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ABSTRACT

Castor oil (CO) was reacted with commercial epoggim (ER) (Diglycidylether of Bisphenol-A i.e. DGEBat
various mole ratios. Resultant condensate prodwétsastor oil-epoxy resin was designated as COERg a
characterized by physical, chemical and IR specstatly. Commercially available alkyd resin was ble with
various proportions of castor oil-epoxy resin consate products (alkyd-COERs blends) using diffeszryanates
namely toluene diisocyanate (TDI) and hexamethytBisecyanate (HMDI). All blends were applied oridhsteel
panels and characterized for surface drying timegktfree time, adhesion, flexibility, scratch haeds, pencil
hardness, impact resistance and chemical resistpnogerties.

Keywords: Epoxy resin (DGEBA), Castor oil-Epoxy resin (COERAJkyd resin, Polyurethane (PU), Toluene
diisocyanate (TDI), Hexamethylene diisocyanate (HMBoating, Blend

INTRODUCTION

Alkyd resin is a prime candidate for the surfacatcw material because alkyds are relatively inaspe in terms
of raw materials and manufacturing costs. Alkydrresre compatible with most substances used fasicoating
industries and hence they can be easily modifiedgecial applications. Other polymers may offetdreproperties
in some specific area of application but alkydsenaidest range of acceptable properties in ternssidhce coating
usage along with coat and versatility. It is getignmanufactured from phthalic anhydride, polyoldagirying oils.

In order to improve properties of alkyd resins, ifiodtion with various other materials is the bestthod. These
other materials, used for the modification may lbespnt in physical or chemical combination. Modifion of

alkyd resin with cellulose nitrate gives fast-diinmodification of alkyd resin with chlorinated hdr gives good
fire-resistance property. Alkyd resin is also usedumber of applications [1-4].

Castor oil (CO) sometimes described as a triglgesriof ricinoleic acid, is one of the naturally emeing glycerides
that approaches being a pure compound. CastoCal) Eerves as raw material for the manufacturingwhber
industrial utility products [5-7]. Castor oil knowgreliminary for its medicinal use as a cathartissjow also used
primarily as an industrial raw material for the macturing of industrial products used in coatingsethane
derivatives, surfactants, dispersant, cosmetigsi/éeand lubricants [8, 9].

Epoxy resins contain hydroxyl and epoxy groups.yTten be cured by cold curing or stoving with widage of
materials which includes amino and phenolic reBMJNES, anhydrides, polyamides and isocynates. rEselting
films of epoxy resins are very abrasion resisteggistant to chemical attack and show a high degfeehesion to
metal and other surfaces and thus widely useddnstmial applications. Epoxy resins are versaggins having
wide range of properties such as adhesion to sibstcorrosion resistance and high tensile, fldxarsd
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compressive strengths. Because of the versatilpepiies exhibited by epoxy resin it has found numbg
applications [10-16].

Term polyurethane (PU) originally referred to cogtsystem that utilized high reactivity of isocyesfor chemical
hardning. Polyurethane (PU) chemistry is basedeawtion of a diisocynate with compounds contairangactive
hydrogen atom to produce urethane linkages. Therenany compounds that contain active hydrogenikéer,
alcohol, amines, hydroxyl group, acids etc. Suctdlaf reaction occurs at room temperature or ghtil elevated
temperature. Due to such high reactivity of isoaas with variety of compounds, it is possible ¢onfulate
urethane coating systems with different compositiand methods of applications. Polyurethanes aist miclely
used in coating industry as they exhibit excellabtasion resistance, toughness, low temperatusgbifiey,
chemical and corrosion resistance properties [hd]wide range of mechanical strength. The usekydalesin for
modification with isocyanates in two component syss is well known [18].

Hence, the present article comprises synthesisactaization and coating application of polyuregh@omposition
based on alkyd-(castor oil-epoxy resin reactiondpob) blends with Toluene diisocyanate (TDI), Hexdinylene
diisocyanate (HMDI).

+ | Epoxy Resin (DGEBA)

o) @)
OH OH OH /N /N

Castor oil-Epoxy resin Condesate Products (COERS)

(OH)n Where, n=31t0 5

Alkyd resin J Alkyd resin

Toluene diisocynate (TDI) Hexamethylenediisocynate (HMDI)

Alkyd+COERSs+TDI| Alkyd+COERSs+HMDI

Characterization of Films

Scheme 1 Synthetic Steps
MATERIALSAND METHODS

Materials

Castor oil was purchased from local market. Ep@sjrr (i.e. DGEBA) was obtained from Atul Industriamited
(Valsad, India). Alkyd resin was procured from RiadPaints (V. U. Nagar, India). All other chemisalsed were of
pure grade.

Preparation of Castor oil-Epoxy resin Condensate Products (COERS)

The Castor oil-Epoxy resin products (COERs) wereppred easily by using method reported in our exarli
communication [19]. The method for preparation @fS@©r oil-Epoxy resin products (COERS) is giveretyi as
follows.
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Castor oil (0.268 mole) was taken in to a thre&kaddlask equipped with a mechanical stirrer arat@dl in a water
bath where temperature was maintained at 78@80Jnder continuous stirring desired amount of gpmsin (as
shown in Table 1) was added with 0.05% of trietmjtee (added as a base catalyst). At the regulanat of time,

a sample was withdrawn from the reaction mixturegisiphoning device and test was performed forntbgative

epoxy group [20]. When the sample showed the negjadist for the epoxy group reaction was stoppeldpraduct

was allowed to cool at room temperature. The rastifproducts were designated as castor oil-epmig (EOERS)
products. The varying type of mole ratios of castib{CO): epoxy resin (ER) used for the prepamatid COERS
and physical properties of resultant products (C&)E&e given in Table 1. Chemical properties ofultast

products (COERS) are given in Table 2.

TABLE 1 Mole Ratios of CO: ER and Physical Properties of COERs

C'\Aaggroz,ﬂeacéa;;iyt?k;nn Designation Appearance *Viscosity in sec. | Sp. gravity in gm/cc
0.268 0.134 COER-1 Pale yellow and clear 135 0.98
0.268 0.268 COER-2 Dark yellow and clear 240 1.01
0.268 0.402 COER-3 Brownish yellow and clgar 290 051.

*\/iscosity time was measured using ford cup typeI\B (at 30°C)

TABLE 2 Chemical Propertiesof COERs

Typeof COER | Hydroxyl Number | Hydroxyl valuein mg of KOH/gm | % Hydroxyl | Number of unsaturation per molecule
COER-1 3 145 4.56 3
COER-2 3 130 3.89 3
COER-3 3 113 3.37 3

TABLE 3 PU Compositions Based on Alkyd-COERs Blendsfor TDI and HMDI

Type of Weight of alkyd | Weight of COER Des‘ggf‘“o” Weight of alkyd | Weight of COER Da‘ggf‘“o"
COERstaken resin taken in gms. taken in gms. DI resin taken in gms. taken in gms. HMDI
100 10 ACT-101 100 10 ACH-201
COER-1 100 20 ACT-102 100 20 ACH-202
100 30 ACT-103 100 30 ACH-203
100 10 ACT-104 100 10 ACH-204
COER-2 100 20 ACT-105 100 20 ACH-205
100 30 ACT-106 100 30 ACH-206
100 10 ACT-107 100 10 ACH-207
COER-3 100 20 ACT-108 100 20 ACH-208
100 30 ACT-109 100 30 ACH-209

TABLE 4 Properties of Films Prepared from PU Compositions Based on Alkyd-COERs Blendswith TDI and HM DI

. . Drying time in minutes . -
Designation Surfacedry | Tack-reedry Adhesion | Flexibility
ACT-101 55 145 F F
ACT-102 50 135 P P
ACT-103 40 110 P P
ACT-104 45 120 P F
ACT-105 35 105 F P
ACT-106 30 95 P P
ACT-107 25 75 P P
ACT-108 20 65 P P
ACT-109 10 50 P P
ACH-201 70 160 F F
ACH-202 60 140 F P
ACH-203 55 125 P P
ACH-204 50 150 F P
ACH-205 45 135 P P
ACH-206 40 120 P P
ACH-207 30 110 P P
ACH-208 25 95 P P
ACH-209 20 80 P P

P=Pass, F=Fall

Preparation of COERs-Alkyd Blends
To prepare COERs-alkyd blends, a simple methodhimg physical mixing was employed, both can bepared
by same method as described below:
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Three necked flask equipped with a mechanicalestiralkyd resin was charged and under continuousngt
desired amount of specific COERs (as shown in T8plevere added gradually over the period of halthanr.
Upon the completion of addition the reaction migtwras stirred for an hour after which it was kegila in a
cylindrical glass container for over night to cheky tendency of separation of the two layers. éither case
separation of the two layers was observed.

TABLE 5 Mechanical Properties of Films Prepared from PU Compositions Based on Alkyd-COERs Blendswith TDI and HM DI

Designation | Scratch hardnessin gms. | Pencil hardness | Impact resistancein-lb
ACT-101 1800 1H 125
ACT-102 2200 1H 125
ACT-103 2200 2H 150
ACT-104 2400 3H 150
ACT-105 2400 4H 175
ACT-106 2600 4H 175
ACT-107 2800 4H 175
ACT-108 3000 5H 200
ACT-109 3000 5H 225
ACH-201 1000 1H 125
ACH-202 1200 1H 125
ACH-203 1200 2H 150
ACH-204 1400 1H 125
ACH-205 1600 2H 150
ACH-206 1800 3H 175
ACH-207 2100 3H 150
ACH-208 2100 4H 175
ACH-209 2200 4H 200
TABLE 6 Chemical Resistances Properties of Films Prepared from PU Compositions Based on Alkyd-COERs Blendswith TDI and
HMDI
Designation Acid resistance 5% HCI | Alkali resistance 3% NaOH | Water resistance (Dist. Water) | Solvent resistance Xylene
24 hrs. 2hrs 168 hrs. 168 hrs.
ACT-101 3 2 4 3
ACT-102 4 3 5 3
ACT-103 4 4 5 4
ACT-104 4 3 4 3
ACT-105 5 4 5 4
ACT-106 5 4 5 4
ACT-107 5 4 5 4
ACT-108 5 5 5 5
ACT-109 5 5 5 5
ACH-201 3 2 4 3
ACH-202 4 3 5 3
ACH-203 4 4 5 4
ACH-204 4 3 4 3
ACH-205 5 4 4 4
ACH-206 5 4 5 4
ACH-207 5 4 5 4
ACH-208 5 5 5 5
ACH-209 5 5 5 5
0 = film completely removed 3 =loss in gloss
1 = film removed and particularly cracked 4 = dligoss in gloss
2 =film partially cracked 5 = film largely unaféeed

Preparation of PU Coating Composition Based on Alkyd-COERs Blends
The PU compositions based on various alkyd-COERsd3s were prepared using the following procedure:

Two isocyanates were used namely toluene diisotgaGdDI) (i.e. aromatic) and other is hexamethylene
diisocyanate (HMDI) (i.e. aliphatic). The hydroxylalues of alkyd-COERs blends were not determined
satisfactorily. Thus prior to addition of isocyaesito alkyd-COERs blends was considered. Isocyanmatee added

to the blends till the resultant mixture showedidity. Over all experiments indicates that appnaxiely 33-34 ml

of TDI and 38-39 ml HMDI were appropriate amounlisvthich turbidity was not observed (i.e. clear texdal for
instant coating application was obtained).

Table 3 represents the amount of alkyd-COERs blemdsdesignation of resultant PU compositions. dtiers
Lead Octoate (18% Pb), Cobalt Octoate (6% Co) amhddnese Octoate (6% Mn) were added into it in the
proportions of 0.5%, 0.05% and 0.05% respectivBlgy xylene was used to thin the coating composition
obtained suitable viscosity for brush application.
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Panel Preparation

The mild steel panels were first degreased in iafi@ution and subsequently swabbed with xyleneetnove any
type of oily material or contaminant from the sedaAfter xylene has been evaporated the panele waated by
the above prepared coating composition.

FILM CHARACTERIZATION

The coated panels were examined for drying timagesidn test, flexibility test, scratch hardnessgiehardness,
impact resistance and chemical resistance propdstiestandard methods. The results are given ite$ah 5 and 6
respectively.

Determination of 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 andiegatompositions were applied. The films were cleeckor

‘surface dry’ and ‘tack-free dry’ stages at regutderval of time. The results of drying time detémation are given
in Table 4.

Determination of Adhesion Test

Adhesion of films were determined by employing srbstch adhesion test and panels for the test premared
exactly in a similar manner to that of drying tiaketermination test. Cross-hatch adhesion test aaied out after
168 hour of coating application. Adhesion test wasied out using reported method [19]. The resafésgiven in
Table 4.

Deter mination of Flexibility

For the determination of flexibility, mild steel pals were used. The coating compositions were eglhd cured
in the same manner as mentioned above. Flexiltéisy were carried out using mandrels having smecdd
diameter. Generally 1/8 inch rod diameter mandies wsed and if film passed through 1/8 inch marttiesi it was
said to be passed for the flexibility test. Thautessare given in Table 4.

Determination of Scratch Hardness

In this method, a hand operated instrument was umsedhich test panel was kept on a sliding basé witated side
upward and scratched under specific load with alee@hich was in contact with film on test paneheTload was
kept increasing till the film was scratched whichsandicated by a light bulb that glows when filmasascratched.
The results are given in Table 5.

Deter mination of Pencil Hardness

In this method the use of pencil having differeatdness are used. Sharp tipped pencils having éss#B (soft)
and 6H (hard) were used to scratch the film. Thecppavas held approximately at an angle of #&the film and
with uniform pressure pulled down over the lengthtte film. The test was repeated till a pencil hwipecific
hardness was able to scratch the film and hardoédhat pencil was reported as the pencil hardress The
results are given in Table 5.

Deter mination of Impact Resistance

The coated test panels for impact resistance test mrepared in the same manner as described aiowéest was
carried out after 168 hour of coating applicatibhe coated panel was kept on a platform (coatesligidvard). The
panel was then indented with an object of spedcifeight from the varying heights. The test was r&gedy

increasing the height from which the object fallsthe film was cracked or detached. The resulesgiven in Table
5.

Deter mination of Chemical resistance properties

The assessment of chemical resistance of the fibmarious chemicals, mild steel panels were ushithwwere
prepared, coated and cured as mentioned above.infiimersion method was utilized to assess the chémica
resistance of films in which the panels were immadrsertically in the baths containing solutionsdifferent
chemicals with specific concentration at room terapee for the specific time period. Upon completiof the
specified time period the panels were removed fthenbaths and allowed to dry before visual exarfonatThe
results of resistance against chemicals are givaiable 6.

RESULTSAND DISCUSSION

Results of Table 1 itself suggest that viscosityC@ERs increases as the mole ratios of epoxy riesieases.
Specific gravity of COERSs increases as the amotigpoxy resin increases in COERs. Results givefiable 2
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gives evident that the number of hydroxyl groupsaihthree COERs is 3 but hydroxyl value and % lbygt
decreases as the mole of epoxy resin increases the unsaturation test it is clear that the nunafemsaturation
per molecule in each COER is 3, which are sama &sstor oil. It means that the reaction of epcaesiir has not
occurred at double bond of castor oil. The IR speof castor oil and all three COERs were scanread an KBr
pellets. The IR spectra of castor oil and all the€2ERs are found to be consistent with their ptedistructures.

The drying time of films based on PU compositiomsnuch lower than that of alkyd-COERs blends. T™ais be
attributed to presence of urethane linkages whickniown for the fast drying characteristic [21].n@marison of
drying time of PU films based on TDI and HMDI shothat the PU films based on HMDI have higher drytimge
than PU films based on HMDI. This can be due tacttiral difference in both isocynates; TDI is artimavhile
HMDI is aliphatic. Also, results of adhesion tesidaflexibility 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. Exaliscratch
hardness was obtained from the films, prepared fileese blends. The pencil hardness and impactareses are
also good for such kind of films. Chemical resis@properties of all the films give satisfactorgutks.

CONCLUSION

Room temperature curing compositioan be prepared easily and give satisfactory esDitying time of films
based on TDI shows faster drying than comparedUcfins based on HMDI. PU films based on TDI shows
improved scratch hardness than PU films based oHMIso results of scratch hardness, pencil hasdrend
resistance against chemicals are higher in caB&Jdflms prepared from TDI as compared with PU §lprepared
from HMDI.
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