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ABSTRACT

Hybrid Epoxy resin one pack system was prepared using conventional emulsion polymerization techniques. The
effect of increasing the resin percentage of properties of hybrid emulsion was studied. The hybrid polymer coatings
were applied on metal surface and were evaluated for physicochemical, physicomechanical and anticorrosive
performance under different environmental conditions. Salt spray test and Electrochemical |mpedance spectroscopy
(EI'S) was used to study the anticorrosive behavior of hybrid coatings. The present hybrid epoxy system was found to
be stable for a long period of time. It was found that with increase in epoxy resin to acrylate monomer ratio the
corrosion resistance of the coating increases but the stability of the emulsion get affected after optimized ratio.

Keywords. Emulsion polymerization, Grafting, EIS, Corrosi@sistance, SEM.

INTRODUCTION

The field of polymer chemistry since last few dezmds approaching towards new eco-friendly routeeweelop
polymers, in order to minimize or eliminate theliméition of toxic chemicals, particularly organiclhgents, which
are hazardous to health and the environment2]1,Scientists and technologists trying to innovateegr
technologies like powder coatings, UV cured coajreplvent-less coatings, and waterborne coatWgger-based
coatings have become more widely used in the gastral decades because they are environmentalydisi and
offer easy clean up also their properties and eggtin performance characteristics have been ingalov

Epoxy resins have excellent characteristics, sucheat resistance, higiirength, good corrosion resistance and
good adhesion [3]. Epoxy in combination with difet hardener has been used as protective coahgs].|
However; they have a short pot life, poor or loacture energy, high shrinkage, and show brittleakiet [6]. The
solvent based one phase epoxy system to be usexhiimg applications are reported in the literafifije but such
systems contribute to volatile organic content (\JG&nission. The purpose of this work was to exanthe
feasibility of polymerizing acrylic monomers in thpgesence of epoxy resins to determine if this ioybystem
could act as one pack system. Hybrid polymer caddfimed as the system in which each particle ¢ostat least
two distinct polymers [8, 9].

In this article, the polymerization of acrylate time presence of epoxy resin was carried out viavetonal
emulsion polymerisation to get the hybrid epoxyyate (Ep-Ac) emulsion. Hybrid Ep-Ac emulsion was
synthesized with increasing percentage of epoxiy.rémticorrosive behaviors of hybrid coatings wenealuated
with salt spray test and electrochemical impedapegtroscopy.
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MATERIALSAND METHODS

NPEL-128s is one ofhe diglycidyl ethers of bisphenol A (DGEBA) epoxrgsin which was kindlyprovided by
Resin & Plastics (I) Ltd. Mumbai. Butylacrylate (BAnd methylmethacrylate (MMA), Acrylic acid (AAnd 2-
hydroxyl ethyl methacrylate (HEMA) were purchaseohi Indofil chemicals potassium persulfate (KPS) used as
initiator, ethylene diamine (EDA) solution used fogutralization and sodium bicarbonate (SBC) asiffebwas
purchased from Sigma AldriciNeoigen DK X 405 (HLB 17.8) nonionic surfactantdaBaninol 25P anionic
surfactant supplied by Dai-Ichi Karkaria, EOPO dgpwr (HLB 14-15) nonionic surfactant and H-301 aamic
surfactant was supplied by venus ethoxyethers (vtLtd, Mumbai. Distilled and Deionized water wased
throughout all experiments arranged here. All ttheenchemicals used in this work were AR gradesiobt from a
S.D. Fines Chemicals used without further purifarat

Preparation of Epoxy-Acrylate organic Phase

The organic phase of epoxy resin and acrylate men®mwas prepared by dissolving epoxy resin intylate
monomers to get a clear and transparent solutiba.récipe used in the preparation of organic pfasemulsion
polymerization is indicated in Table 1.

Preparation of hybrid emulsion

The synthesis of hybrid Ep-Ac was carried out iBG® ml four necked reaction vessel equipped witleflux
condenser, nitrogen gas inlet, mechanical stiaddition funnels, thermometer placed in a wateh.baypical
recipe used for synthesis of hybrid is indicatedatle 1.

Table 1: Typical recipefor Synthesis of hybrid Epoxy emulsion

Components Concentration (%)
Aqueous Phase
D.l. watel 49.31]
Neoigen DK X 405 1.05
Daninol 25P 0.40
SBC (buffer) 0.04
Organic Phase
Epoxy resil 25.9¢
BA 9.1:
MMA 8.97
HEMA 1.53
AA 1.53
EOPO copolymer 1.62
H-301 0.20
K2S,0g 0.z

The deionized water, surfactants mixture and buffere charged to the flask at room temperatureGB@vith
stirring speed of 250 rpm. The temperature of theeaus phase was raised to 65 °C followed by auhdibif
33.33% potassium persulfate under nitrogen atmaspfié&e polymerization was initiated with the atdit22% of
total organic phase. After an initiation period®5 hours remaining organic phase was charged yldmlpwise
with constant feed rate simultaneously with the ofgshe potassium persulfate solution over a peab2-2.5 hour
at 75 °C. After addition of all the ingredientse tfeaction mixture was allowed to stir for addiabft hour and then
the temperature of the vessel was raised to 80f©.f® hours. Neutralization was carried out at 60with 33%
EDA solution in deionized water. Finally emulsiomsvcooled to room temperature and stored in sealethiner.
The hybrid emulsion was synthesized with increasingpunt of epoxy resin into the organic phase mtéit in
Table 2. The ratio of the aqueous phase to orgamse remains constant throughout all the expetsnen

Table 2: Formulationsfor Epoxy Acrylate emulsions

Formulation H1 H2 H3 H4 H5 H6 H7
Epoxy: Acrylics® | 0:100 20:80 30:70 40:60 50:50 60:4Q 70:30
Epoxy: Acrylics® | 0:100| 8.3:91.7] 12.4:87.6 16.4:836 20.5:790.5 758& | 28.8:71.2

a: weight ratio, b: moleratio
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CHARACTERIZATION

FT-IR spectroscopic analysis

Structural characterization of the hybrid polymeaswperformed using FT-IR oRerkin Elmer FT-IR system
spectrum BX.

FT-IR ATR was performed on Magna-IR 550 FTIR spatteter (Nicolet Instruments, Madison, WI). The stag
was repeated at least 200 times before the speeterecorded at a resolution of 2 trithe hybrid emulsion was
cast on clean glass and dried to prepare the fdmanalysis.

3C-NM R spectroscopic analysis

13C NMR Spectrum was obtained Byuker/advance AV 500WB spectrophotometer (Bruker Biospin, Switzerland)
operating at 500-MHz solid state NMR Spectroscdpgremulsified emulsion sample was dried at 560t@4 hrs
and then ground to get fine powder for the analysis

Thermal analysis

Thermal analysis was carried out usiD§C Q100, TA Instruments, polymer latexes were de-emulsifiedhea,
dried and then used for analysis. About 5 mg ofdarwas used for the analysis. The DSC scanningpedsrmed
from 100 to -50°C at a heating rate of 10°C/minemal nitrogen atmosphere.

Physicochemical characterization of Emulsion

The progress of the reaction was determined gravicadly. For each experiment, three parallel saaplere dried
and solid content was determined as an average \@lthe three samples accordingA8TM D 2834.The pH

values of the hybrid emulsions were measured bynsieéa digital pH meter (Mettler Toledd)he viscosity of the
emulsion was recorded using (ASTM D2196) Brookfigldcometer using spindle no. 3 at 30

Hydrophabicity of Polymer Films

The hydroscopicity of copolymer’s film was testetarding to ASTM D 570-8. The weighted films weippkd in
distilled water at 25°C for 48 hours. Then, theefreater on surface of films was cleared by filtaper, and the film
was weighted again. The water absorption ratidlmisfwas calculated by following equation:

Water Absorption Ratio (Wt %) &V%xloo

Where W is the weight of dry film, and s the weight of the film absorbing water, respey.

Emulsion stability

The shelf-life of waterborne dispersions is a vanportant characteristic, which determines theifie sstorage
period. The shelf life of the emulsion was analybgdstorage of emulsion under room temperatureGB&sr six
months and accelerated storage stability test wd®nmed by visually evaluating the stability obteample after
storage at 50°@ oven for a period of 7 days. Any kind of phasparation was noticed.

Electrolytic stability of emulsion was tested usiBfo alum solution prepared in D.l. water. The antooh
electrolyte required for coagulation to take plaees taken as a measure of electrolytic stability.

Freeze thaw stability was measured according toM®I2243-95 by subjecting samples to cycles of ftbaen
environment followed by ambient one. Capped viastaining samples were put in the freezer at -1f6tCl2
hours and then put on the shelf (30 °C) for theestime. This cycle was repeated until coagulatipseaparation
occurred.

Morphology of hybrid

The morphology of these emulsions was observed aviflelSS SUPRA 40 Scanning electron microscope (SEM
Particle size and distribution of emulsion were sugad by dynamic light scattering Malvern mastersiSamples
were diluted to low concentrations (5mL/1000mL)witeionized water and then subjected for the parsize and
particle size distribution analysis.
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Deter mination of molecular Weight

The hybrid epoxy-acrylate emulsion was de-emuldifiegith methanol, washed 5 times with deionized wate
followed by drying at 50°C under a vacuum ovenZédrhours to obtain the hybrid copolymers. GPC wesed for
determination of molecular weight and molecular gheidistribution. The sample was prepared with Wt8%
polymers in THF and run through a Waters Liquidochatograph at 30°C. This system consisted of aradfg0
pump, refractive index (RI) detector, and two Wtysagel columns with THF as eluent phase. Theaglutolumes
were converted to apparent molecular weights usargow distribution polystyrene standards.

Degree of Grafting

Solvent extraction is an effective method used lpyresearchers for determination of degree otigpf10, 11].
Solvent Extraction was performed in a soxhlet esttmg using diethyl ether and ethyl acetate asstiteent for the
measurement of degree of grafting; then tetra hydrans (THF) was used as solvents for the measntiwf
possible crosslinking. The extraction procedureined about 1 gm of dried emulsion polymer wrapp#th filter
paper and placed into the extractor. After extoactivith diethyl ether for 24 hr, unreacted freexgpresin present
in sample was extracted with ethyl acetate for @opeof 12 hr. The sample was dried and weighedgfaifting
determination. Grafted and ungrafted epoxy resierefextracted with the diethyl ether, while ungrdfepoxy was
extracted with ethyl acetate. After extraction witlethyl ether residual part were pure polyacrylat®sslinked
material or both while the final residual sampleeagxtraction ethyl acetate will compose of graifépoxy-acrylate.
For the measurement of crosslinking percentagewtighed sample was extracted with THF for 12 haun then
dried and weighed again. After extraction with golis, the remaining material was assumed to bertsslinked
polymer.

Preparation and characterization of water bor ne coatings

The hybrid coatings of the prepared emulsion we@ied on commercially available mild steel strigfs1000 x
700 x 0.5 mm size for physicomechanical propertizry. film thickness of coatings was measured adogrdo
ASTM D 1005.Gloss at 60° was measured as per the ASTM stam28-89 on a multiangle glossometer

Corrosion resistance

Salt spray test (ASTM D 1654) was performed to gtie corrosion resistance of hybrid coatings. S&CNsalt
water solution was used as corrosive environmest;was performed in a period of 500 hours. Coptettls were
examined periodically after 100 hours for blistgrior sign of corrosion.

The use of EIS for measurement for corrosion rasts study are reported in the literature [12]. @h&corrosive
performance of the coated specimens was monitorgdg uelectrochemical impedance spectroscopy. DC
polarization study was performed in 3% Nacl solutet scan rate of 1.66 mV/s. A saturated calomettelde
(SCE) was used as the reference electrode. It agsled capacitively to a Pt wire to reduce the phasft at high
frequencies (Princeton applied research, VersaS3AThe corrosion rate of coatings was obtainechélgmeter

per year (mmpy).

RESULTSAND DISCUSSION

Hybrid Epoxy- Acrylate (H6) (FTIR-ATR, cm™)

The peak at 3438m* was due to —OH stretching, peak at 288#" indicates —Ch} symmetricaktretchvibration.
The carbonyl group (>C=0) peak at 1729c¢28" confirms presence of acrylate polymer. The peal0as.79%m*
was due to aryl alkyl ether, symmetrictetchpresent in epoxy resin [Figure 1 IJe@ndary hydroxyl groups
present in the epoxy backbone shows medium intebaitd at 117tm*. The comparison of the two spectra shows
that the intensity of the peak at 917tmiue to the oxirane ring of the epoxy resin wagesed after addition of
EDA. The lowering of the oxirane ring peak intepsitas expected due to the ring opening and crdgstn
between oxirane of epoxy resin and —Niloup of the EDA. The absencetafo sharp N-H stretching bands near
3335 cntand broadening of 2922 ¢lpeak intensity due to tertiary amine N-Cstretching shows that the four
hydrogen atoms present in the EDA has reactedfaithoxirane ring to give tertiary amine in crosg&kd structure.
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Figuresl(a)) FTIR-ATR spectra H6 air facing, (b) FTIR-ATR spectra H6 metal facing (c) FTIR Spectra of
H6 before and after curing
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Figure 2 Solid state®*C NMR of hybrid H6
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Structural confirmation by **C NMR spectrum
Structural confirmation of hybrid Ep-Ac polymer wasrformed with*C NMR analysis. The signal at 14.18 ppm

and 19.71 ppm represents HCand —®H, carbon of acrylate polymer. The quaternary carbbacrylates shows
signal at 39.52 ppm. The methylmethacrylate usemdipe give signal at 52.1 ppm for —B¢group. The —6,-
OH carbon of HEMA shows signal at 64.9 ppm. Theéboayl carbon of acrylates gives signal at 176.7 pira
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presence of signals for acrylate confirms theirspnee in hybrid polymer. Signal f~CHs; group of epoxy resin
appears at 31.29 while for {CH,), at 45 ppm. The quaternaB+OH of epoxy resirafter grafting shows peak
71.15 ppm Signals at 114.2 ppm, 127.7 ppm, 144.6 ppm affdSlzpm are due taromatic ring carbons of epo:
resin

Structural orientation by FT-IR ATR

The hybrid latex with different levels of epoxy iresvere cas on clean glass and dried to prepare tims for
FTIR-ATR analyses. Figure 1 (dgmonstrates the representative FTIR spectra éoait-facing side and Figure 1
(b) metalfacing side of the hybrid H6 containing 60 wt % ®poesin. Both spectra displ similar absorbing bands
at the same wavelength, suggesting that they afgous in structure. If the peak at 1508™ for stretching of
para-phenylcould be indicated as the concentration for thexgpesin and the peak at 1729 for the absorption
of carbonylused as an index for the concentration of the &-copolymer then the relative concentration of 1
epoxy distributed in the film can be judged by absorbancéntensity ratio of the peak at 1508 ** to the peak at
1729 cnl, as shown in Figures(d) & 1(b). Absorbance intensity of 1508 ¢meak at the metal facing side
higher than those at diacing side, suggesting that the epoxy resin pagmulsion tends to move to the me
facing side. The driving force fahis movement could be attributed to the differeircéhe surface free ener
between the epoxy resin and the acrcopolymer The critical surface tensions of pcutyl acrylate, polyacrylic
acid, poly methylmethacrylatand poly -hydoxyl ethyl methacrylate are around 31, 11.1, 39 andmN/m,
respectively [13], so the criticalrface tension of the acrylcopolymershould be between 11 an9 mN/m, which
is lower than that of the epoxy resin, which isusrd 44mN/m.

Thus, during the process casting and drying the hybrid films, the acr-copolymersegments tried taggregate
near the aifacing layer and the epoxy segments moved to tHd-facing side taminimize the surface energy. This
migration is very beneficial in the applicationadatings, because epoxy resins have excecorrosion resistance
while acrylic copolymersemaining on the e-facing side have very good weatherabitityd appearanc

Figure 3DSC for H6
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Table 3: Particle size and Tg with different Epoxy/acrylate percentage

Epoxy/ acrylics| Particle size pm | Tg TesItIedC i
H1 0.122 N/A N/A 20.32
H2 0.168 -28.88 -3.82 21.35
H3 0.176 -25.98 -8.10 19.85
H4 0.18i -25.4: -7.9¢ 18.5¢€

H5 0.176 -30.12 -9.03 22.17
H6 1.20 -28.93 -7.07 19.25
H7 3.33 -27.76 -8.45 18.39

Glass-Transition Temperature and degree of grafting

For the hybrid polymerization system, a graft cgpwér of epoxy and acrylates was expected. To cortfiis, the
polymer samples were analyzed by DSC. Figure 3 stetypical heat flowchart for Sample H6. From thart,
three glass-transition temperaturég)(can be identified, indicating three distinct tgp# polymer. The firsTg is at
about -30 to -25°C. This is thought to be ungraftpdxy .The secondg is at -5 to -9°C. This peak corresponds to
poly (acrylate-graft-epoxy). The thifdyis at 0 to 10 °C and results from polyacrylate dpmper.

The measured glass-transition temperatures faaafiples are given in Table 3. The higiigs correlate with the
Tgs of polyacrylate copolymer and poly (acrylate-gegfoxy) copolymer. Therefore, the polymer resgltirom
emulsion polymerization appears to be of two typedyacrylates and poly (acrylate-graft-epoxy). Timesence of
poly (acrylate-graft-epoxy) serves to compatibilime epoxy and polyacrylate during film formation.

The relative proportions of grafted and pure palydes were determined by extraction. Poly (adeygraft-
epoxy) and free epoxy are known to be soluble if-&rd ethyl ether; polyacrylates are not solublethyl ether
but do dissolve in THF. Highly crosslinked polyntges not dissolve in any solvent. All of the sara@ealyzed
here dissolved in THF. This indicates feebly crioggld polymer existed in the samples. After extmactwith
diethyl ether, only a small amount of polymer remainedsMss assumed to be polyacrylate, whereas thectedra
polymer was considered to be poly (acrylate-grptixy) and free epoxy. The ungrafted epoxy was eterhwith
ethyl acetate.

The fraction of polyacrylate in the form of polyglate-graft-epoxy was calculated as:

. Weight of polyacrylate grafted to epo:
Degree of Grafting =————boY2CYE2E POy

x100

Weight of total acrylate monomer

Table 4 Degree of Grafting with different Epoxy Resin to monomer ratio

Sample| Sample weight(d) Residual weight after etiba | Degree of grafting

H1 N/A N/A N/A

H2 1.271 0.417 0.90z

H3 1.42¢ 0.65¢ 2.24

H4 1.315 0.689 4.10

H5 1.708 0.728 4.87

H6 1.101 0.376 6.87

H7 1.400 0.432 10.93

Molecular Weight

Figures 4 is a typical representative of the GP@sueements for the hybrid H6 emulsion using thel@®eéctor. In
the RI curve the first peak corresponds to a mdéeameight of more than 700,000, which can be takethe GPC
chromatogram of the copolymer, including the epaggylic graft copolymer and the engrafted acrylipalymer.

The second one corresponds to a molecular weiglesefthan 1000, which is obviously the GPC chrogram of

the ungrafted epoxy resin.

Table 5 summarizes the GPC results for all hybridlymppers. The increase in the epoxy resin conceotrat
corresponds to the decrease in the acrylic monotoecentration, so the weight-average molecular kieig
decreases. The increase in the epoxy resin comtientrcauses an increase in the numbers of acfideoben
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atoms, but the increase in the epoxy resin conatoir decreases the concentration of acrylic moms
concurrently because the total solid content wastaiaed constant in our experimer

Figure 4 GPC chromatogramsfor H6
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Table5: GPC resultsfor hybrid Ep-Ac polymer

Epoxy/ acrylics| Molecular weight|  Polydispersity
Mw Mn

H1 928021| 905437 1.009

H2 79657 | 77862( | 1.01:

H3 76641 | 74872. | 1.02¢

H4 630491| 615637 1.024

H5 680538| 679854 1.0314

H6 789793| 776543 1.196

H7 697865| 689641 1.212

Analysis of hybrid polymer with*C-NMR, FTIR, DSC andsPC indicates that acrylic monomers had grafted
the epoxy resin. Graft reaction and reaction meshatetween epoxy resin and acry was proved by woo and
ting showedthat the most probable graftirlocations on epoxy resin molecular chains werdatgrtcarbon an
adjacent secondary carbon [1@rafting site on epoxy backbone was also bstrdied onhe basis of gibbs free
energy criterion [15]. The reactidretweerepoxy and acrylate can bepresented as follow.
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Figure 5: Reaction between epoxy and acrylate
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Morphology of hybrid polymer

The SEM micrographs of H6 hybrid emulsion particéee presented in Figures 6. Indicate that the esludighe
emulsion particles is uniformly spherical. The et size in the hybrid Ep-Ac emulsion system iraes with
increasing resin to acrylate monomer ratio (TableTBe narrow particle size distribution was obserby particle

size analyzer.
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Figure 6: SEM monograph of H6

Storage stability

Stable emulsions are essential in order to aclsageessful emulsion producAn accelerated storage stability |
was carried out for the hybrid products. The samplere kept in an oven at°C for 12hours. Stable behavior was
confirmed with all sample§he properties of hybrid emulsion with increasiegin corent are represented in table
7. The effect of storage time dhe pF of the hybrids was examined (Table 6). BHhe hybrids was measur
within 24 hoursafter preparation (fresh) and after approximatelm@nths of storage at ambient temperature.
insignificant decrease in pH value was expectedadsm observec

Table 6: pH of the emulsions after storage

Fresh| pH after 24 ht pH after 6 months

H6 | 10.5 10.4 9.8

H1 | 10.4 10.3 9.0

Table 7: Physicochemical and Physicomechanical characteristics of hybrid emulsion

Formulation H1 | H2 | H3 | H4 | H5 | H6 | H7
Viscositycps 45| 40| 45| 40| 45 45 40
Electrolytic stability® 60 | 32 | 25 | 41 | 46 | 47 | 12
Freez+thawcycles 4 5 4 3 4 3 1
Shelf stability month >6 | >6 | >6| >6| >6| >6| <48h
Accelerated StabilitDay | >7 | >7 | >7 | >7| >7| >7| <1
DFT (um) 73 | 75| 70| 75| 76| 78/ 68
Gloss 68 85 | 82| 83| 81| 80| 82 65
Salt spra rating 1 2 3. |3 5 6 3

a:5 % alum soln mIrI00 gm of emulsion,
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Water and alkali resistance

Both the water and saltater resistance of the hybrid -Ac by immersion test was quitetisfactory. The results in
figure 7reveal a somewhat poor performance of the H1 eondsiwhich can be attributed to the hydrophilicuna
of the acrylate copolymers; it forms the actcentreon the surface of the film through which the atthgkhe polai
moieties, such as water, salt water or other civeosiaterials, is facilitated. Both the water arkbk absorptior
shows the same trerd the percentage of resin increases the valuesofgtion decrease

Figure 7 Water and alkali absor ption of hybrid Ep-Ac (H6)
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Corrosion Resistance

The corrosion resistanad the hybrid E-Ac coating was tested with salt spray (AS-117) method for 500hr.
Analysis revealshat with increasing percentage of epoxy resinctireosion resistance of the coating improves.
improvement in the corrosion resistance of the igyboating withthe contenbf the epoxy resin was attributed
the hydrophobic nature of resifihere is increasing trend in corrosion resistanmopgrties up to H6 but for F
formulation the corrosion resistance is not satisfigy. The poorcorrosion resistance of H7 is attributto larger
particle size (3.33um) of the emtsion which will affect the uniformdistribution of polymer coating ometal
surface.

EIS studies were performed to study the corrobehaviorof hybrid coatings with increasing percentage ahsr

resin. Table &hows the electrical paramet for hybrid coatings. The &; values for hybrid coating moves towa

more negative, whileJ,, and corrosion rate decreases with increasing resimenthowever the parameters 1

hybrid with more than 60% resin content does follow the trend. Figure 8epresenttafel overlay of hybrid
coatings which shows th#tte corrosion resistan of coatings improves with resin conte Results obtained with
EIS studied are in good argument with salt spraylte

Table 8: Corrosion ratefor hybrid coatings.

Specimen| E.mV | len pAlen? | C.R. mmpy
H1l -61.33 3.169 0.0526
H2 -159.7¢ | 1.27: 0.0018!

H3 -161.84 | 0.721 0.00018
H4 -373.14 | 0.191 0.00119
H5 -599.13 | 0.113 0.00031
H6 -951.37 | 0.009 0.000016
H7 -275.24 | 0.219 0.00211
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Figure 8 Overlay of tafel graph with increasing ratio of epoxy resin
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CONCLUSION

Hybrid epoxy resin one pack system was synthesimedg a conventional emulsion polymerization teghei
which is stable for more than six months. Analydisiybrid polymer with GPC and DSC indicates preseof Poly
(acrylate-graft-epoxy) and Polyacrylate polymerlRRATR study shows that the grafted epoxy segméed to
move towards metal facing side while polyacryladéymer moves toward air facing side of the coatiBgcause of
this movement epoxy resin gives corrosion resigamile acrylic copolymers on the air-facing sideegvery good
weatherability and appearance to coating. Saltysmmalysis and EIS studies confirms the improvenrenbrrosion
resistance of hybrid coatings with increasing resintent.
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