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Abstract−− Castor oil, 2,4-tolylene diisocyanate 

(2,4 TDI), cellulose acetate, and hydroxiethyl cellu-
lose, based polyurethane (PU) - polyacrylic acid 
(PAA) sequential interpenetrating polymer networks 
(IPN’s) were synthesized. PU’s were prepared by 
reaction of hydroxyl groups from castor oil, and cel-
lulose acetate or hydroxiethyl cellulose with 2,4 TDI, 
using dibutyl tin dilaurate (DBDTL) as catalyst. 
PU’s were swollen in acrylic acid monomer solution 
and subsequently polymerized by radical polymeri-
zation initiated with 4,4-azobis(4-cyanovaleric acid) 
(ACVA), and N,N′-methylenebis acrylamide 
(NNMBA) as crosslinking agent. Series of three 
PU/PAA ratios (75/25, 50/50, 25/75) were prepared. 
Viscoelastic properties were studied by means of 
dynamic mechanical analysis (DMA), showing a 
maximum modulus for IPN with 25% PAA content. 
Tan δ curve showed two main peaks, and γ relaxa-
tion which is due to lateral chains of PU, suggesting 
phase separation. The existence of two Tg in each 
IPN was also confirmed by differential scanning 
calorimeter DSC). Morphology of samples was ob-
served using a scanning electron microscope (SEM), 
which revealed different fracture surfaces between 
the compatible and incompatible PU/PAA ratios 
studied. Fractures were decreasing to turn into 
roughness surfaces when the PAA was increasing 
within the IPN’s.  
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I. INTRODUCTION 
An interpenetrating polymer network is a material con-
taining two (or more) polymer networks, which are 
combined and at least one of them is synthesized and/or 
crosslinked in the immediate presence of the other. 
Crosslinked polymer networks are held together by 
permanent entanglements with only accidental covalent 
bonds between the polymers. The three conditions for 
eligibility of an IPN are: (1) the two polymers are syn-
thesized and/or crosslinked in the presence of the other, 
(2) the two polymers have similar kinetics, and (3) the 
two polymers are not dramatically phase separated. 

IPN’s offer the possibility of combining in network 
form which otherwise are non-compatible polymers 

with opposite properties (Pissis et al., 2002; Sperling 
1981). As long as the reacting components are mixed 
well during synthesis, thermodynamic incompatibility 
can be overcome due to permanent interlocking of net-
work segments and IPN’s with limited phase separation 
are obtained (Hsieh et al., 1999).  

Polyurethanes comprise a kind of materials that can 
vary from rubbery to glassy thermoplastics from linear 
polymers to thermoset. This versatility can be further 
controlled in terms of processing and composition to 
fulfill a vast variety of product requirements (Hsieh et 
al., 1999). The IPN’s formation, be either by “sequen-
tial” or “simultaneous” network formation, has often 
brought about remarkable synergism in properties such 
as mechanical, thermal, and energy absorption (Parizel 
et al., 1995). 

By in situ sequential IPN’s, the elastomeric network, 
PU, is formed first, and then the rigid crosslinked PAA. 
The existence of an initial network impedes gross phase 
separation in the final material. For  in situ simultaneous 
IPN’s, the synthesis of both networks is initiated at the 
same time and proceeds to completion more or less si-
multaneously, thus bigger domains may form, as there is 
no topological restriction from an already present struc-
ture.  

Chemically, castor oil is a natural triglyceride (ester) 
of fatty acids. Approximately 90% of the fatty acid con-
tent is ricinoleic acid, an 18-carbon acid having a double 
bond in the 9-10 position and a hydroxyl group on the 
12th carbon (Klempner and Frisch, 1989). 

Cellulose has been re-evaluated as a functional ma-
terial to meet diverse needs of today's society as a result 
of the unique reactivities and the nontoxic, biodegrad-
able, biocompatible, hydrophilic, and chiral characteris-
tics (Zhang et al., 1999). Abundant hydroxyl groups in 
cellulose derivatives facilitate the formation of polyure-
thane groups with isocyanate groups from 2, 4 TDI. PU 
based on cellulose derivatives were prepared and tested 
for biodegradability (Gao et al., 2001, Rivera et al., 
2004). Morphology and properties of IPN’s depend 
upon the degree of phase morphology, which is related 
mainly to polymer miscibility. The goal is to interpene-
trate networks when IPN’s are made of immiscible 
components (Vlad et al., 2002). Some studies on the use 
of castor oil as a component in PU with IPN’s have 


