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ABSTRACT

Interpenetrating polymer networks were preparedrfrglycerol modified linseed oil, toluene-2,4-diigasate and
cardanol based dye monomer with 2-chloroanilinee €Rpected course of reaction and structural anslgésuch
polymers were investigated by FTIR spectroscopyermal stability along with exothermic and endothierm
behavior of the polymer degradation was studied thermogravimetric analysis (TGA), derivative
thermogravimetry (DTG) and differential thermal &ws (DTA). The isothermal Freeman-Anderson methad
used to calculate the order of the reaction (n) activation energy (Ea) of the degradation proc&dse effect of
variation of NCO/OH molar ratio and PU/CDM weigtdtio on the thermal stability was studied.
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INTRODUCTION

Polymeric products, the demand of which as it ipegienced has been increasing day by day, prepmresing
petrochemical raw materials may face problems tademuately available in a competitive market fammmercial
point of view as the cost of production of theséypwric products is increasing due to less supplpeairoleum
which is caused by the depletion of petroleum stdf, much stress has been imposed on synthesizng
monomers from agro-based renewable resources &rmpthduction of cost effective Interpenetrating yiradr
Networks. The work with interpenetrating polymertwnarks from renewable resources was initiated bgrigm
and co-workers [1-6].

A large number of articles have been publishechis field relating to the work with the bio-monoreeterived
from cardanol, a component obtained from the castmatwshell liquid (CNSL). This work involves thengeed oil
(local name Alasi Tela) which is obtained from Karaput District of Odisha, India. Linseed oil wasdified with
glycerol and the mixed ester polyol (MEP) so oladinvas allowed to react with toluene diisocyanatdifferent
NCO/OH molar ratios to give a series of polyuret&(PUs). Cardanol obtained from the cashew ndut l&dnad
was allowed for diazoreaction with 2-choloanilimecbnvert it into a number of new dye monomers (GpM-8].
The glycerol modified linseed oil polyurethanes evatlowed to react with these dye monomers in iffe weight
ratios in presence of Benzoyl Peroxide (BPO) wiicts as initiator and ethylene glycol dimethace/[@GDM) as
cross-linker to give a number of interpenetratiotymer networks (IPNs).

The IPNs have been characterized by Fourier Tramsiofrared Spectra and thermal analysis technidikes
Thermogravimetric Analysis (TGA), Derivative Thergravimetry (DTG) and Differential Thermal Analysis
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(DTA). The kinetic parameters such as order ofttea@nd activation energy were calculated by usimgFreeman
- Anderson method.

EXPERIMENTAL SECTION

Preparation of Cardanol

Cashew nut shell liquid (300 mL) was taken in angbbottomed flask fitted with a condenser and tlweneter. The

oil was vacuum distilled in the temperature ran§@30°C - 240C and 3-4 mm Hg pressure. The condenser was
cooled by circulating cold water. Anacardic acidcé@boxylic-3-pentadecadienyl phenol) is decarbated to
cardanol [9].

Preparation of Cardanol Based Dye M onomer (CDM)

6.37 g (0.05 mol) of 2-chloroaniline was dissohiedl3 mL of conc. hydrochloric acid and 10 mL oftera The
solution was cooled to 0°%&. An ice cold aqueous solution of sodium nitrifebout (0.05 mol) 3.45 g in 72 mL of
water was slowly added to it with constant stirrfog 3-4 min until a positive test for nitrous acids obtained. An
ice cold alkaline solution of 15 g (0.05 mol) ofdanol in 40 mL of 5% (w/v) NaOH solution was paged. The
ice cold diazonium salt solution was immediatelgled slowly with constant stirring to the cold alkel cardanol
solution. A brilliant red colored azo dye (CDM) waistained [10].

Preparation of Mixed Ester Polyol (M EP)

About 500 mL of linseed oil was taken in a 3-necKkxdk fitted with a thermometer, reflux condenserd

mechanical stirrer. The oil was heated to 250°86(h an inert nitrogen atmosphere. As the requiesdperature
was attained, 0.1575 g of PbO i.e 0.05% lithargk lasis) as catalyst and 80 mL of (1.5 times s$toimetric
quantity) of glycerol were added to the hot oil lwitonstant stirring. The temperature was maintaite?1¢’ C

until one volume of reaction mixture gave a clealution in one volume of methanol. The reaction tonig was
cooled and excess of glycerol was removed by thgilguwashing with 20% of acetone solution to obtaiixed

ester polyol. Then it was dried under vacuum &®Bfor 6 h.

Synthesis of Linseed Oil Based Polyur ethanes (PUs)

0.354 g of mixed ester polyol was allowed to reaith 0.208 g of toluene diisocyanate (TDI) to maintthe
NCO/OH molar ratio at 1.2. The reaction was cdroet in a small beaker at about°@5in methyl ethyl ketone
(MEK) with constant stirring for 45 min until asdous prepolymer of pale yellow color polyurethaaparated out.
In a similar way by taking 0.354 g of mixed estelypl was allowed to react with 0.278 g of toluatisocyanate to
maintain NCO/OH molar ratio at 1.6.

Synthesis of Interpenetrating Polymer Networks (1PNs)

The polyurethane (PU) and cardanol based dye mon@@iM) in different weight to weight ratios (35:650:50)
were separately taken in methyl ethyl ketone (MEKa reaction vessel in presence of the initiaBPQ) and the
crosslinker (EGDM). The mixture was constantlyrstir at room temperature by means of a magnetiesfor 15
min to get a homogeneous solution. Thereafter teéhgerature was increased to°@5with constant stirring for
about 1 h to get a viscous mass which was poutedaiglass mould and kept in an oven af@%or 24 h. The thin
film thus formed was cooled and removed from thaulsh@nd labeled for characterization. The feed ausitjpn
data of IPNs are furnished irable 1.

Table 1 Feed Composition Data of | PNs

Sample code Composition NCO/OH molar ratio  PU/CDivtatio
IPN-1 MEP+ TDI + CDM of 2-chloroaniling| 1.2 35:65
IPN-2 MEP + TDI + CDM of 2-chloroaniling 1.6 50:50
IPN-3 MEP + TDI + CDM of 2-chloroaniling 1.6 35:65

The probable schemes of reaction involved in theth®sis of interpenetrating polymer networks aneegiin
Schemes 1 and 2.
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RESULTSAND DISCUSSION
FTIR Spectra

The FT-IR spectra of the interpenetrating polymetworks were obtained using a Perkin Elmer FT-IR
Spectrophotometer, model paragon 1000. A small aiaiuthe finely powdered sample was mixed with @00
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times its weight of powdered potassium bromide (K&rd pressed into a small disc of about 1mm thidter FT-
IR spectra were analyzed by studying the interwitthe absorbance peaks and comparing with theasmectra.

FT-IR spectra of the IPNs are givenHigures 1-3.

The presence of component materials in the macexntds was confirmed by the study of FT-IR speofréhe
prepared samples. The characteristic absorption®f1 corresponding to N-H stretching of >NH gpoat
3285.65 crit, C-H stretchings (ss/as) of >@Hnd -CH groups at 2854.00 chand 2923.9 cih N=C stretching
of -N=C=0 group for the isocyanate terminating Pt @t 2361.54 ci, C=O stretching of urethane linkage at
1720.28 crit, N=N stretching of azo group at 1591.81¢nd-H bending of —OH group at 1373.15 tnC-O
bending at 1222.91 chout of plane C-H bending at 818.38 tmnd out of plane O-H bending at 755.71"cm

were observedHigure 1).
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Figurel FTIR of IPN-1

The characteristic absorptions of IPN-2 correspogdd N-H stretching of >NH group at 3293.36 Gnt-H
stretchings (ss/as) of >Gldnd -CH groups at 2862.74 cmand 2967.52 cih N=C stretching of -N=C=0 group
for the isocyanate terminating PU unit at 2362.65',cC=0 stretching of urethane linkage at 1725.72",cNeN
stretching of azo group at 1597.69tmD-H bending of —OH group at 1372.44tn€-O bending at 1224.81 &m
out of plane C-H bending at 812.62 tand out of plane O-H bending at 760.60"amere observedsigure 2).
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Figure2: FTIR of IPN-2

The characteristic absorptions of IPN-3 correspogmdd >N-H stretching of =NH group at 3306.42Gnt-H
stretchings (ss/as) of >Gtnd -CH groups at 2855.81 chand 2924.51 cih N=C stretching of -N=C=0 group
for the isocyanate terminating PU unit at 2361.#1',cC=0 stretching of urethane linkage at 1723.59",cNEN
stretching of azo group at 1593.53 tr-H bending of —OH group at 1372.50&nC-O bending at 1223.72 &in
out of plane C-H bending at 816.91 ¢nout of plane O-H bending at 754.40 tmere observedgure 3).
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Figure3: FTIR of IPN-3

Thermal Analysis

TGA, DTG and DTA measurements were carried out Beekin ElImer thermal Analyzer model PYRIS Diamond
USA. First 5.511 mg of IPN-1 with 5.0 mg of alumias reference material was scanned betwe8@ 50d 650°C

at a heating rate of &L / min in an inert nitrogen atmosphere, M0 mL/min) Figure 4). In a similar way IPN-2
and IPN-3 were scanned for thermogravimetric ama{flsGA), derivative thermogravimetry (DTG) andfdifential
thermal analysis DTAKigures5, 6).

TG Analysis

The thermogravimetric analysis of IPN-1, IPN-2 dRiN-3 was carried out at a heating rate ofCIfnin in the
nitrogen atmosphere. The samples have been analyitbdrespect to the following variations takingtan
consideration.

a.NCO/OH molar ratio b. PU/CDM weight ratio

The Table 2 exhibits the percent of the mass loss of the IPNRN-2 and IPN-3 at various temperatures calcdlate
from the TG curvesHigures 4-6). It is generally observed that the thermal decnsitipn of the tested samples is a
three step process. All the IPNs under presentystne thermally stable upto 190 with 0.39% (IPN-1), 0.24%
(IPN-2) and 0.57% (IPN-3) of weight losses dueosslof moisture retained in the samples.

a. In the temperature range of 180 - 200°C only 3.35% (IPN-1), 2.67% (IPN-2) and 4.14 % (FBNof weight
losses were observed due to evaporation of solvei¢cules, elimination of smaller groups and othelatile
materials, if any.

b. Significant weight losses of about 42.37% (IPN-43,63% (IPN-2) and 33.90% (IPN-3) were indicatedhe
temperature range of 36 - 500°C which may be attributed to the decompositionb@nzene ring as already
known that the scission of main bonds in benzermirscin the range of 400C to 450°C along with main
functional groups such as -OH, >NH and >C=0 et also due to partial decomposition of crosslinkimngth
EGDM between PU and CDM units.

c. Finally, weight losses of 25.52%, 23.49% and 1%l1fr IPN-1, IPN-2 and IPN-3 respectively in the
temperature range o#00°C - 600°C were observed which is due to the complete deositipn of crosslinkings
with EGDM between PU unit and CDM unit leading éparation of two monomer units.

Comparing the thermal stability of IPN-1 with tha&tIPN-3 (Table 2) it is observed that IPN-1 is thermally more
stable than IPN-3 upto 468G or something more at which major decompositidesaplace. The enhanced thermal
stability of IPN-1 having the same PU/CDM weightigaas that of IPN-3 but with the smaller valueNEO/OH
molar ratio is due to the increase in oil componainthe PU unit in the IPN-1 leading to the grealegree of
crosslinkings.

Comparing the thermal stability of IPN-2 with thedtIPN-3, it is observed that IPN-2 is thermally maatable than
IPN-3 upto 408C or something more at which major decompositideesaplace. The enhanced thermal stability of
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IPN-2 having the same NCO/OH molar ratio as thdPdf-3 but with greater value of PU/CDM weightioas due
to the increased amount of the PU content in thel&ading to the greater degree of crosslinkingh@lPN-2.

Table 2 Percentage of Mass L oss of IPNs at Various Temperatures (°C)

Samples / TemfC) 100 | 200 300[ 400] 509 604
IPN-1 0.39| 3.35| 42.23 61.68 84.60 87.20
IPN-2 0.24| 2.67] 37.79 59.1y 80.42 82.66
IPN-3 0.57| 0.14| 45.07/ 62.33 78.97 81.49
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Figure4: TGA/DTG/DTA of IPN-1
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Figure5: TGA/DTG/DTA of IPN-2
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Figure6: TGA/DTG/DTA of IPN-3

Comparing the thermal stability of IPN-1 with thaftIPN-3 it is observed that IPN-1 is thermally matable than
IPN-3 upto 40°C and thereafter there is no noticeable changhdrpercentage of thermal decomposition of the
above two IPNs. The enhanced thermal stabilityP-IL having the same PU/CDM weight ratio as thatPdf-3

but with the smaller value of NCO/OH molar ratialise to the increase in oil content of the PU imihe IPN-1.

Comparing of thermal stability of IPN-2 with thaftIPN-3, it is observed that IPN-2 is thermallpma stable than
IPN-3 upto 400°C and thereafter there is no noticeable changkdrpercentage of thermal decomposition of the
above two IPNs. The enhanced thermal stabilityPd-R having the same NCO/OH molar ratio as thaPdF3 but
with greater value of PU/CDM weight ratio is duethe increased amount of the PU content leadirngaeased
crosslinkings in the IPN-2.

DTG Study
The DTG curvesKigures 4-6) show the rate of thermal decomposition in pg / riine Table-3 shows the peak
data of the thermograms of the IPNs.

a.The DTG curve for IPN-1 shows 2 peaks at 278G3and 446.01°C corresponding to the maximum
decomposition rates of 394.04 ug/min and 204.18njrgfespectively.

b.The DTG curve for IPN-2 shows 3 peaks at 27937374.81°C and 446.96C corresponding to the maximum
decomposition rates of 341.11 pug/min, 119.01 pghmich 197.12ug/min respectively.

c.The DTG curve for IPN-3 shows 2 peaks at 270°25 and 444.28°C corresponding to the maximum
decomposition rates 406.05 pg/min and 147.02ugresipectively.

It is observed that the IPN-1 and IPN-3 undergo $tap thermal degradation whereas the IPN-2 undsrgdhree
step thermal degradation with respect to rate obdgosition.

Table3 DTG Data of the IPNs

Sample codg NCO/OH molar rat °w2%ri?2/tli o Temperature rang®C) | Peaks jig/min) | TempC)
. 200-400 394.04 276.33

IPN-1 12 35:65 400-600 204.19 446.01
200-400 341.11 279.37

IPN-2 1.6 50:50 119.01 374.81
400-600 197.12 446/96

. 200-400 406.05 270.25

IPN-3 16 35:65 400-600 147.02 444.28

DTA Study

The differential thermal analysi§igures 4-6) was performed to give information regarding thethermic and
endothermic behavior of the reactions associatéld the thermal decomposition of the IPNs. The DTatadof the
IPNs are given i able-4.
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Table4 DTA Data of the IPNs

| PU/CDM DTA Peak PC) N
Sample codg NCO/OH molar ratloweight ratio Temperature ranget) Exo Endo % Decomposition
. 200-400 254.71| 284.71 58.33
IPN-1 1.2 35:65 400-600 554.71 | 454.18 25.52
. 200-400 242.20| 285.19 56.50
IPN-2 1.6 50:50 400-600 574.30 | 455.12 23.49
247.60
266.60
. 200-400 274.90 61.19
IPN-3 1.6 35:65 400-600 306.50| 25240 19.16
553.30 :

Calculation of Kinetic Parameters

The kinetic parameters of thermal decompositiort@ss such as energy of activation (Ea) and ordezawftion (n)

in the temperature ranges of from 200to 300°C and from 300°C to 450C were calculated from the
thermograms by the Freeman -Anderson me{Rkoglures7-8). The equation used for Freeman -Anderson method is

4 log [— Z—t) = ndlogw— (Ea/2.303R)A(1/T) where -dw/dt is the rate of decomposition (claitad

from DTG measurementsiy’ is the residual mass (calculated from TG measurtshahconstant difference in 1/T
(0.1x 1073, ‘n’ is the order of reaction and Ea is the egesfjactivation.

The order of a thermal degradation process of &rpenetrating polymer network gives an indicat@fnthe
complexity of the degradation process. The activatenergy of the thermal degradation process of an
interpenetrating polymer network gives an indicataf rate of thermal degradation process. The highdhe
activation energy, the slower is the rate of thérmegradation process and the higher is the stabilithe IPN. The
kinetic parameters of the IPN-1, IPN-2 and IPN-2egi in theTable-5 are almost in agreement with experimental
thermal datdTable-2).

Table5 Kinetic Parameter s of the Thermal Decomposition of I nter penetrating Polymer Networks

Sample codd Temperature rang€) | Ea/ kJ n
IPN-1 200-300 7793 | 2.78
300-450 42.70 | 5.15
200-300 7391 | 244
IPN-2 300-450 74.48 | 5.66
IPN-3 200-300 24.13 | 1.52
300-450 43.27 | 341

Freeman-Anderson plots for 200 - 300 °C
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Figure 7: Freeman-Ander son plots for 200-300°C
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Freeman-Anderson plots for 300 - 450 °C
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Figure 8: Freeman-Ander son plots for 300-450°C

CONCLUSION

Nowadays, there is a growing interest to producéecalgural waste and natural oil based biopolymeesticularly
after the shortage of petroleum based monomersseThelymers have many advantages compared withmgosy
prepared from petroleum based monomers and in roasgs are cheaper than petroleum polymers. Thentres
study is aimed at synthesizing cost effective, fimmdly and highly crosslinked polymers with enbad thermal
property from agro-based renewable resources fiwusasustainable industrial applications.
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