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ABSTRACT

Agro based raw materials such as glycerol modifieseed oil polyurethanes and cardanol based dyexe used

to synthesize Interpenetrating Polymer NetworkshShiopolymers prepared using benzoyl peroxidenggior
and ethylene glycol dimethacrylate as cross-linked not studied extensively were characterized B\RFstudy
and various thermal techniques such as TGA,DTGRNA. The kinetic parameters such as activation gnéEa)
and order (n) of reaction were calculated by usthg Freeman- Anderson method. In addition to tliecefof
change in PU/CD weight ratio and NCO/OH molar ratid polyurethane, the effect of change in nature of
diisocyanate (DI) and cardanol based dye monom&) (@ thermal properties of such polymers was atsalied.

Keywords: Cardanol; cardanol based dyes; glycerol modifieddéed oil; polyurethanes, interpenetrating polymer
networks.

INTRODUCTION

Now a days conventional methods of using petroleam materials may not be the suitable methods Her t
synthesis of polymeric materials. Scientists areried about the fact that by 2050 AD petroleumlitséll be a
rare commodity and also it is not a renewable nesouMoreover, primary petrochemicals are very prom
oxidation to produce carbon dioxide, the main greeunse gas responsible for global warming. Soirt éut an
alternative, renewable resources for the productibrrost effective interpenetrating polymer networkre the
urgent need of the hour. The work with interpentatgapolymer networks from renewable resources indsted
by Sperling and co-workers [1-6].

The present study aims at utilizing agro basedweabt resources to prepare cost effective andivelateco-
friendly polymers for specific uses. A good numbgatrticles have been published recently on cardgn— 8] but
the research on polymers using cardanol based dy@mmers (CDs) and modified linseed oil based pelthanes
(PUs) is very limited.

Linseed Oil (LO) was modified with glycerol and tkycerol modified linseed oil (GL) so obtained vad®wed to
react with diisocyanates such as hexamethyleneayigate (HMDI) and toluene diisocyanate (TDIdifferent
NCO/OH molar ratios to give a series of polyurettsm(PUs). Cardanol, a monomer, was obtained frencdashew
nut shell liquid [9]. It was allowed for diazoregat with aromatic amino compounds to convert ibiatnumber of
new dye monomers (CDs) [10]. The glycerol modifieseed oil polyurethanes were allowed to reachulitese
dye monomers in different weight ratios in preseat®enzoyl Peroxide (BPO) as initiator and ethglagiycol
dimethacrylate (EGDM) as cross-linker to give a bemof interpenetrating polymer networks (IPNs),exwotic
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class of biopolymers in network forms in which tedanol based dye monomer is polymerized and -tirdesd
with the linear prepolymer polyurethane [11].

The IPNs have been characterized by Fourier Tramsfafrared (FTIR) spectra and thermal analysisitégues
such as Thermogravimetric Analysis (TGA), Derivatiihermogravimetry (DTG) and Differential Thermal
Analysis (DTA). The kinetic parameters such as oafgeaction (n) and activation energy (Ea) weakculated by
using Freeman — Anderson’s method [12]. With redgarthermal stability, the kinetic constants arerfd in good
agreement with the results obtained from the stidgxperimental thermal data for the IPNs with eliént feed
compositions [13] but constant parameters i.e. NOBI molar ratios or PU/CD weight ratios. The effeé
variation in nature of diisocyanate and dye monoomethermal properties of polymers was also studied

EXPERIMENTAL SECTION

Preparation of Cardanol Based Dye Monomer (CD)

7.20 g (0.05 mol) of 2-amino-4-chlorophenol wassdiged in 13 mL of conc. hydrochloric acid and 10 of
water. The solution was cooled to 85 An ice cold aqueous solution of sodium nitrifeabout (0.05 mol) 3.45 g
in 72 mL of water was slowly added to it with cardtstirring for 3-4 min until a positive test foitrous acid was
obtained. An ice cold alkaline solution of 15 g0® mol) of cardanol isolated from vacuum distiltetiof Cashew
Nut Shell Liquid (CNSL) in 40 mL of 5% (w/v) NaOsblution was prepared. The ice cold diazoniumssalition
was immediately added slowly with constant stirringhe cold alkaline cardanol solution. A brilltaned colored
azo dye (CD) was obtained. Similarly 6.37g (0.09)nod 2-chloroaniline was taken and the same prooedvas
followed to prepare another brilliant red coloueeb dye.

Preparation of Glycerol Modified Linseed Oil (GL)

About 350 mL of linseed oil obtained from local iketr of Southern Odisha was taken in a three-nefiksH fitted
with a thermometer, reflux condenser and a mechaastirrer. The oil was heated to 250-260in an inert nitrogen
atmosphere. As the required temperature range Wsned, 0.1575 g of PbO i.e., 0.05% litharge baibis) as
catalyst and 80 mL of (1.5 times stoichiometricmfitg) of glycerol were added to the hot oil witbrstant stirring.
The temperature was maintained at 2CQuntil 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 modifiedsked Oil and thereafter it was dried under vacut@03C for
about 6 h.

Synthesis of Linseed Oil Based Polyurethane (PU)

0.354 g of glycerol modified linseed Oil was allau® react with 0.278 g of toluene diisocyanate IftD maintain
the NCO/OH molar ratio at 1.6. The reaction wasiedrout in a small beaker at abouf@5n methyl ethyl ketone
(MEK) with constant stirring for 45 min until a @sus prepolymer of pale yellow color polyurethaapagated out.
In a similar way 0.354 g of glycerol modified lirsk oil was allowed to react with 0.201 g and 0.268&f
hexamethylene diisocyanate to maintain NCO/OH meltos at 1.2 and 1.6 respectively. .

Synthesis of Interpenetrating Polymer Network (IPN)

The polyurethane (PU) and cardanol based dye mon¢(@ig) in different weight to weight ratios (35:650:50)
were separately taken in methyl ethyl ketone (MEK) reaction vessel in presence of BPO and EGDMe T
mixture was constantly stirred at room temperabyreneans of a magnetic stirrer for 15 min to gabmogeneous
solution. Thereafter, the temperature was incress@8°C with constant stirring for about 1 h to get aceiss mass
which was poured into a glass mould and kept iman at 75°C for 24 h. The thin film thus formed was cooled
and removed from the mould and labeled for charizetiton at the central research facility, IIT, Kagpur, India.
The feed composition data of IPNs are furnisheth@Table 1.

TABLE — 1 FEED COMPOSITION DATA OF IPNs

Sample Code Composition NCO/OH molar Ratio| PU/CD Wght Ratio
IPN-1 GL+TDI+CD of 2-chloroaniline 1.6 35:65
IPN-2 GL+HMDI+CD of 2-chloroaniline 1.2 35:65
IPN-3 GL+HMDI+CD of 2-chloroaniline 1.6 50:50
IPN-4 GL+HMDI+CD of 2-chloroaniline 1.6 35:65
IPN-5 GL+HMDI+CD of 2-amino- 4 — chlorophenol 1.6 5365

The probable schemes of reaction involved in theth®sis of interpenetrating polymer networks aneegiin
Schemes 1 and.2
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Scheme 2 : Expected Structure of IPN

RESULTS AND DISCUSSION

FT-IR Spectra
The FT-IR spectra of the interpenetrating polymetworks were obtained using a Perkin Elmer FT-IR

Spectrophotometer, model paragon 1000. A small atnaiuthe finely powdered sample was mixed with @0
times its weight of powdered potassium bromide (K&rd pressed into a small disc of about 1mm thidter FT-
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IR spectra were analyzed by studying the interwitthe absorbance peaks and comparing with theasmectra.
FT-IR spectra of the IPNs were found to be idehticgven inFigure 1 for the PIN-2.
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Figure 1 : FTIR OF IPN-2

The presence of component materials in the macexutds was confirmed by the study of FT-IR speofréhe
prepared samples. The characteristic absorption®fl corresponding to N-H stretching of >NH gpoat
3306.42 crit, C-H stretchings (ss/as) of >ghind -CH groups at 2855.81 ctrand 2924.01 cth N=C stretching
of -N=C=0 group for the isocyanate terminating Pt @t 2361.71 ci, C=O stretching of urethane linkage at
1723.59 crit, N=N stretching of azo group at 1593.53cn®-H bending of —OH group at 1372.50 tnC-O
bending at 1223.72 c¢hout of plane C-H bending at 816.91 tmnd out of plane O-H bending at 754.40"cm
were observed.

The characteristic absorptions of IPN-2 correspogdd N-H stretching of >NH group at 3291.87 %nt-H
stretchings (ss/as) of >Gldnd -CH groups at 2861.90 chand 2968.00 city C=0 stretching of urethane linkage
at 1725.88 cm, O-H bending of —OH group at 1372.33 §nC-O bending at 1225.12 émout of plane C-H
bending at 812.62 cfnand out of plane O-H bending at 760.60"amere observe@Figure 1).

The characteristic absorptions of IPN-3 correspogdd >N-H stretching of =NH group at 3293.49tnC-H
stretchings (ss/as) of >GHnd -CH groups at 2865.77 chand 2968.62 cih C=0 stretching of urethane linkage
at 1726.38 cm, N=N stretching of azo group at 1593.53%m-H bending of —OH group at 1372.38 &nC-O
bending at 1224.90 ch out of plane C-H bending at 817.03 &nout of plane O-H bending at 759.18 tmere
observed.

Similar peak values are obtained for the IPN —d I8N — 5. Such IPNs are structurally identical.

Thermal Analysis

Perkin ElImer Thermal Analyzer model PYRIS diamon8AUwas used for TGA, DTG and DTA measurements.
The samples were scanned for TGA, DTG and DTA betm&C and 656C at a heating rate of 40 /min in an
inert nitrogen atmosphere {400 ml/min) Figures 2-9.

TG Analysis

The thermogravimetric analysis of IPN-1, IPN-2, BNIPN-4 and IPN-5 was carried out at a heating od 16C /
min in the nitrogen atmosphere. The samples haga hralyzed with respect to the following variatidgaking into
consideration.

a.NCO/OH molar ratio b. Nature of diisocyanate (DI)
c. Nature of Dye monomer unit (CD) d. PU/CD weigitio

The Table 2 exhibits the percentage of the mass loss of IPNPN-2, IPN-3,IPN-4 and IPN-5 at various
temperatures calculated from TG curvEgy(res 2-6§.The IPNs as expected, are thermally stable up@CLwith
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1.14%,0.78%,0.76%,1.00% and 1.00% of weight logmetPN -1, IPN- 2, IPN -3, IPN -4 and IPN -5 respeely
due to loss of moisture retained in the samplessMi@sses increase slowly and occur in three steps.

i) In the temperature range of 80—250C the weight losses are 16.71%, 3.02%, 5.21%, 6.46669.65% for
IPN -1, IPN -2, IPN -3, IPN -4 and IPN -5 respeetivwhich may be due to evaporation of solvent atiter
volatile matters, if any.

i) Significant weight losses i.e about 53.02%, 70.66%07%, 68.27% and 48.25% for IPN -1, IPN -2, BNIPN

-4 and IPN -5 respectively occur in the temperamaege of 258C -450C, which can be attributed to the
decomposition of the benzene ring along with mamcfional groups such as —OH,>NH and >C=0 etc &suldue
to partial decomposition of cross linkings with Ebetween PU and CD units.

iii) Finally in the temperature range of 460-600C the weight losses of 9.62%, 16.95%, 16.66%, £6.74
and 16.02% for the IPN- 1, IPN- 2, IPN- 3, IPN-rddPN- 5 respectively may be due to complete dgamition

of the cross linkings with EGDM between PU unit &1 monomer unit i.e separation of two monomeraunit
a)Comparing the thermal stability of IPN 2 with tldtiPN 4 (Table 2) it is observed that IPN- 2 is thermally more
stable than IPN- 4.The enhanced stability of IPMafing same PU/CD weight ratio as that of IPN-u#t\eith less
value of NCO/OH molar ratio is due to the increaseil content of the PU unit in the IPN- 2.The riease in oil
content of the PU component results in greaterturséion leading to enhanced degree of crosslirking

TABLE — 2 Percentage of Mass Loss of IPNs at VariaiTemperature fC)

Samp('(?cs)/ Templ 100 | 150| 200| 250 300 350 40 45D 500 550 600
IPN-1 056| 1.14| 408 1786 4492 5441 6156 70.8/8.01| 79.48] 80.4
IPN-2 032| 0.78] 130 380 1393 2981 44004 74.4®.9®8| 90.84| 91.41
IPN-3 035| 0.76] 1.70 597 1859 33.81 4742 75.049.88| 90.88] 91.70
IPN-4 035| 1.00] 2.84 7.158 19.02 3583 4978 75.4D.2D| 91.25| 92.16
IPN-5 0.64| 1.00] 2.14 1066 2693 39./6 5548 58.90.13 | 73.09] 74.92
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Figure 2: TGA/DTG/DTA of IPN-1
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Figure 3: TGA/DTG/DTA of IPN-2
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Figure 4 : TGA/DTG/DTA of IPN-3
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Figure 5 : TGA/DTG/DTA of IPN-4
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Figure 6 : TGA/DTG/DTA of IPN-5

b)The effect of nature of diisocyanate componenh&IPNs on the thermal stability is observed in{RBnd IPN-
4.The thermal data of IPN- 1 (TDI) and IPN-4(HMCOa&) constant NCO/OH molar ratio at 1.6 and consRliCD
weight ratio at 35:65 for the same 2-chloroanilbmenponent show that IPN-4 is thermally more stalbdan IPN-1
upto 400C. So, IPNs with aliphatic diisocyanate like HMDrieathermally more stable than IPNs with aromatic
diisocyanate like TDI. However, at the still highemperatures IPN-1 is thermally more stable tHaN-4, i.e.,
IPNs with aromatic diisocyanates are more stabdm ttine IPNs with aliphatic diisocyanates may be tu¢he
presence of benzene ring.

c)The effect of nature of cardanol based dye (CD)pmamant present in the IPNs on the thermal stahility also
be observed in the IPN-4 and IPN-5.The thermal dat®N-4 and IPN-5 with constant NCO/OH molar oadt 1.6
and constant PU/CD weight ratio at 35:65 and fogieen diisocyanate (HMDI) show that IPN-4 with 2-
choloroaniline is more stable than IPN-5 with 2-am#-chlorophenol upto 380. However, at the still higher
temperature the IPN-5 is thermally more stable thenPN-4.
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d)The thermal data of IPN-3 and IPN-4 with consta@MOH molar ratio at 1.6 and varing PU/CD weightaa
show that IPN-3 with PU/CD weight ratio at 50:50nere stable than IPN-4 with PU/CD weight ratid88t65.The
enhanced stability of IPN-3 with greater value &ff@€D weight ratio is due to increased amount ofRhecontent
leading to increased degree of crosslinkings irl 3.

DTG Study
The DTG curvesKigures 2-§ show the rate of thermal decomposition in g/riihe Table-3 shows the peak data
of the thermograms of the IPNs.

TABLE — 3 DTG Data of the IPNs

Peaks

Sample Code| NCO/OH Molar ratio | PU/CD Weight Ratio | Temperature Range {C) (mg/min) Temp. C)
PN-L 16 35 - 65 351~ 5% 1262 | a%67
ww | mm el
PN-3 16 5050 351 - 550 S5 | 4420
N4 16 35 - 65 351 - 5% s966 | 4410
IPN-5 16 35:65 S Lo 4448

a) The DTG curve of IPN-1 shows two peaks at 26%C1@nd 436.7%C corresponding to maximum rates of
decomposition 389.7 mg/min and 126.2 mg/min respelgt
b) The DTG curve of IPN-2 shows two peaks of 3%0.5and 4428 corresponding to maximum rates of
decomposition 163.8 mg/min and 501.3 mg/min respeigt
c) The DTG curve of IPN-3 shows two peaks at %®l3and 442C corresponding to maximum rates of
decomposition 158.5 mg/min and 535.8 mg/min respeigt
d) The DTG curve of IPN-4 shows two peaks at %®lland 41iC corresponding to maximum rates of
decomposition 192.6 mg/min and 596.6 mg/min respeigt
e) The DTG curve of IPN-5 shows two peaks at 2%Z.@ind 448.8C corresponding to maximum rates of
decomposition 188.8 mg/min and 192.6 mg/min respelgt

It is observed that IPN-1 to IPN-5 undergo two stdpermal degradation with respect to rate of deumition.

DTA study
Exothermic and endothermic behaviour of the reastiassociated with the thermal decomposition castiied
from differential thermal analysigigure 2-6).The DTA data of IPNs are given Trable-4.

TABLE — 4 DTA Data of the IPNs

Sample Code| NCO/OH Molar ratio | PU/CD Weight Ratio | Temperature Range {C) E)?(;FA Pe;:do
IPN-1 16 35:65 o 308921 a79.99
IPN-2 12 35:65 o 59693 461.50

571.94
IPN-3 16 50 : 50 e 5500 | 461.24
IPN-4 16 35:65 ey 21200 | 440,82
IPN-5 16 35:65 0 224291 462.63

Calculation of kinetic Parameters

The kinetic parameters of thermal decompositiorc@se such as energy of activation (Ea) and ordezaaftion(n)

in the temperature range from £60-300C and from 308C -450C were calculated from thermograms obtained by
the Freeman-Anderson methodrigures 7-1). The equation used for Freeman-Anderson’s metiod

Alog(— %vj =nAlogW —(Ea /2303R)A[%) where —%v is rate of decomposition (calculated from

DTG measurements), ‘W’ is the residual mdsalculated from TG measurements) at constant rdiffees in
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1
?(0.1x103), ‘n’ is the order of reaction and, s the activation energy. The kinetic parametexchsas activation

energy (Ea) and order of reaction (n) for the tr@rdecomposition are given ifable 5. The order of thermal
degradation process ‘n’ indicates the complexityhaf degradation process. The kinetic data cledrbw that the
activation energy values for the decomposition esscof all the IPNs except IPN-4 are high indiaatimeir high
thermal stability. The higher is the activation &g the slower is the rate of thermal degradapioscess and the
higher is the stability of the IPNs. The kineticrgmeters of the IPN-2 and IPN-4 show that IPN-2 higher
activation energy than IPN-4 indicating that IPNs2more stable than IPN-4.Similarly comparing tkeb#ity of
IPN-3 and IPN-4, IPN-3 has high activation enetiggn IPN-4 upto 30C. So IPN-3 is more stable than IPN-
4.The kinetic parameters of IPN-1, IPN-2, IPN-3\{® and IPN-5 given iTable-5 are almost in good agreement
with experimental thermal dat@gble-2).

TABLE - 5 Kinetic Parameters of the Thermal Decompsition of IPNs

Sample Code| Temperature Range’C) | Edk; n
— 160 — 300 80.93 | 5.4
300 — 450 42.06 | 2.9
160 — 300 843 | 6.6
IPN-2 300 — 450 60.8 | 3.7
160 — 300 676 |57
IPN-3 300 — 450 11.34 | 1.1
160 — 300 38.81 | 1.4
IPN-4 300 — 450 3251 | 35
160 — 300 89.32 | 85
IPN-5 300 — 450 111.36 | 3.2
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Figure 7a : IPN-1 Temp (160-301T) Figure 7b : IPN-1 Temp (300-85C)
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Figure 11a : IPN-5 Temp (160-30T) Figure 11b : IPN-5 Temp (300-45T)
CONCLUSION

Polymers based on natural renewable resources x@ected to be comparatively more eco-friendly aigtc
effective than the petroleum based polymers. Th#hea nut shell liquid and triglyceride oils are tlemewable
resources for the production of bio-polymers. The#dased bio-polymers are expected to be bio-akimple.

Interpenetrating polymer networks (IPNs) preparesinf glycerol modified linseed oil based polyuretssirand
cardanol-based dyes are highly crosslinked withh hiigermal stability which depends on NCO/OH molatias,

PU/CD weight ratios, nature of diisocyanate andureabf dye monomer unit of the IPNs. The presemtlystis

aimed at synthesizing cost effective, eco-friendhd thermally stable polymers from agricultural darcts for

various specific applications by considering thitadale composition of the IPNs.
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