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I nventi1on éiso relates to a nethod for preparing such oligoneric polyester
acryl ates. The pol yester acrylates, can be fornulated into coating polyners
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directed to such polyesters having | arge hydrocarbon side chains which act
t o r edRadiationcosgrabje @it hardenable compositions, particularly for coating applications

are known in the art. Examples of reactive monomers and oligomers also referred to
as radiation-curable diluents, are multi-functional acrylates and methaacrylates of
alkoxylated and non-alkoxylated polyols. These compounds are characterized by
their low viscosity and good solvating power and are thus utilized as viscosity
enhancers in UV-curing formulations. However, majority of these acrylates are
derived from petrochemical refining of crude oil and coal of which are rapidly
diminishing natural resources. Due to shof'tage of petroleum oil and the growing use
of vegetable oil, it is the object this invention to synthesize the polyestercrylates
prepolymers from palm oil/or its products such as palm kernel oil, palm stearin and
palm olein of both refined and crude formm. The invention also included fatty acids
and their esters. The invention also relates to a method for preparing such oligomeric
polyester acrylates. The polyester acrylates, can be formulated into coating polymers
with appropriate cross-linking agents. More particularly, the invention is directed to
such polyesters having large hydrocarbon side chains which act to reduce viscosity of

coating composition and provide coatings with enhanced flexibility.
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coating conposition and provide coatings with enhanced flexibility. 2 It
is an object of this invention to provide radiation curable coatings
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of pol RBD pal moil” (PO is used. Firstly, epoxidised
additives.

The common oligomers are polyesters acrylates. Currently, majority of these
polyesters acrylates prepolymers are derived from petrochemical refining of crude oil
and coal both of which are rapidly diminishing natural resources. - Due to shortage of
peroleum oil and the growing use of vegetable oil, it is the object this invention to
provide a process for preparing PEPP from palm oil products and the like. The

invention also include fatty acids and their esters.

Polyesters acrylates are prepared from polyols. Polyols are generally synthesized by
one or two possible chemical routes, namely alkoxylation and esterification.
Alkoxylation, by far the most common way, involves the reaction between a hydroxyl
functional initiator (e.g. glycerol, pentaerythritol, trimethylol propane etc) and either
propylene or ethyl oxide (epoxy functionalities). This reaction is carried out at

elevated temperatures.

In the preparation of polyol, CPO and RBD palm oil (PO) is used. Firstly, epoxidised
palm oil is derived from CPO and RBDPO by epoxidation process, and is then
converted to polyol by reaction with a hydroxyl containing initiator, such as glycerol

and a catalyst.
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The product formed during this process is known as epoxidised palm oil and
palm oil products (EPOP). The resulting EPOP is then reacted with pure
gl_ycerol (99%), preferably derived from palm oil and palm oil products, in the
presence of boron trifluoride in ether (as catalyst) to yield polyols. The polyols
obtained from EPOP are then allowed to react with acrylic acid or methaacrylic

acid to yield the acrylated polyester prepolymers.

The acrylated polyesters prepolymers are then formulated with other
monomers, oligomers and photoinitiator to be used as UV-radiation curable

coatings.

The invention encompasses novel acrylated polyesters prepolymers palm
prepolymer 1 (PEPP-1) and palm prepolymer 2 (PEPP-2) useful as
prepolymers for radiation curable compositions. PEPP-1 was synthesized from
RBD (refined, bleached and deodorised) palm oil or its products and product
PEPP-2 was from crude palm oil (CPO) or its products. Basically, both are
physically and/or structurally the same but for formation of thin polymeric
film, PEPP-1 showed better performance than PEPP-2. These polyol
derivatives have been found to exhibit distinct process advantages over
the corresponding previously described acrylated polyesters. The
prepolymers is compatible with other ingredients and improve the
uniformity of films prepared from such coating formulations. The

compounds of the present invention cure at a faster rate when they are
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prepol yners for radiation curable conpositions. PEPP-1 was synthesized from
RBD {refined, bleached and deodorised) palmoil or its products and product
"PEPP-2 was fromcrude palmoil (CPO or its products. Basically, both are
physically and/or structurally the samg but for formation of thin polyneric
film PEPP-1 showed better performance than PEPP-2. These pol yol
derivatives have been found to exhibit distinct process advantages over
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of thecpriaggntactioaenti on cure at a faster rate when they are 4 subjected
to ultraviolet (UV) radiation. Overall, the clainmed prepolynmers display

uni quely fast curing and fornul ati on properties, features highly desirable
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conponents of a coating conposition, and coatings formed tromsuch a
conposicurmt 8thi bit surprisingly good flexibility. EXAMPLES

The polyester composition of the present invention may be used as the sole polyester
components of a coating composition, and coatings formed from such a composition

exhibit surprisingly good flexibility.
EXAMPLES
(1) Preparation of palm-based polyols:

The palm oil product, GA-1 (1 mole equivalent, gm) and Phenothiazine (1 ppm) were
placed in a 1 liter multineck reactor with an attached mechanical stirrer. The reactor
was heated in an oil bath. Added 1% (mole equivalent weight) of catalyst BFs;
dropwise to reaction mixture and at the same time, the reaction temperature was
increased. Once the temperature reached 80°C, palm oil product EPOP (RBDEPOP)
| (equivalent weight, gm) was slowly added in reaction mixture into the reactor.
Completion reaction time was 4 hours. Then reaction mixture was allowed to cool,
thin and then purified. For purification, reaction mixture was washed with hot water
to remove unreacted GA-1, phenothiazine and the catalyst. The obtained polyol was
highly viscous and white creamy color. The product was labeled as Pol-1. Pol-2 was

similarly prepared as in the above procedure by using CPOEPOP.



(1) Preparation of pal mbased polyols: The palmoil product, GA-1 (1 nole
equj val ent, gm and Phenothiazine (1 ppm) were placed ina 1l liter
"multineck reactor with an attached nechanical stirrer. The reactor was
heated in an oil bath. Added 1% (nol e gqui val ent wei ght) of catalyst BF3
dropwi se to reaction m xture and at the same tine, the reaction tenperature
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obser V%‘Q‘—IR spectra, then the reaction was stopped. Reaction completion time was observed

14-16 hours.

AOCS official method Cd 1d 13-60 was used to measure the acidity values while
pyridine-acetic anhydride titration technique was used to determine the hydroxyl (OH)
values. FT-IR spectra was carried out by coating the samples on potassium bromide
(KBr) pellets. The solvent and acrylié acids or acrylic monomers were evaporated by
rotary vacuum pump and the residue of excess acrylic acid monomer was removed

through water and base solution and also ion-exchange column.

After purified the products PEPP-1 and PEPP-2, their iodine value and viscosity were
determined by AOCS official method Cd 1d-92. A typical results of the iodine value,
hydroxyl values, viscosity of PEPP-1 and PEPP-2 are shown in Table 1.
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pol yester acrylates (PEPP-1 and PEPP-2) Properties PEPP- 1 PEPP-2 |odinpe
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(3) Preparation of clear coatings: The pol yester acryl ates PEPP-1 or PEPP-2

from exagalse (,@),e\@&&a%gnverted igeiclear coatings by ¢oydining the
prepol yners (PEPP-1 EPP-2) with Sént hetic oligopers, synt hetic

monomer sACiHiBvaluE Gveragehd cluri ng 2&8At according to t he3le owi ng
for mul atiiofgxyPFIRe fatraFEPH- 2 (1096899 Synthetic acrykatgs resins (90% -

10%
Viscosity (average in 650 1000
CPs at 25°C)

(3) Preparation of clear coatings:

The polyester acrylates PEPP-1 or PEPP-2 from example (2) were converted into clear
coatings by combining the prepolymers (PEPP-1 & PEPP-2) with synthetic oligomers,

synthetic monomers, photoiniator and curing agent according to the following

formulations:
PEPP-1 or PEPP-2 _ (10% - 90%)
Synthetic acrylates resins (90% - 10%)
or synthetic monomer (90% - 10%)
photoinitiator (1% - 6 %)
curing agent (0.5% - 2.5%)

The ingredients were blended until uniform and then 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: 180-450mm) using IST-UV-
Minicure (U-200-M-1-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/cm?2. The



or synthetic nononmer (90% - 10% photoinitiator (1%- 6 % curing agent
(0:5%- 2.59% The ingredients were bl ended until uniformand then the
formul ated solution was coated on a clean glass plate (5 cmx 3 cmx 3 cm
and cured under W lanmp (2 kW Type of | anmp: MC200; UV range: 180-450mm)
using I ST-UW- Mnicure (U 200-M1-Tr, Germany). The coated pl ate was
irradiated up to 12 passes under UV | anp at a conveyor speed of 4m mn.
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curren which the giving energy per pass was approxi mately
0.18J/cn§aﬁ¥%£n¥8&yggative degrees of cure was neasured by qualitative
sinple tests, e.g. odor, tackiness and finger marking. The physical and
mechanical _.properti.e f_ s a [ I 4
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pal m ofilmbasedhpwhyinefahde Ri | s F Curing Viscosity Pendul umcontact TS
Young Eb CGel Speed (cPs) hardness angle (Mpa) Mdulus (%9 (%9 (W) (%
(0) (Mpa) RP-11 4 115.4 25 69.0 18.35 120.78 23 90.40 RP-12 4 120.5 22
68.5 10.44 108.50 28 89.84 RP-13 4 135.8 20 68.0 9.84 43.63 28 87. 27

RP- 14 46.1 20 67.83 9.62 45.78 29 85 .75 -15 4 151.2 18 67,67 6.94
45. 78 %8%]@12.:65 l‘—’gﬁ_‘S‘?‘BF’ﬁﬁ‘i‘%ﬁl??’g HFOH?B%CS£§EXnﬁWr%R§F palm ?%%ése%é?? mREiciPEngt h:
Eb = elongation at break; Ma = nega pascal (1 Ma = N mR)

F Curing Viscosity Pendulum contact TS Young Eb Gel
Speed  (cPs) hardness angle (Mpa)  Modulus (Ye) (%)
uv) (7o) ©°) (Mpa)

RP-11 4 115.4 25 69.0 18.35  120.78 23 90.40

RP-12 4 120.5 22 68.5 10.44  108.50 28 89.84

RP-13 4 135.8 20 68.0 9.84 43.63 28 87.27

RP-14 4 146.1 20 67.83 9.62 45.78 29 85.75

RP-15 4 151.2 18 67.67 6.94 45.78 38 84.65

F = formulation; cps = centipoise; TS = tensile strength; Eb = clongation at break;

Mpa = mega pascal (1 Mpa = N/mm?)

Table 2 shows the polymeric film properties which was prepared from both the newly
synthesized palm oil prepolymers. The curing speed of 4 means that the film
prepared from the prepolymer cured at 4 passes at a conveyor speed of 4m/min.
Pendulum hardness properties of the UV cured polymeric films ranges from 18% to
25% depending on their formulated compositions. Contact angle is a property which
shows their wettability performance. Higher contact angle means less wettability and
results in better film properties. Higher tensile strength was achieved in the films
that have higher hardness properties. Higher hardness or tensile films showed less
elongation properties. The higher the gel content means that the films has higher

cross-linked under UV radiation curing.



. Tabl e 2 shows the polyneric film properties which was prepared from

both. the newy synthesized pal moil prepolyners. TheegliceR&ntsBaes of 4
means that the film prepared fromthe prepol yner cueegulgt 2d0passes at a
conveyor speed of 4mmin. Pendul um hardness properties of the UV cured
polyneric films ranges from 18%to 25% depending on their fornul ated
conpositions. Contact angle is a proper@8y which shows their wettability
performance. H gher contact angle neans |ess wettability and results in
better fidm Rromesti es. H gher tensile strength was achieved in the filns
t hat have hi gher hardness properties. H gher hardness or tensile filns
showed | ess elongation properties, The hi gher the gel con{tent ans that
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Sheet 6 July @06 r8dulMevBofl thPpPdResssmiRlsiig.epari ng pol yester

acryl ates, a prepolynmer frompalmoil or a product thereof, the process
conprising: (i) preparing epoxidised palmoil by epoxidation of palmoil;
(ii) reacting the e |di i i i l.yhydri c

al cohol in theﬁ)pr esgﬁ%ﬂeﬁgggp%g{iglbegta@ﬁ?%$Fnﬁgﬂgg?s%IO?p((aifni]fw)ﬂ’reacti ng the
polyol from1(ii) with acrylic acid (AA), nethaacrylic acid (MM, nethyl

met hacrylic acj (%g_;j, e 5 whtat -1 nhi b .o form
pol yest er acryqlgt es. m% %{}o?gj;xg géwc%?%{lr@ to c%gﬁoﬁ%e%%&%g&?%cl udes
pal moil, pal m st eaicohol patlm ptesence phd patadysteto forth,a pelyed; ker nel ol ei n,

pal m kernel stearin, all of which could be refined or crude. 3. A process

according to claiml1, wherein the alcohol used in step 1(ii) is
(1i1) reacting the polyol from 1(i1) with acrylic acid (AA), methaacrylic

acid (MA), methyl methacrylic acid (MMA) in the presence of a

catalyst and inhibitor to form polyester acrylates.

2. A process according to claim 1, wherein it includes palm oil, palm
stearin, palm olein, palm kernel oil, palm kernel olein, palm kernel

stearin, all of which could be refined or crude.

3. A process according to claim 1, wherein the alcohol used in step 1(ii) is
glycerol.
4. A process according to claim 1, wherein the glycerol is derived from

palm oil, or a product thereof.

S. A process according to claim 1, wherein acrylic acid is used in step
1 (a11).

6. A process according to claim 1, which is carried out a atmospheric
pressure.

~1

A process according to claim 1, where methacrylic acid is used in step

1(ii).

8. A process according to claim 1, wherein the acid is peroxyacetic acid.



gl'ycerol. 4. A process according to claim1, wherein the glycerol is
derjved from palmoil, or a product thereof. 5 A ogess a cg&ding to
claiml, wherein acrylic acid is used in step 1(ii?%q)§;§§§§r s

according to claim1, which is carried out a at mosph@rl’ ssure. 7. A

process according to claim1, where nmeghacrylic acid is used in step

(iii1) . 8. A process according to claiml, wherein the acid is peroxyacetic
aci d. Replacement Sheet 6 July 2006 9 9. A process according to claiml,
wher ei n tdie caj ghpebsd SickGrEing Nosdleitn Krwhejein e fatphot dssusast or ditely t o
claim1l1, wherein the inhibitor used in step 1(iii) 1is from hydroqui none or
p- phenyl t hi azi H&ler nitrobenzene. 11. The process of claim1(iii) wherein
the reaction is conducted at a room tenperature fromabout 80C to 90C. 12.

The polyols of claim1(iii) wherein said polyols.has.a hydroxyl nupber of
38-53, viHbosiApretess 3opodinesioeaips! 7a“(htg@@./%%?nq???&ofz%ei%fmcﬁtgi’ hf@?
wher ei n sai d ERQ has, aftogiid@ReorpppehyRhiazth S8%nirdidfizedd. A clear coating -

prepared by bl'ending a mxture conprising (a) pal mprepolyner 1 (PEPP- 1)
or pgjn1prepo|yner 2 (PEPP-2) (10% 90%

11. The process of claim 1(iii) wherein the reaction is conducted at a room

temperature from about 80°C to 90°C.

12.  The polyols of claim 1(iii) wherein said polyols has a hydroxyl number of
38-53, viscosity of 113000-115000 cps at 25°C.

13. The EPO of claim 1, wherein said EPO has an oxirane number of

2.32%-3.12%.
14. A clear coating prepared by blending a mixture comprising

(a) palm prepolymer 1 (PEPP-1) or palm prepolymer 2 (PEPP-2)
(10% - 90%)

(b) Synthetic  oligomers-Polyester, urethane, epoxy-triacrylate,
tetraacrylates or hexaacrylates (90% - 10%)

(c) Synthetic monomers-monoacrylates, diacrylates, triacrylates
(10% - 90%)

{d) Photoinitiator (1% - 6%)

(e) curing agent (0.5% - 2.5%)

15. A composition according to claim 14, further include 1-2% by wt. of a
fphotosensitizer for promoting rapid cure under exposure of ultraviolet

light.

16. A composition according to claim 14, wherein said higher viscosity
monomer having three or more acrylate group is trimethylolpropane

triacrylates.



. (b) Synthetic oligoners-Pol yester, urethane, epoxy-triacrylate,

tetraacryl ates or hexaacrylates (90%- 109 (c) Synthetigeprae@idat sShe@®NO
acrylate s, diacrylates, triacryla.tes (10%90% (d) Phetimipiz00ator (1% -
6% (e) curing agent (0.5%- 2.5% 15. A conposition according to claim
14, further include 1-2% by w. of a jphotosensitizer for pronoting rapid
cure under exposure of ultraviolet light. 16. A conposition according to
claim14, wherein said higher viscosity nononer having three or nore
acryl ate, group | LRLD laifal 1 RGFHeratnesaidRePhaasEstprobast 6
July 200é910 alésmkoc%onpog%:%rg%ﬁgggdggr'di_ng to claim 14 wherein said nononer
is present itna raid ® sadgaedolyresoriye: thei ©eRBA OfﬁEOPEHg]eg‘o?*labout 1:1 &
4:1. 18. A radiation curable prepolynmer material as defined in claim 2,
containing 1-6% by wt. of a photoinitiator selected fromthe group

consi sting. of mciddiatienandraidy| prepdemieyariafedal 125 defingdi 40 GRIBUrabl e

prepol ynmer material .as fl_glf,/lé)%ed Ln gl S‘L‘Eﬂ&%initjﬁfb?t %jlg#t@g &o8Y0:R¥ gfto.upo]‘ a

phot oi ni ti at oCOBL BN B mot fe- grou consi sting of benzoin | ower al kyl

et her, acet ophenentindenzgpsiasaene, acybenzidrivatikes.ai | ni xtures of two or nore
of them 20. The nethod of claim 14, wherein from 10% to 90% of the

polyester acrylate is palmprepolynmer 1 (PEPP-1) or pal mprepolyner 2
(PEPP-2) 19, A radiation curable prepolymer material as defined in claim 14,

containing 1-6% by wt. of a photoinitiator selected from the group
consisting of benzoin lower alkyl ether, acetophenone, benzophenone,

benzil & ketail mixtures of two or more of them.

20. The method of claim 14, wherein from 10% to 90% of the polyester
acrylate is palm prepolymer 1 (PEPP-1) or palm prepolymer 2 (PEPP-2).

21. A prepolymer according to claim 14, in which the prepolymer is palm oil
based.

22. The oligomer of claim 14, is polyester, urethane epoxy - triacrylate,

tetraacrylates and hexaacrylates.

The monomer of claim 14, is monoacrylate, diacrylates and triacrylates.

[\
w

24. The photoinitiator of claim 14, is benzophenone, benzil & ketails.

25. A radiation curable coating composition as recited in claim 14, in which
said composition includes a photosensitiser rendering the composition

curable with ultraviolet light.

26. A film forming coating incorporating a composition according to claim

14.



21. A prepolynmer according to claim14, in which the prepolyner is palmoil

based. 22. The oligoner of claim 14, is polyester, urethane epoxy -

‘tri'acrylate, tetraacrylates and hexaacrylates. 23. The nononmer of clai~~

- 14, is nonoacrylate, diacrylat: s and {y~acrylates. 24. The photoinitiator
of clapbm 14, | , il ' . 25, .. di.at i rabl e
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i ncl udes a photosensitiser rendering the conposition curable with

ultraviglet light...26. A filmfaornmng.coating.ncorporatin cQ siti,on
accor dPRy t & esHiod pecyplingto il FORYCID L BRRAABIHTR ThesdiHom at
cont ai ni ng ilensiddie ofotheagmuipsneprasisitg o2 8cetGphgrnsie, ibenzapltataien@ benediai m
15, wherein the photoiniator_is chosen fromat |east one of the groups
consi sting 8% V@ﬁwgﬁéﬁeer,eof)enzophenone, & benzoin and derivatives

t her eof .



