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ABSTRACT

The resin (abbreviated as PNPMF) was derived from base catalyzed polycondensation of p-nitrophenol (0.1M),
melamine (0.2M) and formaldehyde (0.4M) using 1M NaOH at 120-125°C. The terpolymer resin was characterised
by using elemental analysis and spectral analysis. In the present paper, electrical conducting behaviour of
terpolymer resin and thermal decomposition were studied over a wide range of temperature. On the basis of
electrical conductivity measurement, semiconducting behaviour of terpolymeric resin were studied. Detailed
thermal degradation study of the terpolymer was carried out to ascertain its thermal stability. The thermokinetic
parameters were determined using Freeman-Carroll (FC) and Sharp Wentworth (SW) method in temperature range
(286-486°C). The values of activation energies (Ea), entropy (49), and free energies (4G) were in good agreement.
The order of degradation reaction determined by FC method was confirmed by SW method.

Keywords. Terpolymer, Polycondensation, Thermokinetic patars, Electrical conductivity, Thermal
degradation.

INTRODUCTION

Phenolic resins have large number of practical iegfibn in electronic controls, insulating matesiaprotective
adhesives, aerospace industries etc.because ohipeithermal stability, heat and chemical resiseaand electrical
insulation properties [1-2]. Electrical conductiiproperties of synthesised p-Cresol,Oxamide amthdfdehyde
terpolymer available in literature [3].Electricalorductivity studies on complexes reported [4-5].The
semiconducting behaviour of polymeric ligand ants doordination polymer have been studied by etsdtr
conductivity measurement at different temperaty&satel have measured the electrical resistidty2,4-
dihydroxyacetophenone-urea-formaldehyde polymégand and its polychelates over a wide temperatange
[7].Coordination polymers of Cu(ll),Ni(ll) with ettene diaminetetrahalato and tetrathioazalatotatratiavane
were prepared and their electrical conductivity Ibasn studied [8-10].

Gurnuleet al have reported thermodynamic parameters and ordireahal stabilities of tercopolymers by using
TGA [11]. Aswaret al have reported the sequences of thermal stabilipolymeric chelates predicted on the basis
of decomposition temperatures and activation engray found to be Ni> Mn> Cu>Co>Zn. Whereas kinei
thermodynamic parameters were calculated from dimar®GA by the use of Sharp-Wentworth and Freeman-
Carroll methods [12]. The studies of the thermadrddation of terpolymer resins with chelates haseently
become a subject of interest. Zhao Haatgal. studied the thermal decomposition behaviour obsphorous
containing copolystar [13].Various researchers Haeen studied the various applications of terpolyrasins [14-
18]. Thermal study of various terpolymeric resieparted [19-22]. In our laboratory extensive reskaxork has
been carried out on synthesis, charectarisationtla@gnal degradation of p-hydroxybenzaldehyde, nedsol and
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formaldehyde [23].lon-exchange properties of p-bygacetophenone, hexamine and formaldehyde wetkestu
[24].

Thermal analysis of metal complexes @foximinoacetoacet-o/p-toluidine thiosemicarbazo@nOTTS and
OAPTTS) with Ni (1), Co (ll), Zn (II), Mn (ll), Cd(ll), Hg (1), and UQ (Il) studied [25]. Thermal degradation
kinetics and solid state, temperature dependastiradal conductivity of charge transfer complexpbenothiazine
with chloranil and picric acid were recorded [26]The thermal behaviour of pristine andrradiated CR-39
polymer (upto a maximum dose of 1800 kGy) has stedied using TGA [27]

The present communication deals with electricaldcmting behaviour and thermal degradation studyefly
synthesised terpolymer resin derived from p-nitei, melamine and formaldehyde. The Freeman-Carall
Sharp-Wentworth methods have been applied for tlon of kinetic parameters [28-30].Method for the
estimation of kinetic parameters from thermogarastein studies are generally based on the assumftainthe
Arrhenius equations valid with thermal and diffustoarriers are negligible.

MATERIALSAND METHODS
Experimental

All chemicals were AR grade or chemically pure graitrophenol, resorcinol and formaldehyde werecpred
from Sd fine, India. Triple distilled water was dger all the experiments.
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Scheme-Synthesis of PNPMF resin

Synthesis of p-nitr ophenol-melamine-for maldehyde ter polymer resin

A mixture of p-nitrophenol (0.1M), melamine (0.2Mhd formaldehyde (0.4M) was refluxed in presencé Mf
NaOH (150ml) in oil bath at 120-1%5 for six hours with intermittent shaking. The resis yellow coloured
product so obtained was repeatedly washed with disfilled water, dried in air and powdered. Thedarct was
washed with many times with hot water to removeecanted monomers. The air dried product was extiagtth
ether to remove p-nitrophenol-formaldehyde and méia-formaldehyde copolymer which might be produced
along with terpolymer. It was further purified byssblving in 8% NaOH solution, filtered and reppetEd by
gradual drop wise addition of 1:1 HCI with constand rapid stirring in order to avoid the lump fation. The
PNPMF resin so obtained was filtered, washed sévengs with hot distilled water. The yield of tedgmer
PNPMFwas found to be 78.54%. Following reaction scheras used to synthesize of PNPMF resin.
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RESULTSAND DISCUSSION

Electrical conductivity of PNPMF terpolymer resin

The DC conductivities of PNPMF terpolymer resin avestudied for temperature range 328-573K. The rétatt
conductivity as a function of temperature of thdypwer was studied. The electrical conductance dymeric
materials depends upon incalculable parameters asigiorosity, pressure, method of preparation amobsphere
[31-32].The powdered samples of PNPMF terpolymsimrevere palatalised by hydraulic press at presstide/Ib
inch? The surface of pallet were made conducting by yapg! graphite paste. The diameter and thickness was
measured using screw gauge. The solid state canityas function of temperature was recorded by fpvobe
method [33].

The plot of loge versus1l/T was found to be linear in the tempeeatange under study, which indicate that the
Wilson’s exponential lawg = 6° exp ‘5T was obeyed.

Where,

k=Boltzmann constant.

o =Electrical conductivity at temperature T.
¢°= Electrical conductivity at temperature-Fo.
Ea=Activation energy of conduction.

The energy of activation (Ea) of electrical conductof PNPMF terpolymer resin calculated from theps of the
plot. Electrical conductivity plot of PNPMF terpaher resin given in Fig 1.Electrical conductivitytdaf PNPMF
terpolymer resin shown in Table 1.
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Fig. 1 Electrical conductivity plot of [PNPMF]

Table 1 .Electrical conductivity data of PNPMF Terpolymer resin

Terpolvmer Resin Temperature | Activation energy | Activation energy | Electrical Conductivity
poly Range(K) (kJ mole™) (eV) x 102 6 x10°(Q cm)*
[PNPMF}, 328-573 3.484 13.10 0.1445-0.5407

Thermogar avemetric analysis of PNPM F ter polymer resin

Thermo gravimetric analysis (TGA) of PNPMF terpobmresin sample have been carried out by usingif®erk
Elmer Diamond TGA/DTA analyser at heating rate 6 per minute in argon environment up to 1W@sing
Platinum foil crucible at Dept. of Material Scien&NIT, Nagpur, Maharashtra.

Thermal analysis method is associated with a chamgeeight with respect to temperature. Heatingfqrened
under strictly controlled conditions and can revaanges in structure and other important propedighe material
being studies. In dynamic TGA the sample is subjtd conditions increase in temperature at linatar [34-35].
The Freeman-Carroll and Sharp-Wentworth methods baen employed for the calculation of kinetic paeters
of the newly synthesised PNPMF terpolymer resimaglp of dynamic TG curve [36-37]. In present wirkrmo
kinetic parameters were determined by using folfmainethods.
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A) Freeman-Carroll method: In this method following expression is used.

Alog(dw/dt):[_ Ea }( AQ/T) tn
AlogW, 2303R] AlogW,

Where,

dw/dt = rate of change of weight with time

Wr = Wc-W (difference between weight loss at cortipteof reaction, and at time t)
Wc = Weight loss at completion of reaction

W = Total weight loss up to time t

Ea = Energy of activation

n = Order of reaction

Alog dw / dt AL/T
vs — —
A log Wr A log Wr

can be determined, with the help of intercept oafeeaction (n) can be obtained.

The plot of gives a straight line, from slope, energy dfvation (Ea)

B) Sharp-Wentworth method: In this method following expression is used.

og daid) A Ea
1-a)" B 2303RT

log

Where,

do/dt = Fraction of weight loss with time
B = Linear heating rate

A = Frequency factor

a =Fraction of amount of reactant

da /dt 1
By plotting the graph between |o¢og ﬁ VS T_ we obtained the straight line which give energy of
-a
activation (Ea) from its slope and frequency fa¢fy can be evaluated from intercept. The changeniropy AS),
change in free energphG) can also be calculated by further calculations.

Thermogram of PNPMF terpolymer resin shown in fellog fig 2. The initial loss up to 18Q was due to loss of
water present in PNPMF terpolymer resin. The deamitipn of resin between 286 to 486C was studied. The
order of decomposition was found to be 3.13 asrdeted by Freeman-Caroll method, which was further
confirmed by Sharp-Wentworth method. FC method 8Wdmethod plots of PNPMF terpolymer resin are shiown
fig 3-4. Thermokinetic parameters of PNPMF terpadymesin are tabulated in Table 2.

99.83

1678
2625 100 200 300 400 500 600 700 00 300 101
Temperature (*C)

Fig-2. Thermogram of [PNPMF] ,
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Table.2 Thermokinetic parameters of PNPMF ter polymer resin
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PNPMF 286-486 81.28 79.21 -232.172 -230.164 230.8p7 AX27. 127.82 110.05 3.13
[ h

FC=Freemann-Carroll, SW= Sharp-Wentworth
CONCLUSION

From the results of temperature dependence ofrigleictonductivity of PNPMF terpolymer resin corsilons can
be drawn.

1) At 328 K, PNPMF terpolymer has an electricataactivity 0.1445x 16 (Q cm)™.

2) At 328K, activation energy value of PNPMF tegpoer resin was found to be 13.10 X316V (Table-1).

3) The plot of logs versus 1/T was found to be linear (fig.1) over2®8-373K range of temperature, indicating
semiconducting behaviour of terpolymer resin.

4) From TGA data of PNPMF terpolymer resin, thévation energy obtained by FC method is slightlghar than
that obtained by SW method. The values of actimatmergies, entropy, free energy and frequencyorfaat
degradation are determined by Freeman-Carroll &adpSWentworth methods are in good agreement. igyaunce
of straight line graph obtained in SW plot whencpld n=3.13 confirm the said order that was obtaine&C
method. The fractional order is attributed to ssliate degradation.
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