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ABSTRACT

Waterborne polyurethane dispersion (PUD) was synthesized by using inverse
dispersion prepolymer technique. A prepolymer mixture of isophorone diisocyanate
and polypropylene glycol was extended with five types of chain extenders. The first
two types are from the amine based chain extenders which are ethylene diamine and
hydrazine; the other three are diol based chain extenders, one from a petroleum based
diol which is ethylene glycol and the other two from renewable resources which are
castor oil (CO) and palm oil based-polyols (POP). In attempt to reduce the toxicity
by replacing the toxic amine based chain extender with diols. Furthermore,
renewable resources chain extenders were used to decrease dependency on petroleum
which is an expensive and depletable resources. Fourier Transform Infrared
Spectroscopy analysis showed that all samples have been successfully synthesized
into PUDs, based on the absorption peaks at 1537-1539 cm™ and 1718-1725 cm™
which corresponded to the NH and carbonyl peaks of urethane respectively and also
the absence of -NCO peak at 2275 cm™. Palm oil-based PUD has the highest
viscosity of 5.4 cP, particle size of 1.738 micron but low solid content of 31 wt%.
The oil based chain extended polyurethane exhibited better thermal stability than the
rest of the samples. This is assumed due to the hydroxyl group of the triglycerides
which may react with isocyanate at high temperature to produce crosslink
polyurethane. However, the oil based chain extended samples were sticky upon

drying and has potential to be used as adhesives.
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ABSTRAK

Poliuretena serakan air telah disintesis menggunakan kaedah percampuran
prepolimer serakan sonsang. Rantaian prepolimer daripada campuran isoforon
diisosianat dan polipropilena glikol telah disambungkan dengan lima jenis
penyambung rantaian. Dua daripadanya adalah penyambung rantaian jenis amina
iaitu etilena diamina dan hidrazina manakala tiga yang lainnya adalah penyambung
rantaian dari jenis diol dimana satu daripadanya berasaskan petroleum iaitu etilena
glikol dan dua yang lain berasaskan sumber yang boleh diperbaharui iaitu minyak
kastor dan poliol berasaskan minyak sawit. la sebagai langkah untuk mengurangkan
tahap ketoksikan amina dengan menggantikan penyambung rantaian amina dengan
diol. Selain itu, penyambung rantaian dari sumber yang boleh diperbaharui
digunakan bagi mengurangkan kebergantungan terhadap sumber petroleum yang
mahal dan tidak boleh diperbaharui. Analisis Spektroskopi Inframerah Transformasi
Fourier menunjukkan bahawa semua sampel telah berjaya disintesis kepada
poliuretena serakan air, berdasarkan penyerapan pada puncak —NH dan —karbonil
uretena masing-masing di 1537-1539 cm™ dan 1718-1725 cm™ serta ketiadaan
penyerapan gelombang NCO pada 2275 cm™. Poliuretena serakan air berasaskan
minyak sawit mempunyai kelikatan yang paling tinggi iaitu 5.4 cP, bersaiz partikel
1.738 mikron tetapi mempunyai kandungan pepejal terendah iaitu sebanyak 31 wt%.
Poliuretena ini juga menunjukkan kestabilan terma yang baik berbanding sampel
lain. Ini dianggap berpunca daripada kandungan kumpulan hidroksil (OH) di dalam
trigliserida yang berupaya untuk bertindakbalas dengan isoforon diisosianat pada
suhu tinggi untuk menghasilkan poliuretena tersambung silang. Walau
bagaimanapun, sampel yang disambung menggunakan penyambung rantaian
berasaskan minyak sawit melekit selepas pengeringan dan mempunyai potensi untuk

digunakan sebagai perekat.
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CHAPTER 1

INTRODUCTION

1.1  Background

Coatings can provide materials with the desired aesthetical properties such as
colour and gloss, but the vital importance is in the protection against environmental
influences including moisture, radiation, biological deterioration or damage from
mechanical or chemical origin. The effectiveness of protection of a material against
natural deterioration depends on factors such as the quality of the coating, the
substrate characteristics, the properties of the coating, and the corrosiveness of the
environment (Dieterich, 1981). Most coatings such as acrylic-based, epoxy-based,
polyurethane-based and alkyd-based coatings are made from petroleum-based raw
materials. With the depleting resources of petroleum all around the world, scientists
are forced to explore new alternatives to decrease the world’s dependence on
petroleum.  This including Malaysian researchers have been progressively
researching ways to utilise its plantations in their research as an effort to replace
some petroleum-based chemicals such as polyols. Apart from castor oil and
lesquerella oils which have built-in hydroxyl groups, other vegetable oils such as
soy, corn, linseed and palm oils need the addition of hydroxyl at their unsaturated
sites to transform them into reactive polyols (Zhang et al., 2007). Many methods

have been discovered to transform triglycerides of palm oil into polyols such as



glycerolysis (Tanaka et al., 2008), transamidation of diethanolamine (Lee et al.,
2007), epoxidation (Hazimah et al., 2005) and enzymatic synthesis (McNeil and
Berger, 1993). These renewable polyols can be reacted with NCO group of
diisocyanates to produce rigid and flexible PU foams (Guo et al., 2000; Chian et al.,
1998 ), PU adhesive and coatings (Somani et al., 2003; Akram et al., 2008).

In coatings, PU can be found in many applications such as automotive
coatings with exterior high gloss, good colour retention, good scratch and corrosion
resistance (Coogan, 1997). PU coatings are also used in construction, where building
floors, steel trusses and concrete supports are spray coated to make them more
durable against environmental deterioration and less costly maintenance
(Chattopadhyay et al., 2006)

The challenge within the coating industry is to maintain or improve properties
at a reasonable cost, while at the same time meeting the need for environmentally
friendly coatings. Waterborne PU coating (PUD) technology is derived with this
idea in mind because it exhibits low emittance of volatile organic compound (VOC)
and at the same time it reduces the coating production cost by eliminating the needs
to use solvents as the dispersion medium (Dieterich., 1981). The common synthesis
methods to produce PUD are acetone process, prepolymer mixing technique and melt
dispersion technique (Dieterich, 1981). Among these, prepolymer mixing technique
is the popular choice due to little or no solvent used, imparts good quality particle

dispersion and good storage stability (Weiss, 1997).

However, low molecular weight prepolymer PU particles that are dispersed in
water need to be chain-extended with chain extension agents to produce higher
molecular weight PU. With this technique, higher molecular weight of PU particles
can be obtained without affecting bulk viscosity of the system (Oldring et al., 2001).
The commercial petroleum-based chain extension agents or chain extenders are
ethylene diamine (EDA), hydrazine (HYD) and ethylene glycol (EG). EDA and

HYD led to the formation of polyurethane-ureas, while EG resulted in the formation



of polyurethanes (Coutinho et al., 2000). Thermal stability was higher when a
diamine chain extender was used due to the stronger hydrogen bonding of the urea
groups (Cakic et al., 2009). However, diamines such as hydrazine are toxic and
unstable, where a long term inhalation caused tumors (Vernot et al., 1985). Their
highly flammability characters have been manipulated to be used as air craft fuel and

propellant by U.S Air Force (Hussain et al., 2002).

1.2 Problem Statement

Strict environmental legislation on the use of solvent in coatings has driven
the development of waterborne polyurethane dispersion (PUD) technology, in which
harmful solvents are replaced with water as a primary dispersion medium for the
polyurethane polymer. However, many PUDs still use toxic chain extenders in their
synthesis. These chain extenders are usually amine based and are derived from
petroleum based resources. It is well known that amines are toxic and are classified
as carcinogenic and are extremely flammable. Furthermore it is derived from
petroleum which is becoming an expensive and depletable commodity. This
research was done as an effort to decrease the toxicity of the PUD and at the same
time reducing the production cost by replacing the amine based chain extenders with
vegetable oils namely castor oil and palm oil based polyol. Vegetable oils are a
greener approach towards PU production since vegetable oils tends to be
inexpensive, annually renewable and are available in abundance all over the world
(Larock et. al, 2011). Castor oil is chosen due to its naturally built-in hydroxyl group
in its molecular structure or in other words a naturally occurring polyol. While palm
oil based polyol is chosen due to the abundance of palm trees in Malaysia. The palm
oil however has to undergo chemical modification to transform it into polyol. To get
more understanding on the effect of chain extenders onto PUD property, glycol-

based chain extender i.e. ethylene glycol was used as comparison.



Meanwhile, to produce prepolymer, aliphatic isophorone diisocyanate (IPDI)
was reacted with polypropylene glycol (PPG) in the presence of tin (II) octoate as
catalyst. IPDI and PPG were chosen as basic raw materials due to their stability

against oxidation and hydrolysis, respectively.

1.3 Objectives of Study

This research is designed on the following objectives:

i To synthesis waterborne polyurethane via modified prepolymer
mixing method with castor oil and palm oil-based polyol as chain
extenders.

ii To study the effect of different types of chain extenders on thermal
stability, particle sizing, adhesion strength and hardness properties of
PUD.

1.4 Scope of the Study

This research involved the preparation of PUD by utilizing castor oil and POP as
chain extenders.
1. Synthesis of PUDs.
a) Prepolymer mixing technique.
i. IPDI, PPG, DMPA, NMP and catalyst at 80-90°C in reaction vessel.
ii.  Neutralize with triethylamine (TEA) at 60°C.
iii.  Calculation of NCO percentage using di-n-butyl amine back titration

method.



b) Dispersion of prepolymer in deionized water.
Chain extension with CO, POP, HYD, EDA, EG.

2. Characterization and testing.

i
ii.
iii.
iv.

V.

Fourier transform infrared spectroscopy (FTIR).
Thermogravimetric analysis (TGA).

Viscosity measurement with a Brookfield viscometer.
Adhesion test with pencil test and hardness test.

Particle size analysis.
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