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Abstract : Polyurethane coatings are formed from a chemical
reaction between a polyol and a polyisocyanateédrad Two
component solvent based polyurethane coatings preqgared
by blending of epoxy polyol and Toluene Di Isocy&na
hardener. By keeping the ratio of Epoxy Polyol cstesit and
by changing the ratio of TDI from 0.80 to 1.200¢at of seven
types of experiments were conducted. All theseeBrnts
were based on the solid contents of the hydroxyivedent
weights of epoxy polyol and NCO equivalent weightTddl.
After the film coated with the prepared polyurethaatings,
the various physical properties and mechanical gntags were
measured and compared. The Electrochemical Impedanc
Spectroscopy was used for the characterizatiorhefcbated
film. The formation of the polyol was supported BJIR
spectral data.
Keywords. Epoxy polyal, Isocyanate hardener, FT IR,
Properties, Electrochemical |mpedanceSpectroscopy

. INTRODUCTION

The chemical structure of epoxy resins gives them
high chemical resistance against a wide range wéree
corrosive conditions [1]. These properties are \aeti
from the aromatic nature of the backbone and good
chemical stability of the phenolic ether linkagewaor
component polyurethanes (PU) have found extensive
applications in the coating industry mainly becatisey
exhibit excellent abrasion resistance, toughnessy |
temperature flexibility, chemical and corrosionistence
and a wide range of mechanical strength[2-4].
Polyurethane coatings are formed from a chemical
reaction between a polyol and a polyisocyanate
hardener[5]. Among the common commercially avadabl
polyols for two components PU systems are hydroxyl
functional polyester, acrylics, polyether and pddyo
Hydroxyl-terminated polyurethane (HTPU) prepolymer
and crystalline polymer particles were used to riyotlie
toughness of diglicidyl ether of bisphenol-A
(DGEBA)epoxy cured with diaminodiphenyl
sulphone(DDS) having the improved toughness prgpert
as reported by Huei-Hsiung Wang et al[6]. Lizhi-heta
all study the structural characteristics and prigerof
polyurethane modified TDE85 (Diglycidyl-4,5-epoxy
cyclohexane-1,2-dicarboxylate)) MeTHPA  (Methyl
tetrahydrophalic ~ anhydride) epoxy resin  with
interpenetrating networks[7]. Jong-Shin Park [&pared
and investigates the mechanical properties PU filsisg

starch as main polyol component with Toluene
Diisocyanate (TDI) for various polyol starch corttemd
NCO/OH molar ratio. Cardopolyester polyol has been
synthesized by reacting epoxy resin of 1, 1 bis€8il 4
Hydroxy phenyl) cyclohexane and recinoleic acidRiy
Parsania[9]for their industrial importance as coating and
adhesive materials. In the present work, we deezian

our laboratory hydroxyl terminated epoxy systems as
epoxy polyol resin. Two component polyurethane
coatings were prepared by blending of epoxy poarad
Toluene diisocyanate (TDI) hardener. Seven types of
experiments were conducted by keeping the ratio of
Epoxy polyol constantly and changing the ratio &I T
from 0.80 to 1.20. All these experiments were based
the solid contents of the hydroxyl equivalent wesghf
epoxy polyol and NCO equivalent weight of TDI. Afte
the film coated with the prepared polyurethane iogat

the various physical properties and mechanical gnags
were measured and compared. Electrochemical
Impedance Spectroscopic (EIS) is a non-destructive
technique useful for examining the corrosion perfance

of coated metals exposed to aqueous environmertsy M
researchers discussed corrosion performance of the
polyurethane coating by using the EIS techniquel[ZD
Hence the optimized polyurethane coated film idyzeal

by using the EIS tool. The formation of the polyehs
supported by FTIR spectral data.

. EXPERIMENTALANALYSIS

Materials - Epoxy resin GT 6071-X75(Diglycidyl ether
of Bisphenol-A Type, Epoxy equivalent weight 50Eqg/
and solids 75% in Xylene) from M/S Ciba Gaey —
Mumbai, Diethanol amine from Spectrum Baroda,
Xylene, cellosolve acetate and butyl acetate from E
Merck, Toluene diisocyanate (TDI) Desmodur L75%
from M/S Bayer chemicals. A three neck flask (500, m
equipped with a mechanical stirrer, condenser and a
Thermometer was placed in a water bath. One mole of
di-epoxy resin GT 6071-X75-(266.67g), and two moles
of Diethanolamine (42 g) were placed in a threeknec
flask. Then Cellosolve acetate (40 g) and Xyler 33

g) was added as solvents to carry out the reaeiah
stirred well at room temperature for 5 minutes. dbily

the temperature increases from 60°C to 70°C to qjpen
the oxirane ring of epoxy resin to generate seagnda
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alcohol. The reaction mixture was refluxed for 6sHr
with stirring.  The transparent secondary hydroxyl
terminated epoxy polyol resin was transferred tdight

bottle.
Table 1. Formlation for the experiments
T Ratio of | Ratio of | Solid of | Solid of | % of EP | % of | Material | Material | Xylene in
EP(HI |EP |TDI II |EPimg TDIimg|g
for 50% | for 0%

100|080 14580 | 16961 |4623 | 5377|4265 |35T0 13.56
LD 050 | 14380 |19081 |4331 | 3669 | 3095 |3 |4
100|100 14580 | 20200 [4075 5025 | 3759 |34 1497
100|105 (14580 |2261 | 3958 (604 | 3651 [40.2 15.26
L0 LI 14580 23322 | 3847 |6L33 | 3549 | 4095 15.56
100 | LIS (14580 | 24380 | 3742 | 6238 | M) | 4165 1583
100 120 (14580 | 23442 | 3643 (6337 | 3360 | 4231 16.09

o Butyl acetate - 5 g and Cellosolve acetate - 3 g commonly added in all experiments

Chemical compositions: The coatings industry needs analytical
methods that allow the assessment of coating clegistecs
before and after their exposure to a wide varidtyservice
conditions. This assessment may help to predictsthgice
life time of a coating material or to verify wheh meets
requirements for a particular application < and/or
commercialization [18]. To a 100 ml beaker contagnEpoxy
polyol resin (37.59g), TDI hardener (39.44 g), Buwcetate
(5.009),Cellosolve acetate(3.00g) and Xylene(1¢).97
(Xylene, Butyl acetate and Cellosolve acetate @sedolvents
for PU coatings) at room temperature and stirreduaby for
ten minutes as 1 : 1 ratio (OH/NCO ratio). The oute of the
result, the Polyurethane solution, was taken ferrést of our
experimentsBy keeping the ratio of Epoxy Polyol consistent
and by changing the ratio of TDI from 0.80 to 1.2Qptal of
seven types of experiments were conducted andatsuliat
Tab.1 All these experiments were based on the solid cosite
of the hydroxyl equivalent weights of epoxy polysid NCO
equivalent weight of TDI. Total solids of all expaents were
taken as 50% solids. The test solution was thorgugtixed
just before the application of their films on to lanisteel
panels. Films were applied with varying wet filmclness,
such that the dried films of all the compositionadha
thickness of approximately 50 microns measured siggua
magnetic thickness gauge. The films were allowedue at
ambient conditions (Room temperatue30 °C and welati
humidity of approximately 50-60%) for at least 4&Hbefore
tests for mechanical and chemical properties warged out.
Compositions were tested for their pot life by dtieg for the
rise in their viscosity after mixing the two comgarts at an
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interval of 20 min until the value approximatelyuibibe the
initial value at ambient temperature. Films werstad for
drying time (ASTM D 5895), Micro Gloss (IS 101- Tieg of
paints — Part 4 — Optical test Section 4-Gloss)at8h
hardness (IS 101 — Testing of paints — Part 5-Meichhtest
on paint films Section 1 — Hardness test, Penciliass [19],
Cross hatch adhesion (ASTM D 4752), impact resigtan
(ASTM D 2794-92) and salt spray test (ASTM B 117).
Solvent resistant and Chemical resistance of timsfiwas
studied by the spot test for 30min under 2" watldsg After
the film coated with the prepared polyurethane iogat the
various physical properties and mechanical properiere
measured and tabulated in Tab.2. The FT IR speuvte
taken and interpreted for Epoxy polyol resin on Kizllets

and recorded using BomemMichelson series
Spectrophotometer.
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I1l. RESULTS AND DISCUSSION

FT IR Spectral analysis: IR spectrum of Epoxy polyol in
Fig.1 showed the following bands,

3389.23 crit — OH - Stretching, 3036.45 ¢h- C-H
bonding for aromatic carbon, 1475.60tm Tertiary —C-
C- stretching due to the presence of the aboverptiso
bands in the spectra[20,21]it was conformed that th
formation of the epoxy polyol resin.

EPOXYPOLYOL TRANSMITTANGE

BOMEM
MICHELSON SERIES

n EPOXY POLYOL RESIN

N TRANSHETIANGE

Fig-1. FT IR Spectra for Epoxypolyol Resin.

From the Tab.2, column A to G the NCO ratio is
varied from 0.80 to 1.20. The experiment conducted
without the catalyst DBTL (Dibutyltin dilaurate),athda
et al[22] experimentally determined NCO group rizdtgt
changes with catalyst and experimental conditidrse
coatings prepared from epoxy polyol resin and isoaye
hardener showed a rapid drying character, pot difie
good gloss. By practically, the viscosity parameter
showed that experiment (G) gave a low viscosity tiue
the higher ratio of NCO. In hardness test experinién
fails to pass the test due to higher amounts of NiCtbe
composition are more brittle. More brittle coatirdys not
have the balance of hardness /flexibility desireomf
‘high performance coatings’. Hence experiment E)at
to be considered due to low viscosity and failpass the
hardness test. Experiment A fails in hardnessdastto
insufficient degree curing of the two componentgvént
and chemical resistance test, the lesser amoumCa¥
are soluble in chemicals and solvents and the ffilits to
pass the test in experiment (A) & experiment (B)
insufficient degree of curing. Salt spray testlie most
popular laboratory accelerated test that has beed and
accepted by many to compare the corrosion resistahc
coatings. The test can also compare how resigtarfilin
is to the transfer of sodium and chloride ions tigto it.

As per the result in the table, 1: 1.1 and 1: lepbxy
polyol and TDI ratio gave a comparatively more s&git
film to the corrosive environment. J.W.Reisch ¢23]
optimize the coating performance of polyurethane
coatings prepared with the blends of polyisocyanatbde
physical, mechanical and chemical resistance ptieger
were used for the optimization. We took an Electro
chemical impedance spectroscopy (EIS) tool for the
above optimized ratiosElectro chemical impedance
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spectroscopy (EIS):An impedance measurements were
carried out with the help of a PAR model 6310 EG5&
instruments A.C. impedance analyzer at a frequency
range from 10 MHz to 100 KHz. The Electrochemical ¢
used for the study consisted of a coated mild giaakl

as the working electrode, a platinum foil as therder
electrode, a saturated calomel electrode as tlerefe
electrode and a 3% NacCl solution as the electroljte
circuit as shown in Fig .2, consists of solutiosistance
(Ry), charge transfer resistance)(Roating capacitance
(C.) and double layer capacitanceyj@lements by fitting

the EIS data to the circuit. Impedance measurenvegits
carried out at different duration ranging from it one
day, 10, 20,30,40,50 and 60 days. Values of charge
transfer resistance Rand the double layer capacitance
(Cq) evaluated from bode plots for different duration
both coatings reported in Tab.3.

Tuthe 3 - Vadoas of churgs sramfu soveiarce (3 1nd the donbls fayer camucinnes () cbmined from
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From Tab.3, it can be seen thevRlues for the two
experiments decreased from their initial value clag
then they increased and attained almost a steale va
after duration of 10 days [24]. The initial decreas R
values can be ascribed to the uptake of the elgtdro
through the micro pores and capillaries in theiogafThe
increase in Rvalues can be ascribed to the formation of a
passive layer at the interface between the metatsate
and the coating. It has been proved that only pgati
which show Rvalues of 16 ohms cm and more can be
rated as protective to mild steel substrate frogregsive
ions[25]. Although both experiments had \Rlues more
than 18 ohm, the coating in Exptl showed much better
value than the coating in Expt2, hence the outcafne
Expt 1 was better than Expt 2[26]. Hence we have
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concluded that, the stokiometry of an OH-NCO ratith
be 1: 1.10 much better than 1:1.15 in epoxy pobmad
Toluene diisocyanate reactivity product.

<cdl

—

Rt

S

Fig. 2 — Schematic Diagrams of the Equivalent Girfar
Coated Panels

IV..CONCLUSIONS

Epoxy polyol can be synthesized by the reaction
of epoxy resin and diethanolamine. The two compbnen
polyurethane coatings were prepared by blendindp wit
polyisocyanate, Toluene diisocyanate with thesexgpo
polyol resin. The prepared coatings showed a rapid
drying character with 90-120 Min of pot life andogb
gloss level. The hydroxyl group and isocyanate grou
(OH / NCO) ratio of 1:1.10 and 1: 1.15 were optiedz
by comparing the other physical properties of
polyurethane coatings such as Scratch hardnessctmp
resistance, cross hatch test, chemical resistamck a
corrosion resistance. The optimized two combination
were analyzed and concluded that the stokiometry: of
1.10 of OH: NCO ratio was much better than 1:1.15
ratio of mixing in epoxy polyol and Toluene diiseryate
reaction products by using the electrochemical
impedance spectroscopy method.
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