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Introduction

The importance of the development of polymeric materials 
using bio-renewable sources arises from the concern over 
raw material processing and the development of alterna-
tive synthesis routes that are less hazardous to the environ-
ment. The goals are to reduce the demand for non-renewa-
ble fossil fuels and to cut production of “greenhouse gas” 
to lower global warming. From the point of view of the 
polyurethane industry, the use of polyols produced using 
bio-renewable resources seems to be attractive to increase 
the bio-content of polyurethanes. Polyurethane chemistry 
is unique in terms of the versatile range of products that 
can be prepared using the same starting materials, namely, 
polyol and isocyanate, and the formulation can be tailored 
to make elastomers, adhesives, thermoplastics, or foams 
[1–3].

Polyurethane foam is thought to be an outstanding mate-
rial for various applications, such as insulation, cushion-
ing, automotive, structural materials, marine equipment, 
packaging, and many more due to its excellent physical 
and mechanical performance [4–6]. Rigid polyurethane 
foams are commonly used for insulation purposes because 
of their combination of low density, low thermal conduc-
tivity, and good mechanical properties [7, 8]. The rigidity 
of polyurethane foams is closely associated with the forma-
tion of cross-linked structures and urea linkages. Polyure-
thane foams constitute more than 60 % of all polyurethane 
products. But one of the problems related to the produc-
tion of polyurethanes, nowadays, is their dependence on 
petroleum-derived products. Most of the rigid foams in 

Abstract A series of polyurethane rigid foams were pre-
pared by one step process from cottonseed oil (Gossypium 
arboreum). The thermal properties of cottonseed oil-based 
foams were similar to those of petroleum resource-based 
foam. Cottonseed oil having an iodine value of 110/100 g 
I2 was epoxidized using an industrial process followed by 
polyol preparation using bio-based chain extenders such 
as ethylene glycol (polyol1) and lactic acid (polyol2). The 
polyols were further formulated with diphenylmethane 
diisocyanate (MDI) at a constant NCO/OH ratio (1.2:1) 
using water and cyclopentane as blowing agents to obtain 
rigid polyurethane foams. The thermal behavior of polyu-
rethane foams based on cottonseed oil as well as petro-
leum resource-based foams were studied by differential 
scanning calorimetry and thermogravimetric analysis. The 
physico-chemical properties of polyols, such as acid num-
ber, hydroxyl number, and Brookfield viscosity were deter-
mined. The chemical structures of polyols were elucidated 
by the Fourier transform infrared and nuclear magnetic 
resonance (1H NMR) spectroscopies. Cottonseed oil-based 
polyurethane foams displayed thermal stability comparable 
to that of PPG foams. The research findings demonstrated 
that there is promise in using cottonseed oil-based polyols 
for the preparation of polyurethane foams by replacing the 
petroleum resource-based polyols. PU foam samples were 
tested for possible environmentally friendly plant grown 
substrate by seed germination method.
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