
solution wasl eft with clay inthe column with continu-
ousshaking for 2 hrs(experiment duration).

Surfaceareadetermination of Cr(l11)-clay

Nitrogen adsorpti on-desorptionisothermswere gp-
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.
Thetotd volumewas considered to bethe volume of
liquid N, adsorbed at arelative pressureof 0.98. The
low BET surface areavaue calculated for thissample
—5 m?/g-agrees with the situation in which the sodium
cations and the interlayer water are fully filling the
bidimensond gdleriesof thea uminosilicateinanon-
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 thespecific BET
surfacearea, upto six times (21.4 m?/g), isassociated
with anincrement of the externa surface between clay
domainsby the hydrothermal treatment of metal-hy-
droxide precursors.
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RESULTS& DISCUSSION

Phaseidentification

Figure 2 digplaysthe X -ray powder diffraction pat-
tern recorded for synthetic freefluoride—Na-4-mica
samples which has the general formula
(NaMgM,Si,AlO,,.nH,O) where M = Cr*. The
analysis of the corresponding 20 values and the
interplanar spacingsd (A°) were carried out using com-
puterized program and indicated that, the X -ray crys-
talline structure mainly belongsto amonoclinic phase
Na,MgM,S_AlO,,.nH,Oinmajor besidesfew peaks
of M -slicate. Theimpuritieshavebeenidentified as
magnesium silicate phase called forsterite (Mg, SIO,
JCPDS 34-0189), asclear in Figure 2, and as sodium
aduminosilicatephase(Na Al SO, , JCPDS49-0004)
indicated asbluecircles. Theseunit cell parametersare
in good agreement with those of thereported onesfor
Na,MgM,Si,O,,.nH.O structure’d.

From Figure 2 one can indicate that monoclinic
phase of mica-clay NaMgM Si_AlO,,.nH.Oisthe
dominating phase by ratio exceedsthan 92%(d, , =
1.2 2 nm) confirming that nano-oxidescomponent are
successfully reacted and formed monoclinic biotite
phasewith very good degree of crystallinity.

® Mica-Phase
e M-Silicates-Phase

Cr-IT1-Mica-like Structure

i—i23 4

0 10 20 30 40 50 G0 [l

TwoTheta Degree
Figure2: X-ray diffraction pattern recorded for free-fluo-
ridemicawith chemical formulaNa,Mg.Cr, S AlO_,.nH_.O.

Thestrongest pesk observed inthe patterns, centred
at~7.4° 20, isatributed tothesymmetrica basa [00 1]
reflection for the hydrated Na-n-(Mica) (n=4) witha
gpacing valueof 1.2 nm as clear in Figure 2. Another
basal peak of low intensity isalso observed in the pat-
tern at adistance of d = 0.9 nm —indicated as 001d in
theFigure2- whichisattributed intheliteratureto the
anhydrousmicaphase. Theposition of the basal peaks

—= Full Paper

isrelated to the distance between thelayersand mainly
depends on the layer attraction, nature of the cations
present in the interlayer space, the hydration rate of
those cationsand al so on the octahedral character of
theM-silicates®,

TABLE 2 explain EDX-elementd andyssdatare-
cordedforNaMg M ,S.AlO,,.nH,O that prepared via
solution route. Itisclear that theatomic percentagere-
corded isapproximatdy typica withthemolar ratiosof
prepared sample emphasizing the quality of prepara
tion through sol ution technique.

TABLE 2: EDX-elemental analysisdatarecorded for Cr-
clay-I.

Cr-Clay-I
Element Wt % At% K-Ratio Z A F
OK 3781 57.25 0.1069 1.7334 0.1481 1.0804
NaK 1821 3513 0.0479 1.1733 0.7353 1.0131
MgK 1222 16.48 0.2731 1.0746 0.9607 1.0813
CrL 16.66 16.65 0.0513 0.5181 1.0718 1.1498
SiL 1698 16.23 0.2364 0.2175 1.0501 1.1212
Al L 3.87 5331 0.1235 0.1297 0.8650 1.0456

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*?8l,

SE-microscopy measur ements

Figure3__show the SEM-micrographsrecorded
Na,MgM Si_AlO,,.nH,O that prepared viasolution
routewhereM = Cr+++ with three different magnifi-
cation factors. Theestimated average of grain Sizewas
calculated and found in between 2.27- 3.33 um sup-
porting the datareported ini3.

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

From Figure 3__, it is so difficult to observe
inhomogeneitiy within the micrograph dueto that the
powders used arevery fine and the particle size esti-
matedistoosmall.

) CHEMICAL TECHNOLOGY
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Figure3_ : SE- mlcrographsreoorded for free-fluorldemlcaW|th chemlcalformuIaNa ,Mg,Cr,S.AIO,.nH, O with different
threemagnlflcatlon factors.

Thisindicatethat, theactud granszeinthematerid
bulk issmaller than that detected on the surface mor-
phology of the investigated clay. This trend of
mismeasuring grain sizewas observed with %44, Fur-
thermore, particlesizewasestimated from both of XRD
and SEM anayses and its average found to bein be-
tween 22-130 nm confiming that solutionroutesynthesis
increasesthefraction ratio of nano-particlesformation.

Thesurface morphology asclear in Figure 3 has
huge numbers of porous dueto 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

Thecation exchangeand 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-
ticlesizeof 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
and in between layersof mica.

Figuredashowsthe cation sdectivity of chromium
clay towardsdivaent mercuricion. It isclear that ~58
% of the standard solution (10 ppm) was captured
through the cati on exchange processtogether with mo-
lecular sieving in between silicate layers after first
remediation cycle, 81 % after 2™ remediation cycleand

CHEMICAL TECHNOLOGY
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finally 98.7 % after the third remediation cyclewhich
confirm and reflect superior efficiency of Cr-111-clay
towardsHg™ ion.

Figures4, _show thecation selectivity of chromium
clay towards dlval ent cations of (Pb*™, Cd*™), itwas
noticeabl ethat after 1% remediation processthe selec-
tivity ratio was 69 and 75 %, 88, 89.5 % after 2™
remediation cycle and finally 98.9, 98.5 % after 3
remedi ation cyclerespectively.

Althoughthereareno muchinvestigationswerefound
inliteraturesconcerning application of micasclay towards
tri-vaent cationsbut in the present investigationswere-
ported cation selectivity and high efficiency of Cr-I11-
clay towardstri-vaent La™* ionasclear inFigure4, the
selectivity ratioswerefound 71, 91.3 and 99.4 % after
1%, 2 and 3" remedi ation cyclesrespectively.

Figures5__show theremain concentrationsinppm
of investigated trace heavy metdsnamely (Hg™, Pb*™,
Cd* andtri-vdlent La™"). Itisclear that theremain con-
centrationsafter 1% cycleof remediationwere4.2, 3.1,
2.5and 2.9 ppmwhile 1.9, 1.2, 1.05 and 0.87 ppm after
2" remediation cycleand finally 0.13,0.11, 0.14 and
0.06 ppm after 3“remediation cyclerespectively.

From Figure 5, _and TABLE 3 one can observe
that the net result of La"** remediationismaximum effi-
ciency recording 99.4 % after 3 cycleof remediation
whichisasurpriseregardingto literatures.

Thisbehavior has been related to the difficulty of
the cationsto diffuseinto the narrow interlayer space
or tothefact that edges could collapseat thebeginning
of theprocess preventing the exchangeto proceed. De-
spite of thedetail ed study carried out inmono and di-
valent cations, not much informationisavailable con-
cerning theadsorption behavior of voluminoustrivaent
caions. Inthisdirection, Shimizu et a.[* reported the
formation of metal oxidepillared claysby intercaation
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of Fe** polyhydroxy cationsin high charge Na-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.
Matchingwith Shimizuetd.? in present investiga
tionsethyleneglycol was applied ascomplexing agent
to produce gdl ati nous meso-porous precipitate of met-
ascationshydroxide precursor enhancing thelayersand
facilitatetheincorporation of cations eventhosewith
tri-vaent likeLa™*. Consequently, an enhancement of
gtability isexpectedinthosehigh chargemicasfromthe
extrathicknessof the non-exchangemicalayer inthe
dratified clay. Despiteof theevident interest for thisnew
family of Cr-111-clays, not muchinvestigation hasbeen
pursuedinthisdirection dueto two fundamentd points:
(2) those swelingmicashavenot shown any efinity for
trivdent cationsor their hydrolysisproductsinsolution,

and (2) theinherent difficulty for the voluminousspecies
to penetrateinto theinterlayer space. For thelanthanum
to beexchanged, the polyhydrated cationshaveto com-
pensatethehighly attractived ectrogtatic forces between
thelayersto diffuseinto theinterlayer space. Oncethe
thermodynami c requirement hasbeen satisfied, aquick
exchangeisexpectedto occur sncediffusonisfasterin
an already expanded structure.

Inthe present investigation, the cation exchange of
lanthanum speciesinthe high chargeNa-n-Mica(n =
4) isreported for thefirst timewithout any pre-swelling
step and avoiding theuseof long organicions. Tofacili-
tatetheincorporation of the cationsthe solution route
was applied with some hydrothermal conditionsand
complexing with organic moiety (Ethyleneglycol). The
diffusion of the hydrated |anthanum through the clay
gdlerieshasbeen confirmed by ICP-Msinvestigations
seeTABLE 3.

TABLE 3: ICP-M Sanalytical datarecorded for threeremediation processes.

Cr-Clayl Composition R(?z ppm ?Pm E)Pm ppj: R(S)

Clay Type Hg™"+0.03 Pb™+0.03 Cd™+0.03 La™ +0.03
1st 4.2(5.8) 3.1(6.90) 2.5(7.5) 29(7.1)
2nd NayMgsCr;SizAlOp.nHO 1.90(2.3) 1.2(1.90) 1.05(1.45) 0.87(2.03)
3rd 0.13(1.77) 0.11(1.09) 0.14(0.91) 0.06(0.81)

R = Remain, (S) = Selective by clay
CONCLUSIONS

Theconclusveremarksinsdethisarticlecan bebriefed

asfollow;

1. Solutionroutewith somehydrothermal conditions
and complexingwith organic moiety (Ethylenegly-
col) was applied to synthesize -free fluoride-
Na,Mg.Cr,Si,AlO,,.nH,O.

2. Cr-lll-clay exhibitsmoderate-to-strong strength as
cation sel ectivewith molecular sieving power to-
wards;

a. Sdectivity of somedi-vaent toxic heavy metals
(Hg™, Pb*™ and Cd*).

b. Tri-vaent cation exchangeof lanthanum species
inthehigh chargeNa-n-Mica(n=4).

3. Solution routewith somehydrothermal conditions
yield to specific surfacearea21.4 m?gwhichis
higher six timethan thosereportedinliteratures.

4. SE-micographswith EDX anayssconfirmed that
free fluoride- NaMg.Cr,Si_AlQO,,.nH,O has

CHEMICAL TECHNOLOGY

meso-porous structure with grain sizein between
2.27- 3.33 um and average particle size 22-130
nm confiming that sol ution route synthesisincreases
thefractionratio of nano-particlesformation.
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