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ABSTRACT:

Acrylated polyester prepolymers (PEPP-1 & PEPP-2) were synthesized from palm oil and its
products. UV-curing and characteristic properties of UV-cured films of synthesized polyester
resins were studied. The characteristic properties studied include pendulum hardness, gel
content, FT-IR analysis, tensile strength and elongation at break. The materials have good
potential for the production of radiation curable coating applications.

INTRODUCTION:

Presently, petrochemical based polyester acrylated resins are widely used in UV (ultraviolet)
and/or EB (electron beam) radiation curing systems in the coating industry " . These resins
show good characteristics such as: high reactivity, versatility and excellent adhesion properties.
They also give high gloss, good hardness, good mechanical properties and resistance to
chemicals and water . The major drawback however is that they are non biodegradable and is
depend on non-renewable resources in contrast to vegetable oil based products which are based
on renewable resources. Unlike vegetable oil, the production and the supply of vegetable oil
based products in the world market is currently increasing . Therefore, scientists among in the
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world " are trying to find an alternative renewable resource from vegetable oils or its products
for meeting up the future demand. Similarly, attempts to synthesize new UV curable acrylated
polyester resins from palm oil or its products was investigated and described in this paper. The
acrylated resins have the advantage of simple synthesis technique and low skin irritant
properties. Their curing properties are also comparable to commercial acrylates. They also have
good adhesion behavior, soft and flexible. The present innovation could have potential uses in
the production of radiation curable coating such as: wood coating, varnishes, ink, PSA (pressure
sensitive adhesive), paints etc.

EXPERIMENTAL:

New palm-based acrylated polyester resins, PEPP-1 and PEPP-2, were synthesized according to
Q

the procedure described elsewhere . PEPP-1 has been synthesized from refined, bleached and
deodorized palm oil and PEPP-2 directly from crude palm oil. Petroleum based acrylated resins
and diluents such as polyester tetra-acrylate (Ebcryl-810), polyester hexa-acrylate (Ebcryl-830),
Urethane tetra acrylate (Ebcryl-264), 1, 6-hexanediol di-acrylate (HDDA), tri-propylene glycol
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di-acrylate (TPGDA) and tri-methalol propane tri-acrylate (TMPTA) were procured from UCB
Asia Pacific Ltd., Malaysia. Photo initiator (Irgacure 184) was collected from Ciba Specialty
Chemicals, Singapore. N-methyl di-ethanol amine (NMDEA) was purchased from E. Merck,
Germany.
New polyester acrylated resins were formulated with various concentration (w/w) of
commercially available resins, diluents, 4% photoinitiator (IRG-184) and 1% of curing agent
(NMDEA) (Table 1).

Table 1 : Formulations of new polyester acrylate resins PEPP-1 and PEPP-2
Formulations
RP01
RP06
RP11
RP16
RP26
RP31
RP36

CPOI
CP06
CPII
CP16
CP26
CP31
CP36

New resins
PEPP-1
PEPP-1
PEPP-1
PEPP-1
PEPP-1
PEPP-1
PEPP-1

PEPP-2
PEPP-2
PEPP-2
PEPP-2
PEPP-2
PEPP-2
PEPP-2

O / M
Eb-810

-
-
-
-

Eb-830
Eb-264

-
TPGDA
HDDA
TMPTA
EHA

-
-

PI
Irgl84
Irgl84
Irgl84
Irgl84
Irgl84
Irgl84
Irgl84

CA
NMDEA
NMDEA
NMDEA
NMDEA
NMDEA
NMDEA
NMDEA

Ratio's (% w/w)
5 0 / 4 5 / 4 / 1
5 0 / 4 5 / 4 / 1
5 0 / 4 5 / 4 / 1
5 0 / 4 5 / 4 / 1
5 0 / 4 5 / 4 / 1
5 0 / 4 5 / 4 / 1
5 0 / 4 5 / 4 / 1

O=synthetic Oligomer; M = synthetic monomer; PI = photoinitiator; CA = curing agent.

The formulated solution was coated on a clean glass plate (5 cm x 3 cm x 3 cm) and cured under
UV lamp (2 kW, Type of lamp: MC200; UV range: 180 - 450nm) using IST-UV-Minicure (U-
200-M-l-Tr, Germany). The coated plate was irradiated up to 12 passes under UV lamp at a
conveyor speed of 4m/min. in order to achieve maximum cross-linking and gel formation. The
supply current was 8A of which the giving energy per pass was approximately 0.18J/cm2. The
relative degrees of cure was measured by qualitative simple tests, e. g. odor, tackiness and finger
marking.
The hardness properties of the UV-cured films were determined by using pendulum hardness
tester (Model BYK Labotron, Germany). The cured film was peeled off and used for gel fraction
determination. A known weight of cured film was warped up in a finely meshed stainless steel
net, and extracted in hot acetone for 24 hours in a Soxhlet extractor. The residues in the steel
basket were dried in vacuum to a constant weight. The gel fraction of the UV-cured film was
then determined by the following equation:
% Gel fraction = Wf / Wo X 100 [where, Wf = weight after extraction; Wo= weight before
extraction].
Fourier Transform Infrared (FT-IR) spectra were obtained with Nicolet, Magna-IR 550
spectrometer, series II, USA . FT-IR spectra were carried out by coating the samples on
potassium bromide (KBr) pellet and also using ATR technique for irradiated samples.
A fresh portion of the cured film was also used to determine tensile properties such as tensile
strength, elongation at break using an INSTRON tester (1 kN, IBM computer compatibility,
Model 4301, U.K.).

RESULTS AND DISCUSSION:

Various formulations were developed using different percentages (50% -90%) of palm oil-based
polyester resins, PEPP-1 and PEPP-2, incorporated with synthetic resins and monomers. The aim
of this study was to find their suitability in the preparation of polymeric films under UV
radiation. Based on the characteristic properties of UV-cured polymeric film, the results showed
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that the general order of palm oil-based polyester acrylated resins was 50%>60%>70>
80%>90%. Therefore, in this presentation only the results of UV-cured polymeric films using
50% of palm oil-based polyester acrylate resins PEPP-1 and PEPP-2 are discussed.

Pendulum Hardness:

Pendulum hardness of the films prepared according to resins of PEPP-1 or PEPP-2: O or M: PI:
CA = 50:45:4:1 (w/w) of Ebcryl 810, 830, 264 and monomers of HEA, HDDA, TPGDA,
TMPTA (as shown in Table 1) and cured by UV-radiation under different number of passes. For
most of the formulations, pendulum hardness increases with UV radiation up to 8 passes then
decreases. Only the formulation of RP-36 and RP-26 showed different observation. For
formulation RP-36, pendulum hardness increased at 4 -6 passes then decrease caused of first
curing phenomenon. Pendulum hardness of formulation RP-26 show maximum hardness at 12
passes because of slow curing characteristic properties of mono-functional EHA diluent. The
results are shown in Figures l(a) and (b). The decrease of hardness could be due to the cured
polymer degraded at higher radiation. In Figure 1 (a), the highest pendulum hardness obtained in
formulation RP16, containing TMPTA. The general order of pendulum hardness was
RP16(TMPTA) > RPll(HDDA) > RP31(Eb-830) > RP01(Eb810) > RP36(Eb264 >
RP06(TPGDA) > RP26 (HEA). Similar observation appeared in the case of PEPP-2 based
formulation except formulation CP01. Formulation CP01 showed lower hardness than the
hardness of CP31 formulation, which may be due to the nature of the palm oil.

2 4 6 8 10 12

NUMBER OF PASSES

Figure l(a): Pendulum hardness (%) against number of passes of
UV-cured polymeric films produced from 50% of palm oil based
resin PEPP-1.
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Figurel(b): Pendulum hardness (%) against number of passes of
UV-cured polymeric films produced from 50% of Palm oil based
resin PEPP-2.

Gel content:

The profile of gel content against the number of radiation (UV) passes of 50% PEPP-1 or PEPP-
2 of UV-cured polymeric films is illustrated in Figures 2(a) and 2(b). The maximum gel content
is obtained for formulations RP-16 and CP-16. Gel formation increases means the cross-linking
density of the polymeric films increases. Both of these formulations contain branch link
multifunctional monomers TMPTA. Similar observation was also indicated on hardness
properties of the cured films (Figures l(a) and l(b)). On the other hand, the lowest gel content is
obtained for both of the formulations RP-26 and CP-26; where mono-functional diluent EHA
was used. Due to low functionality of EHA, it results in less cross-linking in the process of
radiation curing. However, gel formation properties of resin PEPP-1 based formulations were
comparatively higher than PEPP-2 based formulations. This could be due to the nature of palm
oil properties. Because PEPP-1 was synthesized from refined, bleached and deodorized palm oil
and PEPP-2 was from crude palm oil. It could be the presence of tocopherols content in crude
palm oil which is a free radical scavenger and results in free radical trapping the processes of
radiation (UV) polymerization.
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Figure 2(a): Gel content (%) against number of passes of UV-
cured polymeric films of 50% palm oil based resin PEPP-1.
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Figure 2(b): Gel content (%) against number of passes of UV-cured
polymeric film of 50% palm oil based polyester acrylate resin PEPP-2.

FT-IR analysis:

FT-IR spectra for the double bond conversion after irradiation of new palm oil based polyester
acrylates PEPP-1 and PEPP-2 are shown in Figures 3(a) - 3(d). Spectra 3(a) for PEPP-1 and 3(b)
for PEPP-2 they are without UV radiation and spectra 3(c) and 3(d) are samples after irradiation.
The peak of carbon-carbon double bond (C=C), 1629 cm of acrylate functionality reduced as
radical reaction proceeding.
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Elongation Properties:

Elasticity and plasticity are two other important characteristic properties of a polymeric film.
These properties are important for searching diversified applications of the polymeric films.
Elongation at break (%Eb) of the UV-cured films against number of passes are shown in Figures
5(a) and 5(b).

W
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Figure 5(a): Elongation at break (%Eb) against number of
passes of UV-cured polymeric films of 50% PEPP-1 system.

In Figure 5(a), the lower %Eb is shown by the higher functionality containing formulations RP16
(TMPTA), RP31(Ebcryl 830), followed as RP11 (HDDA) and RP01 (Ebcryl 810); because
higher cross-linking density were occurred in this polymerization processes. Similar observation
was shown in Figure 5 (b) of formulations CP31, CP16 and CPU.
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Figure 5(b): Elongation at break (%Eb) against
number of passes of UV-cured polymeric films of
50% PEPP-2 system.
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Tensile Strength:

Tensile strength (TS) property of a film is very important in determining its suitable applications.
Tensile strength of UV-cured polymeric films of new acrylated polyester resins PEPP-1 and
PEPP-2 against number of passes are presented in Figures 4(a) and 4(b). In general, it has been
found that the TS values of both PEPP-1 and PEPP-2 based cured films increase with the number
of UV doses, and attained maxima at the 8th passes and then decreases which was probably
caused by degradation at higher radiation doses. However, the formulation RP-16 not followed
the same trend because of the greatly influences of double bond functionality of TMPTA
monomer composition. The maximum TS of the formulation RP16 was obtained at 6 passes
which caused greater cross-linking at 6 passes before degradation started.
The highest TS was observed in formulation RP11, followed by formulations RP06, RP31,
RP36, RP16, RP01 and RP26. Almost similar trend is shown in PEPP-2 based formulations.
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Figure 4(a): Tensile strength against number of passes of UV-cured
polymeric films of 50% palm oil-based polyester acrylate resin PEPP
1.
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Figure 4(b): Tensile strength against number of passes of
UV-cured polymeric films of 50% palm oil-based
polyester acrylate resin PEPP-2.
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On the other hand, due to low cross-linking polymerization, higher %E\, is shown in lower
functionality containing formulation of RP06 (TPGDA), RP36 (Ebcryl 264) and then RP26
(EHA) in Figure 5(a). Similar observation was seen in formulations CP36 (Ebcryl 264), CP06
(TPGDA) and CP26 (EHA) in Figure 5(b). However, in the above results the elongation
properties of UV-cured films were little bit mixed against radiation doses, but it appeared that
higher cross-linked monomer containing formulations showed lower %Eb compared to lower
cross-linked monomer containing formulation. Because the elongation properties is dependent on
the cross-liking density of a polymer . Therefore, it is again noticed that the elongation is fully
related upon the nature of the polymer and their structure. After polymerization, polymer makes
a network through cross-linking and their freedom of movement is then depend upon their cross-
linking density. More cross-linked polymers makes less freedom of movement, and the
elongation at yield decreases.

Conclusion:
In this paper, the results show that new palm oil-based acrylated polyester resins PEPP-1 and
PEPP-2 gave good UV-curing properties. The UV-curable polymeric films were also shown to
have reasonable good physical and mechanical properties of soft and flexible character.
Therefore, there is a good potential for these new palm oil-based polyester acrylate resins
particularly in the UV-curable applications in the coating industry.

Acknowledgment:
This work has been financially supported by PORIM through research project (USM-PORIM).
Therefore, the authors wish to express their appreciation to the Director General of PORIM for
his financial support and permission to publish this paper. The authors would also like to express
thanks to MINT authorities, specially to Dr. Khairul Zaman (Head, BTPS) for giving his
permission to use their facilities.

References:

1. N. S. Allan, M. S. Johnson, P. K. T. Oldring, S. Salim,; "Prepolymers and reactive
diluents for UV &EB curable formulations"; SITA technology, England (1991).

2. Anthony Berejka and William Radak, "The Globalization of radiation Curing";
RadTech Asia'91, Radiation Curing procedings, Osaka, Japan, April 15-18, (1991).

3. Czvikovzky, Radial Phys. Chem. 26, 547 (1985).
4. B.B. Nielsen, Malaysian Oil Science & Technology, 4(2), 7-18 (1995).
5. Darnoko and P. M. Naibaho, PORIM Intl. Palm Oil congress, Chemistry &

Technology; (1993).
6. C. Tang, Tuliao Gongye, 6, 8 - 20 (1996).
7. Hussin Mohd. Nor, Mohd. Hilmi Mahmood, Hamirin Kifli and Mazni Abd. Rahaman,

Proceedings of World conference on Oleochemical, 21st Century, Kuala Lumpur, Malaysia,
8-12 October (1990).

8. Mohd. Hilmi Mahmood, Hussin Mohd. Nor, Hamirin Kifli, Mazni Abd. Rahaman and
Azman Rafie, Jurnal. Sains Nuclear Malaysia, 9(2), 95-102 (1991).

9. M. Azam Ali, Ooi T.L., Salmiah A., Umaru S. Ishiaku and Z. A. Hohd. Ishak,
PORIM Intl. Palm Oil Congress, Oleochemical Technology; Kuala Lumpur,
Malaysia, 2-6 February (1999).

10. R. W. Waldron, H. F. McRae and J. D. Madison; Journal of Radiation Curing,
November (1985).

390


