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ABSTRACT KEYWORDS
The growing interest toward energy conservation and green environment Cottonseed ail;
driven the coating technol ogiststo repl ace petroleum based polymeric bind- Alkyd;
erswith renewable sources. Cottonseed oil alkyd (CSA) was prepared inthe Paint;
laboratory by alcoholysis of cottonseed oil with glycerol followed by esteri- Corrosioninhibitor.

fication with phthalic anhydride and an excess of pentaerythritol to obtain
the polymer with excess hydroxyl value. The structure of CSA polymer was
confirmed by FTIR spectral analysis and its molecular weight was investi-
gated by gel permeation chromatography (GPC). Instantly before coating
steel surface, CSA was modified by reaction with TDI at room temperatureto
introduce polyurethane linkage and got modified cottonseed alkyd modi-
fied urethane (CSAU) coat. Thermo gravimetric analysis (TGA) was used to
investigate the thermal stability and curing behavior of the modified CSAU
coating. The modified CSAU paints were formulated and prepared. The
performance of high molecular weight heterocyclic 5-mercapto-1-methyl
tetrazole adduct (MMT) in the modified paint (CSAU/MMT) was studied.
Drying time tests, crosscut adhesion test, impact strength, pencil hardness,
chemical and water resistance were used to evaluate the modified CSAU
and CSAU/MMT paints. Corrosion resistance tests, including blistering,
scribing and unscribing area of metal surface in 5% NaCl solution in addi-
tion to the weight loss determination of steel are specialized corrosion tests
to evaluate CSAU and CSAU/MMT as anticorrosive paints. It was found
that cottonseed oil could be modified successfully and replace petroleum
raw materials in anticorrosive coatings and paint industries. It exhibited
good physical, mechanical performances and chemical resistance. It’s char-
acterized by high thermal stability. Incorporation of only 0.02% MMT ad-
duct to CSAU paint, increased the corrosion inhibition efficiency to ahigher
extent.  © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION materials such as epoxy, polyesteramide, alkyd and

polyurethane. Inadditiontoitsmany gpplicationsin other

Vegetable oils arerenewabl e source compounds  areasvegetableoilscommonly used inthe composition
which commonly usedin producing vauablepolymeric  of paintsand varnishes*4
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According toiodinevaue (whichisameasure of
unsaturation present), the oilscan beclassified to dry-
ingoils(iodinevaue> 140), semidrying (iodinevaue
125- 140), nondrying oils (iodinevalue< 125)P.

Cottonseed oil hasa2:1 ratio of polyunsaturated
to saturated fatty acids. Itsfatty acid profile generaly
consistsof 70% unsaturated fatty acids, including 18%
monounsaturated (oleic) and 52% polyunsaturated (li-
noleic) and 26% saturated (primarily palmitic and
stearic)®. lodinevalue of cottonseed oil is103-116,
soit can becdlassified asnondrying 6il®.

Alkyd resinsare used for decorative painting ap-
plications more than other binders because of lower
cost; low priceof alkyd resinsrelated to inexpensive
raw materia, easy manufacturing and high solubility of
resininlessexpensve solvents. Alkyd resinsnot only
areused in decorative paints, but also mainly are ap-
pliedinair dryingand stoving paints, inks, machinetoll
finishesand clear, matt and semi matt varnishesof wood
furniture™.

Polyurethanes on the other hand, exhibit faster dry-
ing time, better abrasion resistance, toughness, chemi-
ca and UV resistancewhen comparedto akyd resins.
Extensive gpplicationsof polyurethane can befoundin
high performance coatings, such asthat of automotive
applicationsand wood industries. The presence of ure-
thane linkage enhances properties of alkyd resinsin
termsof morphol ogy, viscosity, adhesion, hardnessand
impact strength over individua resing’*2.

High molecul ar weight Heterocyclic corrosionin-
hibitors, especidly those containing both sulfur and ni-
trogen, play animportant rolein the protection of sted.
These compounds can be adsorbed on the meta sur-
facethrough thelone pair of €l ectronspresent on het-
eroatomsin addition to activetermina groupsinthe
basi c polymer structure!*>8, They can replaceinor-
ganic anticorrosive pigments. They arecolorlessand
accept any decorative pigmentsinthe paint formula-
tions. They havewidegpplicationsinanticorrosvepants
rather than other applicationslikein protection of steel
dloysinoil fiddg®®,

The present work investigated the synthesisof cot-
tonseed oil alkyd with the excess hydroxyl group
(CSA). Itsmodification with TDI and preparation of
cottonseed oil dkyd modified urethane (CSAU) paints
was doneand appliedinthefield of anti-corrosion of

stedl. Performance of high molecular weight hetero-
cyclic 5-mercapto-1-methyl tetrazole (MMT) adduct
ascorrosioninhibitorsinthe CSAU paintswas stud-
ied. Thermal behavior of the modified coating was
studied using TGA technique. Physica, mechanicad and
chemica resistance propertiesof dl paint formulations
were studied. Corrosion testsin addition to weight
loss technique were used to evaluate the modified
paintsin the absence and presence of MM T adduct
for protection of steel.

MATERIALS

Cottonseed ail is, iodineva ue 103- 116, ddlivered
from John L Seaton & Co Ltd, England. Pentaerytritol
isdelivered from Perstorp Company, USA. Phetalic
anhydrideisdelivered from IG Petrochemical Com-
pany of India, melting point 133 °C and acid number
391 mg K OH/gfatty acid, maeic anhydridefrom USP
Technology Group of Taiwan, melting point 54 °C and
acid number 522 mg KOH/gfatty acid, Glycerol from
EVYAP Company from Turkey, purity percent 99.5%,
Pentaerythritol from Koninda, Canada, melting point
248 °C. Toluene diisocanate TDI is delivered from
Lyondell Chemical Company, USA. Titaniumdioxide
(Rutile R-902) hasadensity of 4.1 g/cmiand oil ab-
sorption 18.8 g/ 100g, and is a product of Du-Pont
Company, Canada. Talc powder sddivered from Glo-
bal Misr Co., Egypt.

EXPERIMENTAL

Preparation of cottonseed oil alkyd resin

Cottonseed oil alkyd resin was prepared in two
stages. Thefirst sagewasthedcoholysisstageat which
monoglyceridewasfirst prepared by reacting cal cul at-
ing quantitiesof cottonseed oil with glycerol. The cot-
tonseed oil washeated to 230 + 5°C with high agita-
tion speed and N2 sparging. Glycerol and 0.05% L.ith-
arge catalyst per each 100g of theail.

The second stage was esterification of
monoglyceride mixture with phthalic anhydride. The
temperaturewas maintainedin therange of 230+ 5°C.
Then excessquantitiesof pentaerythritol wereaddedin
order toincreasethe hydroxyl value.
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Characterization of the prepared cottonseed oil
alkyd

Acid valueismade by titration of the samplewith
standardized potassium or sodium hydroxide solution
accordingASTM D 1639-90.

AccordingtoASTM D 1957- 01, Hydroxyl num-
ber isdefined asthemilligrams of KOH equivaent to
the gram of the substance (resin) taken. It isused to
find out theamount of curative (TDI) required for the
formulation.

Hydroxyl number = (B-V) x Nx56.1/Sx10

Where, B isthe volume of NaOH consumed by the
blank.V is the volume of NaOH consumed by the
samplein ml. N isthe normality of NaOH. Sisthe
weight of sampleingrams.

Theprepared cottonseed dkydresn (CSA) isstan-
dardized by FTIR?-?3, The chemical compositions of
alkydresinarerecorded by JASCO FT/IR 6100 inthe
range of 4000400 cm™.

Gd permestion chromatography techniquenot only
have used for determination of thedistribution of mo-
lecular weight of resinswhichiscalled polydispersity
(PDI), but also have applied for determination of nu-
meric average molecular weight (Mn), weight average
molecular weight (Mw) Weight-average (Mw), num-
ber-average (Mn). Theused ingrument isAgilent 1100
series (GPC), Germany, equipped with G1362A re-
fractive index detector with 100-104-105 A°
ultrastyragel columns. Polystyrenewasused asastan-
dard. N,N-dimethylformamide (DMF) wasused asan
eluent withaflow rateof 1 ml min’.,

M odification of CSA and CSAU paint formulations

CSA was blended with TiO, pigment, dispersing
and anti-skinning agent inthemiller paint for morethan
2 hours. Immediatdly and before gpplicationonthe sted
surface, acalculated amount of TDI (according to the
hydroxyl number) wasdivided and added stepwisely
each 20 minutesto prevent gelation of the coat asa
result of thesudden addition of TDI.

Evaluation of theprepared modified paints

Both Steel and glass panelswere cleaned by mix-
ture of pure solventsaccording toASTM D2201-06,
and ASTM D3891-08, respectively.

Thewet paint wasapplied to sted and glasspanels

—==== Fy// Poper
with different thicknesses (60, 90, 100, 200 um) using
film applicator accordingtoASTM D823-07.

A variety of physical, mechanical, chemical resis-
tance and corrosioninhibition eva uations of the paint
filmswere carried out according to relevant methods
and after drying of filmsfor 7 days.

Pencil hardnesswasdonewith an Erichsen scraich
hardnesstest kit accordingtoASTM D3363-05 under
room temperature conditions and the hardest pencil
gradefrom soft to hard (6B to 6H) that did not rupture
or scratch the coating was termed the pencil hardness
of thetest specimens.

Bending test of adry paint film was determined
over cylindrical mandrelsof 6mm diametersaccording
toASTM D522-08.

AdhesiontestisdoneaccordingtoASTM D3359-
09.

Water resistance of paint filmswasdoneby dip-
ping them inwater for 24 hoursaccordingtoASTM
D1647-89.

Thechemical resistanceof paint filmswas deter-
mined on coated glassplates. Theplateswereimmersed
inakai solution (5% NaOH), acid solution (5%HCI),
hydrocarbon solvent (xylene) and polar solvent (ac-
etone) for 48 hours.

Degree of Blistering of Paintsiseval uated accord-
ingtoASTM D 714-09.

Eva uation of scribed and unscribed areasof painted
steel panelsin corrosive mediaof 5% NaCl up to 28
daysaredone accordingto ASTM 1654-08, and pho-
tosarepicked up at the end timeof thetest.

Wei ght loss measurements of coated stedl panels
are subjected to the corrosive environment for more
than 60 days, accordingto ASTM D 2688-05.

RESULTSAND DISCUSSION

Prepar ation and evaluation of CSA

TABLE 1 summarizesthe composition and char-
acterization of the prepared CSA.

Gel per meation chromatography (GPC)

GPC results of the of the prepared CSA areMn=
2043 g/mol, Mw= 11021 g/mol, PDI=5.39.

Where, Digtribution of molecular weight of resinsis
called polydispersity (PDI), while average molecular
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TABLE 1: Composition and propertiesof cottonseed il alkyd resin (A1)

Materials Weight (W) Equivalent weight & e € Functionality (F) m,
Cottonseed oil 172.814 293.0 0.58980 0.58980 0.58980 1 0.58980
Glycerol 23.746 31 0.77348 0.77348 3 0.25782
Pentaerythritol 67.8975 34.0 1.99698 1.996985 4 0.49924
Phehtalic Anhydride 114.044 74.0 154113 1.54113 2 0.77056
Maleic anhydride 0.518 49.0 0.01057 0.01057 2 0.00528

Excess OH = 56.911per cent, acid number =8 mg KOH/g, hydroxyl number = 195.295 mg K OH/g, produced water= 13.965
Notes: k=(m_ /e,),R=(g,/e,), where: m_-total molespresent at start of reaction; e, - number of acid equivalent; e, - number of hydroxyl

equivalents; e - total equivalentsat start of reaction.

The above break-down is based on methods of calculation from alkyd resin technology, Patton, 196213

weight (Mn) and weight average molecular weight
(Mw).

FTIR spectroscopy

ThelR spectraof the cottonseed oil alkydresinis
showninFigurel. InthelR spectrum. The broad band
with highintensity at 3479 cm-1 correspondsto the hy-
droxyl group (-OH). A characteristicband at 1732 cm-
liscorresponding to aromatic (C=C) ring ester which,
confirmstheegterification of cottonseed oil monoglyceride
with phthalicanhydride. The presenceof O=C-O-Caso
exhibit characteristic ester band 1128 cm-1.

Cottonseed alkyd modified urethane coatings

M odification of CSA with urethanelinkageisbased
on addition of toluenediisocyanate (TDI) step wisaly
totheexcesshydroxyl CSA witharatioof 1:10. Film
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formation isbased on forming acrosdinking reaction
between components, mixed immediately before ap-
plicationonthested.

Thermogravimetricanalysis(TGA)

Thermal analysisof the cottonseed alkyd modified
urethane (CSAU) samplewas studied and plotted in
Figure2, Theweight lossfrom room temperature (25°C
+2) to the onset decomposition temperature at 210°C
isattributed totheremovd of humidity and somevoldiles
present inthesamples. Thedecompositionof the CSAU
was gradual and consisted of three dominant steps.
Thefirst degradation step at 210°C was associated
to the polymer chain scission and fatty acid aliphatic
chain degradation in CSAU sample. Second degra-
dation at 340°C related to the decomposition of ure-
thanelinkages, whilethird degradation step at 448°C

2000 1000 400

Wavenumber [cm-1]

Figurel: FTIR spectraof thecottonseed alkyd polymer

L

Research & Reotews On
Polymer



RRPL, 5(2) 2014

Eun-Ju Lee and Eun-Soo Park 73

—== Fyl] Paper

corresponded to the aromatic moi eties and ester group of the akyd component.
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Figure2: TGA curveof CSAU coating

Prepar ation of cottonseed alkyd modified urethane
paint formulations

AsshowninTABLE 2, paint formulaionsof CSAU
areprepared by blending 32g CSA (solid content 70%),
25.9gtitaniumdioxideasneutra pigment, 38.3gtacas
asuitablefiller for metal application, 0.5g dispersing
agent in addition to antiskining agent with minimum
amount of toluenesolvent inthepaint miller for 2hours.
Immediately and before application on the steel sur-
face, acalculated amount of 3.2g TDI (according to
the hydroxyl number) was added stepwisely each 20
minutesto prevent gelation of the coat asaresult of the
sudden addition of TDI.

TABLE 2: Paint formulations

Formula
Materials Groupl Group2
CSAU paint CSAU/MMT
formula paint formula
CSA 320 320
TDI 32 32
TiO, 259 259
Tac 38.3 383
Dispersing agent 0.5 0.5
"Antiskining agent 0.1 0.08
MMT 0.02

Two groupsof paint formulationswere prepared.
Groupl: CASU paint formulation was prepared and
appliedto substratewith four different thicknesses (60,
90, 120 and 200um). Group2: the prepared MMT

adduct was prepared® and added to paint formula
(CSAU/MMT) withavery small concentration, 0.02%
to study the performance of MMT ascorrosioninhibi-
tor and enhancethe protection of stedl.

Evaluation of theprepared CSAU paint for mula-
tions

The obtained resultsof physica, mechanical inad-
dition to chemical and corrosion resistancetestswere
listedin TABLE 3. After 28 days of steel panelsim-
mersionin 5% NaCl, photos of the scribed coated area
werepicked up asshowninFigure3

AsshowninTABLE 3, thedryingtime (touch dry)
waswithin 90to 120 min. and thedryingtimeincreases
withincreasngthefilmthickness All paint formuleations
exhibit good adhesion properties dueto theinherent
chemical structure of CSAU and itsflexibility. The
CSAUspaintsa so possessed comparatively good im-
pact resi stance and hardness. Thiscan beattributed to
the presence of urethanelinkage and the ester linkage
inthechainsof polymersthat provided flexibility while
thearomatic composition of the polymer gavethe hard-
ness property”.. It was also observed that asthethick-
ness of thefilm increased, theimpact resistance also
increased. Good hardness of thefilm generdly related
to high extent of crosdinking™l,

According to the obtained results of chemical re-
sistance tests, It was observed that the coated films
wereaffected Small wrinklesinthe NaOH resistance
test arising from soft parts of the polymer with lower
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TABLE 3: Physical & mechanical propertiesand corrosion test resultsof theprepared paint formulations

Paint formula

Test CSAU paints CSAU/MMT paint
60pm 90pm 120pum 200 pm 90 pm
Drying time, touch dry, min 90 100 120 120 120
) Adhesion test 4B 5B 5B 5B 5B

rihe)(/:igﬁ{ Czln(: st Bending test, 6mm pass
Impact resistance Kg/m 0.8 0.9 13 15 15
Pencil hardness - - B B
5% HCl Films unaffected

) _ 5%NaOH Films small wrinkles

e eSS .0 Films unaffected
Xylene Films unaffected
Acetone Films slightly removed
Degree of blistering - aF - - 6F
Rate of unscribed area - 5 - - 6

Corrosion test Rate of scribed area - 7 9

Corrosion photos

Figure 3: Photos of scribed area of coated steel
after 28 daysimmersion in 5% NaCl

panels

\/‘( o
- ~
CSAU Paint CSAU/ MMT Paint

Figure 3: Photosof scribed ar ea of coated steel panelsafter
28 daysimmersionin 5% NaCl

crosslinking density. CSAU paint filmsunaffected by
the acidic solution thus ensure high coating durability.
The coated filmsunaffected in non-polar solvent such
asxylenehowever, poor res stancein polar solvent (ac-
etone) wasdetected and thefilmsweredightly removed.

Accordingtothecorrosioninhibition efficiency re-
sultsin TABLE 3, few blisterswere detected films of
both Groupl and Group 2 formul ations corresponding
to CSAU and CSAU/ MMT, respectively, but the dif-
ferencein the size of blisters was smaller in case of
CSAU/MMT dueto extraadherence of thefilmtothe
steel by MMT adsorption. Less than 10% rust of
unscribed areawith negligible corrosion around the

L

scribewas detected for CSAU/MMT coated stedl pan-
els. While20% rust in the steel areaunder the CSAU
paint films, in addition to moderate corrosion around
the scribe were detected.

Theobtained resultsgo handin handwith thepicked
photos of the coated steel panelsat the end of corro-
sonresistancetest, Figure 3.

Weight loss results of coated steel panels with
CSAU paint (Groupl) and CSAU/MMT paint (Group
2) formulationswasplotted in Figure 4.

Itisclear that, weight loss values of steel panels
coated with CSAU paint were small and increased
gradudly withtime. The modification of CSA with TDI
exhibit theadvantage of highintensity of crosdinking
reactions, consequently drying of cottonseed oil witha
low iodinevaue (103-116).

Asaresult of addition MMT adduct in CSAU/
MMT paint (Group2) formulation, lower weight loss
was detected compared with Group |. A schemétic rep-
resentation of corrosioninhibition of sted inthepres-
enceof 0.02% MMT adductisgivenin Figure5. At
this concentration, the adduct molecules may direct
themselvesto be adsorbed on the steel surfaceviathe
lone pairs of electronson the sulfur atom of the (-SH)
group and theoxygen atom of thehydroxyl group rather
thantheplanarity of the heterocyclic structure, whichis
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Figure4: Weight loss of coated sted panelswith CSAU and CSAU/MMT paints
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Figure5: Adsorption of MM T adduct on sted surface

richwith nitrogen atomswith high € ectron density, con-
sequently theadhesi on and protection of thepaint films
may beimproved.

CONCLUSION

The renewable source, cottonseed oil could be
modified successfully and replace petroleum raw ma
terialsin anticorrosive coatingsand paint industries. It
exhibited good physical, mechanica performancesand
chemical resistance. It’s characterized by high thermal

stability. The prepared MMT adduct increased the cor-
rosioninhibition efficiency of themodified cottonseed
oil paint with avery small concentration and without
changein other measured properties.
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