NEW RADI ATI ON CURABLE PREPOLYMERS PREPARED FROM PALM O L The present
“invention relates to a process for the production of prepol yners, a

pol yester acrylates (hereinafter referred to as PEPP), and in particul ar,
to a process for the production of pal mbased prepolyners suitable in the
production of radiation curable coatindgs such as inks, varnishes, release
coatings, wood coatings and paints which contain PEPP and of good surface
characteristics. These coatings are curable by ultraviolet radiation as
wel | - as byNBWERADIATION'CURABLE PREPOINM D MROM/WPALM OIL t he
present -purposes shall be deened to be a formof radiation curing. In
particular, this invention relates to palm based pol yester acryl ates
prepol yners . nodified for radiation curable by introduction of suitable.
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enhancers in LTV-curing formulations. However, naj ority of these acrylates
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andthe grom ng use veg eta eoll, 1t 1s s invention to
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- i nvent mudifi¢d formeldigtémn tarablerby hngoflaction ebamtaigiesumﬁats goneric polyester
acryl ates. The pol yester acrylates, can be formulated into coating pol ymers
with appropriate cross-linking agents. Mre particularly, the invention-is
directed to such polyesters havi ng | arge hydrocarbon side chai ns which act

to redﬁc 81a\ﬂosnc ‘88} tﬁie or hardenable compositions, particularly for coating apphcatlons

"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
the1r 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
dimim'shjng natural resources. Due to shoftage of petroIeum oil and the growing use
of Vegetablé oil, it is the object this inveritio_n to 'synthésize the polyestercrylates
prepolymers from palm oil/or its products such as palm kernel oil, palm stearin and
palm. ;)leilji of both refined and crude forrh. The invention also included fatty acids
and their ésters. The invention also relates to a method for preparing s.uch 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. 1111111
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radi ati on curabl e .coatings applied in the form of prepolymers-nononers
m xture that will give abrasion resistdnce and solvent resistance after
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prepolyners, It i.is further object of the inventi. on.to praovide hard
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production of radiation curable coatings, particularly UV-curable coatings
are ol P €T%yononers, photoinitiator and additives. The conmon

ol igoners are polyesters acrylates. Currently, majority of these

pol yesters acrylates prepolymers are derived from petrochem cal refining of
crude #ils fismber ehiechof Ahe ANYRRLEN 4p PTPYEIGE M ddiatTAPIOR; #R BatGRRresistant
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veget a oll, it 1s the object this invention to provide a process for

preparing PEPP from pal moil products and the like.. The invention also

I ncl udg Al EROITNB OPIRVERGIONESt €rs. Pol yesters acryl ates are prepared
from pﬁv‘s%y?r?m ally synthesized by one or two possible
chem cal routes, nanely al koxylation and esterification. Al koxylation, by
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particularly UV-curable coatings are oligomers, monomers, photoinitiator and

additives.

The common oligomers are polyesters acrylates. Currehtly, majority of these
polyestérs acrylates prepolymers are derived from petrochemical refining of crude oil
and coal both of which are rapidly diminishing natural resources. - Due to shortage of
pérbleurﬁ 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 of two possible chemical routes, namely alkoxylation and estériﬁcatiori.
Alkdxylatioﬁ, by far the most common way, involves the reaction between a hydroxyl
ﬁihc_itibnal ihitiator (e.g. glycerol, pentaerythritol, trimethylol propane etc) and either
propyle_ne' or ethyl oxide (epoXy functionalities). This reaction is carried out at

elevated temperatures.

Ih the prepé.raﬁc_)n of polyol, CPO and RBD palm oil (PO) is used. Firsﬂy, epoxidised
palrri 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.



functional initiator (e.g. glycerol, pentaerythritol, trinethylol propane
etc) "and either propylene or-ethyl oxide (epoxy functionalities). This
reaction is carried out at elevated tenperatures. In the preparation of

pol yol, CPO and RBD palmoil (PO is used. Firstly, epoxidised palmoil is
derived from CPO and RBDPO by epoxi dation process, and is. then converted
to polyol by reaction wth a hydroxyl containing initiator, such as
glycerol and a catalyst. .3 Polyol ang Polyesters polyols are a nost
common reactant. for the syntheses of polyesters or polyesters acrylated
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particul ar, ° peroxyacetic¢c acrd (PAA) and perform c acid (PFA) generated in
situ is dolpdlyots-be suitable. However, in this invention, the use of PAA
is preferred because PAA gives a better yield and better controlled

epoxi dati on process. The product formed during this process is known as
epoxi-di sethearoresd aandlergiml beford descobdiedt smvoEROFNitidlle thessyrithegisEPOP i S

then reacted.w t re .glycerol (99% ..preferably derived from pal m oi
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used as UV-radiation curable

The product formed during this process is known as epoxidised palm oil and
palm oil products (EPOP). The resultii‘xg EPOP is then reacted with pure
glycerol (99%), preferably derived from palm oil and palm oil products, in the
pfeserice 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 acryiat_ed polyesters pre'polymers 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;Q 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
prepolymefs is compatible with other ingredients and improve the
uniformity of films prepared from such coating formulations. The

éompounds of the present invention cure at a faster rate when they are



coatings. The invention enconpasses novel acryl ated pol yesters prepol yners
pal m prepolymer 1 (PEPP-.1) and pal m prepol yner 2 (PEPP-2) useful as
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 palmoil4(CPO) or its products. Basically,
both are physically and/ or structurally the sane but for formation of thin

pol yrrer PP- h better an PEPP- These pol yol
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prepolyners is compatible with other ingredients and inprove the
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current 8A).

. The polyester composition of the present invention may be used as th_e-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 eciuivalent, 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 Welght) of catalyst BF3
drolese 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.



The pol yester conposition of the present invention may be used as the sole
pol yéester conponents of a coating conposition, and coatings formed from
such a conposition exhibit surprisingly good flexibility. EXAMPLES (1)
Preparation of pal mbased polyols: The pal moil product, GA-1 (1 nole

equi val ent, gm and Phenothiazine (1 ppm were placed ina 1l liter

mul ti neck reactor with an attached nechanical stirrer. The reactor was
heated in an oil bath. Added 1% (nol e equival ent weight) of catalyst BF3
dropwi 63 t o PoL¥RstesAcKYlates Eesing PXEPRIAtiARe time, the reaction tenperature
was increased. Once the terrper ature reached 80C, palmoil product EPCP

(RBDEPCP? (equi val ent wei g gnm was slowy added in reaction mxture
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almost disappear and as well as vinyl funchonahty (C=C, IR spectra 1629 cm-1 and

810 cm) of polyester acrylates, PEPP-1 and PEPP-2 appeared by the observétion of
FT-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
pyridme-aceﬁ_c 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 acrylic acids or acrylié IMONOINErs were evaporafed 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.



and FT-1R spectra analysis of the reaction m xture. Wen acidity and OH
val ues are alnost constant and the OH functionality in the reactants Pol -1
and Pol -2 were al nost disappear and as well as vinyl functionality (C=C,

| R spectra. 1629 cm1 and 810 cm 1) of polyester acrylates, PEPP-1 and
PEPP- 2 appeared by the observation of &T-1R spectra, then the reaction was
stopped. Reaction conpletion time was observed 14-16 hours. ACCS offici al
method Cd 1d 13-60 was used to neasure the acidity values while

pyri di rkabledsi c dodjaeivadue, hydroxdl valunnvipsesitysand agidisy nft therpelyester
hydr oxyAcr?Q-&s (BRPBSF anfd lPEPPSjectra was carried out by coating the sanples
on potassfum bromde (KBr) pellets. The solvent and acrylic acids or
acrylic nononers were evaporated by rotary vacuum punp and the residue of
excesgacryticacrd nonomer was Tenoved —through—water—and—base—sotutiom
and al{so i on-exchange colum| After purified the products PEPP-1 and
PEPP- 2, Prmpertie®di ne val ue apd vi #EF-1y were det ¢r m neBEBY-ACCS of fi ci gl
met hogq—€a—1d=—92—Atypteat—resutts—of —thet+odine—~valve—hydreoxy—valdes;
viscogity of PEPP-1 and PEPP;2 are shown in Table 1. 6 Table 1: |odine
val ue,| hjudingyhlueahverage) scopity agdlacidity of the pol yesper acrylates
( PEPP-1 gn_ :PEPP-2) Propertips PEPgé PEPP-2 | odi pe val ye éaverage) 6. 7]
7.26 |AcPOHY XRINGEVERET age) 28. 67°87. 34 Hydroxyl| val ue¥-a¥erage) 81.67
73.0 |Vi pgasédyy vhRremag@gen P50 1090.67CPs at 25C) (3) Prepgpation of clear

coatings;._. ) )
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 combim'ng' the prepolymers (PEPP-1 & PEPP-2) with synthetic oligomers,

synthetic monomers, photoiniator and curing agent according 't(_) the following

formnulations:
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 (b 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-
Minicufe (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 maximuni cross-linking and gel formation. The supply current was 8A

of which the giving energy per pass was approximately 0.18J/cm?. The



The pol yester acrylates PEPP-1 or PEPP-2 from exanple (2) were converted
into clear coatings by conbining the prepolyners (PEPP-1 & PEPP-2) with
synthetic oligoners, synthetic nononers, photoiniator and curing agent
according to the following fornulations: PEPP-1 or PEPP-2 (10% 90%
Synthetic acrylates resins (90% 10% or synthetic nononer (90% - 10%
photoinitiator (1%- 6 %9 curing agent (0.5%- 2.5% The ingredients were.
bl ended until uniformand then the fornulated solution was coated on a :
cl ean geldwegslegrees o QRexvas BippRUIed Ry ayalitativecHmpielsstene-g1 agey. (2chipgssTy pe
of | angndViRed mbMahgnge: 180-450mm) wusing | ST-W- Mnicure (U-200-M1-Tr,
Germany). The coated plate was irradiated up to 12 passes under U/ | anp at
a conveyor speed of 4m mn. in order to achieve maximum cross-I|inki.ng and
gel f orRRALLION.: gngé; fw YA
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measur édmis\argsdiommain VablgiZpl e tests, e.g. odor, tackiness and finger
mar ki ng. The physi cal and nechani cal properties of sone UV curable pal moil
based polyneric filnms are shown in Table 2. Table 2: Physico-nechani cal
properties of WV curable palmoil based polynmeric films F Curing Viscosity
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(A (% (%

F Curing- Viscosity Pendulum contact TS Young Eb Gel
Speed  (cPs) - hardness angle (Mpa) Modulus (%) (%)
V) w S M

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 8727

RP-14 4 146.1 20 67.83 . 9.62 45.78 29 8575

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?2) |

Table 2 shows the polymeric film properties which was prepared from both the newly
synthesized palm oil prepdlymers. 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 Wettabil_ity performance. Highér 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 1éss
elongation properties. The higher the gel content means that the films ‘has higher

cross-linked under UV radiation curing.



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
=-formul ation; cps = centipoise; TS = tensile strength; Eb = clongation at
break; Mya = nega pascal (1 Mpa = NmR) Table 2 shows the polyneric film
properties which was prepared fromboth.the newy synthesized palmoil
prepol yners. The curing speed of 4 nmean® that the film prepared fromthe
prepol yner cured at 4 passes at a conveyor speed of 4nimn. Pendul um

har dness @Iopck M 8s of the Wcured polynmeric filns ranges from18%to 25%
dependi ng on their fornul ated corrposi tions. Contact angl eis a property
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was achi eved |uralmoﬂubnﬁnerthﬁtthb@wecdssgbﬁrprﬁmnglness pr opert| es. Higher
hardness or tensile filnms showed | ess elongation properties. The higher
the gel content nmeans that the filns has higher cross-1linked under W

radi ation curifig. 8prégahindepoxidisetigeemsoil By epbLidativh®mfpRlmeast;er acryl ates,
a prepolymer frompalmoil or a product thereof, the process conpri sing:
(i) preparing epoxidised palmoil by epoxidation of palmoil; (ii) reacting
the epoxi di sedipal m&idtny tHe épdrRaieby Pald AT witdl ¥ e 1y drad &08&57115(&51& he
presence of a catalyst to forma polyol; (iii) reactlng t he pol from
1(ii) with acrylic &prgolimathe Hﬁﬂqaa%m.cetalyst to form a polyol;

(iii) reacting-the polyol from 1(ii) with acrylic -écid (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. o

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

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

7. A process according to claim 1, where methacrylic acid is used in step ‘
1 (11). '

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



acid (MA), nmethyl methacrylic acid (MVA) in the presence of a catalyst and
inhibitor to form polyester acrylates. 2. A process according to claim1,
wherein it includes palmoil, palm stearin, palmolein, palmkernel oil,
“pal m kernel olein, palmkernel stearin, all of which could be refined or
crude. 3. A process according to claim1, wherein the al cohol used in step
1(ii) is glycerol. 4. A process according to claim1, wherein the glycerol

is derived from . palmoil, or a product thereof. 5. A process according
to claim1, wherein acrylic acid is used in stt%|§ (tii). 6. A.process
accordi n.t o chaproctss wiecetding teaelpiadl.owhereing s%@llli'% 1Sp’f"§%%é|?e°‘tel? A

process accordi@% to claim1l, where nmeth acrylic acid is used in step
1(iii). 8. Ap éss according to claim1, wherein the acid is peroxyacetic
acid. 9 9 A process according to claim 1 wherein the catalyst is used in

step 10. process_ accordi.n o _cl ai i:t.0, Lin
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tenperature from about 80C to 90C. 12. The polyols of claim1(iii) wherein
- said polyols has a hydroxyl nunber of 38-53, viscosity of 113000-115000
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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—ﬁlonoacrylates, diacrylates, triacryiates
(10% - 90%)

(d)  Photoinitiator (1% - 6%)

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

15. A éomposition according to claim 14, further include 1-2% by wt. of a
(photosensitizer 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.
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within the range of about 1: 1 a 4:1. 18. A radiation curabl e prepol yner

material as defined in claim2, <containing 1-6%b of a photoipitiator
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containing 1- of a photoinitiator selected fromthe group

consi sting of doemsroing pbassloiaslard aaheln dgawtyphenone, benzophenone,

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 oligemer of claim 14, is polyester, urethane epoxy — triacrylate,

tetraacrylates and hexaacrylates.

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

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

'05. 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.
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14, wherein from 10%to 90% of the pol yester acrylate is pal mprepolymer 1
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claim 14. 27 lekitfBredgcording to claim 15, containing in addition a

curing agent. : nmposition according to claim15, wherein the

phot oi ni ator is chosen fromat |east one of the groups consisting of

acet ophenone, benzophenone, & benzoin and derivatives thereof.



