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Ahsteact

An epoxy—ardanol restn was developed using epichlorohydrin, bisphenol-A und cardanol. On cvaluation 1 was found (lat epiny-vdrdiio!
resin exhibits belter propertics as compared o epoxy resin in terms of increase in fensile strength, clumgalion, bond with steeh and bwering ol
waler vapuur bmnsmission of the i, The impnweinent in these properbes: ndieated that the paints basce on moditicd resan wiowld Be mon
durable than the epoxy bused paints. Avcordingly, paints were formulated using the developed resin and therr performance wern: compared with
thesr counterparts imade with unmoditied epoxy tesin, Zine powder, zing phusphate, micaceous won oxide and syotbenie mon exide were sed
prements along with fillers, additives and an aromatic polyamine adduet hardener. For hoth Avpes of paints sanilar doses of praments and addinses
were tsed. Physiwo-mechamcal properties, chemical resistmnee and corrosion profection efliciency of the formulaed paints wene deternmmed 10
wis fund that the anticorosive properties uf eposy-cardanal resin bused prints aeesuperior o that of the puints formubied @i e s ied
cpony resin, Micaceous iron oaide based paints in epoxy-cardanal resin showed the best perfommance followed hy ziac phosphate based paints. 5
s concluded that the developed resin is a better binder media for the formutation of paints.
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I, Introduction

The surveys of corrosion damage in the early 1990s showed
that in an industrialized country, 46 of the gross national prod-
uct (GNP s lost asoa result of cormosion, This figure includes
hoth direct and indirect coses [1]. The survey on causes of corro-
sien failures has shown that over 40% of the failures are due 1o
improper selection of matenals, ineffective design measures and
non-use of elficieat and durable protective coatings. All these
causes of corrosion fatlure could be avoided. For this purpose
newer corrosion resistant materials, better monitoring and derec-
tion techniques und technologies for repair and rehabilitation are
the need of the hour. To meet these requirements, present investi-
gations are directed towards the development of highly resistunt
coating system for the protection of steel structures exposed 1o
dggressive environment,

In antl-corrosion coatings, use of epoxy resin dominutes over
uther syathetic resing due to its superior srength, low shrink-
age, better bonding with different substrates, good dimensional
stability and long term corrosion and chemical resistance [2.3].
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These properties have prime iiporance in the construction and
building upplications. The ambient curing epoxy sysiems pener-
ally consist of two components—a base component and a Cunmng
agent or hardener. The base companent is epoxy resin, which
i normally a standard liguid epoxy resin DGEBA, diglycidy
ether of bisphenol-A (a condensation product of hisphenob-A
and epichlorohydrin), The room temperature curing ageits thal
are generally used with epoxy resin W nitate the cross linking
are polyamines, polyanudes and their adducts [4,53] One prof-
lem with the coatings made with epoxy resin is tha they -arg
rigid and have limited deformataling, [t does not help in sress
relaxation during their service life and may fail due 1o cracking:
To vvercome this problem and to achieve other desired e
Lies epoxy resin is ollen modifisd with dilferent vther polymeriv
compounds, such as coal arj6.7 ), cashew nut shell Higuid 18- 1],
phenolic and other resins | 12-14].

In this study, an wrepipl has been made to mindify an
epoxy resin with a cardanol resin for improving i phisic
properics and chemical resistince. The modilied tesin wis
synthesized using epichlorohydrin, cardanc! and bisplienol. A
and designated as epoxy-—cardanol resin, Propertics of e two
resins, epoxy=—cardanol aod wmodidied epoxy. wele eviluated
by determining their physico-mechanival and chentival tesis-
tatice properties, Paints were formulated using the developed
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cpaxy-cardanol and the unmaodified epoxy resins with pigments.
additives and aromatic polyamine adduct as a hardener. The
develuped paints were evaluated for their physteo-mechanical
properties. chemical resistance and corrosion protection effi-
crency,

The paper reports the outcome of the study in two parts, The
lirst part relates w the synthests and evaluation of the modi-
fied epoxy resin and the second deals with the formulation and
evaluglion of the formulated anticorrosion paints,

2. Synthesis and evaluation of resins
2L Svmthesis of resing

A medilied epoxy resin was synthesized usieg vpichloroly-
drin, bisphenol-A and cardanol as main raw materials, Glycidyl
cther of cardanol was obtained by reacting epichlorohydrin and
cardanel, and a prepolymer of epoxy resin DGEBA by reacting
epichlorohydrin and bisphenol-A. The reactions were camried
out in an inert atmosphere at about 150C. The two resins thus
ubtained were mixed ina predetermined ratio and heated at about
60 'C under controlled conditions. The resin so obtained was
designated as epoxy-cardanol resin,

The epoxy equivalent weight of the epoxy—cardanol resin
was Z10-230, viscosity SO00-6000mPa S at 25 °C and density
1.05 glem” The unmodified epONy resin had an epoxy equivalent
weight of FRO=200, viscosity 8000~ 10,000 mPa 5§ ot 35 °C and
density 1.13 gfem™, An aromatic polyamine adduet based hard-
ener was vsed with these resins. This hardener had un amine
vilue of 320-340, viscosity 3000-3000 mPa % a1 25 °C and den-
sity 110 gfem?.

2.2 Freparation of test samples

Mild steel and glass panels of 150 mm = 100 mm size were
used and prepared secording to the method given in 1S: 101 Part
1/5ec. 3: 2001 [15]. The steel panels were made free from ol
andd prease by cleaning them with aylenc and then brushed uni-
formly with an emery cloth of IS Grit No. 180. Traces of eImery
dust were removed by wiping with a linen rag and swapped with
4 linen rag pre-soaked in a hydrocarbon solvent to degrease the
panels. Then the panels were dried 10 remove the waces of con-
densed moisture. The glass panels were degreased and dried in
asinilar way, Two coats of cach resin were applicd on the thor-
tughly cleaned sieel and glass panels using o paintbrush, The
coated panels were left in the laboratory for 7 days o énsure
full deying and curing of the lilms. The edges of the steel pancls
were Men sealed with wax 1o prevent attack from the edges. A
least three steel panels were prepared for each chemical resis-
funce and humidity cabinet test. To obtain free film propertics,
the films were carefully removed from the coated glass panels,

2.4 Testing of the coatingy
Free film properties of the coatings, such as tensile strengih,

clongation wnd witer vapour transmission were measured as per
ASTM-D-2370-1992 [ 16] and ASTM-D- 1653-1993 [17]. Bond

RELIE
Propeaties of the epoxy wsd the e posy-cirilanl Coutings

Pruperty Epmany—assdanol Epoay
Tensile sirength (MinugS) 215 [t4
Elonganon (%) %] 72
Specific permeability 11144 s
Crigficm mm 24 i

Hurdness, Shore D RENT A5
Shear strength | Nimm® | 7 S
Micat soltemug pormnt | ©7) f ] b3
Addhesion chond strength) with seee| 32 15

(M imm- )
Seruteh hardingss, L300 Jonsd P L e far faeduse
Coetfigaient of el expansion BE 17

(10 per )

Sorubretistianee, 10000 cvicle o Glure My L g
Salvspray, 1000k B CorToRn Fsk corrsiig
LIRS Uty

strength was measured by the pull out miethod as per B3 A900-L-
10-1979118] using a Dyna Procey adhesion tester, while scratch
hardness and adhesion and flexibility were deterinined using the
coated steel panels according 1w the method given in 15 101 Part
SI5eess 1 and 201988 [19],

2.4, Résulis

Results of the above studies show that the mods cation of e
taditionab epoxy resin with o cardanol resin EITOVes properTies
of the film. For example, tensile strength and elongation we
increased while water vapour trunsmission decreqsed 1 Table |
The coellicical of thermal expansion became conm parande willy
that of the concrete, ‘which is 6.1 % 10°% w0 [22 % (1 ® prer
C120], These resulis indicate that the coating bascd o ihe
modified resin wonld be more effective and durable g o e
torthe epoxy based couting, [tineans that the modsfied resin could
be i better binder for paints

3. Formulation and evaluation of paints
A Formelation of points

Paints were formulated using pigments like symbetic o
uxide, zine phosphate (ZnP), sine powder, micaceous iron oxide
(ML), blank fixe, caleiwe, magnesiumsilicate and ttanmm dios-
ide wlong with other additives and solvents, Epoxy—cardaniod
resin with the aromatic polyamine sdduct based hardener and
unmuodified epoxy resin with the same hardener were used s
binders. The pigment volume concentration of the paiils was
kept at about 25% except that of the zing powider based s
for which it was T0%. The compusitions of various patnt formm
lations used are given in Table 2.

4.2 Preparation af ihe 1est sumpies
Mild sieel and glass panels were prepared as discussed n

Section 2.2 above, The panels thas prepared were coated with
the developed paints fur carrying out liboratory tests, Two couts
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Table 2
Cumpasition of the palnes

Coampesition Pulnr designation

Pigment Py Eposy—cardino Epoxy
(%) resin resin
Alne poswaer 0 s La
A1 phivsphate + iron oxide 25 Ly £y
Micious o ok lde 23 My M3
Mrcaveoas inon ovide + blank fixe F il M: My

of cach piunt were applied on the steel und glass panels using a
pamnthrush. The coated steel panels were used for determination
of resistance of coatings against various exposure conditions,
whilst the glass panels were used to obtain free filims for dif-
ferent wests, The couted panels were left in laboratory for 7
days 1o ensure Jull drying and the curimg of the paint films
The edges of the swel punels were sealed with wax 1o prevent
the ingress of chemicals from the edges, At least three pan-
els were prepared for each test. The properties like coverage,
drying time and (il thickness of different paints are given in
lable 3.

2.3 'L.'uz:n'u,g af the peitess

JE L Physico-mechanical properiies af the patnrs
Fhysico-mechanical propenties of the paints were determined
following the procedure mentioned in Section 2.3,

A2 fmmersion est

The chemival resistance behaviour of the pants was stud-
ied by an immersion test. in which the painted steel panels
were placed vertically in 3000 ml glass heakers containing dif-
Ferent reagems such as water, 5% sodium chicride (NaCl),
saturated solution of urea and di-ammonium phosphate (DAP)
tor 180 days. The pancls were examined regular inter-
vals i evaluate the degree of sttack on the paint Alms and
on the substrate. For this purpose, the panels were taken out
at different intervals. washed with water and visually exam-
wed for the film integrity, overall appearance and any paint
failure.

Tasle 3
Properites of different paints

fiind systeny  Coverige Diew Hlin Dirying time

(i thickness (wmj =

Fouch dry Hiard

L} dry ihi
&£ 4.5-5.0 8545 30 44
g} 4550 BS £ 5 w 48
Pl S5.05.5 e i 28 43
£ 3055 Byt S 28 45
M, 4.5-54) Bk 35 35
My S1h5.5 85 & 3 35 55
My L5250 5435 LS 52
My SLAS 85 + 5§ e 52

Tubie 4

Frae Alin properiies*

P Tensile strength Elengation WA

sarple iNimm (it g w24 o
£3 16,78 18 2 {k2n

3 13.09 1351 1123

M, 1828 20:13 [Nk

My IEN I 16,50 0,

My 1671 2101 (24

My | 5.9% fd.ay LN

AR vidues are tet ameann of Ave idservations.

XA Humidiey cabinet test

The steel panels coated with different paints were hept in
A corrosion cahinel muingained at about 100% relative humid-
ity and temperature in the mnge of 42-45 C us per 15 101
Part 6/5ec. 1: 2000 |21]. Observations were recurded at ezl
wilervals for any sign ol deterioration o paint ims during the
180 days of exposdre. The punels wete taken out ol (e cabi-
niet, washed with the water and visually examined for TRy P
Faalure.

34, Rexulty and diveussion

The results of the tensile strength. elongulion, water
vapour ransmission of the free lilms and the bond strensth,
serateh hardiess and Aexibility, and wdhesion are given
Tubles 4 and 5, respectively. Chemical resistance results are
given in Tables 6 and 7, while the humidity cabine! test results
are piven in Table 8,

240 Physico-mechanical properiies of the paings

Physical properties of the paints like drying tinie, coverage
and lilm thivkness are given in Table 3, It can be noted that the
panels were couted with a similar thickness of the pannls s dry
filn thickness of all the paints was 85+ 5 um. The touch dry
time for different paints varied from 28 to 35 min, white hard
dry time varied from 45 1o 55 h, Broadly the COVENNE capacily
of the puints viries from 4.5 0 5.5m /1,

Tensile strength, clongation and water VHPOUT TRINsSSion
data is given in Table 4. The tensile test data for paints Z; and
Za vould n be recorded, because these paind films were very

lable 5
Propeniesiafier application o the sieel substrote

Painr Bond susength?
saniple (W )

Sevatch lupdness,
IS0 weigh

Anllizsion s
Mexihility, 3.2 mm
trameter mandnel

£ 332 e filiere M Failuee
£ [ Mo Ldhure Mo Tsfure
23 279 N failure Mot b
&y 241 Mo failure Mo L b
My 277 M faiiuge Ml faluge
Mz 239 Mo Bk S Fabbuie
L 286 Mo T fure M G
My 257 e Ll hare M il

© Al values ane (B mcoan of five abscrvalions.



Table &

Hesulis of e water and sodbvm-chionde inmmersion tests—1 S0 davs.

Poanl sanmple

Waney imrietsion

Suinen chiboriske (3%

sulution mumersion

L Elisters throughbout the pancls Blistcrs throagh oul the
pantls

£ Blisters tnroughout the panels Blisters throagh out apd
COTTRSLUN

A Sriall blesters § 1U'% areal Small bllsters ¢ 13% area)

£3 Bliscers thyowgh our wrd Blisters, thiougho

COrTUEN

M, Mo sigais of paid fulure M segns of paing failure

M Blasters 1 5-20%: area) [¥lamters, thrusgeh our the
pitnehs

%y Few sinall blisters Few small blisters

M. Sl blasters through sur the Blisters through wut the

panieis

pancls

Fabde 7

Results of thé urei and di-aammoniom phosphate mmmersion tests— 180 diys

P sismple

Lirea sululion inmersion

DH-ammonium phaosphane
sutlalion titersion

ri) Small Blisters in 10% area Blisters through vut the
pancls

£ Blisters and Jebs comusion Small blisters through ot

R PUEs the pancls

£ Few small blisters Mo signs of painn fuiluee

i Blisters i 255 anea Smull Blisters through out
the panelks

iadl Mo signs ol puint falure Mo slgaz ol pant Talue

M; Suall blisters. o 20% args Blisters tn 305 arcs

M Wi signs of pamnt falure Foew smigll blistees

My Blisters in 73% anes Dre=bonduwg of Gl alie

30y,

Brinthe and farled without sipnificant elongation doring the test.
Frromi Table 4 iy gan Be noted that the wensile strength for the coat-
ings L1, M) and My, which were Tormulated osing the medified
resin are in the range of 16.71-18.28 Nfmm?®, while the wensile
strength valves for unmuodified resin based paints, 22y, Mo and M.
vary between 13.09 and 141 Nfmm?, [ shows that the modificd
resin based paints exhibit aboue 25% higher tensile strength than
the paints made with unmoditied vesin. Similarly elongation fur
the epoxy—cardanel resin based painis is abour 15% more than

Taable &8

Reesubts of the humidity cabinet tesl— R0 duys exposine

Pt sannple Observations

£ Small blisters {35% ara)

a0 Susal] blisters through ou wod few
CLATENIHG SPUls

£ No signs of paint failure

£ Siruil] blisters

My o signs of paint fuilure

Mz Srmuil] blasters §50% wrea)

A Small blisters § 10% arca)

My Small blesters throughout and fow

LU spEls
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that ef vrunedified resin bused pants indicating more lesibility,
The values of waler vapour transmission (W) ol modificd
resin based panns 15 aboul 209 Tower than that of aomodilivd
resin based paints {Table 43, The above-mentioned results show
thut the free im propertics oF modified resm based paints we
superior W hat of srmodified resin based paiots, Furthenmon,
paint s based vnomicaceoes inon osnde and e phosphiole
show the highest tensile strength and munimwm water vapour
transmission, so these paints should have better perfonnunce s
compared (o the other formulated painis.

K42 Properies of the puines afier the applicativm o e
substrate

Bond strength values of different paints sre given in Table §,
The bund strength ol the moditiad resin based paiits aee e
range of 2.32-2 86 Nimm® and for epoxy resin it is in the RTHAE
of 1.98-2.41 N/mm?, i.e. the bund strength for the modified resin
15 about 15% higher. During the test, b wiss observed that the
paint based on the medi Bed resin failed cobesively T lure in the
paint film) while it wias adbesive bond finlure Uailure barween
the paint film and substrate} in case of unmuodilicd resin based
paint films. of relatively low steess level, Amiomest the [ormat-
lated paints, MIO and zine phosphate based paints show better
adhesion properties ws compared 0 sne powder bused paints
and the bond strength of MIO based paints in moedibied resin is
the highest followed by zine phosphite based paint (Table 3

In adhesion and Headbility test the coated panels were sis

jected 1o bending using & mandrel of 3.2 mm diameter and the

results obtamed for the different paines are given n Table 3, The
paint lilms showed no signs of damage, detachment or cracking
after the test indicating good Nexibility, the clongoion of the
paand lilms bs aboul 28% as per ASTM [3 522.93 [22} Thete-
fore, the elongation values for the attached pant Glo were hagher
ds compared to the elongation of the free films of the pamts,
13.51-21.01% (Tuble 4), All the paints pass the scrateh -
ness test when tested using o weightof | 500 g (Table 5 showing
soud abrasion resistance.

A4 Chemicul resisiunee 1eses

Chemical resistance test results are reported in Tubles Gand 7,
I water innnersion test, paint My showed no sign of disintegra-
tion while My and Z5 showed few small blisters. Painls, 2. £y
and My showed medium dense blisters of average sige und pres-
enve of corrasion. £y showed maximum corvoded ares of abou
105, These results show that the performance of the mocaceous
iron oxide based paints in modificd resin 15 the best followed
by zine phosphate based paint in the same resin. Siontlar tiend
is vbserved when the painted panels were imunersed oo 5%
sodium ehlonde solution for 180 days, Le, My oand Moy pramnids
showed the best performance lollowed by 2y, Panel coated wath
My paint is not affected while others show sigas of Giolue of
paints.

In weea and di-ammoniom phosplate solution inuerson
tests, paint My showed the best performance followed by &5 and
Mz paints: Other paints showed considerable blistering andfor
corrosion (Table 7)) In these tests also micaccous tron oxde
el ine phosphate based pants immodified resin, Lo the paiols



4

k] LK, Aggarval ¢t el S Progress in Chrgeric Coatings 59 1 20071 7600

bused on the modilied epoxy resin showed superior performance.
Big size blisters appeared in the paint My within 15 days and the
couting compietely peeled oft after 30 days of exposure: On the
Lasis of the above results, it can he inferred that the performance
of the moditied resin based paints 15 supenor to the unmodifiod
epoxy resin based puints.

Jodd, Humidity colsines test

Results of the humidily cabinct exposure st are given in
Table 8, In this test. Za and My paints showed the best results,
as mo signs ol Gilure was observed i these paint Bbms up e 150
duys ol exposure, followed by Mi with few smull blisters on the
panels. Paints Z5 and M,y showed small blisters throughout the
panels wlong with few corrosion spots, while Z; and Zy paints
showed small blisters,

Strength and permeability of the paints Blm are imporian fac-
tors for the anticorrosive efliciency of the paints. In the presgnt
investigations paint My with the highest strength and the lowest
perneability amongst the formulaed paints showed minimum
blistering in immersion and humidity cabinet tests, i.e. the best
tilm integnty and appearance, while the paimt My having the
lovweststrength and highest permeability showed maximum blis-
tering. The corrosion of the substrate is minimem in My and
maximum in M.y, with the exception of 2y in the water immer-
«10m tesl. Hence, the anticomosive behaviour of the paints has
somie relation to their strength and permeability properties.

4, Conclusions

The results of the above studies show that the modifivation ol
epoxy resin with a cardanol resin has resulted into improvement
inils properies, Anticorosive properties of the epoxy—cardanol
resin based paints are superior W that of paints formulated using
the unmodified epoxy resin, mrespective of the pigments, hillers
and the additives used. Therefore, the déveloped resin is 4 betier
bingder wedia for the formulation of anticorrosion paints than the
ammodified epoxy resin, Amongst the Formulaled paints, pant
My exhibiled excellent properties with respect 1o filim integrity
and overall appearance.
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