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ABSTRACT

Surface coating formulations were prepared by blending of rosinified phenolic resin with castor oil of different %
weight ratio was carried out. Such obtained polyols were treated stoichiometrically hexamethylene diisocyanate
(HMDI) and diphenylmethane diisocyanate (MDI) to afford polyurethane syrups. FT-IR analyses were monitoring
for these polyurethane. These produce polyurethane syrups (i.e. resins) resins were casted into film. The result of
polyurethane film were characterized for surface drying time, tack-free time,mechanical properties like scratch,
impact, pencil hardness, adhesion and flexibility. The chemical properties like acid, alkalies and solvent resistance
of these coats have also been checked.
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INTRODUCTION

As the first commercial synthetic resin, phenobsin have been widely used as adhesives compositédings,
coatings, industrial laminates, abrasive materfalshdry resin, friction materials and matrix maés due to their
excellent flame resistance, dimensional stabilityl &hemical resistance. [1] Phenolics are contitmudave an
important role in the coating industry because lofirt versatility, coatings properties, and reastngtrice.
However, Phenolic resin is brittle and not verygbulike many other thermosetting resins. Thus, ifreadion of

phenolic is an important subject for its furthepbgation more pertinent to paints. Some reseatdflipations show
that phenolic resins have been used to in ordegetothe modified polyol for polyurethane formatifi+5].

However, the reports indicate that phenolics basyglirethane used as a composite, adhesive, faanjfe21]

One of the most natural rosinified phenolic resirns used in printing inks, in oil lacquers and dditives to alkyd
paints because good compatibility with natural diiswhich they improve the drying and shine. It cha
polymerized by cooking with vegetable oils to m&keenolic paints with fast drying, good hardnesstsig gloss.
[22]

Castor oil (CO) sometimes described as a triglgesriof ricinoleic acid, is one of the naturally meing glyceride
that approaches being a pure compound. CastoC@i) Gerves as raw material for the manufacturingwhber
industrial utility products [23-25]. Castor oil kwo preliminary for its medicinal use as a cathattis now also
used primarily as an industrial raw material fog thanufacturing of industrial products used in icgg, urethane
derivatives, surfactants, dispersant, cosmetigti/géeand lubricants. [26, 27]

Term polyurethane (PU) originally referred to cogtisystem that utilized high reactivity of isocytesa for
chemical hardening. Polyurethane (PU) chemisthased on reaction of a diisocyanate with compogodsaining
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an active hydrogen atom to produce urethane lirkkafjieere are many compounds that contain activeokyga like
water, alcohol, amines, hydroxyl group, acids &wech kind of reaction occurs at room temperaturatalightly
elevated temperature. Due to such high reactivitysocyanates with variety of compounds, it is flolesto
formulate urethane coating systems with differemmpositions and methods of applications. Polyurethaare
most widely used in coating industry as they eshéicellent abrasion resistance, toughness, lowpéeature
flexibility, chemical and corrosion resistance pedies [28] and wide range of mechanical strength.

Looking to the survey of above three componentsRIP, CO & PU the present aspect comprises thiar
coating formulation based on blending of RMP, CQ@ d@iisocynates. Thus the work is scanned in foltoyvi
scheme.

Castor oil + RPR

OH OH OH OH OH

I |
Blends (B1,B2,B3)

Hexamethylene Diisocyandte | Diphenyl methane Diisocyanate

CO+RPR+HMDI CO+RPR+MDI

Casted into film

Characterization of film

Scheme: 1 Formation of Polyurethane Surface Coatings
MATERIALSAND METHODS

Materials

Castor oil was purchased from local market. RogdifPhenolic Resin (RPR) was purchased from locaket.
Dibutyltin dilaurate (DBTDL) used as a catalyst aiwas purchased from himedia. Hexamethylene diaatate
(HMDI), and Diphenylmethane diisocyanate (MDI) wegyarchased from the bayer, (Dubai). Xylene used as
solvent was purchased from the S.d.fine chemioatdid, (Mumbai). All other chemicals used were ofggrade.

Blending of Rosinified phenolic (RPR) resin and Castor oil (CO)

To prepare castail and rosinified phenolic resin blends, involviagphysical mixing of both as described below:
Three necked flask equipped with a mechanicalestimastor oil was charged and under continuousngtidesired
amount of specific rosinified phenolic resin (aewh in Table 1) were added gradually over the meabhalf an

hour. Upon the completion of addition the reactiomture was stirred for an hour after which it wapt aside in a
cylindrical glass container for overnight to cheahy tendency of separation of the two layers. lithee case
separation of the two layers was observed. The iphlyproperties of resultant above different petaga

composition blends (RPR-CO) are given in Table -1.
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TABLE:-1 Composition of (RPR: CO) and Physical Properties

3;)‘ . Cgr;g(isgg) " | OH valuein mg of KOH/gm | Acid value Colour -OH V%/lyglx?lem cl(\)ﬂn(::g,rf;)

B1 40:60 115.82 8.40 Pale yello 484.84 0.055
B2 50:50 103.18 10.65 Pale yello 543.47 0.065
B3 60:40 90.36 12.30 Pale yello 613.76 0.065

Synthesis of polyurethane:-

Blends of RPR-CO were taken in three necked flaBichvwas equipped with mechanical stirrer, reflonaenser
and thermometer. The stoichiometric amount of Hexthglene diisocyanate (HMDI) were also using dipten
methane diisocyanate (MDI) was added graduallyr@sgnce of dibutyltin dilaurate (DBTDL) catalyshélreaction
was performed at 50-6% with continuous stirring for 3-4 hrs. The prepugr was isolated as a viscous liquid. As
the reaction mix. becomes pourable viscous ligitidvas poured in to the glass cavity. It was keptraom
temperature for 24 hrs curing. These films weraldee further study and characterization.

TABLE:-2 PU Compositions Based on (RPR-CO) Blendsfor MDI and HMDI (Weight of Diisocynates/10gm of polyol)

Sr. | Composition HMDI MDI

No. RMP+CO H1 H2 M1 M2

1. 40:60 5222 6.270 2.73p 3.278
2. 50:50 4.600 5.52 2400 2.8%0
3. 60:40 3.983 4.779 2.090 2.508

Panel Preparation

The mild steel panels were first degreased in afiadution and subsequently swabbed with xyleneetoove any
type of oily material or contaminant from the sedaAfter xylene has been evaporated the panels egated by
the above prepared coating composition.

FILM CHARACTERIZATION

The coated panels were examined for drying timbesitn test, flexibility test, scratch hardness)gidehardness,
impact resistance and chemical resistance propebijestandard methods. The results are given iledaénd
respectively.

Drying Time

The mild steel panels were used to determine thalrging time of films of various blends. The panelere
prepared in a similar manner written above andicgatompositions were applied. The films were clegckor

‘surface dry’ and ‘tack-free dry’ stages at regutderval of time. The results of drying time detémation are given
in Table-3.

Adhesion Test (ASTM D 3359)

Adhesion of films were determined by employing srbatch adhesion test and panels for the test preqgared
exactly in a similar manner to that of drying tihetermination test. Cross-hatch adhesion test wmged out after
168 hour of coating application. Adhesion test wasied out using reported method [29]. The resatésgiven in
Table-3.

Flexibility (ASTM D 622)

For the determination of flexibility, mild steel mals were used. The coating compositions were eg@lnd cured
in the same manner as mentioned above. Flexilt#ity were carried out using mandrels having specdd
diameter. Generally 1/8 inch rod diameter mandigs wsed and if film passed through 1/8 inch marttiesi it was
said to be passed for the flexibility test. Thautessare given in Table-3.

Scratch Hardness

In this method, a hand operated instrument was imsedhich test panel was kept on a sliding basé witated side
upward and scratched under specific load with alleee@hich was in contact with film on test paneheTload was
kept increasing till the film was scratched whichswndicated by a light bulb that glows when filrasascratched.
The results are given in Table-4.

Pencil Har dness

In this method the use of pencil having differeatdness are used. Sharp tipped pencils having éssdtB (soft)
and 6H (hard) were used to scratch the film. Thecipavas held approximately at an angle of #& the film and
with uniform pressure pulled down over the lengfthitee film. The test was repeated till a pencil hwipecific
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hardness was able to scratch the film and hardofdhat pencil was reported as the pencil hardriess The
results are given in Table-4.

Impact Resistance (ASTM D 2794)

The coated test panels for impact resistance teist prepared in the same manner as described abfowéest was
carried out after 168 hour of coating applicatibhe coated panel was kept on a platform (coateslgidvard). The
panel was then indented with an object of spedcifaight from the varying heights. The test was régdy
increasing the height from which the object fallsthe film was cracked or detached. The resutes given in
Table-4.

TABLE:-3 Properties of Films Prepared from PU Compositions Based on (RRP-CO) Blendswith MDI and HMDI

Drying time in minutes . I
Polyurethane cod Surface dry| Tack-free dr Adhesion | Flexibility
B1PUH1 150 240 F p
B2PUH1 145 235 P p
B3PUH1 140 230 P p
B1PUH2 135 232 P P
B2PUH2 130 227 P P
B3PUH2 125 222 P p
B1PUM1 60 120 P P
B2PUM1 55 115 P P
B3PUM1 50 110 P F
B1PUM2 55 80 P P
B2PUM2 50 75 P P
B3PUM2 45 70 P F
P=Pass, F=Fail

Table: 4 Mechanical Propertiesof PU cured coating from (RPR-CO) blendswith MDI and HMDI

Polyurethane cod¢  Scratch hardness in gms.  Peanrdihéss| Impact resistance in{lb
B1PUH1 1200 1H 125
B2PUH1 1200 1H 130
B3PUH1 1450 2H 135
B1PUH2 1600 3H 130
B2PUH2 1800 4H 145
B3PUH2 2000 4H 150
B1PUM1 2200 2H 170
B2PUM1 2350 3H 175
B3PUM1 2500 4H 180
B1PUM2 2800 5H 200
B2PUM2 3000 5H 210
B3PUM2 3250 5H 225

Table: 5 - Chemical Propertiesof PU curd coating from (RPR-CO) blendswith MDI and HM DI

Polyurethane codé Acid res;ta:]nce 5% HC| Alkali resisz;tz?]nce 3% NaOH V\/(alstiesl;.rs\j;t;;]ce
s rs. 168 hrs.

B1PUH1 2 3 3
B2PUH1 3 4 3
B3PUH1 4 4 3
B1PUH2 4 4 4
B2PUH2 5 5 5
B3PUH2 5 5 5
B1PUM1 4 5 5
B2PUM1 5 5 5
B3PUM1 5 4 5
B1PUM2 5 5 5
B2PUM2 5 5 5
B3PUM2 5 5 4

0 = film completely removed 3=lossingloss

1 = filmremoved and particularly cracked 4 = dight lossin gloss

2 = filmpartially cracked 5 = filmlargely unaffected

Deter mination of Chemical resistance properties (ASTM D 1308)

The assessment of chemical resistance of the fibmarious chemicals, mild steel panels were usbkitiwwere
prepared, coated and cured as mentioned above.iriimersion method was utilized to assess the chémica
resistance of films in which the panels were immedrsertically in the baths containing solutions different
chemicals with specific concentration at room terapee for the specific time period. Upon completiof the
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specified time period the panels were removed ftbenbaths and allowed to dry before visual exaronatThe
results of resistance against chemicals are givarable-5.

The drying time of films based on PU compositioasmuch lower than that of RPR-CO blends. This can b
attributed to presence of urethane linkages wrscknown for the fast drying characteristic.[21] Guarison of
drying time of PU films based on MDI and HMDI shotimt the PU films based on MDI have higher dryfinge
than PU films based on HMDI. This can be due tacsural difference in both isocyanates; MDI is aatit while
HMDI is aliphatic. Also, results of adhesion tesideflexibility suggest that, these films give goadhesion and
flexibility. Flexibility of all the films was meased by using 1/8” mandrel as per ASTM D 622. Examliscratch
hardness was obtained from the films, prepared ftoese blends. The pencil hardness and impactaeses are
also good for such kind of films. Chemical resiseproperties of all the films give satisfactorguls.

CONCLUSION

Room temperature curing composition can be prepasasily and give satisfactory results. Drying tiofefilms
based on MDI shows faster drying than comparedUdfiths based on HMDI. PU films based on MDI shows
improved scratch hardness than PU films based o®HMIso results of scratch hardness, pencil hasdrend
resistance against chemicals are higher in caB&Jdfims prepared from MDI as compared with PU §lprepared
from HMDI.
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