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Introduction

Most of polymeric products available in the market are mainly derived from
petroleum feedstock which is non-renewable resources. Due to continuous
depletion of fossil oils, the price of this oil was fluctuated and is expected to
increase in the new future. On the other hand, the increasing awareness of
the consumers on health and environmental issues have changed their
preference towards bio-based products or so called ‘green’ products.
Vegetable oils are one of the most important classes of renewable resource.
There are various types of vegetable oils that have been utilized or have
potential to be utilized in energy and polymer applications such as soybean
oil, castor oil, rapeseed oil, rubberseed oil, palm oil, canola oil and jatropha
oil. Since Malaysia is one of the world's main producer and exporter of palm
oil, it is natural that we should be in the forefront of the research of widening
the use of palm oil in oleochemicals industry, which are currently increase in
popularity. The presence of unsaturation in the fatty acids of vegetable oils
such as palm oil (~ 42%) , technically paves the way for the production of
acrylated resins. In Malaysia, the production of crude palm oil has increased
by 2.30% to 19,216,459 tonnes in 2013 compared to 18,785,030 tonnes in
2012.
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Composition of the Palm Oil — Fatty acid

Asid lemak Bilangan Bilangan Kandungan, %
karbon, C ikatan C=C
Asid laurik (C12:0) 12 0 0.1-1.0
Asid miristik (C14:0) 14 0 0.5-0.6
Asid palmitik (C16:0) 16 0 32.2-45.0
Asid palmitoleik (C16:1) 16 1 0.1-03
Asid stearik (C18:0) 18 0 20-7.0
Asid oleik (C18:1) 18 1 38.0-40.8
Asid linoleik (C18:2) 18 2 5.0-11.0
Asid linolenik (C18:3) 18 3 0.0-0.6
Asid arakidik (C20:0) 20 0 0.2:0.7

> Oxirane oxygen content test (OOC, %) EPOP: 2-3%
» Unsaturated C=C, 42%)
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Strength of the acrylated palm oil

¢ Renewable natural resources
¢ Biodegradable
¢ Environmental friendly

¢ Non Toxic — Primary skin irritation index (PSI = 2.92), categorized as non
irritant

* Competitive price of RM 15/Kg vs petrochemical resin > RM 40/Kg
¢ Glossiness on wood at 600: 86-91
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Malaysian market for the acrylated palm oil*

O0verprint Varmishes

BPrinting Inks

Olndustrial Coatings

O Qpto- Electronics
B/ dhesives

Ref. *Khairul Zaman, M.D. et al, 2011. UV overprint vanish (OPV): Application of epoxidised palm oil
acrylate (EPOLA), Proceedings of RadTech Asia 2011, 2023 June 2011, Yokohama Japan
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Synthesis route for EPOLA production
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Synthesis route for POBUA production
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Palm oil based urethane acrylate
(POBUA)

Hilmi et al. 2011 (Patent: MY-142814-A).
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HeuRES. FTIR spectra of the EPOP, the EPOLA and the POBUA
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EPOP —> EPOLA/POBUA
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The Performances of Formulated EPOLA With Various Oligomers and Monomers Cured Using
Electron Beam (EB).
FoRMURTIONS LR B B T B BT B B B B e
o/
EPOLA (AN : 2242) 0 [ o | 0| 0| w [ 0| 0| 0| wn 2 0 0
Poyeste acate (eb.830) 0 [ 0 | 0| »
Epoxy acrylate (eb. 605) 30 30 20 20
Urethane sry. eb. 270) 20 20 » 2
o [ s | s | w0 | o [ x| x| e | ® s 35 w
T™PTA o | 10 [ o [ 0| 0 [ w0 [ w0 | 0|0 10 1 0
HEA s s s s s s
Dose (K6 W [ % [ w [ w [ w [ w [ w [ % [ % EQ D D
Viscosty (cpsat 25 186 | a0 | w2 | sao | s | w2 | mao [ wws | sso | emo | aus | a0
Pendulum Hardness (%) 0o | 23 | 210 | 207 | 2o | 272 | 240 [ 28 | 2 | Be | sm [ we
Gel Content (4] 8993 | 8027 | s030 | s028 | 890 | seer | soz0 | mmaz | sr3s | swr | owr | srar
Adhesion on wood () 1 00 [ 200 [ 00 [ w0 | w00 [ 00 | 00 [ ) w | w0
Glossnesson wood (at w60 | 74 | sz | sa7 [ o6 | s | o1 | s | w67 | ses | s3 | ses
Abrasion Resitance (5, weight | 00296 | 00138 | 0019 | 0015 | 0028 | 00z7s | 00z2a | 00232 | oozes | ma | oomi | oomss
Tost)
T (@ w | w0 | e | w | | @ | s | e | [ s | s | a
Tensile srength
Young's Modulus (WPa) a5 | a7 | 2ma | 000 | na | asss [ na [ wsss | ssea | ema | aers | 2em
Stess at break (Pa) 740 | 6 [ esa [ 796 | na | 67 | na [ 0m | ae | sz | s | o
Elongation ot break () s | axs [ am | 20 [ na | 23 | na | se0 | e | s: | e | eos
Abrasion Resistance g weight lost after a 500 cycles scrubbing with a 500 g load abrasive wheels.
Tensile Strength Sample Gauge length = 60 mm , Sample Width = 5 mm , Cross head speed = 10 mm/min
na : Data not available

The Physical Properties of POBUA Based Coatings Formulation Cured with 300 KeV Curetron at 30 kGy

POBUA-1 POBUA-2 POBUA-3 POBUA-4 POBUA-5
My(X 107) 8998 9389 2780 8422 10553
a b c a b c |lalw c a b c |lalw <

Gel Content
) 9337 | 9237 [ 9337 | 9471 | 9471 | 9245 [ 93.0 | 9275 | 93.04 | 95.16 [ 9495 | 9514 | 932 | 9471 | 9325
4 s

PHardness | 35.19 | 3107 [ 2277 [37.20 | 3616 | 23.14 [ 37.9 | 2604 | 24.07 | 2849 | 2768 | 2388 | 307 | 2732 | 25.00
%) 8

Abrasion

Resistance
(% weight loss)

Tensite

Stress(MPa) | 1233 | 13.64 | 455 | 1000 | 1471 | 364 |930 [ 1174 | 780 | 800 | 1931 | 333 |145| 1788 [ 930
Elongation | 683 | 883 | 683 | 808 | 1239 | 604 | 875 | 1047 [ 1239 | 7.42 | 1208 | 497 [ 0 | 1300 | 1208
) 688

60 Glosson | 899 | 902 | 903 | 904 | s00 | 901 |ss6 | 910 | sas | ss0 | 901 | 892 |03 | s90 | a8

Substrates(%)
‘Adhesion on
Wood(%) % | 100 w00 | 92 9 | 100 100 | 9% 100 | 100
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Curing/Coatings Performances of Palm Oil Based Resin (POBUA) vs Petroleum Based

Petroleum Acrylates Paim Oil Acrylates
Rate of UV cure (10-25m/min conveyor 154
speed, 7.5 A current) passes

Hardness (coatings) Standard (40-60% Pendulum Less/softer (20-40% Pendulum hardness)
hardness)

Tensile Strength Standard Less/inferior
‘Adhesion ( On Paper/PET/ wood substrates) | Standard Superior (80-100%)

Molecular weight (MW) Variable/ Variable/
Adjustable (could be very high, up | Adjustable (2,000-20,000)
o 1(
Glossiness (coatings) Standard Standard (60-902 at 60 degree)
Environmental impact Maximum Less :
-Biodegradable
Environmental friendly
~ less volatile organic compound
Price Expensive Cheaper
Waterials resources Non-renewable renewable
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Synthesis route for Hyperbranched production (palm oil based)

Dipentaerirtol + asid propionik dimetilol

T=130-150°C,

2jam | mangkin p-TSA

HBP < Analisis: OHV, AV, IR, NMR

Jr=190-220°C, t=5-10 jam | + Asid oleik

HBP-1 - . Anclisis: OHV, AV, IR, NMR

T=50-80°C, t=1-3jam | + IPDI, + HEA

HBPUA =-- --Analisa: OHV, AV, IR, NMR

+monomer akrilat, fotopemula, lain-lain aditif

Formulasi salutan UV

& Sinaran v

Filem termatang UV ... Analisis: kandungan gel, IR,
kekerasan pendulum, kekuatan regangan,
dan lain-lain ujian

LK s
MekZah et al. 2012 EPUA st i OV
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Synthesis of the Palm acrylates resin I'I'II:ISTI NUKLE, \R\
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2011: 50 - 100 Kg
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Achivements : INNOVATION

Innova Medal & event (2003-2015)

1 Gold Medal, Rekacipta & Inovasi ANM 2003 (10-11 Jun 2003) : Sintesis Palm Oil Based Urethane
Acrylate (POBUA) & Penggunaannya dalam Coatings, Adhesive & Printing inks.

2 Silver Medal, Expo S&T Kebangsaan 2003 (7-9 August 2003), Kuala Lumpur:Sintesis Palm Oil Based
Urethane Acrylate (POBUA) & Penggunaannya dalam Coatings, Adhesive & Printing inks

3 Anugerah Inovasi Perkhidmatan Awam Tahun 2004 (AIPA 2004): Sintesis Palm Oil Based Urethane
Acrylate (POBUA) & Penggunaannya dalam Coatings, Adhesive & Printing inks.

4 Silver Medal, Rekacipta & Inovasi ANM 2004 (22-23 Jun 2004): Penghasilan Adhesif Dari Resin
Berasaskan Minyak Sawit”.

5 Bronze Medal, Seoul International Invention Fair 2004: Sintesis Palm Oil Based Urethane Acrylate
(POBUA) & Penggunaannya dalam Coatings, Adhesive & Printing inks

6 SILVER MEDAL ITEX 2007 (18-20 May 2007, Kuala Lumpur): New Prospective Palm Oil Based PU/Clay
Nanocomposites For Fire Retardant to Complying Sustainable Development

7 BRONZE MEDAL INOVASI NUKLEAR MALAYSIA 2009: “Palm Oil Based Polyol For the Production of
High Functionality Urethane Acrylate and Their Applications in Surface Coatings and Adhesives”,

8 BRONZE MEDAL MTE 2009 : High Functional Polyol & PU Elastomer Based On Vegetable Oil-Oleic Acid

9 GOLD MEDAL, MTE 2010,KL (4-6 Feb 2010): Production of Coatings, Adhesives, Printing Inks and

Overprint Varnishes (OPV) From High Functional Palm Oil Based Acrylated Resins”.

10 ‘GOLD MEDAL, Ekspo Inovasi Islam 2010, i-nova’10 USIM, 26-28 September: Production of green
coatings, adhesives, printing inks and overprint varnishes (opv) from radiation (uv/eb) curable palm
oil based resins

2 serm
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11 PINGAT EMAS & PEMENANG KESELURUHAN REKACIPTA & INOVASI NUKLEAR MALAYSIA 2010 Hari
Rekacipta & Inovasi Nuklear Malaysia 2010, 26-28 Oktober 2010, DTI, Nuklear Malaysia: “W2W-
Conversion of Excess Glycerol-The By Product of Biodiesel Production Into Green Oligomers & Plastic
Products”.

12 | GOLD MEDAL, “The 3 International Invention Fair of The Middle East 2010 (IIFME 2010)”, Kuwait:
The Production of Green or Eco-Friendly Coatings, Adhesives, Printing Inks and Overprint Varnishes
(OPV) From Radiation (UV/EB) Curable Palm Oil Based Resins”.

13 | BRONZE MEDAL MTE 2011 , KL: “W2W-Conversion of Excess Glycerol-The By Product of Biodiesel
Production Into Green Oligomers & Plastic Products”.

14 | BRONZE MEDAL Inovasi Nuklear Malaysia 2011: Hyperbranched (HPB) Polyester Polyol From Palm
oil".

15 | SILVER MEDAL Inovasi Nuklear Malaysia 2011: RADIATION INDUCED FORMATION OF INTERNALLY
‘CROSSLINKED STRUCTURE ACRYLATED PALM OIL (APO) NANOPARTICLES USING OIL IN WATER
MICROEMULSION SYSTEMS,

16 |3 prize Best Poster Award, IMTCE 2014, 14-15 Mei 2014, Kuala Lumpur: The production of
Hyperbranched Curable Palm oil Oleic acid

17 | silver Award, (i-INOVA) 2015, 24-25 * Oct 2015, USIM, Negeri Sembilan: Palm Oil based Eco-Friendly
Printing Inks Materials
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Achivements: Patent

o IP (2003 -20

1 MY-142814-A (2011): Process for the production of palm oil based containing products
polyols/diols) for use in making materials

2 PI 20031627: Synthesis and production of palm oil based urethane (POBUA) for use in UV/EB

curing of coatings, adhesives and printing ink.

3 Pl 20040082: Radiation curable pressure sensitive adhesives ( PSA) from palm oil based
resins/oligomers and manufacturing method there of

a4 P12013701558: A composition susceptible to irradiation for use as a compounder carrier.
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9 | T Rihayat, Saari M, M Hilmi Mahmood, Wan Md Zin Wan Yunus, Suraya A R & K Zaman M Dahlan, Thermoplastic PU
Elastomers Based On Palm Oil Polyol, Journal of Applied Technology, Vol 3 No 1, Mei 2005 (71-76).

10 T. Rihayat, S.B. Mustapha, M.Hilmi Mahmood, W. MD Zin W. Y,, S.A. Rasid and Khairul Zaman H.M.D., Study on Formulation
of PU/Clay Nanocomposites Based On Palm Oil Polyol, Journal of Science & Technology, Vol. 3, No. 6 December 2005, pages
1-4.

11| T Rihayat, 5.8. Mustapha, A. R. Suraya, M.Hilmi Mahmood, Khairul Zaman H.M.D, W. MD Zin W. Y, and S. M. Sapuan.,
Synthesis and Thermal characterization of PU/Clay Nanocomposites Based On Palm Oil Polyol, Journal of Polymer-Plastics
Technology and Engineering, Vol. 25, No. 12 December 2006, pages 1323-1326

12 [ T. Rihayat, SB Mustapha, M. Hilmi Mahmood, WMZ Wan Yunus, AR Suraya, KZHM Dahlan and SM Sapuan, Mechanical
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503-520.
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15 | Mek Zah Salleh Khairiah Badri, Mohd Hilmi Mahmood and Sharim Ahmad, Synthesis of UV Curable Hyperbranched
Urethane Acrylate From Palm Oil Oleic Acid, Journal Nuclear and Related Technologies Vol.7, No.2, December 2010.

16 | Abdul Amir H. Kadhum?1,a, Mohd Najib Baharu1,b and Mohd Hilmi Mahmood2, Elastic Polyesters from Glycerol and Azelaic
Acid, Advanced Materials Resaerch, Vols 233-235, May 2011, pages 2571-2575.

17 | Mek Zah Salleh, Khairiah Badri and Mohd Hilmi Mahmood. 2013.Synthesis of EB-Curable Hyperbranched Urethane Acrylate
from Palm oil Oleic Acid. Int. J. Materials Engineering Innovation, (2013) Vol.4, No.1:65-78.

18 | Mek Zah Salleh, Khairiah Badri, Sahrim Hj Ahmad, Mohd Hilmi Mahmmod, Rida Tajau, Nik Ghazali Salleh & Mohamad
Lokman Latif. 2013.Properties of Radiation Curable Hyperbranched Polyurethane Acrylate from Olein Acid of Palm Ol J.
Nuclear Science & Techniques, 2013, 24(51):5010303

19 | Tajau, R, Wan Yunus, W. M. Z, Mohd Dahlan, K. Z., Mahmood, M. H., Hashim,K. , Salleh, M . Ismail , M.,Che Ismail,R.
Radiation-Induced Formation of Acrylated Palm Oil Nanoparticle Using Pluronic F-127 Microemulsion System. Pertanika J. Sci.
&Technol. 21 (1): 135 - 142 (2013)
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20 | Rida Tajau, Mohd Hilmi Mahmood, Mek Zah Salleh, Khairul Zaman Mohd Dahlan, Rosley Che Ismail, Sharilla Muhammad
Faisal & Sheikh Mohd Zaki Sheikh Abdul. Production of UV-Curable Palm Oil Resins/Oligomers Using Laboratory Scale and Pilot
Scale Systems. Sains Malaysiana 42(4)(2013): 459-467

21 | Mek Zah Salleh, khairiah Badri, Rida Tajau and Nik Ghazali Salleh. 2014. The production of green polymer hyperbranched
curable palm oil oleic acid. ). Advanced Materials Research Vol. 1024: 197-200
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Research Grant

1995-1997 [ Project Code: IRPA 03-01-03-005: Radiation Curable Resins From Palm Oil 2,597,964
1996-1997 | Research Contract : MINT/UPP/96/05: Radiation Curing of Coating for Fertilizers 30,000
2007-2008 | RMC-MINT-R&D-05-050: High functionality Polyol/PU 20,000

20092011 | Trust Fund ANM: Pilot Plant for Synthesis Epoxy Acrylate (EPOLA) and Formulations of Overprint | 500,000
Varnishes (OPV)

2011-2013 | Scifund MOSTI: 03-03-01-5F0052: Development of Nano Particles of Epoxidixed RBD palm Ol Acrylate | 173,000
(EPOLA) As Drug Carrier In Delivery System Using lonizing Radiation Technique

2011-2013 | Scifund MOSTI : 03-03-01-5F0104: Development of Hyperbranched Curable Resin from Palm Oil 233,000

2012-2013 | Scifund MOSTI: 03-03-01-SF0162: UV Spot OPV Based on Acrylated Palm Oil Resin (EPOLA) 40,000

2015-2017 | Dana Peruntukan Khas MOSTI (PKAO514D002): Development of Radiation Curable Overprint Varnishes | 316,000
(OPV) Based on palm Oil Acrylate (EPOLA) Resin

1995-2016 | Total 3,889,964
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RT-FTIR of EPOLA —curing kinetics study

Investigations of the curing kineties with palm oil
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Conclusion

* Suitable application of the Palm acrylates
(EPOLA/POBUA) as an additives to improve
glossiness in the coating film (Printing inks, OPV etc)

« Still searching the company/Partner to transfer the
product/technology
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Limitation used of the acrylated Veg. Oil —Palm
acrylates:

¢ Poor wettability — selected photoinitiators, monomers.
* low crosslinking — 1-2 functional groups & 40-65% gelation

Curing test

v/ - smooth surface

PI:D1173

v

X — Poor wettability
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