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ABSTRACT

Fluid mixture of polyamide-6 (PA6) with phenol derivatives and in apolar solvents were
prepared at different concentrations, the dielectric relaxation measurements were measured in
the frequency range of 10 MHz- 20 GHz at 303K using the Time Domain Reflectometry. The
dielectric parameters such as static dielectric constant (go), relaxation time (z) were found and
discussed to yield information on the molecular structure and dynamics of the mixture. The
dielectric constant and relaxation time for binary and tertiary mixture were found to be high in
the order of PAG6 with p-Cresol>m-Cresol>0-Cresol and in CCl,>benzene>1, 4-dioxane.
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INTRODUCTION

Polyamides consist of methylene segments,jéeparated by amide units (-CO-NH-) and are
packed either parallel or antiparallel in theiusture. Polyamides usually exhibit high modulus,
toughness and strength, low creep and wide apigitatincluding fibers and engineering
thermoplastics [1]. Polyamide-6 (PA 6) is widelyedsin manufacturing of gears, fittings,
bearings, electrical switches, bobbins, and commgcpower tool housings, wheelchair wheels
and automotive cooling fans etc., [2]. Polyamidathwariable chain lengths form a family of
engineering resins. The dynamics of polyamides heeen extensively studied with the help of
mechanical and dielectric techniques [3-5]. Regemiblymer dielectric measurements have
become popular to monitor polymer material fabrarat

Dielectric studies involve the measurement of ptiwity and dielectric loss. The measurements
can be used to find dielectric constant and relamdtme. The relaxation time depends upon the
molecular size, shape, intramolecular and interoubée forces, and can be used to investigate
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molecular and intramolecular motions and theirti@tato molecular structures [6]. The intra and
intermolecular hydrogen bonding has a consideraflect on the microscopic as well as
macroscopic properties and plays a vital role irderstanding the dielectric behavior of
polymers [7]. The H-bond between two neighborindyperic groups can be altered with the
addition of polar solvents [8-10].

Mixture of polyamides and phenols serves as a hityngknsing materials. There is no
appropriate report on the dielectric studies olawlides with phenol derivatives. Hence in this
work, authors made an attempt to study the efféghobyamide/ solvent interactions and its
molecular association of PA 6 with phenol derivasiand in apolar solvents over the frequency
range of 10MHz to 20GHz at 303K using Time DomaefrRctrometry (TDR).

MATERIALSAND METHODS

(1) Chemicals and sample preparation

Binary sample preparation: Sigma-Aldrich varietyRi&A 6 and E-merk variety g&-Cresol,m-
Cresol and-Cresol samples were used without further purifccatPA6 (w/v) was varied from
0.2 to 1.0 % and added peCresol,m-Cresol and-Cresol. The solutions were prepared and kept
at room temperature. The mixture was undisturbedhiee days to achieve complete solubility
and analyzed in TDR.

Tertiary sample preparation:
0.2, 0.6 and 1 % of binary mixture were dilutedhmibhe CC} benzene and 1, 4-dioxane and
analyzed in TDR.

(2) TDR setup and data acquisition:

The complex permittivity spectra were studied usimge Domain Reflectometry [11-13]. The
Hewlett-Packard HP 86100C sampling oscilloscopé WP 54754A TDR plug-in module was
used. A fast rising step voltage pulse of aboup8%se time generated by a pulse generator was
propagated through a coaxial line system of charestic impedance %0. Transmission line
system under test was placed at the end of theiaddae in the standard military application
(SMA) coaxial cell with 3.5mm outer diameter and3Simm effective pin length. All
measurements were done under open load condittemshermostat has been used to maintain
the constant temperature in sample cell withinabeuracy limit of + 3C. The change in the
pulse after reflection from the sample placed ie ttell was monitored by the sampling
oscilloscope. In this experiment, a time windowbofis was used. The reflected pulses without
sample R(t) and with sample Rt) were digitized in 1024 points in the memory thie
oscilloscope.

(3) Data Analysis:
The time dependent data were processed to obtaiples reflection coefficient spectig(w)
over the frequency range from 10MHz to 20MHz udtogrier transformation as [14-16],
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wherep(w) and qf) are Fourier transforms of §R)—Rx(t)]) and [R(t)+Rx(t)] respectively, c is

the velocity of light,o is angular frequency, d is the effective pin lénghd | =/-1.The
complex permittivity spectra*(®) were obtained from reflection coefficient spegiréw) by
applying the bilinear calibration method [11]. Rigshows the complex permittivity dispersion
spectra of 0.2 wt% PA 6 with p-Cresol.

The experimental values of are fitted with the Debye equation [17]

g*(a)):goo +; ______ (2)

with &, €., andt as fitting parameters. A nonlinear least squaitesiéthod [18] was used to
determine the values of dielectric parameters.qumagon (2),g is the static dielectric constant,
&» IS the limiting high-frequency dielectric constamidr is the relaxation time.

RESULTSAND DISCUSSION

From our binary results the dielectric constanPAb increases and the relaxation time decreases
with increasing concentrations of substituted plen@-igs.2-3). The dielectric constant
increased due to the intermolecular interactionrwbeh PA 6 and phenol derivatives. The
relaxation time increases as the chain length asag, but this assumption may not be applicable
for the principal relaxation of high polymers. luck cases, the relaxation is associated not with
rotation of the molecule as a whole, but rathehwiggmental motion in the chain. Therefore, we
have observed decrease in relaxation time [19].

The dielectric constant @FCresol-PA6 mixture, the values are quite low coragdaom-Cresol
andp-Cresol. Due to the presence of methyl group incopbsition, the intra molecular H- bond
interaction of o-Cresol is high. In addition steric effect also ascwvithin o-Cresol. The
combined effects led to decrease in the molecutaraction between PA6 aweCresol (Fig.5).
Hence it has been shown that the PA 6 wiBiresol mixture was giving low dielectric constant
and relaxation time.

In the case of PA6m-Cresol mixture, the dielectric parameter exhibiteder value tham-
Cresol mixture (Fig.6). Ip-Cresol, methyl groups are away from H-bondingaegind also self
association may occur which led to high dielectanstant of PA6 withp-Cresol mixture

(Fig.4).

The static dielectric constandp) and relaxation timert) for tertiary mixtures were obtained by
fitting experimental data with the Debye equatiorere listed in Tables [1-3]. The results
indicate when the concentrations of PA6 and sulistitphenols increase the relaxation time and
dielectric constant are also increased. The polgamvith substituted phenols mixture was
highly diluted by non-polar solvents, which may ued the H-bonding interaction of the
complexes, hence the dielectric constant and retaxéime was very low in lower wt %. There
was a major change observed in dielectric constaluies when increasing wt% of substituted
phenols than increase in PA6 wt%.
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From our results, polyamide with substituted phenoixture in CCJ was showing the high

dielectric constant and relaxation time. In thespreee of CGl the phenol may be self associated
there by forming H-bonded multimers. Due to the sskociation of phenols, the molecular
interaction between polyamide and phenol mixtureribanced, which leads to increase in the
dielectric constant and relaxation time in ¢Eig.7)
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Figure 1 Complex permittivity dispersion spectrum for 0.2 wt % PA-6 with p-Cresal.
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Figure4 Schematic representation of interaction of PA 6 with p-Cresol
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Figure 5 Schematic representation of interaction of PA 6 with o-Cresol
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Figure 6 Schematic representation of interaction of PA 6 with m-Cresol

In the case of benzene both monomer and multimerfamed, but in the presence of 1, 4-
dioxane monomerization must be completed in phett#ace the relaxation time and dielectric
constant was very low in 1, 4- dioxane. The reswkse in good agreement with our previous
work [20] and also matched with sengwa et al. j[2hd discussed the role of non-polar solvents
in polymers.
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Table 1 Variation of dielectric parametersfor PA6 with p-Cresol in non-polar solvents at 303K.

Wt % of Wie of CClL: Benzene 1, 4-dioxane
PAG p-Cresol
2 T (ps) 2 T(ps) 2 T (ps)
0.2% 309 337 200 5315 133 304 03
G0%g 6.62 232 6.23 200 377 10
T0% 2.13 168 733 233 6.20 129
20% o564 266 243 303 g.00 173
00 % 123 278 1005 362 a7 138
100% 1073 697 10,73 697 10.73 o7
0.6% 30% 340 213 333 193 3906 -
60%g 6.73 2 6.43 213 303 01
T0% 220 252 2.00 247 303 3B
E0% 0.70 273 013 300 7.14 243
O0%g 1055 205 1333 284 279 328
100% 1103 637 1103 637 1103 637
1% 309 35 221 347 213 - -
G0%g 693 240 6.64 222 302 104
T0%g 2.83 169 2.14 243 6.93 133
209 096 181 033 273 206 181
00%¢ 1078 372 1054 34de 003 273
1009 1211 332 1211 332 1211 332

o @ Q
N e R SememmmmT o
HsC / HsC / H,C

CCl, enhances intermolecular H-bonding betwpe@resol;
1, 4-dioxane not favouring intermolecular H-bonding

Figure 7 Schematic representation of polymer-phenol interaction in tertiary mixture.
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Table 2 Variation of dielectric parametersfor PA6 with m-Cresol in non-polar solvents at 303K.

Wt % of Wil of CCL EBenzene 1, 4-dioxane
PAG m-Crazol
) T (ps) ) Ti(ps) ) T (ps)
0.2% 309%¢ 475 246 4.70 192 4.60 102
G0 627 252 610 225 333 132
T0% 771 267 693 257 6.01 149
209 ZE8 180 723 280 7.30 203
D09 1009 307 203 205 266 264
100% 1180 444 1120 444 1180 444
0.6% 30% 403 252 490 200 4283 122
60% 6.56 286 6.23 116 340 143
T0%g 707 313 744 277 6.33 la4
0% 013 33 013 205 T.33 131
Q0% 1025 385 043 303 873 i3
1009 1185 3e4 1183 364 1183  3e4
1% 30% 3.16 284 - - - -
60% 6.50 200 646 215 348 138
T0%g 767 143 7.53 245 6.73 173
E0% 203 317 EE3 300 744 217
Q0% 1018 338 043 3213 0.00 183
1009 1200 333 1200 333 1200 3533

Table 3 Variation of didectric parametersfor PA6 with o-Cresol in non-polar solvents at 303K .

Wt % of Wi of CClL EBenzene 1, 4-dioxane
PAG a-Crezol

=0 Tps) ) T (ps) Z T(ps)

0.2% 30% 390 130 243 124 2.13 23

G0%g 118 136 303 113 333 -

T0% 111 123 4.03 Qg 393 75

20% 377 114 4.53 22 4.53 T0

Q0% 6.42 a7 3.00 g0 143 g0

100% T41 24 T41 24 T41 24

0.6% 30% 4.00 123 3.00 113 223 20

G0%g 423 110 333 100 118 74

T0% 432 104 4.00 o4 4.63 75

E0% 303 o3 167 23 3R T0

Q0% 6.64 o0 323 g0 373 77

100% 35 a2 7.53 a2 7.53 a2

1%¢ 30% 4.13 106 333 103 3.00 a2

G0%g 467 o4 423 o6 4.00 72

T0% 336 3 167 22 423 75

20% 6.13 a2 143 75 3.13 23

o0%g 6.73 21 373 T0 3.23 o3

100% T.63 a2 T.63 a2 T.63 a2

82
www.scholarsresearchlibrary.com



M. Malathi et al Der Pharma Chemica, 2012, 4 (1):76-84

CONCLUSION

We have carried out the dielectric properties ghhirequency range for polyamide-phenol
mixtures. Based on the results observed in oukwoe have noticed mixing of polyamide-
phenol derivatives at appropriate level strongluiences the dielectric parameters. Because, the
polarity of polyamide enhanced during the intex@ctiith phenol leads to the mixture suitable
for humidity studies. Moreover, the dimensional s occurring of the polyamide during the
interaction with phenol strongly affect the moistuabsorption property. Hence, it is quite
helpful while manufacturing such polymer based rdityidevices
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