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ABSTRACT

KEYWORDS

Some organic resins novolac,furan and epoxy were blended with inorganic
additives Ti O,, CaCO,, Talc, Zn dust and Sintered glass. These materials
were formulated to produce ten formuladesignated fromF_ -F, . Thetolu-
enediisocyanate (TDI) was used ascuring agent at different ratios5, 10, 15
and 20 parts. The carbon steel alloy specimenswere provided from unused
petroleum pipelines. The surfaces of specimens were prepared by polish-
ing with different grade emery paper. The visual inspection, physical, me-
chanical and chemical properties such as, wet film thickness (WFT), dry
filmthickness (DFT), adhesion forces, bending, impact, hardness and ther-
mal stability at 50 - 500 °C at intervals of 50 °C were studied and discuses.
Effect of organic solvent for 72 days, methylethylketon, chloroform, acid
effect (10% H,SO,) at period time of 50 days and salt spray tests effect at
period time of 21 daysfor theformed dry filmswere studied. The surfaces of
films were visual inspected by magnification power after chemical tests.
Electrochemical for formed dry filmswere studied and indicated. The sur-
face morphology of formed dry filmsbefore and after electrochemical tests
were exanimate by scanning electron microscope (SEM). The resultsindi-
cated that the corrosion spots did not detect on the surface of the formed
dry films. Thesefilms approved to be a protections agent for the surface of
petroleum equipments against corrosion.
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INTRODUCTION

Thecarbon stedl alloysare used at high tempera-
turesinlarge scalefor production and maunfacture of
petroleum, petrochemical equipmentsand differentin-
dustries. Thecarbon sted aloysare corroded quickly
when subjected to both chemical and physical
environmeta conditiong*d.

Thetypesof protective coatings must be compate
themetal surfaceswithout any change. Theformation

filmsareprovided abarrier betweenthemetallic sur-
facesand the surrounding corrosive medium. Thesein-
clude paints, varnishes, enamels, plasticsand metals
whichweregpplied by brushing, dectroplating, hot dip-
ping flame spraying, etc.54,

Paintingsareone of themost suitable, lessexpen-
sve, and moreefficient method for corrosion and wear
control, which could be more suitable binders source
and high efficiency as protective compounds.*-18,

Theaim of thiswork depends on the blending of
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furan, novolac and epoxy resinsandisformulated inor-
ganic additivesTi O,, CaCO,, Talc, Zndust and Sin-
tered glas. Thedifferent ratio of curingagent TDI is
used. The preparation surface of carbon steel aloy
specimensAG-15 are coated by these formula. The
visual inspection, physical, mechanica and chemical
properties of theformed dry filmsare evaluated and
discussed.

EXPERIMENTAL WORK

Preparation of thepaintingformulaF -F,

TABLE lillustratestheformation of painting for-
mulaF, -F  asfollowing different parts (10, 20, 30,
40, 50, 60, 70, 80, 90, 100) of furan were mixed with
10 partsof Novolac, 10 parts of epoxy resin, 10 parts
of Zinc dust, 20 partsof TiO,, 20 parts of CaCQO,, 20
partsof talc, 10 partsof sintered glassand 15 parts of

methyl ethyl ketone (MEK) as solvent.
Optimum condition of thecuring agent

Thetoluenediisocyanate (TDI) wasusedin differ-
ent ratios (5, 10, 15, and 20) parts as curing agent;
which weremixed with each formulato form various
painting formulation. Each formulation wasapplied on
the surface of carbon steel specimensby brushed and
spray method and cured at room temperature, to de-
terminetheoptimum condition.

Preparation of thesurfacemetal specimens

Unused carbon stedl aloy typeAG-15were pro-
vided from petroleum pipelines of Belayim Petroleum
Company at Port -Fouad station to be used as speci-
menssupplier. The specimenswerecut asregular edged
cuboidswith dimensions= 8, 15, 0.1 cmaverage. Each
specimen was cleaned, polished with150, 400, 600
emery papers, rinsed with distilled water, degreased
with acetone, weight and finaly stored under vacuum
after wrapping with adhesive thin paper into sets. Each
setincludesspecimenshaving nearly smilar weight and
surfacearea.

Theoptimization steps

To obtain the optimum coatingswere carried out
under static air,at ambient pressure and temperature
within aselection formula. A set of specimenswere
coated with these formulaand cured by curing agent
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TDI a ambient condition. The coating specimenswere
gradud |y inspected to recorded the optimization con-
ditionsfor eachformula Thecoating filmsover thesur-
face of specimenswereexaminateed by measuringthe
WEFT, DFT, adhesion, thermal stability, impact, bend-
ing, hardnessand chemical tests. Theformation of the
best coating was achieved in stepsand kept constant
through the optimization procedure.

Thecharacterization techniques
Visual inspection.
Thevisud ingpectionfor theformationcoating assed -

ing, sagging, fisheyes, shirinking, cogul astion, smoothes
and homogenaty wereinspected and tabul ated.

Physical properties

Measuring and calculation of Wet film
thickness(WFT), dry film thickness(DFT), adhesion,
thermal cyclingtest, Electrica conductivity, and Pin-
holetest of theformed coatingswere carried out ac-
cordingtoASTM (D-1212-91), ASTM (D-1186 and
1005-95). ASTM (D-1212), (D-1186 and 1005), (D
3359), BS-6670 Part 5 BS-6670 Part 5, ASTM (D-
4399) and (D-5162), respectively

M echanical properties

Bending, adhesion forces, hardness, and impact
tests were carried out according to ASTM (D-522),
(D- 3363) and ASTM (D-2794 and G14-88),

respectivily.
Chemical properties

The effect of organic solvents, 10% H,SO, and
synthetic seawater by sat spray tests 3.5% NaCl were
carried out accordingtoASTM D-44, 4752, 468, 610,
G-31, BS-6670, and ASTM B117 respectively. The
dataof resultswererecorded and investigated.

Electrochemical polarization

Electrochemical polarization measurementswere
carried outinaPyrex cdl with threee ectrodes. A work-
ing carbon steel electrode has 1cnm? surface areas, was
embedded in glasstube sed ed by Aral dite stedl epoxy,
surface of eectrode was prepared asabove method. A
saturated calomel electrode (SCE) was used asrefer-
ence and platinum wire as counter el ectrode. Experi-
ments were obtained using an potentiostate
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VoltalabMaster PGZ 301 connected to an \Voltamaster
4 and function generator. Theopen circuit potential was
measured at potential -540 mV versustimefor coated
and noncoated specimensin electrolyte synthesissea
water for 2hrs. The potential was scanned from the
negativeto postivedirection at scanrate 10mVst. The
cyclicvoltametry polarizationfor uncoated and formed
filmsfrom formula F10- F100 were measured by at
potential range=+ 1000 mv and scanning rate 10mvs*
insynthesis seawater. The potentiodynamic polariza:
tionfor formedfilmsfromformulaF - F,  weremea
sured at potentia range+ 1000 mv and scanning rate
10mvs?in synthesisseawater. The electrochemical
impedance (EIS) wascarried out at 100 KHzto 10Hz
a scanrate 10mV's?. Theobtained datafrom EISwere
anayzed by Fitting Z Simpwin computer program.

Themetdlurgica surfacemorphol ogy for thesome
dry filmsbeforeand after el ectrochemica evaluation
weremeasured by A Jeol (840X Japan) scanning el ec-
tron microscope (SEM) equipped with an Olympus
Camera.

RESULTSAND DISCUSSION

Studiesthe optimization concentration for curing
agent (TDI) withformulaF, -F

TABLE 2illustratesthe optimizeratios of the cur-
ing agent (toluenediisocyanate TDI) for each formula
of F,—F,,, a room temperature respectively. The
touch curing timewasthe main factor for determine
the TDI concentration of theformation films. Thefu-
ran ratios (10-100gm) were affected in curing time
for eechformulafromF  —F, .. From the optimiza-
tion studies of the touch curing timewere observed
that thetimeincreaseswith increasingthefuranratio
and decreased with increased the TDI ratio. Thedu-
ration times/ or complete drying were recorded at
room temperature was 3-5 day’s for formula F10-
F100 theseresultswere computed for 15gm of TDI.
Ontheother hand, theinorganic materia sratioswere
affected ontouch dry time.

Visual inspection for formulaF -F,

TABLE 3 showsthevisudly inspectiondataduring
painting processing and after drying (dry film). Firstly,
theresultsdatafrom filmswere observed that, they were

freefrom sealing, shrinkable and coagul ation not ap-
peared for theformulation filmsfor formulaF, -F .
From these data.one should be concluded that theva-
lidity of thegpplication theseformulathrough thebrush
and spray methods. Theformation filmsduring and af-
ter curing onthe surface of carbon sted specimenswere
showed asonelayer compatiblewith each other, com-
pact and adhesion aswell as stable on the surface of
carbon stedl specimens.

M easuring and calculating of thewet and dry films
thickness(WFT and DFT) formed from formula
F.,-F .4 ON thesurface of carbon steel specimen’s

TABLE 4 indicatesthe measuring and cal cul ating
data of the WFT and DFT formed from the formula
F,,-F.q ON the surface of carbon steel specimens at
room temperature. From these resultsthe wei ghts of
formed filmswereincreased by increasing thefuranra:
tio. Alsotheweightsof dry filmsformedfilmswerein-
creased by increasing thefuranratio.

From these dataone observed that theweightsand
the normalized weights of formed wetting filmswere
matched with these of drying filmsformation oncarbon
stedl specimens.; and also, theweightsand thenormd -
ized weight per unit areadatafor wetting and drying
filmswere confirmed the optimization condition of cur-
ingagent TDI.

Adhesiveforcing of theformed dry filmson the
surface of carbon steel specimens

TABLE 5illustratesthe measuring and calculating

TABLE 1: Different ratio of chemical painting for mulacon-
tainingfuran resin.

Component F10 F20 Fso Fio Fso Feo Fro Fao Fao Fuo
Furan 10 20 30 40 50 60 70 70 90 100
Epoxy 10 10 10 10 10 10 10 10 10 10
Novolac 10 10 10 10 10 10 10 10 10 10
Calcium carbonate 20 20 20 20 20 20 20 20 20 20
Talc 20 20 20 20 20 20 20 20 20 20
TiO, 20 20 20 20 20 20 20 20 20 20
Zn dust 10 10 10 10 10 10 10 10 10 10

Sintered glass 10 10 10 10 10 10 10 10 10 10
5 55 5 5 5 5 5 5 5
10 10 10 10 10 10 10 10 10 10
15 15 15 15 15 15 15 15 15 15
20 20 20 20 20 20 20 20 20 20

Curing agent%
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TABLE 2: Data of optimum condition for the curing agent
TDI against curingtimefor F10-F100 for mula at ambient
condition

R.CA Touch dry timefor each formula (hr)

(TDI) Fi Fao Fso Fao Fso Feo Fro Feo  Feo  Fioo
5 4-5 4-6 4-7 4-8 57 58 59 6-10 6-11 6-12
10 35 35 36 36 46 46 57 57 58 58
15 2-3 23 24 24 34 35 35 46 46 56
20 1-2 1-3 2-4 24 34 34 34 34 34 45

TABLE 3: Dataof thevisual inspection after application of the

painting wet and dry filmsfor formed fromformulaF -F, .
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dataof theadhesion forcesof drying filmsformedfrom
the formulaF -F, ,, on the surface of carbon steel
specimens at room temperature. From thesedata, the
adhesionforcesof theformation dry filmswere excel -

—= Full Paper

lent. Therate of adhesion forces of theformation dry
filmswere depended on the both techniques X -cut
tape and cross-cut tape according toASTM (D3359)
were 5A and 5B, respectively. Thesedatawereindi-
cated that the effect of resin compoundson the adhe-
sion forces for formed dry film with steel surface.
Thesefilmswereno pedling or removal and the edges
of the cuts were completely smooth; none of the
squares of thelattice was detached. Also, the inor-
ganic additiveswere hel ped on theincreasing of ad-
hesion forces between the surface of carbon steel
specimensand theformation dry filmsand withitsself.
One should be concluded that the validity of thefor-
mulaF -F, throughthe stability of thedry filmfor-
mation on the surface of carbon steel specimen.

Holiday (pinhole) detection of theformed dry films
on the surface of carbon steel specimens.

Thedataof holiday (pinhole) detection for thefor-
mationdry filmsweregivenin TABLE5. Itswereop-
erated at theenvironmental condition, ambient tempera
ture, relative humidity (R.H) at ~ 50%, time duration
for dry film 7 daysand dry film thickness80+5 um.
Themeasuring voltageswere depended onthedry film
thickness of theformation films according to thefol-
lowing equeation.

Measuring voltages=5 x DFT

The measuring voltagesfor theformation dry film
were400+25 volts. These data were matched with the
net results obtained from the el ectrical conductivity
method. Also, the protection val ue were depended on

TABLE 4: Thephysical measurementsfor each formed filmsfrom F10-F100 wet and dry filmsat ambient condition and

curingagent TDI.

Weight of One Weight Normalized Weight Normalized
Symbol egmen Surface of wet weight of dry weight Measuring Tem R H T.D CD
P o area  films of wetfilms films ofdryfilms dry film P- =P thry (hr)
(em’)  (q) (mg/cm?) (9 (mg/cm?)
F10 90.0817 120 4.6437 38.6975 3.0918 25.765
F20 92.1999 120 4.6573 38.8108 3.1099 25.9158
F30 90.3065 120 4.6885 39.0708 3.1257 26.0475
F40 92.4532 120 47135 392791 31421  26.1841
} . } . . + i
F50 90.4321 120 47452 395433 31635  26.3625 80+5  Ambient 25006 3-5 72-96
F60 90.1837 120 47671  39.7258  3.1781  26.4841 temp.
F70 90.0807 120 4.7958 39.965 3.1976  26.6466
F80 90.3152 120 4.8013 40.0108 3.2009 26.6741
F90 90.1321 120 4.8283 40.2358 3.2189 26.8241
F100 90.5431 120 4.8760 40.6333 3.2507 27.0891
————— QCHEMICAL TECHNOLOGY
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TABLE 5: Thephysical and mechanical propertiesof thefor med filmsfromformulaF, - F, at ambient condition.

Average Average

; Adhesion ;
Symbol  WFT DFT Bending Pinholeat  ———— Hardness Impact E.C.(v) Resistance
400+25 Cr Q
nm nm
F10 Pass pass 5A 5B 9H pass 20000
F20 Pass pass 5A 5B 9H pass 20000
F30 Pass pass 5A G5B 9H Pass 22000
F40 Pass pass 5A G5B 9H Pass 22000
F50 Pass pass 5A G5B 9H Pass 24000
130-140 80+5 i
F60 Pass pass  5A 5B OH  Pass Evgoodinsulaor 5,
resistance
F70 Pass pass 5A G5B 9H Pass 24000
F80 Pass pass 5A 5B 9H Pass 24000
F90 Pass pass 5A 5B 9H Pass 24000
F100 Pass pass 5A 5B 9H Pass 24000

theresinsadditivesratiosand theinorganicfiller which
wereindicated on the good compatibility of thefillers
with the organic resin to formation the poly urethane
amideepoxy resin. Thesefilmswerehaving goodinsu-
lating properties. Thereforetheformationdry filmswere
promisingthevaidity of theformation dry filmsasinsu-
lating (protected) the surface of carbon stedl. Oneshould
bethat theformation dry filmswerefreefrom disconti-
nuity (void, crack, foreigninclusion, thin spot or con-
tamination) inthecoatingfilm.

Hardnessdata

TABLE 5 showsthe hardness datafrom the pencil
test for theformation dry filmsonthesurface of carbon
stedl specimensfrom theformulaF10-F100 weregive
thehigh vaue (9H). From these datawere showed that
thehardnessvaues stablewith increasing thefuranra-
tio. One should be concluded that the validity of the
formulaF -F  throughthestability of thedry filmfor-
mation on the surface of carbon steel specimen.

I mpact datafor formula F10-F100

Theimpact datafor thedrying filmswererecorded
and givenin TABLE 5. From these datawere showed
that the dry filmsfree from any cracking which were
made more visible by the use of magnifier and by the
use of apinhole detector. Also, these dry filmswere
impact resistanceand passed.

Bendingdata

The bending data for the drying films were re-
corded and givenin TABLE 5. From these datawere
showed that thedry filmsfreefromany crackingwhich

CHEMICAL TECHNOLOGY

were made morevisible by the use of magnifier and
by the use of apinholedetector. Also, thesedry films
flexibility and a so they were bending resistance and
passed. One should be concluded that the validity of
theformulaF -F  through the stability of thedry
film formation on the surface of carbon stedl specimen
at bending test.

Thermal cycling test for theformation dry films
from for mula F10-F100, FS10-FS100 and FA10-
FA100 at ambient condition

Thedataof thethermal cycling test for theforma:
tion dry filmsfrom theformulaF10-F100, were showed
inTABLE 6. The degreesof temperaturewereranged
from 50 to 500 “C by increasing 50°C intervals. The
formation filmsfrom guideformulaF10-F100 were af-
fected, thelossweight wereincreased with increased
theratio of furan and temperature. Theformation dry
filmsfrom F -F  werefailed at 450°C and 500°C

respectively.
Volatileof organic compoundsVOC

TheVolatileof organic compoundsfromthepants
after curing wereeither estimated fromtheformulations
and/ or theusing of organic solvent. Inthissituationthe
volatile organic compound were defined as blended
organic solvent, and resinscompounds. Theemissions
of volatileorganic compoundswereillustrated fromthe
chemica formula Thechemica formulaof F -F  were
contained on the blended solvent, which were evapo-
rated after application of the paints on the surface of

carbon sted specimensat ambient conditionand more

A udéan Journal
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volatileduringthethermd effect ontheformationfilms.
So that theweight of theformation films after every
step of therma effected were decreased until theweight
wereestablished. These phenomenawereruleresulted

—= Full Paper

for the hydrolyzed and emission of the organic com-
poundsfrom someresin groupsduring the both curing
process and thethermal cyclingtest. Thesedatawere
showed inTABLEG6.

TABLE 6: Thermal cyclingtest (stability) of thedry for med filmsat ambient condition from for mulaF10-F100 at temper ature
ranged from 50to0 500 °C and at optimum concentration of TDI

Weight losses for each formed filmsx10—*

Tec PT.
FI0O F20 F30 F40 F50 F60 F70  F80  F90  F100
50 00254 00367 00435 00562 00675 00812 00876 00954 01245 0.1534
100 00365 00485 00574 00673 00776 00893 00964 01321 01546 0.1754
150 00473 00612 00662 00754 00954 01134 01251 01453 01634 0.1778
200 0057 00673 00754 00863 01045 01256 0.1342 01482 01685 0.1795
250 . 00657 00919 01023 01043 01065 01832 01107 01564 01741 01821
300 00843 00982 01026 01052 01076 01123 01325 01673 01823 0.1954
350 00976 0.1652 01734 01782 01875 01953 02143 02346 02465 0.2587
400 01564 0.1746 01935 01989 02314 02537 02764 02917 02946 0.2987
450 Fail Fail Fail Fail Fail Fail Fail Fail Fail Fail
500 Fail Fail Fail Fail Fail Fail Fail Fail Fail Fail

Theeffect of furan structureon the propertiesof
theformation dry films

Thefuran structurewas|ow molecul ar weight of
heterocyclic compound and it’s contained on the hy-
droxyl and carbonyl groups. Thesegroupsin furan struc-
turewereemployed thevery important rulefor thecur-
ingand thegtability of theformation dry films. Thepoly-
urethane network filmswereformed by curing of TDI
with epoxy (oxirane), cintred glasseshydroxyl groups
and novolac function groups, and formationimideand
melaminebond, respectively. Thesewereaprinciple
ideafor the mechanism of theformation dry polyure-
thanemelaminefilmsof furan onthesurfaceof carbon
sted specimens.

M echanism

Furan sructure havingtwoimportant functiongroups
hydroxyl and carbonyl groups, which were employed
thevery important rulein theformation of the coating
filmsand curing of which onthesurface of carbon stedl
specimens. Thefuran behavior twowaysintheforma
tionof coaingfilmswascured reactionwith cyano groups
of TDI toform apolyurethane bondsand the other was
cured withanother groupstoformthepolyfurfura bonds.
Thesebondswereforming apoly urethanefurfurd films,
thesewerevery strong adhesion resi stanceto mechani-
cd and chemica environmen.

Theboth termina hydroxyl groupsfor macromol-
ecules of the resin were capabl e of reacted with the
curing agent TDI to form polyurethane asthefollowing

Final schema of formation latticefilmsfrom for-
mula F10-F100

Novolac has heat mechanical and chemical resis-
tance and the functional groups of novolac werere-
acted with another group of TDI to form apolyure-
thane melamine bonds at high temperature. Thefor-
mation film from the novolac was hard, compact, and
having adhesion forces, chemical and mechanical
properties.

Althoughtheresins(furan, novolac, and epoxy] were
give avery good properties to the surface of a cured
codting. It wasnot sufficiently compatiblewith formula
tionto provide adequate storage stability. Thiswascom-
paredtoresins, UV formulation werereatively polar.
Even after high shear incorporation of thesliconintothe
coating, theclarity can beadversely affected and sepa
ration may occur on storage. Therefore, it was neces-
sary to usesomemeansof making theresinscompatible
with the coating and with each other. Theseresinscanbe
reduced compatiblewith polar media. A well known
method of doingthiswasby grafting polar groupswith
theresinsgroups. Theresinschainscan be attached any
pointsa ong thelength of theactivestebackbone, giving
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acomblikestructure. They can beaso attached to the
endsof thefuran polymer and other resins, giving alinear
structure. Thestructure of the copolymer had aprofound
effect on the behaviorsof the copolymer asan additive.
Optimized structures have beenidentified by designed
experimentation to givesuitable combination of compat-
ibility desired effects. Compatibility wasparticular im-
portant inclear coatings.

Chemical evaluation

TABLE 7 & 8illustratesthe effect dataof the Xy-
lene, Tolueneand Benzenemixture, MEK and chloro-
formon theformation dry filmson the surface of car-
bon stedl specimens. Theforming dry epoxy polyure-
thanefilmsfrom formulaF10-F100 were not affected
by the rubbing theformation filmsby MEK from 40—
50times. Thenet resultswereindicated on the stability
of Zn, compatibility and adhes on forceswith the sur-
face of carbon stedl specimensand withitsalf.

TABLE 9illustratesthe dataof the effectiveof the
10% sulfuric acid on theformationfilmsfrom different
formulaF10-F100. From thesedatawewere observed
that the effect of 10 % sulfuric acid on theformation
filmson carbon stedl specimensat periodtime 50 days,
DFT 80+ 5pum and these data were valid to corrosion
protection materials.

CHEMICAL TECHNOLOGY

Hs

TABLE 7: Visual inspection for the effect of organic solvents
(Xylene, toluene and benzene) on the formed dry filmsfor
F10-F100formulaat room temperature.

Period  Effect of thetextureof theformed dry film

immersion
time (days) Fi0 Fao Fso Fao Fso Feo F70 Feo Foo Faoo

6
12
24 No change the film surface
48
72

TABLE 8: Effect of (M EK) and chloroform on theformed dry
filmsfrom for mula F10-F100.

Solvent F10 FZO FSO I:40 FSO FGO F70 FSO F90 FlOO
MEK No effective the film surface
Chloroform No effective the film surface

TABLE 9: Data of corrosion tests of thedry filmsfor med
from F10-F100 on the surface of carbon steel specimen in
10% H_,SO, for 50 days.

Period imm- Visual inspection for thedry
ersion time filmsformed in 10% H,SO,
(days) Fio Fao Fao Fao Fso Feo F70 Fgo Foo  Fano
10
20
30
No Spots Appeared
40
Spots
50 appecred

A udéan Journal
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Salt spray tests

Sdt spray test measuresthe ability of varioustypes
of coatingto withstand in acorrosve cum-humid envi-
ronment. Figure 1 illustratesthe paint coated carbon
steel samples after exposure to salt spray fog for 21
daysat 40 C°. It can be seen that the formed films from
formulaF -F,  werefreefromany blistering, dsocan

TABLE 10: Visual inspection for theeffect of salt spray test
ontheformed dry filmsfrom F10-F100for mula at 40C°.

Sample
P-F I:10 F20 FSO I:40 FSO FGO I:70 I:80 I:90 I:100
gg:yy No spot blistering and no rusting appeared
. No spot blistering and
No spot blistering and :
12 day few rusting appeared few rustmg appeared at
scribe edge
No spot blistering and
164 No spot blistering and rusting appeared at
Y ittle rusti ng appeared  scribe edge and spread
on surface
No spot blistering and Nﬁjﬁ?‘t bl |stgra:rr;% ;?d
21day rusting was noticeable scribee?iaggnd read
on the panel surface. ongsurfacesp

I:10 F20 FSO
Fso FGO I:70
FK) FQO F 100

Figurel: Thesurfacetextureof thefilmsformed from F10-
F100 after subjected tosalt spray test

== Full Paper

not removed in any direction from the areas surround-
ing the scribe edgewith apull by plastictape. Thefor-
mation filmfrom formulaF, -F, werefounded afew
rust at along the scribe aress, these rust wasnot spread-
ing up and under the coating films.

Evaluation of electrochemical technique

Thed ectrochemica studieswereimportant for de-
terminationthevalidity of thedry film coating. Inthis
study one could be used four types of € ectrochemical
techniquesopen circuit potential, potentiodynamic po-
larization, Cyclicvoltametery polarization and e ectro-
chemica impedance spectroscopy. Thesestudieswere
carried out for formula F10-F100.

Open circuit potential measur ements

Theopencircuit potentia vauesof the carbon stedl
(blank) and theformulaF10, F20, F40, F50, F60, F70
and F90 were -0.399, 0.659, 0.595, 0.584, 0.512,
0.550, 0.658 and 0.599V respectively. Thevariation
of opencircuit potentiad (OCP) withtimefor theformed
filmsfrom formulaF10, F20, F40, F50, F60, F70 and
F90in 3.5% NaCl wasshowninfigure2and TABLE
11. These curveswere observed that, the blank speci-
menswas pitted and cavity the surfacethat dueto for-
mation the of ferrous hydroxide and chloride, which
were damaged and consumed the specimen, these phe-
nomenawas observed after 30 minutesand theforma:
tion of ferrousion werefaled and thecurvewasjumped

TABLE 11: Datafrom open circuit potential measurements
of uncoating and coating carbon steel electrode in 3.5 %
NaCl containing differ ent for mulasof resnscompoundswith-
out or ganosilicon compounds.

Sample Blank Fig Fp Fs Fa Fso Feo Fro Fso Feo Fio
-399 -659 -595 -597 -584 -512 -550 -658 -510 -599 -588

Potential

Poes o]
g

Figure2: Thevariation of open circuit potential for blank
and formulaF10, F20, F40, F50, F60, F70and F90
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again a 50 minutes, i.ethese method was accel erated
the corrosion phenomena.

On the other hand, the formula F10, F20, F40,
F50, F60, F70 and F90 were homogeneous and not
formation of any type of ferrousions. These phenom-
enawere observed for the coating specimens by for-
mula F10, F20, F40, F50, F60, F70 and F90 which
the OCP values of coated carbon steel specimen by
formulaF10, F20, F40, F50, F60, F70 and FO0 were
decreased initidly and stable after 10 minutes passage
and shifted to negativedirection, Fromthesedata, this
showsthat theformulaF10, F20, F40, F50, F60, F70
and F90 were able to protection of the carbon steel
surfacein 3.5% NaCl solution.

Electrochemical polarization for for mula F10, F20,
F40, F50, F60, F70 and F90

Figure 12illustratesthe polarization curvesfor for-
mation filmsfrom formulaF10, F20, F40, F50, F60,
F70and F90in NaCl 3.5% aselectrolyteat volt range
from-1.0—0.5 V. From the curves could be showed
that, the coating materialswere played as cathadic /
anodic protection. Ontheother hand, theformulaF10
andF20 werehigh efficiency and protected as cathodic
and anodic protection. It was depend on the pigments
inorganic materiad. Thesedatawerematched with open
circuit and salt spray test.

Thecorrosion potentia (E_,) and corrosion cur-
rent density (i , ) calculated using Tafel extrgpolation
method weregivenin TABLE 12 and it was evident
fromthefigure3.theE_ shiftstoward higher cathodic
at values-666.8 mV versus SCE than uncoated car-

bon steel specimen. The shiftsin corrosion potential
towards more cathodic val ues compared to uncoated
carbon stedl specimen wasdueto the presence of me-
taliczincinthecoating. Onthe other hand, theicorr for
formulaF20 and F50 were shifted towards cathodic/
anodic protection(in therange of -200to-1000 mV)
but a so theformulaF10, F40, F60, F70 and FOO were
shifted towards cathodi ¢ protection compared to un-
coated carbon sted specimens. Thecorroson efficiency
1% and the surface coverage 6 were calculated from
thefollowing equations.

1% = (1-i_ /i) x 100

0=(1-i_, /i)

Wherei__andi_werethe coated and uncoated cur-
rent dengtiesrespectively. Fromtheresultsobtainedin
figure3and TABLE 12, we notethat 1% and the sur-
face coverage 6 were decreased with furan concentra-
tion increased 96.25, 95.37, 94.35, 94.00, 93.87,
92.98 and 90.621 for formula F10, F20, F40, F50,

=

g o] 100

.............

Figure 3: Tafel potentiodynamic polarization curvefor 1-
blank and for mula2-F10 3-F204-F40 5-F50 6-F60 7-F70 and
9-F90 in 3.5% of NaCl as electrolyte and potential range
from-1.0to +0.5volt.

TABLE 12: Parameter sof potentiodynamic polarization of carbon steel electr ode coated specimen in 3.5% Na Cl concentr a-
tionscontaining different for mulasof resinscompoundswithout or ganosilicon compounds.

Samples  -Ecorr l corr MA/CM? Rp ohm.cm? b, mv/dec b, mv/dec 0 1%

Blank 518.8 0.02268 3562 436.9 -329.7 - -
F10 666.8 0.00085 71558 217.4 -393.8 0.96252 96.252
F20 808.4 0.00105 50336 304.9 -203.9 0.953703 95.3703
F30 796.7 0.00119 44416 239.6 -243.5 0.950661 95.0661
F40 844.1 0.00128 34930 442.8 -133.0 0.943562 94.3562
F50 710.9 0.00136 31942 658.2 -117.6 0.940035 94.0035
Fe0 849 0.00139 31304 216.4 -189.2 0.938712 93.8712
F70 828.7 0.00159 22755 254.9 -124.6 0.929894 92.9894
F80 689.1 0.00205 15886 200.6 -120.9 0.909612 90.9612
Fo0 842.8 0.002127 18085 400.5 -114.9 0.906216 90.6216
F100 760.3 0.002248 8850 118.1 -75.7 0.900881 90.0881
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F60, F70 and F90 respectively.
Electrochemical impedance (EIS)

ElSwould generate quantitative datathat relatesto
thequality of acoating on ametal substrate. EISwas
useful for painting becauseusing EISto characterizea
paint meta substrate s multaneoudy measurestwo phe-
nomena
Thedeterioration of the organic coating caused by ex-
posureto an el ectrolyte and theincreasein corrosion
rate of the underlying substrate dueto the deterioration
of the coating and subsequent attack by the el ectrolyte.

Thedectrochemical impedance spectr oscopy for
car bon steel specimen (blank)

Cew ating

Q(CPL)

' Rct

Figure4: Equivalent circuit used for represented theimped-
ance response for blank, FS10, FS20, FS40, FS50, FS60,
FS70and FSO0 formula

Figure 4 illustrates the component elementsfor
equivaent circuit mode sfor the carbon stedl specimen,
who these componentswere R, wasthe electrolytere-
sistance; R | wastheelectricresistance, C_ , was
the capacitance of the protective coating; Q (CPEg was
the constant phase el ement, R wasthepolarizationre-
sstance. Whilethe parametersR , and C, yieldinfor-
mation onthe corrosion process. Thevauesfor these
parametersR,, C_ .. R, QCPE), R, R, and C,
weretabulated inthe TABLE 13. From thesedata, the
vaueof R wasvery low and can beignored; thevalue
of C ceting wasindicated the beginning of constitution of
the corrosion products on the substrate surface. The
vaueof R | wasmuchdecreased whichillustrated the
increase quantity for porosity on the carbon steel sur-

faceandtheincreasewascommonly attributed to corro-

—= Full Paper

sion products from the metal substrate blocking the
pores. The vaue of R was the standard valuefor a
carbon steel metd which the corrosion rateof the meta
substrate was described by polarization res stance. The
value of the Cdl waslessthan the standard value (10*
to 10° n F) for carbon steel metal and also the Cdl
vauereatedtothecorrosion rate. Findly, thevauesof
the Q (CPE) and the nwereindicated to the heteroge-
neity of the oxidelayer formation on the carbon steel
specimen. On the other hand, the electro-circuit from
the Nyquist plot obtained for uncoated carbon steel
electrodein 3.5% NaCl solutionwasgiveninFigure5,
thefeature of the curvewasadightly depressed semi-
circle. Sincetherewasnot any coating ontheeectrode
surfaceand apassivation could be expected under these
conditions, the diameter of the curve must be equal to
chargetransfer resstance (R ) vaueandthesemicircle
at lower frequency wasdueto thedoublelayer capaci-
tance, which thevauesof Cdl waseffected inthe cor-
rosonréate.

Theéd ectrochemical impedance spectr oscopy for
the specimenscoating by dry film of formula F10,
F20, F40, F50, F60, F70 and F90 in 3.5% NaCl
electrolyte solution

In the case of ametal/paint system one of themost
widely used equivaent circuit modelswasthat shown
inFigure6, for theformulaF10, F20, F40, F50, F60,
F70and F90. Where: R, wastheelectrol yteresistance;
R . Wastheelectric resistance (pores, low crosslink-
ing) of the protective coating; C_ cting wasthe capaci-
tance of the protective coating. R . wasthe coating po-
|arization resistance of the corrosive process. Q was
the constant phase element (CPE). When water pen-
etratesthe coating and reachesthe metal. It wasa so
agreed that the general impedance may includethe W
the mass transfer (Warburg) impedance (W wasthe
Warburg finite diffusionimpedance). Their dielectric
contributionwascharacterized by theR , and Cdl double
layer capacitance parameters, whilethe parametersR
and C, yield information on the corrosion process at
the bottom of the poresin the coating.

Fromthesedatainthe TABLE 13, thesedatawas
different parametersinthe equivaent circuit models.
TheR vaueswerevery low and canbenegligible. The
Coating capacitance (C_) and pore resistance of the
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organic coating were very important parameters to
measureduring coating failure. Thevaluesof C_;
wereincreased after immersion in an el ectrolyte and
thevaluesof R e Were decreased withincreasing fu-
ranratiointhepreviousformula Anincreasein Cooating
and decrease Rpore were indicated the beginning of
detachment of the organi ¢ coating from the substrate
because of adhesion lossand number of porouswere
increased dueto the penetration of the e ectrolyteinto
themicroporesof the coating.

The capacitive component of thepaint filmimped-
ancewasdrawn asaCPE (Q). Also hereits stability
vaueswiththeimmersiontimewerenoteworthy. Like-
wise, typica vauesof n obtained for the corresponding
CPE wereshownin TABLE 14 for formulaF10, F20,
F40, F50, F60, F70 and F90, it can be seen that low n
values, associated with the capacitance of the part of
the coating film, gives 0.5 = n = 0.6. The agreement
among thewhol e experimental dataobtainedfor previ-
ousformulaconfirmsthevery good anticorrosive pro-
tection provided to sted structuresthrough the com-
bined barrier + cathodic passivation mechanismsof this
painting system. N valueswere between 0.51-0.57 this
effect dueto surfaceroughnessor caused by heteroge-
neity of the surface. On the other hand, the Warburg
impedance was appeared at thelow frequency and high
res stance, the Warburg impedance values were tabu-
lated in TABLE 14. From these datathe diffuson was
increased withincreased thefuranratiointhe previous
formulaat low frequency, the diffusion wasinfluenced
inthechargetransfer to and from el ectrode.

Thesethree parametersR , Cdl, and R, werere-

blank

-Z" ohm

0 T T T T T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45
Z'ohm
Figure5: Thenyquist plot obtained for carbon sted speci-
men surfacein 3.5% NaCl aselectrolyte

lated to the corrosion rate which both the R, andR,
wereinversely proportiond tothecorrosionrateasfol-
lowing equation:

l'corr = %(L)
.303(b, +b,)

RP
_RT
T nFI,

Whichl_ and |, werethe coated and uncoated corro-
soncurrent, R wasthepolarizationresistanceand R,
wasthechargetransfer resistance, theseparametersin
the previousequation wereindicated to corrosionrate.
Theb_and b, were anodic and cathodic Beta coeffi-
cient, T wastemperature, R was gas constant, nwas
number of e ectron and Fwas Faradays constant. From
these datafor R, Cdl and R, were decreased with
increasing thefuran ratio for formulaF10, F20, F40,
F50, F60, F70 and F90. These results were repre-
sented the extent of ionic conduction through the coat-
ing filmin e ectrolytic environments, The continuous
decreaseof Rp, R, andthe continuousincreaseof Cdl
va uesindicated widening of thecorroding areabeneath
the coating asaconsequence of the progressivedegra-
dation of the coating. On the other hand, the param-
etersvaluesR  , C_,.» R, CPE,n, Cdland R, were
greater thanthe same parametersvauesfor carbon stedl
specimen (blank), these datawereindicated to thefor-
mula F10, F20, F40, F50, F60, F70 and F90 were
corrosion protectiveand this behavior wasgiving evi-
denceto barrier effect of the coating. The corrosion
products modified by furan coating could provide a
certain protection by covering thesurfaceand dsothese

G

coating

I—.

Ceon

Figure6: Equivalent circuit used for represented theimped-
anceresponsein the presenceof diffusion control for F10,
F20, F40, F50, F60, F70 and F90 for mula
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TABLE 13: Thevariation parameter sresistor sand capacitor sfor theformula F10, F20, F40, F50, F60, F70and F90

Parameters—>

Formulal Rs  Cueaing Rpore  Q(CPE) n Rp w c(cdl) Ra
Blank 64.32 1.8x10° 100  9551x10° 0.3668 4521 0.2256 6.203
F10 11.71 1.3x10%  1x10° 1.7x107 05765 7.3x10° 1.14x10° = 2.619x10° 9076
F20 12.08 1.6x10% 1.1x10° 2.8x10° 05641 6.2x10° 2.21x10°  7.202x10° 8739
F40 1554 1.7x10%® 2.2x10° 34x107 05591 5.1x10° 3.12x10°  9.152x10° 6543
F50 1758 3.8x10% 3.8x10° 3.7x107 05406 4.3x10° 4.28x10°  12.09x10°® 5934
F60 18.78 5.7x10%® 3.9x10° 3.9x10° 05382 35x10° 565x10°  13.003x10° 5346
F70 1957 58x10% 4.4x10° 45x10° 05275 3.1x10° 6.29x10°  14.209x10° 4656
F90 2378 59x10% 4.7x10° 4.9x10° 05137 2.7x10° 7.16x10°  15.123x10° 3590

TABLE 14: Parameter sof ectrochemical impadanceof car-
bon steel electrodecoated specimen in 3.5% Na Cl concen-
trationscontaining differ ent for mulasF10, F20, F40, F50,
F60, F70 and F90.

Parameters> Rs R(Rg*tRy) C nE/cm? Ra(R-Ry)

1%

Formulal ohm ohm ohm
Blank 77.42 5391 186500 5313.58
F10 23 115200 0.005178 115177 95.38
F20 25 102900 50.01474 102875 94.83
F40 30 100635 0.0154 100605 94.71
F50 32 99567 0.01589 99535 94.66
F60 35 95723 0.03667 95688 94.44
F70 37 93934 0.13500 93897 94.34
F90 40 92562 0.5524 92522  94.32

products couldincreasethefilm res stance by accumu-
latingwithinthepores.

Figure 7-13was showed the Nyquist plotsobtained
for formula F10, F20, F40, F50, F60, F70 and FO0
electrodein corrosivetest solution. Thediagram repre-

16

) .l-/l'-‘l~.\.F 10
144 ’ .,
-~ -
i - 1.
12 J ™
| I/./ .\l
10 J .
& : s "
- u
5§ :
= 64 -
N ] &
1 4 ._f
2 ] /
0 L e I
0 10 20 30 40 50 60 70 80
Z'ohm

Figure 7 : Nyquist plot obtained for dry film formation
from F10 for mula on carbon steel surfacein 3.5% NaCl
aselectrolyte

senting themeasurement after 1 hwasfound to consist
of alinear portion at low frequencies and adepressed
semicircleat higher frequency region for formulaF10
and F40 (Figure7, 9Qwhichthesemicircleat high fre-
quency wasdueto the coating capacitanceand theva ue
of C_ ., Weseffected inthebarrier and coating prop-
erties. Thediagram representing the measurement after
1hwasfoundto consist of alinear portionat highfre-
quenciesand adepressed semicircleat |lower frequency
region for formulaF20, F50, F60, F70 and FO0 (Fig-
ure8, 10, 11, 12 and 13) which the semicircleat low
frequency was dueto the capacitance doublelayer and
thevaueof Cdl waseffected inthe corrosion product.
Thetotal of the chargetransfer resistance against an-
odicdissolution (R,) and thefilmresistance R e WaS
calledasR andthesemicirclewasattributedto this
vaue. The protection efficiency va ueswere ca culated
for someexposuretimes by thefoll owing equation:

20000+
18000
16000
14000
12000 -
10000
8000

-Z"ohm

6000

4000
2000/-
0. . T T T T T T T T T T T 1
0 5000 10000 15000 20000 25000 30000
Z'ohm
Figure 8 : Nyquist plot obtained for dry film formation

from F20 formula on carbon steel surfacein 3.5% NaCl
aselectrolyte
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Figure9: Nyquist plot obtained for dry film formation

from F40 for mula on car bon steel surfacein 3.5% NacCl
aselectrolyte.
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Figure 11 : Nyquist plot obtained for dry film for mation

from F60 formula on carbon steel surfacein 3.5% NaCl

aselectrolyte
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Figure13: Nyquist plot obtained for dry film formation

from F90 for mula on car bon steel surfacein 3.5% NaCl
aselectrolyte
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Figure10: Nyquist plot obtained for dry film for mation
from F50 for mula on carbon steel surfacein 3.5% NacCl
aselectrolyte.

120000

s s

-Z"ohm

0 20000 40000 60000 80000 100)0)120)001400)0’1600)0’1&)0)020)0)0
Z'ohm
Figure12: Nyquist plot obtained for dry film for mation

from F70 formula on carbon steel surfacein 3.5% NaCl
aselectrolyte
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Figurel14: Nyquis plot obtained for dry filmsformation from
F10, F20, F40, F50, F60, F70and F90for mulaon carbon stedl
surfacein 3.5% NaCl aselectrolyt
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_ R, (coated) — R (uncoated)
- R, (coated)

The diagrams representing 1 h measurements were
found to have amost the same profile and suggested
that the coating behaved like a most aperfect coating.
Thiscasewasgiving evidencefor excellent barrier prop-
erty of thiscoating which waspreviousy showed by
polarizationand E_-time curves.

Thecalculated protection efficiency valuesfor for-
mula F10, F20, F40, F50, F60, F70 and F90 were
cdculated from previousequationin TABLE 14. Which
thesevalueswere 95.83, 94.83, 94.71, 94.66, 94.44,
94.34 and 94.32respectively. After theremoval of elec-
trodefrom thetest solution, it wasobserved that there
was no blistering or defectson the surface. Therefore,
it was concluded that thefilm coating haslowered the
porogty andwater mohbility through thepores. Thisevent
resulted in better protection with respect to singlefuran
coating under the same conditions.

1% x 100

CONCLUSION

e Using of someorganicresins, novolac, furanand
epoxy compounds

e Theseresinsblendedwithinorganic additiveZnO,,
TiO2, Talc and centered glassesto form formula
F10 - F100.

e Using TDI ascuring agent

e Thepolyurethanefilmsand other amidfurfura link-
ageformed

e Thepreparation surface of carbon sted dloy speci-
mens painted by formulaF10—-F100

e Thephysical, mechanica and chemical properties
for theforming filmsfrom formulaF10—F100 re-
corded and discussed.

e Electrochemicd polarization OCP, dectrochemica
potentiodynamic, cyclicvoltametry and EIS stud-
ied and disscused.

e Surfacemorphology of dry filmsbeforeand after
pol arization studiesexaminated.

e Thenetresultsfrom all examinationsmatched and
indicating thevalidity of theformed dry filmsfor
protection of carbon stedl aloy.

—= Full Paper
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