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Varnish has been extensively used in the electrical industry 
as insulation, coating, bonding and impregnation material. 
During the manufacturing of rotational machines coils will 

be impregnated with varnish to improve life expectancy. These 
manufacturing processes however release amounts of monomer and 
VOCs in the form of emissions. Early varnish can now be replaced 
with monomer and VOC-free polyester resin.

Polyester resin is a versatile thermoplastic that forms part of the 
polymer family. Since development and manufacture of polyester 
resin it has successfully been used in the production of various items 
ranging from electrical motors to yachts. Polyester resin will cure 
to an infusible solid after being exposed to the correct conditions, 
these conditions could include the application of heat, catalyst or 
photo initiators. During the curing of polyester resin volatile organic 
compounds or VOCs will be released into the atmosphere if present 
in the resin composition. Monomers will also be released into the 
atmosphere in the form of emissions. These monomers when re-
leased to atmosphere gives curing resin its distinct smell. If in high 
enough concentration these VOCs and monomer emissions are both 
dangerous to employees in the working area and the environment [1]. 
Removing VOCs and monomer emissions from the working environ-
ment and atmosphere is both a costly and energy intense practice. The 
research project will compare and analyse traditional polyester resin 
with monomer and VOC-free unsaturated polyester resin in order to 
determine if a newer version of polyester resin can achieve greater 
environmental benefits while not sacrificing cycle time, durability 
and mechanical properties of the cured resin.

Polyester resin is a type of thermoset polymer that can both set 
from a liquid or solid. Polyester resins are made up out of acid, gly-
cols and monomers which the quantity can be varied to alter specific 

resin characteristics. Figure 1 is an illustration showing the idealised 
chemical structure of polyester resin, the illustration also shows the 
active sites where bonding can take place [3]. Polyester resin is a 
solution of polymer in a monomer which is typically a styrene, by 
varying the ratio between polymer and styrene it is possible to alter 
the resins physical properties. Styrene ensures that when the correct 
conditions are met the polyester resin will cure to a solid in a process 
called polymerisation. 

 

Figure 1: Idealised chemical structure of Polyester [2].

Figure 2 is a simple graphic illustration showing the molecular chain 
of polyester resin. Site ‘B’ in the chain shows the active sites where 
reactions can take place [3]. With the addition of styrene and a cata-
lyst curing of polyester resin will occur, the resin cures into a strong 
three dimensional structure where polymerization has now occurred. 
The catalyst used to achieve curing can be heat, photo initiators or 
a curing catalyst. During the curing process the styrene ‘S’ bonds 
with the active sites ‘B’ as illustrated in Figure 3. Traditional varnish 
used in the electrical industry as impregnation, coating, bonding or 
insulation material is solvent based. During curing of these varnishes 
all solvents has to be removed which was typically done by emissions 
into the atmosphere. 
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a high interest. Volatile Organic Compounds or VOCs are released 
during curing of resin and by the surface of the final cured resin if 
the resin contained VOCs. VOCs can be classified as any compound 
that takes part in photochemical reactions when released to the at-
mosphere, great care has to be taken to ensure these chemicals are 
not released to the atmosphere. VOCs can also be classified as any 
organic compound with a boiling point lower than 250 °C measured 
at 101,3 kPa where the lower the boiling point the more volatile the 
VOC will be [5]. Should these VOCs be released to environment in the 
form of emissions they will contribute to environmental issues and 
unsafe working conditions for employees. Most of the early polyester 
resins contained monomers which are released into the atmosphere 
as emissions during curing.

Early varnishes used in the electrical industry consisted of a 
base resin dissolved into a monomer most often a styrene. These 
monomers were used to allow curing of the varnish as described. 
By altering the mixture of resin to monomer ratio it is possible to 
derive a specific varnish with specific physical properties and suited 
to specific application. Composition of the varnish could contain up 
to 50% monomers which required large amounts of energy in the 
form of heat to remove all monomer as emissions. The presence of 
monomer ensures that 100% of the resin will be cured without any 
emissions at ambient temperature. It is however not possible to cure 
resin at ambient temperature on an industrial scale as the pot life of 
the resin will be too short. For this reason high temperature curing 
methods have been developed where resin is cured rapidly at elevated 
temperatures around 170 °C increasing pot life. The use of monomer 
free polyester resin will greatly minimise emissions during curing 
although not completely eliminating them the emissions of monomer 
free polyester resin is typically 1% to 5% [6].

Monomer free resin will however have different physical proper-
ties to existing varnishes used, these properties include viscosity, 
density and surface tension. Depending on the application it is tradi-
tionally preferred to have a lower viscosity as the resin will penetrate 

Early varnishes contained as much as 50% solvents in their composi-
tion which would have to be removed during curing. This amount of 
solvents that has to be removed requires more energy in the form 
of heat during the curing phase to ensure all solvents are removed 
as emissions.

 
Figure 2: Polyester Resin Molecular structure [3].

 

Figure 3: Addition of Styrene to Polyester structure [3].

Unsaturated polyester resin revers to a thermo cure resin that cures 
to an infusible solid with the addition of a catalyst such as heat or 
photo initiators, once cured the resin forms a strong three dimensional 
infusible structure with good dielectric and mechanical properties. 
These resins are extensively used and developed as impregnation 
material in the electrical industry which will be the focus of the au-
thor’s research project. 

Early unsaturated polyester resin were synthesized from fossil 
fuels, recent developments in unsaturated polyester resin however 
allows the resin to be synthesized from natural building blocks such 
as starch or plant oil [4] and this will further contribute to the environ-
mentally friendly package of the unsaturated polyester resin. During 
use of polyester resin as coating, insulation or impregnation material 
in the electrical industry emissions such VOCs are released into the 
atmosphere. Reducing or eliminating these emissions should be of 

Abbreviations/Acronyms

UV - Ultraviolet
VOC – Volatile Organic Compound

Image property of Altana, supplied by Andrew Keefe.



E+C  SPOT ON • January 2015

parts more easily. It has however been found that it is possible to 
use higher viscosity monomer free polyester resin successfully while 
not compromising mechanical properties and cycle time. Application 
parameters can be adjusted and changed to allow use of monomer 
free polyester resin in application where only varnish could be used 
previously. Factors which could be influenced include 
pre-heating of parts and surface tension between 
the monomer free resin and part to be cured. Pre-
heating parts reduces viscosity of monomer free 
resin upon contact with the part and allows for 
better penetration even though the monomer 
free resin has a higher viscosity. The second 
factor is that of surface tension between the 
part and monomer free resin, it has been found 
that the more closely these tensions match the 
more likely monomer free resin will be absorbed 
into the part [6].

The specific focus for the author’s research will be 
the process where automobile alternator coils are impregnated 
with polyester resin. Figure 4 is an exploded view of an automobile 
alternator where the coils can be seen. During the manufacture of 
these rotors they are dipped in a polyester resin and then baked to 
cure the resin in a coil resin impregnation process called dip and 
bake. Impregnating coils with resin has been proven to increase 
the expected service life. During rotation up to 18 000 rpm in newer 
model automobiles a large amount of stress is placed on the copper 
coils which in turn expands and try to break away from the rotor, 
impregnating these coils ensures that when in use coils are kept 
together and stress in the coils is reduced. Impregnation of resin 
also acts as a heat conductor conducting heat away from the rotor 
core. Impregnation of coils with a resin protects from water ingress 
and subsequent water damage to coils and other mechanical parts. 
Typical impregnation resin used is of a varnish type where a resin 
base is diluted in a monomer, alternative unsaturated monomer and 
VOC-free polyester resins are currently commercially available to 
replace existing varnish.

 
Figure 4: Alternator exploded view [7].

During the author's research project commercially available resin used 
in the impregnation of rotor coils will be tested and compared. Tradi-
tional unsaturated polyester resin will be compared with monomer 
and VOC-free unsaturated polyester resin to determine if the latest 
resins can be successfully used as a replacement for existing polyester 

resins. Mechanical and dielectric properties of these resins will be 
compared and analysed after cured to determine if any mechanical 
properties was sacrificed in the development of a monomer and 
VOC-free polyester resin. 

Different curing methods will also be analysed including heat, UV 
Radiation and microwave in order to determine the effects of 

these on the different polyester resin types. During testing 
cycle times and energy consumption during curing will 

be analysed as the modern manufacturing industry 
will always be driven to achieve higher production 
rates with increased quality while reducing energy 
consumption and environmental footprint. Should 
the monomer and VOC-free polyester resin be ca-
pable of achieving similar or better mechanical and 

dielectric characteristics when compared to existing 
impregnation resins then using monomer and VOC-

free polyester resin still holds great benefits to both the 
environment and employees.
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