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ABSTRACT

A various environmental friendly ultraviolet (UV) curable poly(urethane acrylate)s coatings from renewable
resources were synthesised for various industrial applications. In this contest, polyurethane prepolymers were
synthesised from coconut oil based alkyd resin as polyol with aromatic and aliphatic diisocyanates by varying
NCO/OH mole ratio, these polyurethane prepolymers were coupled with hydroxyl functional methacrylate (2-
HEMA). These poly (urethane acrylate)s oligomers, reactive diluents and benzophenone as photoinitiator were
cross linked using UV radiations in form of solid coating films. The effect of NCO/OH mole ratio on the structure
and properties of these poly(urethane acrylates)s were characterized by IR spectroscopy and also on the physico-
mechanical and chemical resistance properties of the coated panels.
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INTODUCTION

An important aim of 21st century is to support #mvironmental friendly and sustainable use of reatdevnatural
resources. Vegetable oils and fats make up theegteproportion of the current consumption of realele raw
materials in the chemical industries because thi#sr @ large number of possibilities for applicaisoto the
chemistry which can be rarely met by petroleum potsl [1, 2]. Polyurethanes (PUs) are one of theviong
segments of surface coatings and have been ex¢fnsiged in coating industries, because of theoekant
abrasion and chemical resistance, and good meetamd physical properties. Two-pack PU coatinggesy are
more preferred over one pack system because adbifiekin formulations. The two-pack PU coatingseaypically
used for plastics, wood, aircraft topcoats, andmotive topcoats. A major component of PU is polwdlich
provides flexible segment, cross-linking sites afgb provide the thermosetting potential to theiltasy polymers
[3-5]. Thus in this study, we have used coconutnoildified alkyd resin as polyol. Alkyd resins argremely
versatile and they can be synthesized from a yanétnatural raw materials [6]. More over alkyd inssare
excellent film formers and possess outstandingieigs adhesion, gloss and durability in outdogpesure.

Growing concerns about environmental protectionehanotivated toward the use of UV curing and habeca
possible alternative to the conventional solvenitaming polymer formulations [7-9]. UV curable éme such a
advantage to surface coating which not only redubedvOC (volatile organic compound) but also iases the
productivity [10] and added benefits such as fasing speed, energy preservation, cost efficiemd, lsave led to
their increased used in various applications sugchaints, thin-film coatings, adhesives, packagiungrcoat films,
and inks.

UV-curable coatings are formulated with three basiemponents including prepolymers, diluents, and
photoinitiators [11-13]. In the presence of UV-@ihn, the photoinitiator could be decomposed mtadical or
cation active debris, which would initiate the setimonomers or oligomers in the reaction systenusThe liquid
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coating system would convert into a solid coatimgtantly [14]. The most commonly used UV-curablerfolations

contain unsaturated acrylates due to their greatativity and large choice of monomers. Poly (uaee acrylate)s
are widely used as oligomers for UV coatings beeahsy provide excellent physical and mechanicaperties,

good adhesion, high flexibility, and excellent irapatrength [15]. However, few studies have beetfiopmed to

prepare highly crosslinked urethane acrylatesHerractical applications of UV-curing systems.

In this work, highly cross-linked poly(urethane yate)s were prepared through the reaction of cotoil based
hydroxyl terminated alkyd resin as polyol (-OH walti30 mgKOH/gm) with aromatic and aliphatic diisacgtes
having different NCO/OH mole ratio. Isocyanate tgrated polyurethane prepolymer were linked throjmjht
reaction of a hydroxyl functional acrylate 2-HEMA&and both were linked among themselves. They were
characterized with Fourier transform infrared (FYIBoectroscopy, and also on the physico-mecharaadl
chemical resistance properties of the coated panels

MATERIALS AND METHODS

Materials

Hydroxy terminated alkyd resin (-OH value 130 mg H/@m) as polyol was purchased from Reliable Paints.
Makarpura G.1.D.C., Vadodara. IPDI, HMDI, MDI andT as diisocyanates were purchased from Bayer Co.
(Berlin, Germay). Hydroxyethyle methacrylate (2-HEM was purchased from Aldrich Chemical Co.
Dibutyltindilurate (DBTDL) was used as catalyst wagchased from Hi-media Co. Benzophenone was aseatl
photoinitiator was purchased from Alfa-Aesar Cmd alrimethylolpropanetriacrylate (TMPTA) was usesl &
reactive diluent was purchased from Hi-media Col the reagents were used as received without furthe
purifications.

Synthesis of the urethane-acrylate oligomers

The highly cross-linked UV curable poly(urethaneyate)s oligomer PUA-I1 was synthesised as folloW$AR
(hydroxyl terminated alkyd resin) and IPDI (1:1.8®I/mol) were charged into a 250ml four neck flagkh a
reflux condenser in a waterbath and equipped widthanical stirrer, a thermometer, a dropping funoater
nitrogen atmosphere and were mixed perfectly. 0.05%) DBTDL was added in the reaction mixture dhen the
urethane-forming reaction proceeded at 65°C for &¢eminutes. The reaction mixture as cool dowd38C then
HEMA and 0.05% (w/v) DBTDL were added dropwise wittntinuous stirring for 60 minutes. Other polythene

acrylate)s oligomers with different compositionsravesynthesised by the same method and are sumihdrize
Table-1.

Table -1: Composition of Urethane acrylates oligonte

HTAR | IPDI | TDI | MDI | HMDI . HEMA
Sr. No. | Sample code ) ) ) ) ) NCO/OH ratio @)
1 PUA-1I 7.15 2.3 - - - 1.25 0.53
2 PUA-2I 6.5 2.51 - - - 1.5 0.98
3 PUA-3I 5.96 2.68 - - - 1.75 1.34
4 PUA-41 5.5 2.83 - - - 2 1.65
5 PUA-1T 7.53 - 1.9 - - 1.25 0.56
6 PUA-2T 6.88 - 2.08| - - 15 1.03
7 PUA-3T 6.33 - 2.23 - - 1.75 1.43
8 PUA-4T 5.86 - 2.36] - - 2 1.76
9 PUA-1IM 6.95 - - 2.51 - 1.25 0.52
10 PUA-2M 6.3 - - 2.74 - 1.5 0.95
11 PUA-3M 5.77 - - 2.92 - 1.75 1.3
12 PUA-4M 5.31 - - 3.08 - 2 1.6
13 PUA-1H 7.58 - - - 1.84 1.25 0.57
14 PUA-2H 6.93 - - - 2.02 1.5 1.04
15 PUA-3H 6.38 - - - 2.17 1.75 1.44
16 PUA-4H 5.91 - - - 2.3 2 1.78
Sample preparation

A mixture of poly(urethane acrylates) with a Benzepone as photoinitiator, and TMPTA as reactivaetits were
mixed perfectly through stirring at 25 for 25 minutes and these was applied on metatlpamd UV curing was
carried out through the exposure of the panelsWolaip chamber (GT Ultra Cure, 350 w/cm). The cufids
were stored at room temperature for further studies
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Sr. No. Ingredients Wit%
1. PUA oligomer 70%
2. Reactive Diluent 27%
3. Photoinitiator (Benzophenong) 39
4. Total 100%

Figure 1: Synthesis of poly(urethane acrylates) coating
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RESULTS AND DISCUSSION

FT-IR Analysis

Typical FT-IR spectra of two different urethaneydare oligomers are depicted in Figure 2. The spéanalysis
was mainly used to check the completion of the pelgization reaction in terms of the disappeararidcheNCO
band at 2265 cm-1 and the appearance of the N-H &&aB000-3400 cm-1, which could be ascribed tdidrogen
bonding between N-H and carbonyl groups. As showrFigure 2, the spectra of the two urethane a@ylat
oligomers did not show any detectable band at 22651 but did show strong absorption bands at 1484l c
(amide I, stretching of the ester C=0 bond). Absorpat 1068 and 1192 cm-1 showed stretching fregies for C-
O group of acrylic compound. IR spectra of polyhaste acrylate oligomers showed additional absargiands at
1740 and 3390 cm-1 corresponding to the presenceraihane carbonyl (-C=0) and amide (-NH) stretghin
respectively. The band at 1281 cm-1 is becaus#retching of C-N in urethane. The characteristietshing band
of -N=C=0 at 2265 cm-1 is absent that indicates/d{CO have reacted.

Figure 2: IR- spectra of poly(urethane acrylate)®ligomer
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Scratch resistance

It is one of the most important mechanical propsrtiequired for a coating to fulfil its protectik@e. The damage
caused by scratch on a cured surface of the panals be causing change in the gloss or it may baserhu
deformation and finally induce cracking in the dogt scratch resistance was determined using ametic scratch
hardness tester having a hardened steel hemisphpomt of 1mm diameter as a scratching needlerg@slios).
Respective results were shown in Table 2. Whictshoavs that the aromatic diisocyanates using fhwmwvs better
results than the aliphatic diisocyanates and a9d@0O/OH mole ratio increases the scratch resistanaperty also
increases.

X- hatch adhesion

It was measured using crosscut adhesion testerteBter consisted of die made up of 9 paralleld8ad/16 inch
apart and 1mm long. The die was pressed into thelpa two directions right angles to each otherstAp of self
adhesive was staked over the pattern, and stripmadly by pulling the tape back. The test wasdajeod if not
more than 5% of squares were removed. Respectbidtsavere shown in Table 2. Which are shows thatall
coated panels has satisfactory cross hatch adhesiperty.

Pencil hardness

In the pencil hardness, a strip was drawn underaipuntil a hardness grade was reached whichdweeratch the
surface. Respective results were shown in Tablad2that are shows that aromatic diisocyantes usimg has
more hardness than the others and as NCO/OH ntadeimaereases the pencil hardness also increases.
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Flexibility

Flexibility test was carried out through 1/8 inaghandrel bend tester (IS: 1303-1983). Respectivalteesvere
shown in Table 2. Which are shows that the alighdiisocyantes using films shows better results thae
aromatics diisocyantes using film.

I mpact hardness

It is the resistance of coatings to the effectsapid impacts (Wicks, 1992.). The impact hardndgdifterent cured
films in the present study was evaluated as pedatal method using a heavy duty tubular impacetesith 2 Ibs
mass and 25 inch height with round nose punch douptto 1S-101-1989 method. The impact area wagnvksl
for cracks in the coating and accordingly reporsdpassed or failed. Respective results were showable 2.
Which are shows that all the coated panels has gopdct hardness but in the case of higher NCO/Qite matio
the coated panels shows poor results. That is yneiré to the higher cross linking density.

Table-2: Physico-Mechanical property of UV cured oatings

Scratch Impact pencil Flexibility Cross
Description Code | Hardness | Hardness 1/8” Hatch
Hardness ]
(gms) mandrel | Adhesion
PUA-1I 1730 P 2H P Ex
PUA-2I 2250 P 3H P Ex
PUA-3I 2600 P 3H P VG
PUA-4I 2950 P 4H P VG
PUA-1T 2250 P 3H P VG
PUA-2T 2700 P 4H P VG
PUA-3T 3100 P 4H F VG
PUA-4T 3450 P 5H F G
PUA-1M 1800 P 3H P VG
PUA-2M 2400 P 4H P VG
PUA-3M 2650 F 4H F G
PUA-4M 3000 F 5H F G
PUA-1H 1760 F 2H P Ex
PUA-2H 1980 P 3H P Ex
PUA-3H 2400 P 3H P VG
PUA-4H 2830 P 3H P G

P-Pass, F-Fail, Ex-Excellent, VG-Very Good, G-Good

6H>5H>4H>3H>2H>1H>H>HB>1HB>2HB>3HB>4HB>5HB>6HB

Chemical Resistance ASTM D 1308 (Patel, 2005.)

The chemical resistance of the cured films is messby the immersion of the coated panel in 5 %hefacid as
well as alkali solution. After immersion the tgsénels were observed from time to time for any ritat&tion of the
film. The results for all cured films are givenTiable 3.

Table-3: Chemical property of UV cured coatings

Description Code Acid Resistance| Alkali Resistance | Corrosion Resistance MEK
5%HCI 5%NaOH 5%Nacl Double rub
PUA-1I 4 3 3 73
PUA-2| 4 3 4 80
PUA-3I 4 4 4 86
PUA-4| 5 4 5 92
PUA-1T 4 4 4 82
PUA-2T 4 4 4 87
PUA-3T 5 4 5 91
PUA-4T 5 5 5 93
PUA-1M 4 3 4 79
PUA-2M 4 3 4 81
PUA-3M 4 4 4 87
PUA-4M 5 4 5 90
PUA-1H 3 3 3 72
PUA-2H 4 3 3 78
PUA-3H 4 3 4 83
PUA-4H 4 4 4 88

w

0 | Film completely removed Loss of gloss
1 | Film cracked and partially removed | 4| Slight los®f gloss
2 | Film partially cracked 5 | Film Practically affected
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Solvent Resistance ASTM D 5402 (Patel, 2005.)

The solvent resistance of the cured film is meabime the solvent rub test. The coated panels warbead with
ethyl methyl ketone soaked cotton pad. Any chamgéise appearance or deterioration of the filmabserved. The
results are reported in Table 3.

CONCLUSION

From this study it may be concluded that the odsld be successfully utilized for the synthesisUd curable
poly(urethane acrylates)s surface coatings andthlsdJV radiations were effectively used to curdyfoethane
acrylates)s resins in the presence of reactiveenition metal surface. The PUA-2T and PUA-2M shgasd
scratch resistance and pencil hardness due tortckéibnal TMPTA and higher NCO/OH mole ratio whiclecrease
the cross linking density, and also presence ahatig rings of aromatic diisocyanates in the polgsimehain. All
the samples shows excellent results of X-hatch sidhedue to incorporation of TMPTA as well as shayemd
flexibility and impact hardness due to using ofyalkesin as polyol. In addition, all the samplaswg good acid
resistance properties than the alkali resistanbés ifdicates that these PUA films can be good ickates for the
UV-curable coating of metal substrate.
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