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ABSTRACT KEYWORDS
Polyamide-montmorillonite nanocomposites were prepared from sol ution of Polyamide;
polyamide and the organo modified-montmorillonite (OM-MMT) using N- Montmorillonite;
methyl-2-pyrrolidone as a solvent. The reactive organoclay was formed by Nanocomposites,
using hexadecylpyridinium chloride (HPC) as a swelling agent for silicate Didectric properties.

layers of montmorillonite. The swelling process was carried out through ion
exchange reaction between the end group of hexadecylpyridinium chloride
salt and the sodiumion in montmorillonite. Thisirreversible swelling moni-
tored by measuring the cation exchange capacity (CEC) of the montmorillo-
nite solutions. Dispersion of the modified clay in the polyamide (kevlar)
matrix resulted in nanostructured material containing intercalated polymer
between the silicatelayers. The Polyamide-montmorillonite nanocomposites
films (PA-MMT) characterized by FTIR, SEM and x-ray were exfoliated
nanocomposites at low MMT content (<1 wt.%) and partially exfoliated
nanocomposites at high MMT content (containing aggregates of MMT).
The clay content significantly influences thermal behavior of the
nanocomposite films, such as glass transition and decomposition tempera-
tures of polyamide-montmorillonite nanocomposites. The glass transition
temperatures of the nanocomposites were higher than that of the original
polyamide. The dielectric properties of the PA—clay nanocomposites were
studied in detail. The results displayed that the dielectric constants de-
creased with theincrease of the clay content and the films showed relatively
low dielectric constant when the clay content was over 1 wt% compared to
pure polyamide. © 2012 Trade Sciencelnc. - INDIA

INTRODUCTION rier propertiesto gases, clarity, printability, etc. Theul-

timate propertiesof end productsare, of course, heavily

Polyamidesarelargevolumeplasticswidely used  dependent onthechemica structure of polyamide and

for structura and packaging gpplications. Their market  on the process used to produce the manufactured ar-
spread i scontinuously growing duetotheir properties  ticles* and can befurther increased using nanoparticles
such aschemical and mechanical resistance, good bar-  as additivesto enhance the polymer performance. At
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thisregard, over |ast decade scientificresearch haspaid
great attention to polyamide/layered silicate
nanocomposi tes because, compared to the unmodified
resin, these systems provide enhanced performance
propertiessuch asimproved tenslestrength and moduli,
decreased therma expans on coefficient, decreased gas
permeability, increased swelling resistance, enhanced
ion conductivity, reduced flammability, etc7.

Polymer/layered silicate nanocompositeshave be-
comean important classof polymeric nanocomposites
sincethey exhibit dramatic enhancement inbarrier, ther-
mal and mechanical properties®? even at very low
silicate contents. Itiswell known that these properties
arestrongly affected by the affinity between thematrix
and theclay, the degree of clay exfoliation, the disper-
sonandtheorientation of clay particlesthroughout the
thermoplastic matrix™!. Clay isatypeof layered sili-
cates. Themost commonly used clay inthe preparation
of PA—clay nanocomposites is montmorillonite (MMT).
Itisabout 100-218 nm in length and 1 nm in thickness.
Montmorilloniteisa so called philo-silicate with one
octahedral Al O, sheet between two tetrahedral SO,
sheetg*?., It can beinterca ated or exfoliated in apoly-
mer matrix to form the nanocomposite. In comparison
to pure PA, recent studiesin PA—clay nanocomposites
exhibitimprovementsintherma, mechanica, gasbar-
rier properties aswell aswater absorption retardant
behavior(*>18, Nonethel ess, few publicationsto date
have been reported on the dielectric properties at a
fixed frequency and the dynamic mechanica properties
of PA filmg®9.

Polymer/layered silicate nanocompositesare pre-
pared by various methods, such asmelt intercaation,
solvent intercalation and in Situ intercal ated monomer
polymerization?24, But it isnecessary toimprovethe
dispersonability of clay intheorganic solventsor poly-
mer matrix. Therefore, thesilicatelayer isgenerally
modified by organic cationsviaion exchangereactions.
Thenew cation which haslarger volume compareto
Na+ alows polymer easily accessto theinter space
between thelayers®>21,

This article reports on polyamide-clay
nanocomposite (PA-MMT) materials, consisting of p-
phenylene diamine (PD) and terephthalic acid (TA),
polyamide and layered montmorillonite (MMT) clay,
that were successfully prepared by sol ution dispersion
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technique. The as-synthesized PA-MMT
nanocompositeswere subsequently characterized by
FTIR spectroscopy, X-ray diffraction (XRD), trans-
mission eectronmicroscopy (TEM) and scanning elec-
tron microscopy (SEM). Thedielectric and thermal
propertiesof the PA—clay nanocomposite films were
Studiedindetail.

EXPERIMENTAL

Materials

Chemicasof high purity were obtained from vari-
ouscommercid sources, which congsted of p-phenylene
diamine (PD; Aldrich), triphenyl phosphite (Aldrich),
pyridine(merck), LiCl (Acros), terephthdicacid (TA,
Acros), hexadecyl pyridinium chloride (HPC; Aldrich)
and N-methyl-2-pyrrolidone (NMP; Aldrich). NMP
was purified by distillation under reduced pressureover
calcium hydrideand stored over 4 A molecular sieves.
Other organic solventswere purified by vacuum distil-
lation. Theother reagentswere used asreceived.

M easur ements

The sampleswerecharacterized by X-ray diffrac-
tion (XRD) for the crystal structure, average particle
size and the concentration of impurity compounds
present. Rigaku Rad B-Dmax Il powder X-ray
diffractometer wasused for X-ray diffraction patterns
of these samples. The 26 valuesweretaken from 20°
to0 110° with a step size of 0.04° using CuKa radiation
(7. valueof 2.2897 A). The dried samples were dusted
onto plateswith low background. A small quantity of
30(+2) mg spread over 5 cm? areaused to minimize
error in peak | ocation and a so the broadening of peaks
dueto thickness of the sampleisreduced. Thisdata
illustratethe crystal structure of the particlesand aso
providestheinter-planar space, d. The broadening of
the peak wasrelated to theaveragediameter (L) of the
particleaccording to Scherrer’s formula, i.e. L = 0.9/
A cos OwheredisX-ray wavelength, 4 isline broad-
ening measured at half-height and 9 isBragg angle of
theparticles.

Infrared spectrawererecorded asKBr pelletsin
the range 4000 - 400 cmt on an ATI UNICAM sys-
tems 2000 Fourier transform spectrometer. Differentia
scanning calorimetry (DSC), differentid thermd analy-
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ss(DTA) and thermogravimetry (TG) wereperformed
with Shimadzu DSC-60, DTA-50 and TGA-50 ther-
mal anayzers, respectively.

Chemicd compostionandysisby EDAX wasper-
formed withan EDAX; Ronteck xflash detector ana-
lyzer associated to a scanning el ectron microscope
(SEM, Leo-Evo 40xV P). Incident e ectron beam en-
ergiesfrom 3to 30 keV had been used. In all cases,
the beam was at normal incidenceto the sample sur-
faceandthemeasurement timewas 100 s. All the EDAX
spectrawere corrected by using the ZAF correction,
which takesinto account the influence of the matrix
materia on the obtained spectra

Dielectric constants were measured by Agilent
Technologies 4294A Precision Impedance analyzer
at 1-1000 kHz. The diameter of the electrode and
thefilm was 20 mm. To ensure good el ectrical con-
tact between the el ectrodes and the polyimidefilm,
prior to measurement the filmswere sputter-coated
for 20 son both sideswith asilver layer of around
0.05 um. The dielectric constants of the film were
determined over thefrequency range of 100-107 Hz
at room temperature.

Prepar ation of montmorillonite(MMT)

Naturd montmorilloniteclay from Resadiyeregion
of Tokat, Turkey, wasused in thiswork. Theclay was
obtai ned by the methods of dispersion and sedimenta
tion and variouschemicd treatmentsapplied to natura
clay. The clay (20 g) was treated with of 100 ml of
10% CH,SO,H, methanesulfonicacid (d=1.48 g/ml,
Sigma) solutionfor 4 hat 353 K, withdlow agitation. It
wasfurther treated with 10% CH_SO,H and 0.5 mol/
dm? potassium permanganate solution for 5 h at 353
K. Findly, it waswashed with water until the neutral
pH wasobtained. Themateria driedinanovenat 353K
for 24 h. Composition and specific surfaceareaof the
treated clay was found as: SiO, 88%, Al,O, 5.2%,
Fe,0, 2.7%, Ca0 0.26%, MgO 0.17%, Na,0 0.1%,
K,0 0.48%, MnQO, 0.08%; SBET = 112.3m7g.

Prepar ation of organically modified MM T
Theorganically modified MMT was prepared via
ion exchange reaction in water using

hexadecyl pyridinium chloride. For the preparation of
MMT modified with hexadecyl pyridinium chloride
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Schemel: Synthesisof PA-MM T nanocomposite

(HPC), 1.0 g was mixed with 1 ml concentrated hy-
drochloric acid (37%) and 15 ml distilled water and
heated at 80°C for a few minutes, and to it was added
adispersionof 25gNaMMT in 100 ml digtilled wa
ter. Themixturewasstirred vigoroudly for 1 hat 80°C.
Thewhite precipitate wasfiltered and washed repest-
edly with hot water (80°C) to remove the superfluous
hexadecyl pyridinium chloridesdtsto befreefrom OM-
MMT. It was subsequently collected and dried in
vacuum at 80°C for 24 h.

Preparation of organically modified MMT-PA
nanocomposites

A flask was charged with amixture of p-phenylene
diamine (1.12 mmal), terephthalic acid (0.18 g, 1.12
mmol), triphenyl phosphite (0.70 g, 2.24 mmal), pyri-
dine (1 mL), NMP (5mL), and 5wt % LiCl. It was
refluxed under N, overnight and poured intowater. The
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ydlowish solid precipitatewasfiltered off, washed with
water, and dried to afford PA (0.89 g, 95%). It was
extracted with acetonein a Soxhled apparatusfor 3h.

RESULTSAND DISCUSSION

Organo-modification of MM T

Asprevioudy mentioned, the organo-modification
of MMT isanimportant step in the preparation of poly-
mer-MMT nanocomposites and primary aliphatic
amines such as 1-hexadecylamine and itsquaternary
ammonium salt were commonly used organic modifi-
ers. IR and XRD were used to verify the organic modi-
fiersdesigned by ushavethe sameefficacy asthecom-
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Figurel: ThelR spectraof natural MMT,MMT, and OM -
MMT.

Matural MMWT

|
J M |
il I e L\wwwwmhwﬁ'..-a L

Intensity

w‘ T
A OM-HT
L,. \\‘ﬂvu "A wa‘-\m T ‘HJW

0 ] 20 an a0 5 il m
10 (degree)
Figure2: TheXRD patternsof Natural MM T,MMT,and OM -

MMT.

monly used modifiers. Figure 1isthelR spectraof natu-
rd MMT, MMT, and OM-MMT. Theabsorptionbands
at 1038 and 1090 cnr* were characteristic of MMT
(Figurel). After thetreatment, OM-MMT exhibited
the characteristic bands of C-H stretching at 2914 and
2847 cm™,

ThelRresultsonly suggested that thetreated MM T
contained theorganic modifiersbut could not givethe
conclusionthat themoleculesof organo-modifiersen-
tered thegalleriesof MMT. Figure 2 isthe XRD pat-
terns of Natural MMT, MMT, and OM-MMT. The
interlayer spacing of MM T was obviously increased
after thetreatment with chloridesalt of OM. Thissug-
gested that organo-modifierssynthesized by ussuccess-
fully intercal ated between layersof MMT. Moreim-
portantly, it has been widely accepted that the basal
spacing of MMT treated by long-chaindiphatic amine
isdecided largely by the chain length and long chain
length leadsto high d-vaue.

Thermal stability of organo-modified MM T
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Figure3: TheTGA curvesof natural MM T, MM T and or gano-
modified MM T

Figure 3werethe TGA curvesof organo-modified
MMT, whichillustrated two or three-step degradation
in the temperature range of 200-600 8C. This phe-
nomenon was al so observed and studied by?Y using
DTA and MS. They proposed that the organicswith a
smdl molecular weight may bereleased first and those
with arelatively high molecular weight may still exist
between theinterlayersuntil thetemperaturewashigh
enoughtolead toitsfurther decomposition®. Theini-
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tid therma decompositiontemperature (onset tempera-
ture) of OM-MMT was 252°C. Natural MMT and
MMT clearly showed higher initid therma decompos-
tion temperature compared to OM-MMT because of
thehigher thermd stability.
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Figure4: TheDTA curvesof natural MM T,MMT and or gano-
modified MMT.

FTIR, XRD and SEM characterization of PA—
MMT nanocompositefilms
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Figure5: FTIR spectraof thePA-MMT nanocomposite films

Figure 6 showed the XRD patternsof PA and PA—
clay nanocompositefilms. Therewasno peak below
2h=10for the pure polyamidefilm and the PA—clay
nanocompositefilmof 1 wt% clay. Although theclay
content waslow (1 wt%), X-ray diffractionwhichisa
powerful and sengitivetechniqueto detect the ordered
structure by diffraction anglerevealed that thesilicate
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Figure 6 : The XRD patterns of PA and PA-MMT
nanocompositefilms

layersin PA—clay nanocomposite film of 1 wt% clay
lost their ordered structure and werethen separated. In
other words, it could beregarded that the clay had been
fully exfoliated and dispersed randomly in the polya-
midematrix¢11, Thiscould be confirmed by the SEM
imageshowninFigure7. However, Pure Pl had arda
tively smooth fracture surface compared with those of
hybridswith clays. At aclay content of 1 wt%, arough
morphology composed of numerousplatel etsorientated
pardld tothefilm surface gppeared over theentirefrac-
turesurface. At aclay content of 10wt%, much larger
agglomerated clay particleswereobserved inthe poly-
mer hybrids.

Thermal propertiesof PA-MMT nanocomposites

Figure8. TGA curvesof PA-MMT nanocomposites
withvariousMMT contents. (a: PA, b: PA-%1 MMT,
c: PA-%3 MMT, d: PA-%5 MMT and e PA-%10
MMT)

Figure 8 showed the TGA curves of PA-MMT
nanocompositeswith variousMMT contents. Thether-
mal stability of the nanocompositeswasincreased with
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Figure8: TGA curvesof PA-M M T nanocompositeswith vari-
ousMMT contents. (a: PA,b: PA-%1MMT,c. PA-%3MMT,
d: PA-%5MMT and e PA-%10MMT)

increased MMT content. The on-set thermal decom-
position temperature accessed by TGA wasincreased
from 522°C for PA to 550°C for PA-%1 MMT
nanocomposite containing 1 wt% MMT. The on-set
thermal decomposition temperature, temperatures at
5% and 10% weight losswereincreased with thein-
creaseof MMT content MM T possessed high thermal
stability. Figure 9 showed the DSC curvesof PA and
PA-MMT nanocompositeswithvariousMMT contents.
The Tgof thenanocompositeswasdlightly increased
asthe MMT content was increased. The Tgwasin-
creased from 244°C for PA to 255°C for the
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Figure 9 : DSC curves of the pure PA and the PA-MMT
nanocompositeswith variousMM T contends
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nanocomposite containing 3wt% MMT and further to
261°C for the nanocomposite containing 10 wt% MMT.
This could be dueto the strong interaction between
MMT and PA, which limited the cooperative motions
of the PA chain segments.

Dielectric propertiesof PA- MMT nanocomposite
films

Lower dielectric constant isone of themost desir-
able propertiesfor next generation el ectronic devices.
Dielectric constants of pure PA and PA-MMT
nanocompositeswith different MM T content areshown
INnTABLE 1 and Figure 10. Thedielectric constant of
the Nanocomposites decreases asthe amount of clay
isincreased. Thetrendisthesameasthat in density!®.
However, thedie ectric constant of pure polyimidehas
relatively highvaues(3.8). Thehigher thedensity, the
higher the dielectric constant in the polymer. There-
duction in the dielectric constant of the PA-MMT
nanocomposites can be explained acomplicated po-
lari zation because of the specia microstructureformed
inthe PA—clay nanocomposite films and term of creat-
ing thefreevolumeincrease by the presenceof therigid
and largeMMT structureresulting in aloose Pl net-
work. Thedengty of the pure PA is1.48 whiletheden-
sity of the PI-%10 MMT is 1.14. PAisasemi-rigid
polymer. A bigger MMT domain may increasedightly
the separation of the PA interblock and increase the
freevolumeand decreasethedensity. Thevoid forma-
tion and the free volume increase of the PA-MMT
nanocomposite can bequditatively verified by itsden-
sity. However, these results could be attributed to a
complicated polarization because of the specid micro-
structureformed inthe PA—clay nanocomposite films.
Itiswell know that the dielectric constant of amaterial
isrelated to the polarization. When an dternating cur-
rent (AC) isapplied tothedie ectric material, thecom-
plicated polarization could beinitiated. Nevertheless,
themicrogtructureof the PA—clay nanocomposites would
haveaninfluenceonthe polarization behavior. It canbe
explained that theinterface pol arization influenced the
didectric constant of the PA—clay nanocomposites with
1 wit% clay, asasignificant amount of two-phaseinter-
faceswereformed betweenthe exfoliated/ intercalated
clay and polyamide matrix. However, thedisperson of
clay would gradudly changed from partidly intercal ated
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and partially aggregated (3 wt%) to severely aggre-
gated (5 and 10 wt%). The dispersion of clay with
multilayer structurewas confirmed by the XRD (Figure
6), transparency and mechanical properties of the
filmg?-3y,

TABLE 1: Density and dielectric propertiesof purepolya-
mide(PA) and PA-MM T composites.

Sample Dielectric Dielectric measur ed
b constant (k)* constant (k)° density (g/cm®)

PA 3.81 3.50 1,48
PA-%1

MMT 3.40 3.17 1,32
PA-%3

MMT 3.27 3.09 1,28
PA-%5

MMT 3.09 291 121
PA-%10

MMT 3.05 2.61 1,18

aDielectric constant measured by LCR meter at 1 MHz.
Dielectric constant measured by LCR meter at 10 MHz.
Therefore, thedid ectric constant of PA—clay films
with the clay content morethan 3wt% was|ower than
those of the pure PA and PA—clay film with 1 wt% clay.
Furthermore, Asshown inthese Figures, thedielectric
constant wasinsensitiveto the frequency except at the
very low frequency wherethe diel ectric constant was
dlightly higher. The dielectric constant of PA—clay
nanocompositefilmwith 1 wt% washigher than that of
purePA film at thewholeexperimenta frequency range.
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Figure10. dielectric constantsof purepolyamide (a) and PA-
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%5MMT and e PA-%10MMT)
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CONCLUSIONS

Inthisstudy, thestructure of polyamideand polya
mide—clay films prepared via intercalation process from
p-phenylenediamine (PD), terephthaicacid (TA) and
organo-clay has been characterized using XRD and
TEM techniques. Thedid ectric and thermal properties
of the PA—clay nanocomposite films were studied in
detail. Theresultsdisplayed that thedidectric congtants
decreased with theincrease of the clay content and the
filmsshowed rdatively low did ectric constant whenthe
clay content was over 1 wt% compared to purepolya
mide. In general, the polyamide—clay nanocomposite
filmsadsodisplayedreatively low dieectricloss, higher
storage modulusand high glasstransition temperature.
Therefore, PA—clay nanocomposite films are potential
advanced diel ectric material swhich could besuitable
for being employed in the microel ectronic and cryo-
genicengineering goplications.
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