June 2009

Volume 4 Issue 1

CHEMICAL TECHNOLOGY

A Judian Joarnal

Trade Science Inc.

petroleum equipment by Al/ Zn epoxide

Osama M.Abo-Elenine, Olfat E.Elazabawy, Nahed M.Amer*
Egyptian Petroleum Resear ch I ngtitute, Nasr City, Cairo 11727, (EGY PT)

Full Peper

CTAIJ 4(1) 2009 [20-26]

New study for protection of carbon steel of

E-mail : nahedamer 56@yahoo.com

Received: 12" May, 2009 ; Accepted: 17" May, 2009

ABSTRACT

The epoxy compound; KemaPOX RL 671 X 75; Chemicalsand Technolo-
gies Company; isused asaresin material. It isformulated at ratio 100 parts
with inorganic filler as 25 parts of aluminum past, 15 parts Talc, 10 parts
Silicagel, 10 partsof TiO, and different ratios of Zinc dust 0, 5, 10,15, 20, 25
parts. Theseformulas are cured with KemaPOX HF 115 70 at 10, 20 and 30
parts of toluene di-isocyanate (TDI). The visual inspection, physical, me-
chanical and chemical properties such as Wet Film Thickness (WFT), Dry
Film Thickness (DFT), adhesion force, bending, impact, and hardnesswere
studied. Seawater effect at period time of two weeksfor theformed dry films
was studied in salt spray test. The surfaces of the films were visually in-
spected by magnification power after all tests. The results indicated that
the corrosion spots did not be detected on the surface of the formed dry
films. Potentiodynamic polarization and el ectrochemical impedance spec-
troscopic studies were performed for the formed dry films. These results
approved that; these films can be used as protecting agents for the sur-
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faces of petroleum equipment against corrosion.
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INTRODUCTION

Thecarbon stedl isused inlarge scalefor produc-
tion and manufactureof petroleum, petrochemica equip-
mentsand different industried4. Corrosion problems
maly occur in numerous systemswithin the petroleum
industry>t, Organic coatings may be used to protect
metallic materiad sagainst physical and chemical envi-
ronments. Generally, inhibitiveinorganic pigmentsare
introduced into organic coatings asthemain substance
for corrosioninhibition. These pigmentsare played an
important factor in the performance of a coating and
act asanticorrosive resistance of metalg57. For this

purpose, the zincis commonly used in the corrosion
process of coatingsand improvesthebarrier proper-
tiesof the coating. It can alsoinhibit the cathodic pro-
cesséat theinterface. However, dsothezincether acted
incompliancewith e ectrochemica mechanismor im-
proved the barrier function of thebinder™™, Our knowl-
edgewasinsufficient for better understanding of therole
of zinc pigment on the corrosion of the coatings. There-
fore, to clearly understand the action mechanism of zinc
pigment, further studieson thistopicwereredly of nec-
essary.

Electrochemical impedance spectroscopy (EIS) is
awell-known el ectrochemical meansto evaluatethe
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performance of organic coatings, and hasprovento be
apowerful tool for acquiring specific parametersof sys-
temsof organic coatings/metals mechanisminforma-
tion[216],

Theam of thiswork dependson theformulation of
100 parts epoxy compound with inorganicfiller as25
partsof Al paste, 15parts Talc, 10 parts Silicaand 10
TiO, partsand different ratio of Zndust 0.0, 5, 10, 20
and 25 partsto produceformulasY - Y. Inorder to
study theeffect of different Zn dust ratioin organic coa-
ing and to eva uatethe performance of the coatingsin
presenceof Al Thevisud ingpection, physica, mechani-
cal and chemical propertiesof theformeddry filmsare
evaluated and discussed. Also éectrochemica imped-
ance spectroscopic studieswerea so performed onthe
formulasY - Y insatwater aselectrolyte media.

EXPERIMENTAL

Preparation of paintingformula

100 parts of the epoxy compound Kema POX
RLX 75from chemicd sand technologies company were
mixed with 25 partsof Al paste 15partsTalc, 10parts
slicage, 10 partsof TiO, and different partsof Zn dust
0,5, 10, 15, 20, 25 partsrespectively. The KemaPOX
HF 115 x 70 was used at three concentrated ratio 10,
20 and 30 parts as a curing agent, to obtain various
formulation desgnated fromY -Y .. Theseformulaions
were applied on the prepared surfaces of carbon steel
specimens by brushing method.

Preparation of thesurface metal specimen

Each specimen was cleaned, polished with differ-
ent grade emery paper 150, 400 and 600. Rinsed with
distilled water, degreased with acetone, weight and fi-
nally stored under vacuum. Theseformulationswere
applied by brushing method*”. A set of specimenswere
coated withtheseformulasY -Y ; and cured under tatic
air, ambient pressure and temperature.

Evaluation of thephysical, mechanical and chemi-
cal properties

The coating filmswereexamined by measuring the
WFT, DFT, adhesionforce, impact test, bending, hard-
ness, pull off, chemical test (Salt Spray) and electro-
chemicd test. The evauation of the physical and me-
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chanical propertiesof theformed coating filmswere
carried out thought thefollowing characterizationtech-
nigues.

Physical properties

Visual inspection

The coating filmson the surface of specimenswere
visually inspected after application to determine sedl -
ing, sagging, fish eyes, shrinking, coagulation, smoothes
and homogeneity!® wereinspected and Tabul ated.

Measuring the (WFT) of coating according to
ASTM (D-1212-91)

The WFT Gauge type elcometer is used for as-
sessing thethickness of freshly gpplied coating filmsfor
al formulationsY Y . at ambient temperature. The
obtai ned result wasrecorded after coatingimmediately.

Measuring the (DFT) of coating according to
ASTM (D-1186 and D 1005)

The DFT of theformed filmsY Y after cured,
weremeasured by using Posit-Ector, model 6000-FT,,,
coating thicknesswith probe gauge 6000-FT.,.

Mechanical properties. Adhesion technique
accordingtoASTM (D 3359)

Thesetest methods cover proceduresfor assess-
ing theadhesion force of coating dry filmsto metallic
surfacesby crosshatch cutting tool, X cut tapetest are
madein thefilm of the substrate surface, and pressure
senditivetapeisapplied over the cut and then removed.
Thedataof adhesiveforcesfor theformed filmsfrom
theformulaY -Y wererecorded.

I mpact test accordingtoASTM (G 14-88)

Thistest method cover thedetermination of theen-
ergy required to rupture coating filmsunder specified
conditionsof impact from afalingweight, at varying
heights. (Impact apparatussheeninstrument LTD). Vi-
sual inspection to detect the resultant breaksin the
coating surface. (Maintain aconstant height 1 meter
then reducethe height by 50cm).

Bendingtest accordingtoASTM (D522)

Thesetest method cover the determination of re-
sstanceto cracking (flexibility) using Conica Mandrel
Test Apparatus.
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Pull off strength of coating film by dolly test ac-
cordingtoASTM (D-4541)

Thegenera pull off testisperformed by securinga
loading fixture (dolly) perpendicular to the surface of
thedry coating film with an adhesive. After the adhe-
siveiscured, atesting gpparatusisattached to theload-
ing fixtureand aligned to apply tension normal to the
test surface. The Elcometer 108 isaHydraulic adhe-
siontester, theva ue of theforce appliedisdisplayed
onadigita display .load isapplied through the center
of thedolly by hydraulic piston and pin. The pressure
reacted by the dolly isthe same asthe pressurein the
bore and istransmitted directly to the pressureslowly
by turning the handle clockwise. Thetester isavailable
intheworking range 0-3000ps (0to20M Pa), Unitsof
Psi (MPa=1N\mnv)

Chemical properties

Thecorrosonresstanceof theformedfilmsisevau-
ated by Salt Spray test, potentiodynamic polarization
and el ectrochemical impedance spectroscopic stud-
ied®d,

Salt Spray Cabinet Model Sf\ 450

Salt Spray Cabinet Model Sf \ 450was used for
eva uating thecorrosonresistance of theformed films
was according to ASTM B117-03) and the test was
conducted using 5.5% sodium chloride solution (PH
6.5-7). Thecorrosonresstance of theformed filmwas
evaluated and recorded. The edges of the specimen
were sealed with paraffin wax to avoid the excessive
corrosion at theedges. Blank (without Zn dust) and the
formed filmswere scribed to the base metd with asharp
needlesothat thebase metd isexposed tothesalt migt.
The spreading of corrosion fromthe X scribe, after 2
weeks of exposurewereassessed and photographed.

Electr ochemical measur ements

Electrochemical experimentswere carried out by
means of impedance equipment (Tacussel- Radiometer
PGZ 301) and controlled with Tacussdl corrosion andy-
sissoft ware (Voltamaster 4), connected to apersona
computer. Measurementswereobtained using theeec-
trochemica cell containing five openings: threeof them
wereused for the e ectrodes and two for nitrogen bub-
bling during al the experiments.Theformed filmsare
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the working electrode. The counter electrode was a
platinum electrode and the reference el ectrodewas a
saturated calomel eectrode (SCE). All potentiasinthe
test arequoted versusthiselectrode. The surfacearea
of working € ectrodewas 1cm?and mounted inaglass
tubewith aral dite epoxy®

Potentiodynamic polarization techniqueaccor ding
toASTM G5-9421

The polarization measurementswerecarried out and
theanodic/cathodic polarization curveswererecorded
under aconstant sweeprateof 20mvs?, initia poten-
tial -1000 mV and fina potential 0 mV. The corrosion
potentia (E_,) and corrosion current ensity (i, ) were
ca culated using computer program method (VoltaLab
master 4).

Electrochemical impedance (EIS) according to
ASTM - G106-89

The EIS measurements were performed at open
circuit potentia inthefrequency rangefrom 100kHz to
10 mHz, with an alternating current amplitude of 10
mV. Each measurement wastaken after 2 hr of immer-
sionin corresponding solution?,

RESULTSAND DISCUSSION

TABLE lillugtratesthechemicd formulaY Y and
curing agent percentages, which were applied on the
prepared surface of specimensto optimizethe condi-
tion of curing agent at 20 parts.

TABLE 1: Thechemical composition of the paintingsfor-

mulaY -Y,
Formul;a\;:ngspostmn Y, Y. Y, Ys Y4 Ys
Epoxy Kema POX 100 100 100 100 100 100
Zn dust 0 5 10 15 20 25
TiO, 10 10 10 10 10 10
Silicagel 10 10 10 10 10 10
Solvent 10 10 10 10 10 10
Al paste 25 25 25 25 25 25

10 10 10 10 10 10
Curing agent ratio 20 20 20 20 20 20
30 30 30 30 30 30

TABLE 2 dataindicated that thetime of touch dry
forformulaY Y weredecreaseby increasing organic
additives. Resultsindicated thecompatibility of thebinder
withtheinorganicfiller and completereactionwiththe
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TABLE 2: Dataof theoptimum condition for thecuring agent
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TABLE 5: Themechanical propertiesof dry filmsfor med

with respect totimefor theformulaat ambient temp from Epoxy compound
Ratio of the  Touch dry timefor each formed films Formula Bending Adhesion | mpact Pull off
; ; 50cm  100cm
curing agent from theformula (min.) - :
Y Y Y Y Y Y Yo Pass fail Pass fail 4 MPa
0 ! 2 s 4 5 Y, Pass Pass Pass Pass 4 MPa
10 3 24 2 1 7 S Y, Pass Pass  Pas Pass  4MPa
20 26 21-22 1819 10 5 3 Y, Pass Pass Pass Pass 3MPa
30 17 13 10 6 3 2 Y, Pass Pass Pass Pass 3MPa
Y5 Pass Pass Pass Pass 3 MPa
TABLE 3: Dataof thevisual inspection after application of thepainting filmsfor med by theformula -Y . of epoxy compounds
Formula Sealing Sagging Fisheyes Shrinking Coagulation Smoothes Homogeneity
Yo No sealed No High
Y, No sealed No Smooth
Y, No sealed , No fish eyes - No Smooth ~ Homogeneity of the
Y3 No sealed Not sagging appeared No shrinking Few Smooth formed films
Y4 No sealed Few Rough
Ys No sealed Few Rough
TABLE 4: the physical measurements of theformed films
from Epoxy, WFT, DFT filmsthicknessand touch dry at ambi- ) ; v
ent temp. Yy : Y, i Y,
N
n >
= 28 2§ 5 o, 22Eo, !
= c = c = = O c .=
E = Y= 8 = % © = g - a - = s
5 DO z\ [} S 8 S T g = 8 ot 13 T4 ¥
L ; E a E g x =z o R0
. 5 5
Yo 200pm 180pm 30 min ZOOC 0% 20 Figurel1: Thecorrosion behavior of theformed dry films
Vi 200pm 180pum 28min. 200G S0% - 20 subjected tosalt spray by 5.5% NaCL for 2weeks
Y, 200um 185um 25min. 20°C  50% 20 ) spray by .
Y 20 min, 20°C 50 % 20 . . . : :
3 200pm  185um 20min. 20 0 Figure1illustrateeval uation of corrosion resistance
Y, 200pum 190um 18 min. 20°C 50% 20 ; .
Yo 200um 190um 12min. 20°C 50% 20 of Zn codtings by Sdt Spray test assumess gnificance.
. Theability to prevent under film corrosionisbest mea-
curing agent.

Thefilmsformed fromformulaY -Y  at optimize
conditionwerevisudly ingpected andlisedinTABLE 3.

Physical and mechanical measurements

Dataof WFT, DFT weregivenin TABLE 4. These
dataindicatingthe DFT wereincreased withincreasing
theinorganic additives.

Mechanical propertiesdataweregivenin TABLE
5 and showed that the dry filmsformed fromY -Y,
wereimproved withincreasngtheamount of fillersand
inorganic additives. Theadhesiveforceof theformula
Y ,wasfailed ,while adhesiveforcefromtheformula
Y ,-Y  werepassed . These datashowed that the adhe-
sionforceswasincreased by increasingtheZnratio of
theinorganic additives. Thebending andimpact test for
theformed dry filmswereimproved withincreasingthe
inorganic additives

Chemical properties; salt spray

sured by assessing the spreading of corrosionfromthe
X-scribed madeonthedry filmsformed. After 2 weeks
of Sdt Spray test, thetypeof corros on product formed
inthescribed regionit self isquitedifferent from that
dry filmY ; (without zinc). Visual observation of the
corrosion product on the surface of thedry films (Y -
Y ) indicatestheformation of red rust film appeared
after 7 dyesinY after 10daysinY, after 12daysin
Y,,Y whilein caseY Y no spotsappeared until 15
days. Thisexposesthe base metal for further corro-
sion. Sdt Spray test convincingly provesthewhiterust
formation on the scribed region of the painted dry film
andinmogt parts of thesurface after 10 days. The cor-
rasionbehavior of dry filmsformed exhibitsthe stability
of thiscoating filmswhichlastsfor 12 dayswithnored
rust formation. Resultswereindicated that thefilms
formedfromtheformulaY ,-Y ;werevaidfor protect-
ing the surface of carbon steel against aggressive me-
dia Generally, dueto theratio of spotsto thetotal sur-
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TABLE 6: Visual inspection for theeffect of synthetic seawater 5.5% NACL on the surfaceof theformed dry filmsfor 2

weeks
Period
time Yo Y1 Y, Y3 Y, Ys
(days)
1 No spots No spots No spots No spots No spots No spots
2 No spots No spots No spots No spots No spots No spots
3 No spots No spots No spots No spots No spots No spots
5 No spots No spots No spots No spots No spots No spots
7 No spots No spots No spots No spots No spots No spots
Few corrosion spots on
8 cribe line No spots No spots No spots No spots No spots
Few corrosion spots on
10 cribe line No spots No spots No spots No spots No spots
Few corrosion spotson Few corrosion spots
12 cribe line on scribe line No spots No spots No spots No spots
15 Few Corrosion spots on Few corrosion spots Few Corrosion spots Few corrosion spots on Nospots No spots
scribeline on scribeline on scribe line scribe line
Experiment TABLE 7: Relation of thecomposition of different Zn dust
. yrssseme oy ratioof coatingwiththe-E_ ,1_ , RP, and E% measured by
S potentiodynamic method measured in seawater
& Zn E | R
o ~“Lcorr, corrs P,
E Formula  iooe  mv mAICM®  Qcm® 1%
< Yo 0 -399.3 3.76 12.83 -
IS Y3 5 -466.4  0.63 87.95 83
- - - Y2 10 -4925  0.12 379.39 96.8
Potential (V) Y3 15 -602.2  0.09 1000.09 97.6
Figure?2: Tafel plotsfor thedry filmsformed of different \# 20 -759.9  0.06 2000.79 984
formulaY -Y_B: Y, =0Zndust, 1-5:(Y,- Y ) respectively Ys 25 -571 0.04  12000.74 98.9

measur ed in seawater

faceareawaslessthan 0.1%.
Polarization measur ements

Figure 2 showsthe cathodic and anodic pol ariza-
tion curvesof theformed dry filmes(y,-y,).

Electrochemical parameterssuchas corrosion po-
tentia (E_, ), corrosion current density (i, ), cathodic
and anodic Tafle slops (ba and bc) and polarization
resistance(Rp) werecaculatedandlistedinTABLE 7.

Theefficiency (1 %) was cal culated using thefol-
lowing equetion:
| % = (1-ifi,) 100 1)
Wherei,and i are the corrosion current densitiesin the ab-
sence and presence of the different zn dust ratio respectively.
Thevaluesof polarization resistance (Rp) were calculated from

the well- Known stern - geary equation

R, = babc/2.303 i, (ba+bc) 2
Itisevident fromtheabovefigureand TABLE that

the E_, shiftstowardsmore negative (higher cathodic

values) compared to that filmwithout Zndust Y . The

shiftin corrosion potentia towardsmorecathodicvaue

CHEMICAL TECHNOLOGY

isduetotheincreaseof metadliczincdust ratiointhe
formed film. Theincreasein Zn dust ratio leadsto the
increasein R, (polarization resistance) and | % (effi-
ciency) whilei_ isdecreased.

Electr ochemical impedance spectroscopic study
(EIS)

Electrochemical impedance spectroscopy (EIS) is
used to examine the activity difference between the
formed filmsin absent of Zn dust and presence of dif-
ferent ratiosof Zn dust. Impedanceisatotaly complex
resistance when acurrent flowsthrough acircuit made
of capacitors, resistors, or insulators, or any combina
tion of thesé®!. EIS measurement resultsin currents
over awiderangein frequency. Corrosion metalsare
model ed with an equivalent circuit (called aRandles
circuit) asillustrated infigure 3a, whichismade of a
doublelayer capacitor inparalld withachargetransfer
resistor and connected in serieswith aelectrolyte solu-
tion resistor. Theimpedance (Z) dependsonthe charge
transfer resistance (Rct), the solution resistance (Rs),
the capacitance of the el ectrical doublelayer, and the
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Figure 3: (a): Randles equivalent circuit, (b): Typical
Nyquist diagramsof theformed filmsin seawater solu-
tionintheabsenceand presenceof variousratioof Zn dust

Zi(kohm*cm)

TABLE 8: Impedancemeasurementsand inhibition efficien-
ciesfor theformed filmsin seewater solution intheabsence
and presenceof variousratio of Zn dust

Sampleno. R,Ohmcm®* N CyquFcm? 1%
Yo 35 0.82 16.5 -
Y, 105 0.85 0.00058 66
Y, 350 0.79 0.00036 90
Y3 555 0.76 0.000174 39.6
Y4 850 0.83 0.00017 95.8
Ysg 8000 0.84 0.00015 99.5

frequency of theAC signd (w).

The high-frequency intercept isequd to the solu-
tion res stance, and thelow-frequency interceptisequa
to the sum of the solution and charge transfer resis-
tances!.

Typica Nyquist diagramsareshowninfigure3b. It
is clear that the diagrams display non-perfect semi-
circlesof theformed filmsin seewater solutioninthe
absence and presenceof variousratio of Zndust. This
behavior can beattributed to frequency dispersion?.,

Theequivdent circuit modd for eectrochemicd im-
pedance measurements?!, where Rsisthe solution re-
sistance, Rt the chargetransfer resistanceand Cdl is
theelectrochemical doublelayer capacitancegivenin
figure 3a. Various e ectrochemica parametersderived
from Nyquist plotsare calculated and listedin TABLE
8. Thevauesof Rt were given by subtracting thehigh
frequency impedance from thelow frequency oneas
followt??

Rt =Zre(at lowfrequency) - Zre(at highfrequency) (3)

Thevauesof dectrochemical doublelayer capaci-
tance Cdl were Calculated at the frequency fmax, at
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which theimaginary component of theimpedanceis
maximal (-Zmax) by thefoll owing equation?
Cdl=12af__ xRt 4
Thevauesof percentageinhibition efficiency (1 %)
were cal culated from theva ues of Rt accordingtothe
following equation®
1%=Rt(Zn=y -y) - Rt(Zn=y ) /Rt(Zn=y-y))x100  (5)
where Rt(Zn=y)) and Rt(Zn=y,-y,)) are the values of the
charge transfer resistance in the absence and presence of dif-
ferent ratiosf Zn dust, respectively. Theimpedance datalisted
in TABLE 3 indicate that the values of both Rt and | % are
found to increase by increasing the Zn ratio Concentration,
while the values of Cdl are found to decrease. This behavior
can be attributed to increase in the thickness of the electrica
double layer, suggests that the Zn molecules act by adsorp-
tion on the surface of carbon steel (steel / epoxy interface)®.

CONCLUSIONS

Themain conclusion of the present study could be
summarized inthefollowing points:

1. Formulaof theformed filmesy- y, was compatibil-
ity of thebinder withtheinorganicfiller and complete
reaction withthe curing agent.

2. The DFT wereincreased withincreasing theinor-
ganicadditives

3. Theadhesion, bending and impact techniquesfor the
formed dry filmswereimproved with increasing the
inorganic additives

4. Resultsfrom chemical test wereindicated that the
filmsformed fromtheformulaY ,-Y jwerevdidfor
protecting the surface of carbon stedl againgt aggres-
svemedia. Generdly, duetotheratio of spotstothe
total surfaceareawaslessthan 0.1%.

5. The shift in corrosion potential towards more ca
thodic valueisdueto theincrease of metallic zinc
dust ratiointheformedfilm. TheincreaseinZndust
ratio leadstotheincreasein R (polarizationresis-
tance) and 1% (efficiency) whilei__isdecreased.

6. Thevauesof both Rt and | % arefound toincrease
by increasing the Zn ratio Concentration, whilethe
valuesof Cdl arefound to decrease. Thisbehavior
can be attributed to increasein the thickness of the
electrical doublelayer.

7. Thenet result indicating the vaidity of theformed
dry filmsfor protection of carbon stedl in petroleum
equipments.
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