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ABSTRACT

This study aimsto prepare and characterize of polystyrene/Zn-Al layered
double hydroxide (LDH) nanocomposites. In addition to the adsorption
capacity of the prepared nanocomposites was evaluated using Cd?* and
Pb? heavy metal ions. The synthesized nanocomposites were prepared
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using styrene monomer viain situ free emul sion polymerization. The pre-
pared polymeric nanocomposites were characterized using FT-IR, XR D,
TEM, and TGA. The prepared nanocomposites were investigated as ad-
sorbent to remove both of Cd and Pb (11) from agueous media using atomic
adsorption spectrometry. The results showed that the high concentration

of L DHs exhibited high adsorption efficiency.
© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

The application of nanotechnology for the
remediation of contaminantsmay givepromising results
infuture. Thesearch for new and advanced materialsis
animportant task of contemporary researchintheen-
vironmenta protection. Inrecent years, agreat ded of
attentions has been focused onto the application of
nanostructured materialsasadsorbentsor catalyststo
removetoxic and harmful substancesfrom wastewater
and air>3, These Material swith high adsorption ca-
pacitiesarevery dtractivefroman economical point of
view. Among thesethe Layered Double Hydroxides
(LDHs), dso known as hydrotal cites (HTs) or anionic
clays, have also deserved interest, dueto their large

ionic exchange capacities (3.3 meg/gin comparisonto
1 meg/gin cationic clays)®. Theuseof hydrotalcites,
for the purification of water iswell understood and
progresstoday ismainly inimprovingtheefficiency and
specificity of the HTsand their applications?. Layered
doublehydroxides (LDHSs), ashydrota cite (HT)-like
materials, are a class of synthetic two-dimensional
nanostructured anionic clayswhose structure can be
described ascontaining brucite-likelayers, whereafrac-
tion of thediva ent cations coordinated octahedraly by
hydroxyl groups have been replaced isomorphoudy by
trivalent cations, which giving positively charged layers
with charge-bal ancing anions between them; where
some hydrogen bonded water mol ecul es may occupy
any remaining freespaceintheinterlayer region™. LDHs
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may berepresented by the genera formula[M** | M3
X(OH)_]**(A™),,, ‘mH,0O, where M* (M = e.g. Mg,
Fe, Co, Cu, Ni, or Zn) and M®* (M =e.g. Al, Cr, Ga,
Mnor Fe) aredi- and trivalent cationsrespectivey; the
value of xisequal to the molar ratio of M2+/(M?* +
M?3¥*) andisgenerally intherange0.2-0.33; A™isan
anion. Layered double hydroxides have certain spe-
cificadvantagesover conventiona nanofillersassum-
marized by Costaet all. At present, adifferent kind of
layeredinorganicmaterid, generdly caled LDH, isaso
ganingimportanceasnandfiller for thesynthesisof poly-
mer nanocomposites. Thesematerid shaveavery wide
rangeof chemica compositionsbased ondifferent meta
species, interlayer anions, etc. and arewel | known for
their cataytic activitiesin organic synthesi§%. Theother
potentia gpplicationsof LDHsand their modifiedforms
includebiomedical applicationse.g. controlled release
of variousdrugsand biomolecules”d, improvement of
heat stability and flame retardancy of polymer com-
posites¥. Heavy metd saretoxic contaminantsthat must
beremoved from underground water and wastewater
before being discharged to the environment. A wide
range of physical and chemical processesareavail-
ablefor theremoval of heavy meta ionsduring waste-
water treatment. Theseincludeion exchange, e ectro-
chemicd precipitation, filtration, and adsorption to com-
mercial activated carbon*%. Cadmium, zinc, copper,
nickel, lead, mercury and chromium areoften detected
inindustrial wastewaters, which originate from metal
plating, mining activities, smelting, battery manufac-
ture, tanneries, petroleum refining, paint manufacture,
pesticides, pigment manufacture, printing and photo-
graphicindustried®!. The concentration of these met-
alsinwastewater may thereforeriseto aleve that can
be hazardous to human health, livestock and the
aquatic environment. Haroun et al1*2** reported that
somerenewable material swere potentialy utilized for
removal some heavy metalsfrom aqueousmediadue
totheir low cost and relatively high metalsadsorption
rate. The present work investigates the preparation
and characterization of novel polystyrene/LDHs
nanocomposites using free emulsion polymerization
using LDHs asemulsifier. Furthermore, the perfor-
mance of the prepared nanocompositesin waste wa-
ter treatment which loaded with several heavy metal
ionssuch as: cadmium and lead has been studied.
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MATERIALSAND METHODS

Materials

Styrene monomer (C,H,, Aldrich) and potassium
persulfateasinitiator (PPS, K ,S,0,, Reand, Hungary)
was used to prepare the polymer sampl es (were used
to achievefreesurfactant emul s on polymerization). For
the preparation of 2:1 Zn/Al LDH, Zn-acetate
(C,H.0,Zn2H,0, Puriss, Reand, Hungary), duminum
nitrate (Al (NO,),9H,O, Puriss, Molar, Hungary) and
sodium nitrate NaNO, (Puriss, Reand) precursorswere
used with sodium hydroxideNaOH (Molar, Hungary).

Preparation of Zn/Al LDHs

Thedoublelayered hydroxidewas synthes zed ac-
cording to Hornok et al.[*4 and Patzko et al 1*91. Prior
to preparation carbonate-freedistilled water was ob-
tained by boiling and N,,-bubbling through the cooled
water. Inthecaseof 2:1 (Zn/Al) composition, theAl-
nitrate sol ution containing 37.5 g of soluteand 600 ml
of water was stirred in athree-necked round flask while
the Zn-salt solution (43.8 gin 600 ml) was poured to
the above described solution. Then the solution of
NaOH (28.0 g) in excess, and sodium nitrate NaNO,
(20.0g) in 2800 ml of carbonate-free distilled water
was slowly added (within 10 minutes) to the precursor
containing mixtureduring vigorousstirringandinN,
amosphere. Thewhite dispersion was heated to 60°C
and left for 5 hours. The preci pitate wasthen aged for
14 hr at ambient temperature. Thedispersion wascol-
lected and washed till pH 8-9. Theresulting materials
weredried at 60°C and kept for further investigations.

Prepar ation of thenanocomposites

The polymeric nanocompositeswere prepared via
freeemulson polymerization. Typicdly,ina250ml three
neck flask using different concentrationsof LDHs (Zn/
Al 2:1) and styrene monomer (0.2, 0.4, 0.6 and 0.8)
%. They weredigpersed in 100 ml delonized water then
the mixture was sonicated for 30 minfor well disper-
sion of LDHsintheaqueousmedia. 0.1 mgof PPS (as
aninitiator) wasadded into the mixture, then theflask
wasimmersed in awater bath at 70°C under amag-
netic stirring (750 rpm) and the polymerizationwasin-
gantly initiated and thereaction leave under tirring for
8 hr asshownin Scheme 1. The sampleswere precipi-
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tated using ethanol and deionized water aswell asit

d spacing =0.76 nm

Polvmerization

wasfiltered and dried at 60°C to get the final product.

LDHs

Styrene Monomer
= ————an

PPS + Stirrving at

k PS/ LDHs nanocomposites
Exfoliation Structure

L

Scheme 1: Schematic pathwaysof in-situ free emulsion polymerization within L DH layer sto synthesize polymer/L DH

nanocomposites.
Characterization

TheXRD patternsof the prepared materialswere
carried out in a Bruker D8 Advance X-ray
diffractometer with CuK  radiation (A= 0.1542 nm,
40 kV, 30 mA). The lattice d-spacing was calculated
fromthereflectionsin thediffraction patternsviaBragg’s
equation. Thetherma gravimetricanalyss(TGA) was
carried out under aN, atmosphereat aheating rate of
10°C/min, for knowing their thermal stabilities. The
transmission e ectron microgrgphsweretakenin Philips
CM-10 transmission el ectron microscope (TEM) with
an accel erating voltage of about 100 kV.

Adsorption study of Cd (I1)and Pb (I1) ions

Quantitative determination of Cd (1) and Pb (I1)
were conducted usi ng atomi c absorption spectrometer.
Thermo atomic absorption spectrometer with hallow
cathodelamp and adeuterium background corrector, at
respectiveresonancelineusing an air acetyleneflame.
Cdibration sandardswereregularly performedtoevau-
atetheaccuracy of theana ytical method. Working cali-
bration standards of Cd (1) and Pb (11) were prepared
by serid dilution of concentrated stock solution. LDHsS
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nanocompod tes adsorbent weretried to determinetheir
efficiency toremoveheavy toxic metalsfrom artificial
wastewater by column e ution technique. Glasscolumn
(30 cm x 1.8 cm) weretaken and plugged with cotton.
L DHsnanocomposites(1 g) wasloaded into thecolumn
andwaswashed with 25 ml didtilledweater. Water sample
(100 ml) wasfortified with Cd*" and Pb?* mgL* level
and passed through the column. How ratewas adjusted
at 5ml mint. Theelutewascollected in abesker. 10 ml
fraction wastaken and the metal swere determined by
atomic absorption spectrophotometer. Furthermore,
blank (without adsorbent) was s multaneoudy processed
to determinethemetal lossduring processing. There-
movd efficiency of adsorbent was cd culated by €limi-
nating the contribution dueto processing. Each sample
wasdoneintriplicateto confirmthedata

RESULTSAND DISCUSSIONS

Char acterization of theprepar ed nanocomposites

Figure 1 shows FTIR spectraof Zn/Al LDHsas
will aspure PSand PS-Zn/Al (4%) nanocomposites,
respectively. FTIR spectrum of the polystyrene Zn/Al
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LDH nanocompositeswas shown clearly the charac-
teristic absorptions attributabl e to both the polymeric
organic and inorganic groups. Thisindicatesthat the
Zn/Al LDH aredispersed into the polystyrene matrix
toformthe PS-Zn/Al LDH nanocomposites. Thepure
polystyrenehaveseverd characteristic absorption bands
at 3070 and 3030 cm! (aromati c C-H stretching), 2960
and 2930 cm? (aiphatic C-H stretching), 2000-1680
cnrt (weak aromatic overtone and combination band),
1504 and 1496 cm'! (C=C stretching), 1453 and 1368
cm* (CH, bending), 757 and 698 cm* (C-H out-of-
plane bending of phenyl ring or mono substituted ben-
zene). The X-ray diffraction pattern of the Zn/Al LDHs
established the successful preparation of layer double
hydroxide asshown in Figure 2a. The LDH possesses
thediffraction peakscharacteristic of LDH and ZnO,
whilereflectionsrefer to theintercal ation appears at
lower 20°. The interlamellar distance was 0.76 nm, the
obtai ned interlayer space correspondsto the perpen-
dicular arrangement of nitrates groups between the
LDHslamdla Whereasafter the polymerization of sty-
renemonomer by in situ freeemulsion polymerization
using PPSasinitiator in absence of any emulsifier at
70°C, and different concentration of Zn/Al-LDHs.
Firstly, theinterca ation of monomer moleculesintothe
L DHslamellaethen the polymerization take placeand
theexfoliation nanocompositeswill predominate by us-
ing different loadingsof LDHs(Figure2c, d, e, f) con-
trasted to the pure LDHs and pure polystyrene. The
thermal stability of the prepared LDHsaswell asPS/
L DHsnanocompositeswererevealed in Figure 3 and
TABLE 1, thelossof adsorbed water emergesat lower
temperature, whilethe peak around 400°C indicates
the decomposition of the polymer, and the peaks show
at somewhat lower temperature relative to the pure
polymer. Thepeak at 489°C shifts to higher tempera-
ture range in the high LDHs concentration (8%).

Supplementary information concerning thethermal be-
havior of the nanocomposites loaded with 2-8% of
L DHSs, asrepresentativesof the prepared polystyrene
nanocompositesisshowedin Figure 3. It can befound
that theexistence of thelayered doublehydroxide, even
inther un-organophilized form, enhanced the thermal

stability of the polystyrene nanocomposites, which
strongly indicatesthat on contrary to other particul ate
inorganicfilling materia sthey played apronouncedrole
inthethermd stability, acted moreeffectively uponin-
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creasingtheloadingto 8%. Thisisatypica behavior of
the elements possessing tubular or platel et-like struc-
tureswhichincrease thethermal stability of the pre-
pared nanocomposites. Figure 4 shows TEM of the
prepared Zn/Al LDH based nanocompositeswith dif-
ferent LDH concentrations. The morphology of the
sampleparticlesissphere-likein shapewith different
nanometer size diametersranging from 70-80 nanom-
eters. Thusthemost important contribution of building
polystyrenelayered doubl e hydroxide adsorbent with
hierarchical architectureistheenhanceof sengtivity it
generates, owing to the large surface area of LDHSs.
Furthermore, Figure4illustrated that theimportant of
L DHsbridging between polystyrene nano-beedsthat can
explainthedisconnection of theconducting network con-
nections appear to be appreciative pathsfor adsorption
of heavy metds.
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Figurel: FT-IR spectraof (a) PS, (b) 4% L DH and (c) Zn/Al-

LDH (2:1).
Z 3000 d=0.76 nm
: Imu‘ ? ! l = Ig
0

0 6 12 18 24 30 36
2Theta Degree

3500 3000

3000 -

crs
]
g

2500 J

Intersity (

]
=]
(=]
=]

Z
.g‘ 1500 - kIu‘“""vM.mnw-'~“"*“""'-ﬂﬂlww"‘P"“" Iy , o
§ Mwm e
= 1000 - e
\ Lprsay d

AT,
= "*kwmmi‘w“’m‘wm@pgl“‘“’ i, .

i
A P A A A b

b

i

1 6 11 16 21 26 31 36
2 Theta Degree

Figure2: XRD of Zn/Al-LDH (2:1) aswell aspolystyrene
prepared by emulsion polymerization and PS/ LDHs
nanocomposites prepar ed by free emulsion polymerization
using PPSasinitiator in absence of any emulsifier at 80°C,
and different concentration of Zn/Al-LDHsa) Zn/Al (2:1)
LDH, b) purePS, c) 2%, d) 4%, €) 6% and f) 8%.
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Figure3: TGA of Zn/Al (2:1) LDH aswell aspurepolystyreneand PS/L DHs prepar ed by freeemulsion polymerization
using PPSasintiator and stirringfor 6 hr. at 80 °C with different concentration of Zn/Al (2:1) LDH.
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Figure4: TEM of theprepared Zn/Al L DH based nanocompositeswith different L DH concentrations.
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TABLE 1: TGA dataof the prepar ed nanocomposites

Weight loss (%) at different

Nanocomposites temper atures (°C)

67-210 (°C) 210-489 (°C) 489-623 (°C)
Zn/Al (2:1) LDH 17 4.0 28.3
PS 15 7.5 95
2% LDH --- 94
8% LDH --- 85

Adsorption uptakeof Cdand Pb (I1) ions

Heavy meta s, whenin considerable concentrations
inwater that may pretenseharmful health effects. That
includes|ead, slver, mercury, copper, nickd, chromium,
zinc, cadmium and tin that must beremovedto certain
levelsto meet discharge requirements. The possible
adsorption mechanism of Cd (I1) and Pb (1) with LDH-
based nanocompaositeshasunknown yet presently. Fur-
ther studies should be carried out to exploit the mecha
nismsfor the assembly in remediation applications.
Obvioudy, theremovad of heavy meta ionsof Cd** and
Pb?* by theassembly was ot asingle process, mainly
controlled by theisomorphic substitution, coupled with
the adsorption bonding with surface hydroxyl groups
and surface precipitationl‘®l, TABLE 2 showsthefina
removal efficienciesof Cd?* and Pb?*" ionsfrom ague-
ousmedia. It can be seenthat theremoval percentages
wereincreased with anincreasing of LDHsconcentra-
tiontill 4%. Moreover, theremoval percentageswere
decreased when LDH concentration above 6%. This
may be dueto the anion competition for binding sites
such as (CO,)* and (HPO,)?, which are present in
ground water, decrease overall sorption capacities of
LDH, especidly at higher LDHsconcentrationthan 4%.
Thismay explain why the sorption capacity of LDH-
based nanocomposites was decreased at LDH con-
centration 4%.

TABLE 2 : The effect of the LDH concentration on the
per centageof theCd and Pb (1) removal from aqueousmedia.

LDH Heavy metalsremoval
Concentrations per centages (%)
(%) cd (1) Pb (I1)
2 51 33
4 74 95
6 25 59
8 47 81
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CONCLUSIONS

Zn/Al (2:1) LDHswere successfully prepared and
confirmed using XRD and FTIR spectroscopy. They
could be used asfiller and surfactant at the sametime
during thein situ free emulsion polymerization of sty-
rene monomer. The prepared polystyrene
nanocomposites exhibited spherical-likein shapewith
nanometer particlessize. Moreover, the prepared poly-
syrene/layer doublehydroxidenanocompositesshowed
high thermal stability morethan that of the pure poly-
styreneusing thermal gravimetricanaysisTGA. Fur-
thermore, the prepared polystyrene nanocompositeshad
high performancefor remova of heavy metal ionssuch
as. Cd?* and Pb?* from agueous media. They exhibited
remarkably high adsorption capacitiesfor removal of
Cd?* and Pb?*ions about 74 and 95 %, respectively.
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