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ABSTRACT

The new biobased polymer blends were synthesined frolyurethanes (PUs) which are derived from glyice
modified linseed oil and diphenyl methane-4disocyante (DPMDI) and cardanol based dyes withirophenols.
The thermal stability of the polymer blends wasestigated by thermogavimetric analysis (TGA), thte rof
thermal degradation was determined by derivativerniogravimetry (DTG) and the exothermic and endotic
behavior of thermal degradation was ascertainedifferential thermal analysis (DTA). The expectesthanism
of the reaction and structure of the polymer blenquiepared were investigated by FTIR study. Thetkine
parameters such as activation energy and order ezfction of thermal degradation of polymer blendsewe
calculated by Freeman- Anderson’s method. Alscitpeificant effect of NCO/OH molar ratio of polytinanes and
the nature of aminophenols on the thermal stabdftpolymer blends were investigated.
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INTRODUCTION

Now a day the synthesis of new monomers from rebamesources is drawing considerable attentiopddymer
research community around the globe. Among theouaribio-monomers cardanol, a natural meta suleditut
phenol, obtained from cashew nut shell liquid (C\N8las chosen for the present study. In the recast, @ very
good number of research articles have been publishemodification of cardanol using the reactiwityhydroxy
phenyl group [1-6]. Now, the CNSL products, in patar cardanol based products are finding greiaigustrial,
pharmaceuticals and medicinal applications as welll]. However, the synthesis of polymer blendag€ardanol
based dyes which are expected to have better afiplis than the simple cardanol polymer blendsiy limited.

In the present work inter-penetrating polymer neksqIPNs) which are a new class of polymer bleindsetwork
form in which at least one component is polymeriaed/ or cross-linked in the immediate presencthefother
were prepared[12-14]. The prepolymers for the prestudy are polyurethanes with 1.6 and 1.2 NCOf@dlar
ratios from glycerol modified linseed oil with diphyl methane-4, '4diisocyante (DPMDI). The polymer blends
were prepared with the prepolymers (PUs) and caldaased dyes with 2-aminophenol and 4-aminophanol
constant 25:75 weight ratio in presence of benpeybxide (BPO) as initiator and ethylene glycol dihacrylate
(EGDM) as the cross-linker. The derivative thernasgmetry (DTG) curves were studied to know ratesthaf
thermal degradation of the polymer blends. Theediffitial thermal analysis (DTA) technique was used
determine the exothermic and endothermic behaviothermal degradation of polymer blends at various
temperature intervals and also to know whethemtioeesses are one step or two step processestrlictural
evaluation of the polymer blends thus prepared wasstigated by FTIR study and the expected schefribe
reaction is suggested. The Freeman- Anderson’sadethemployed to determine the kinetic paramedech as
activation energy and order of reaction of therdegradation of polymer blends. The significant effef NCO/OH
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molar ratio of polyurethanes and the nature of apiienols were observed on the thermal degradafipnlgmer
blends.
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Scheme 1: Shows reaction between linseed oil angiagrol to obtain glycerol modified linseed oil whih
produces PU with DPMDI

EXPERIMENTAL SECTION

2.1 Preparationof cardanol
About 300 mL of cashew nut shell liquid was takenai round bottomed flask fitted with a condensed an

thermometer. Then vacuum distillation was donehitemperature range of 230-2@0and 3-4 mm Hg pressure.
Cold water was circulated through the condenseracArdic acid (2-carboxylic -3- pentadecadienylptier®

decarboxylated to cardanol [15].

2.2 Preparation of Cardanol based Dye (CD)

21.8g (0.2mol) of 2-aminophenol was dissolved im32 (0.6 mol) of conc. hydrochloric acid and 20 wiwater.
The solution was cooled to 0%6.An ice cold aqueous solution of sodium nitrittabout (0.2mol) 14 g in 72 mL
of water was slowly added to it with constant sigrfor 3-4 min till a positive test for nitrousidovas obtained. An
ice cold alkaline solution of 60 g (0.2 mol) of danol in 160 mL of 5% (w/v) NaOH solution was preggh The ice
cold diazonium salt solution was immediately addéalvly with constant stirring to the cold alkalimardanol
solution. A brilliant red coloured azo dye (CD) wastained. Similarly cardanol based dye with 4-aphrenol was

also obtained [16].
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2.3 Preparation of Glycerol modified Linseed Oil (&)

Linseed oil was obtained from the local market @fitsern Orissa, India. About 175 mL of linseedtaken in a
three necked flask fitted with a thermometer, reftondenser and a mechanical stirrer was heat28@e260°C in
an inert nitrogen atmosphere .As this temperatamge was attained, 0.0784 g of PbO, i.e. 0.05%rligh (oil basis)
as catalyst and 40 mL (1.5 times stoichiometricngjtyg of glycerol were added to the hot oil witbrstant stirring.
The temperature was maintained at 2¢Quntil one volume of reaction mixture gave a clealution in one volume
of methanol. The reaction mixture was cooled areksx of glycerol was removed by thoroughly washiitg 20%
of acetone solution to obtain glycerol modifiecsked oil (GL) and thereafter it was dried undeuvac at 88C for
6 hr.

Hy,C——0—C—NH—(PU unit)

PU » g
CD(Dye Monomer)

MEK,BPO,EGDM 750C(1 hr stirring)

CH—0—C—(CH)7—CH— CH—CHZ—CH—EH—‘—(CHZ)A_CHs

H,C— 0—C—NH—(PUlunit)

H,C— o—ﬂ— ?—CH2

OH CHs
CH,
H,C— 0—C—C——CH,
0
C—HC——HC—H,C—CH—CH—CH,——CH—CH——(CHp)5 C%
N .
” ~<—— Dye Monomer Unit
N

OH

Polymer Blend of Cardanol based dye with 4-aminaphend Polyurethane of modified Linseed Oil witRMDI

Scheme 2 Expected Structure of IPN

Scheme 2: Shows the expected scheme of cross-limkbetween PU and Dye monomer (CD) in presence of
EGDM and BPO to obtain Polymer Blend (Interpenetraing polymer networks)

2.4 Synthesis of Polyurethanes (PUs)

1.416 g of glycerol modified linseed oil was allavi react with 2.4 g of diphenyl methane-4diisocyante to
maintain the NCO/OH molar ratio at 1.2.The reactizas carried out in a small beaker at abodiC4 methyl
ethyl ketone (MEK) as solvent with constant stigrifor 45 min until a viscous prepolymer of palelgei colour
(polyurethane) separated out. In the same way petlyane with NCO/OH molar ratio at 1.6 was alsgpred from
3.2 g of DPMDI and 1.416 g of glycerol modifieddeed oil.

2.5 Synthesis of Polymer Blends

The polyurethane (PU) and cardanol based dye mon(@i®) in 25:75 weight to weight ratio for both laéd 1.2
NCO/OH molar ratios separately was taken in MEKaimeaction vessel in presence of BPO and EGDM. The
mixture was constantly stirred at room temperabyreneans of a magnetic stirrer for 15 min to gabmogeneous
solution and thereafter the temperature was rais@®'C and stirring was continued for about 1hr to getsaous
mass which was poured into a glass mould and kephioven at 7& for 24 hr. The thin film thus formed was
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cooled and removed from the mould and labeled ¥atuation by FTIR study and thermal analysis (at @entral
Research Facility, Indian Institute of Technoloynaragpur, India) .The expected scheme of the imaecind the
structure of the polymer blends (IPNs) are giveisaneme 1 and Scheme 2 and the feed compositianofidihe
IPNs are furnished in Table 1.
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Figure 1: FTIR of IPN-1[GL+ DPMDI+CD of 2- amino phenol]
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Figure 2: FTIR of IPN-2[GL+ DPMDI+CD of 2- amino phenol]
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Figure 3: FTIR of IPN-3 [GL+ DPMDI+CD of 4- amino phenol]

3. Characterization and Methods:

3.1 FT-IR Spectra

The infrared spectra of the Polymer Blends (IPNsjenobtained using Perking Elmer FT-IR spectrometedel
paragon 1000.A small amount of the finely powdesadhple mixed with about 100 times its weight of deved
potassium bromide (KBr) and pressed into a smalt dif about 1mm thick was taken. Elmer FT-IR s@ectere
analyzed by studying the intensity of the transamite peaks and comparing with the control speeraR spectra
of the polymer blends (IPNs) are given in Figur&igure 2 and Figure 3 respectively.

3.2 Thermal Properties Analysis

Perkin Elmer Thermal Analyzer model PYRIS diamdh8A was used for TGA, DTG and DTA measurements.
6.506 mg of IPN-1 with 6.0 mg alumina as referewas scanned between®8Dand 656C at a heating rate of 10
Cel/min in an inert nitrogen atmosphere, MDOmML/min) given in Figure 4. In the similar wayN-2 and IPN-3
were scanned for thermo gravimetric analysis (TG#ferential thermogravimetry (DTG) and differeadtthermal
analysis (DTA) measurements given in Figure 5 agdre 6 respectively.

3.3 Kinetics of thermal degradation
In the present work the calculation of kinetic paegers was performed by an approach with the egtjwit of the
Freeman-Anderson method.

The equation used for the Freeman-Anderson methasd follows:

dw — E 1
A |09(‘W) = nA |Og W — mA(?)

Where -dw/dt is the rate of decomposition (cale@dafrom DTG measurements), w is the residual meesylated
from TG measurements) at constant difference in(@Q/Ix 10%, ‘n’ is the order of reaction andi& the energy of
activation. Freeman-Anderson plots, Figure 5andufféigs, for kinetic parameters in the temperatameges of

dw. —
200°C to 250°C and 318C to 440°C respectively were obtained by pIottiriglog(—a) against Alogw

corresponding to a constant difference in 1/T.
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RESULTS AND DISCUSSION

4.1 FT-IR Spectra analysis

The structural evaluation of the polymer blenddN@Pwere carried out by FTIR spectra to confirm phesence of
different functional groups and nature of linkage the polymers. The characteristic absorptionsiRi-1
corresponding to N-H stretching of >NH group at 382 cnt,C-H(ss/as) of >Chland —CH groups at 2849.40
cm® and 2931.80 cih N=C(stretching) of —-N=C=0 for isocyanate terminatify unit at 2375.16 ch C=0
(stretching ) of urethane linkage at 1729.89'@w=N(stretching) of azo group at 1598.25tr-H (bending) of —
OH group at 1311.63 cfand bending vibration of a chain of >CHroups at 754.99 chare observed(Fig. 1).
Similarly the characteristic absorptions of IPNezresponding to N-H stretching of >NH group at 38&lcni, C-
H(ss/as) of >Chland —CH groups at 2843.18 ¢hrand 2931.80 cth N=C (stretching) of —-N=C=0 for isocyanate
terminating PU unit at 2375.16 &mC=0 (stretching ) of urethane linkage at 172&6i#, N=N(stretching) of azo
group at 1593.06 cm O-H (bending) of —OH group at 1317.85tmnd bending vibration of a chain of >gH
groups at 761.21 chare observed(Fig. 2). Finally the characteristiscaptions of IPN-3 corresponding to N-H
stretching of >NH group at 3378.05 ¢nC-H(ss/as) of >Ckland —CH groups at 2849.40 ¢hand 2931.80 cih
N=C (stretching) of -N=C=0 for isocyanate terminatyg unit at 2375.16 c) C=0 (stretching ) of urethane
linkage at 1720.57 ¢ N=N(stretching) of azo group at 1524.65%¢r®-H (bending) of —OH group at 1311.63cm
Yand bending vibration of a chain of >Croups at 747.22 cfrare observed(Fig. 3).The resembles of the peaks
of the both the IPNs is because of their similagraltal structures though of different NCO/OH ratios

4.2 Analysis of Thermal Degradation

Table 1 shows the data of the thermal degradafidineopolymer blends (IPNs) at various temperaintervals for
the various decomposition processes involved in dbgradation. The IPNs as expected exhibit highnibe
stability up to 150C with 0.7 % weight loss for IPN-1, 0.3 % weighss$dfor IPN-2 and 0.6 % weight loss for IPN-
3. Only 9.8%, 5.5% and 14.9% of weight losses RiX41, IPN-2 and IPN-3 respectively in the rangd 50 °C to
250 °C which may be due to evaporation of solvent artknovolatile matters are observed. The thermallresu
clearly shows that in the range of 1%Dto 250°C the IPN-3 is almost 50% less thermal stable thariPN-1 and
170% less thermal stable than IPN-2 which indithée in this temperature range IPN-2 exhibits veigh thermal
stability than the other two. Hence it may be codel that the polymer blends (IPNs) with 4-aminaghdased
dye is about 50% less thermal stable than the pariyotends ( IPNs) with 2-aminophenol based dydérange of
150°C to 250°C. Significant 61.7% (IPN-1), 60.7% (IPN-2) and @&(IPN-3) weight losses were recorded in the
temperature range of 25C - 450°C which can be attributed to the decompositiorb@fizene ring as already
known that the breakage of main bonds in benzewearsdn the range of 40C- 450°C [17] along with main
functional groups such as —OH, >NH, >C=0 etc. dnd to partial decomposition of cross linking WiEGDM
between PU unit and CD monomer unit. But in thegeaof 250C - 450°C , IPN-3 prepared from 4-aminophenol is
found to be around 20% thermally more stable thherawo IPNs prepared from 2-aminophenol. Findlly,6 %(
IPN-1) ,17 % ( IPN-2) and 19.5% (IPN-3) of weighs$es were recorded in the range of Z5@0 600°C which
may be attributed to complete decomposition oslinkings with EGDM between PU unit and CD mononneit
i.e., separation of two monomer units. Howeverrdseilts show that in the range of 48Dto 600°C IPN-3 is 43%
and 12.8% less thermally stable than IPN-1 and 2R#spectively. Hence it can be inferred that thigrmper blends
prepared from 2-aminophenol are about 43% morarihkly stable than those blends from 4-aminophendhée
temperature range of 250 - 450°C. On the whole all the polymer blends in the pnéséudy are thermally stable,
but the thermal degradation in a particular ranigeemperature is comparatively higher in IPN-1 thiaat in IPN-2
with constant PU/CD weight ratio and different N©® molar ratios. It may be concluded from this sttiiat the
polymer blends (IPNs) with less NCO/OH molar rasomore thermally stable than those with more NG&®/O
molar ratio in the polyurethanes of the prepolynkenther it is also observed that the polymer bldadved from
4-aminophenol dye is thermally more stable thatdieaived from 2-aminophenol dye.

Table 1: Feed Composition Data of Polymer Blendsnd Percentage of Thermal Degradation of the IPNsta
various Temperatures

NCO/OH | PU/CD %of weight loss at Temperatur€C/

Sample Code Composition (molar (wt. 150 250 350 450 550 600
ratio) ratio)

IPN-1 GL+ DPMDI+CD of 16 25:75 0.7 105| 552 722 858 858
2- aminophenol

IPN-2 GL+ DPMDI+CD of 1.2 2575 03 5.8 356 665 827 835
2- aminophenol

GL+ DPMDI+CD of . L
4- aminophenol 1.6 25:75 0.6 155 43.2 66.1 84.9 85.6

IPN-3
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Figure 5: TGA/DTG/DTA of IPN-2
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Figure 6: TGA/DTG/DTA of IPN-3

The derivative thermo gravimetric curves show thge rof thermal decomposition (ug/min) with respazt
temperature. The DTG curve for IPN-1 (Fig.4) shows peaks at 299.2Z and 448.8%C corresponding to rates of
decomposition 277.08 pg/min and 224.08 pg/min respay .Similarly the DTG curve for IPN-2 (Fig.5hows
two peaks at 322.98 and 450.4% corresponding to rates of decomposition 221.04njrgand 281.27 pg/min
respectively. Finally the DTG curve of IPN-3 (Fig$hows peaks at 285%Dand 458.7%C corresponding to rates
of decomposition 220.21 pg/min and 342.77 pg/mapeetively. Among the polymer blends the polymethvd-
aminophenol shows the highest rate of decompositionnd 45fC.

Differential thermal analysis was implemented irrgomitrogen atmosphere. Figure 4 shows the recoRIEA
curve of the polymer blend, IPN-1, and it suggests corroborates that the thermal degradation psoicenitrogen
can be described as two step reaction with an erwib peak at 393.8C and an endothermic peak at
482.78C.Similarly the Figure 5 shows the DTA curve of H2Nwith an exothermic peak at 368°00and
endothermic peak at 525 %3describing that the thermal degradation hereialsotwo step reaction. But the DTA
curve of IPN-3(Figure 6) clearly shows the therghedradation process is a three step reaction withexothermic
peaks at 416.8C and 607.2%C and one endothermic peak at 514@2From these DTA curves it is clear that all
the polymer blends show the similar thermal behab&iween 18t to 318C but in the range of 360 to 435C
only IPN-2 and IPN-3 exhibit the same behavior.sTiiay be explained by drawing a base line betw&éfCland
315°C ,and 308C and 438C and the enthalpies\Kl) of the thermal degradation process were caledléiom the
area under the DTA curves for the above temperaturges. The enthalpies were found to be -18.7 <B8.6 J/g
and -22.9J/g for the IPN-1,IPN-2 and IPN-3 in temperature range of 143 to 300C, 18°C to 31fC and
221°C to 315C respectively. The similar enthalpies were obs#fee the IPN-2 and IPN-3 i.e. -27.2 J/g and -33.0
J/g in the range of 380 to 438C, however, IPN-1 showed -87.2 J/g which is ab@&uffg more than IPN-2 and 50
J/g more than PN-3 in the same temperature rarljtheithree polymer blends showed similar therbetlavior up
to 50(§C, but above 50 the polymer blend from 4-aminophnol showed thseep reaction with a peak at
607.23C.
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4.5 Kinetic Parameters for the thermal degradation

The thermal degradation of polymers is a complecess. So it becomes very difficult to obtain thaat kinetic
parameters of each reaction involved in the decaitipa process of the polymer blends because of the
complexities in identifying the temperature intdsvaf the individual reactions due to superpositaindifferent
stages of reaction and the shift in temperaturethefmal effects on DTA curve [18].But such kingparameter
calculations help to a greater extent in undeditenthe complexities involved in the thermal detgtion of
polymers. Thermo gravimetric analysis (TGA) is wjdesed for the determination of the kinetic partare of
polymer degradation. Table 2 shows the kinetic ipatar data such as activation energy and ordesasdtion for

the various decomposition reactions taking placehim thermal degradation of the polymer blends aious
temperature ranges using the Freeman-Andersonisagin

The Freeman-Anderson plots, Figure7and Figure &, Konetic parameters were obtained by
_ dw. _ — _ _ : .

plotting Alog(—a) against Alogw corresponding to a constant difference in 1i the

temperature range of 2t to 250°C and 318C to 440°C.
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Figure 7: Freeman-Anderson's Plot of the Polymer Binds in the temperature range of 200-36Q
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Figure 8: Freeman-Anderson's Plot of the Polymer Binds in the temperature range of 315-450 deg. cel.

Table 2: Kinetic Parameters of Thermal decompositin of Polymer Blends by Freeman-Anderson Method

Polymer Temperature 1
Blends Range/°C Ea (k) mol’) | n
200-230 43.88 2.7
230-250 50.63 0.9
IPN-1 250-300 7763 | 58
400-450 202.52 6.4
200-230 64.13 2.8
230-250 74.26 6.3
IPN-2 250-300 87.76 8.5
400-450 189.02 6.1
200-230 -32.06 11
230-250 194.09 0.1
IPN-3 250-300 8438 | -05
400-450 57.38 0.3

Table 2 shows the activation energieg) @hd order of the reactions (n) of the thermal deatian of the polymer
blends at various temperature ranges. The kinatiarpeters also agree with the thermal analysistdatahe IPN-2
with NCO/OH molar ratio at 1.2 is thermally moralde than the IPN-1and the IPN-3 with NCO/OH maétio at
1.6. The average activation energy betweerf@@mhd 456C was found to be 93.67, 103.79, 75.95 for the ipely
blends IPN-1 ,IPN-2 and IPN-3 having 3.9, 5.9 dmlas average order of the reactions respectivetymfhe
data it may be inferred that IPN-2 is thermally matable than the other two IPNs. The Freeman —#ode
method also predicts that the IPN-2 is more crivdsedt than the other two IPNs.The nonlinearity loé tplots
between 300-400C in Figure 8 predicts the complex reactions inediin the thermal degradations of the
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blends.Overall, the Freeman-Anderson approachusddo be in good agreement with the experimehiimal
data with little deviations.

CONCLUSION

Of late, polymers from natural renewable resoudresexpected to play remarkable roles as far asoczmuental

and energetical concerns are taken into accountio@&ly biopolymers derived from sustainable resesrlike
natural oils and the cashew nut shell liquid havanyn advantages over the polymers synthesized from
petrochemicals. The major conclusion from this gtigl that polymer blends prepared from glycerol ified
linseed oil based polyurethane and cardanol bagecack highly cross-linked with high thermal stapiand the
rate of decomposition of polymer blends dependsnuf@€O/OH molar ratios and the nature of the dye by
considering the suitable composition of the polyrhéands it is now possible to design materials $pecific
purposes.
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