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ABSTRACT

The aim of the work is to repothe corrosion protection aspects dfan compositeand Epoxy coating
on Carbon Steel (1045) in Saline water (3.5% NacCl) over range temperatu@2@9R using potentiostatic
and Electrochemical Impedance Spectroscopy Methods. Spin coating techniqueseddoun the coating
purpose. Nano magnetite @& and Epoxy were deposited on the steel substrate as composite. The films were
characterized by Scanning Electron Microscopy (SEM) which shows the homogeneity and amount of porosity
in the coating. The corri@n rate is found to decrease from 53 mpy for Carbon steel (1045) to 23 mpy for
Epoxy coating. Also, the corrosion rate is found to decrease to 0.6 mpy for Nano composite c@iagnge in
the enthalpy of activation &entropy of activation were evaluatéghparent energies of activation have been
calculated for Corrosion process of Coated and Uncoated and C.S45 via Spin Coating technique in saline water
(3.5% NaCl).The results presented are the evidence of the influence of Nano Magneti® Eeatings on
corrosion protection of Carbon Steel. Electrochemical Impedance Spectroscopy and Potentiostatic Polarization
studies confirmed that the sample witlan compositecoating is most resistant to corrosion when compared
with Epoxy Coating
Keyword Spin Coatig, Magnetite, Epoxy\Nan compositeCorrosion, Electrochemical Impedance.
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INTRODUCTION

Corrosion can be defined as an electrochemical phenomenon. Moreover, it associated with the flow of
electrical current andheir degradation of materials. Structures is one of the significant issues that leads to the
devaluation of the goods investment [1].Carbon steel is most widely used engineering material, accounts for
approximately 88% of the annual steel production in ldowide. Despite its relatively limited corrosion
resistance Carbon Steel used in large tonnages in marine applications, nuclear power and fossil fuel power
plants transportation chemical processing petroleum production and refining pipelines. Mingrgtruction
and metalprocessing equipment. Because of Carbon Steels represent largest single class of alloys in use both in
terms of tonnage and total cost: it is easy to understand that corrosion of carbon steel is problem of enormous
practical importanceFive different main principles can be used to prevent corrosion: appropriate materials
selection, change of Environment, suitable design, application of coatings, electrochemicalthaic and
anodic protection [2].A new generation of anticorrosion aterials that bath possesses passive matrix
functionality and actively responds to changes in the local environment has prompted great interest from
material scientists. The nanometer scaled materials have gained much attention due primarily to the novel
properties induced by their high surfate-volume ratio. Iron oxide nanoparticles and composites attracted
great attention to use as protective coatings and anticorrosive materials. The roles of the magnetite particles in
the polymer matrix composite arentobtain active protection to corrosive processes, to increase the barrier
properties for a longer time and to decrease the penetration of aggressive species that promote corrosion
when the coated metal is exposed to corrosive environment[3].Polymer agatme utilized to protect Steel
from corrosion by giving physical blocking agent between Steel surface and corrosive environment[4],Epoxy
resins possesses excellent characteristic property of corrosion resistance[5] they has been used widely as a
coatingmaterial to protect reinforcement of Steel in concrete structures because of its outstanding process
ability excellent chemical resistance good electrical insulating properties, and strong adhesion affinity to
heterogeneous materials, Epoxy coatings gaiigrreduce the corrosion of a metallic substrate subject to an
electrolyte in two method First they act a physical barrier layer to control the ingress of deleterious species
Secondly they can serve as a reservoir for corrosion inhibitors to help stdateun resisting attack by
aggressive species such as chloride anions[6]. Electro Chemical Impedance Spectroscopy (EIS) has several
advantages in comparison with other electrochemical techniques. It is adastiuctive method for the
evaluation of a wid range of materials, like coatings, anodized films, and corrosion inhibitors. It can provide
detailed information of the systems under examination; detection and parameters of localized corrosion.
Polymer based coatings use barrier technology to protaegbstrates against corrosive chemicals and
environments, especially when in immersion service [7].this paper reports, results of an investigation of the
corrosion resistance of thBlan compositeand Epoxy coatings using EIS techniques. Aim of work is ragpplyi
Nanomaterials, Magnetite & with Epoxy as a coating layer by spin coating technique for protection carbon
steel from corrosion in saline wateByQuesplot and Equivalent Circuit has been analyzed for the prediction of
corrosion performance dilan @mpositeand Epoxy coatings SEM analysis of specimen has been performed.

EXPERIMENTAL
Materials Preparation of Specimen for Testing

The substrate used for applying thpeojection coating by spin coating was (Carbon Steel 1045).the
chemical composition fothe substrate material is presented in (Table 1). Specimens with dimensions of
approximately (1.5 mm thickness and 2.5 cm in diameter). The samples of alloy have been pre treated prior to
experiments via grinding with emery paper SiC (120, 240, 320,88),1200 and 2000) to a mirror finish,
followed by ultrasonic cleaning for 15min with acetoaad thenwashed by distilled water. The specimen was
kept indesiccatordor protection and preventing them from oxidation by atmospheric air and moisturerbefo
used synthesized sea water. The sea water Solution is prepared by dissolved 35g NaCl in 1L distilled water.

Table 1: Chemical material composition for Cs45 used in this study.

Elements C% Ni% P% S% Cr% Cu% Mo% Mn% | Fe%
Wt % 0.43-0.50 0.4 0.05| 0.05 0.12 0.13 0.19 0.76 | 97.11
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The coating material used Iron Oxide Magnetite Nano particled(B0hmcUSA and Epoxy resin matrix
was Exit50 KI) manufactured by Egyptian Swiss chemical industries company and formulated amine hardener
mixed at a ratio (1:3).
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Figure 1: Structure of epoxy with hardener

To prepare theNan compositethe samples, EP 50 Kl was mixed withCkeNPs in Five different
concentrations (1, 3, 5, 7 & 9 %) W/W% by using ultrasonic homogenizer processor.

Methods: Spin Coating Technique

During the course of this work, as spin coating device was manufactured to perform spin coating of
carbon steel with different composite material. The spin coating apparatus is characterized by the following:

Speed revolution control (1068000 rpm).

Time Speed reader (GOmin).

Diameter of disk rotation (100mm).

Fixing the specimen by vacuum.

Plastic and glass cover for operation safety.

Motor (220V, 2000 W).

Chamber of spin coating with dimension40x40x30 cm.

NooakwdhpE

The spin coating formation of a thinpifiorm layer of liquid on a flat rotating disk by centrifugal force
is widely known as the spitpating technique. The device is shown in (Figure 2).

Specimen of Spin Coating has been fixed on base of rotation disk via vacuum Spin Coating has been
achieved by pouring composite on clean substrate to fully cover it parameter of process have been velocity of
Spin 1000 rpnR dzN> G A2y c¢cn aSOX ! ANJ RNEAY3 F2NJ 2yS RIF& RNEBAY3

Figure 2:Show the system oEpin Coating
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Electrochemical Measurements

Experiments have been performed in a classical three electrode electrochemical cell. Carbon steel
with 1.5 mm thickness and 2.5 cm in diameter has been used as Working Electrode platinum electrode as a
counter electrode, silvesilver chloride electrode as a reference electrode. Prior to each experiment, working
electrode surface is polished with emery papé&iectrochemical system consists of potentiostate device
(Germany, Mlab 2000), corrosion cell (1000ml) volume and the three electrodes with a computer and Mlabsci
software used for data acquisition and analysis (Sfimathi, et al.2010).To determine the iopéh potential
(OCP) of the specimens, specimens are immersed in the synthesized sea water (3.5% NaCl) at temperatures
range (298328) K to reach the steady state between specimens material and Electrolytic Solution Change in
Potential according to curré have been determined during (15 min) and time step equal to 60 seconds for
each specimens. After reaching the condition of steady state, determined potential is known as corrosion
potential or free potential or open circuit potentigPolarization curve are recorded at constant sweep rate of
2 mV/S and scanning range has been fre20@ to +200) mv with respect to open circuit potential. Before each
experiment working electrode has been immersed in test cell for 30 minute until reaching steady carndition
tests are carried out at stable temperature (withinls / 0 o0& O2y GNBffAy3I OS¢
heating Circulating Water Bath.

[N
(p))

Tests of Electrochemical Impedance

The behavior of Corrosion specimen has been monitored using Electrochemical Impedance
Spectroscopy (EIS) during immersion in 3.5% ISaCition open to air and at room temperature. Three
electrode setup was used to record corrosion potential of coating. A saturated calomel electrode (SCE) has
been used as Reference Electrode. It has been coupled capacitive to a Pt wire to reducehghasénigher
frequencies. Electrochemical impedance tests have been carried out by using Auto lab type Il provided with
frequency response analyzer frequency in the range from [1 MHz up to 100 KHz] to collect data with a total
number of 40 readings fahe whole range. The amplitude of Sinusoidal Voltage signal has been 50 mV. Data
have been collected by means of Frequency Response Analyzer software developed by Princeton Applied
Research instruments, haween inform of SyQuesplots.

RESULT AND @ISSSION
Potentiostatic polarization
Potentiostatic polarization studies for Carbon Steel 1045 uncoated
The potentiostatic polarization curves for C.S 45 uncoated in 3.5%NaCl solution at temperatures range
(298-328) K are shon in (Figure 3). Kineticgmageters of Corrosion such as Corrosion PotentiakJECorrosion
Current density ), anodic Tafel slope (bajatholic Tafel slope (bc) deduced from cunisgiven in (Table
2). The values of Corrosion Current Density is increase from (113.2@n3uét 298K to (171.29) pA/chat

328K .The increase in temperatures lead to increasgs\Malues and &r. Goes to more negative potential
(active direction).

"ac=Inclog t%r:]x XX 1)

MayzJune 2018 RJPBCS 9(3) Page No0.37



{ ISSN: 09758585

200 00 —
- THEK

+ ZEK
- TEEEK

-400 00 —

-0 00 —

Ptartl (4]

-500 00 —|

- 10000 T T T T T T T T T T T T T T T

1 00E-2 1 00E-1 A E+D 1 00E+1
Cument density (pAfem 2)

Figure 3: Potentioatatic Polarization Curves of Uncoated C.S 45 In 3.5% NaCl Solution at the temperatures
range (298328) K.

Table 2: Corrosion parameters for C.S 45 alloy uncoated in 3.5% NaCl Solution mipefBeure range (298
328) K.

R/ Rp/ P.L/ W.L/ ba/ -bc/ leorr. / -Ecorr./ -OCP/ Temp/
mpy MmeOY mmy! | g.md! | mv.Dec | mv.Ded | pA.cnm? Mv mV K

298 500.0 512.7 113.92 164.9 1114 28.5 1.32 253.41 53

308 521.0 533.4 148.37 183.7 109.9 37.1 1.72 201.24 68

318 527.0 540.3 163.36 197.1 113.0 40.8 1.90 190.91 75

328 646.0 659.7 171.29 310.1 61.1 42.8 1.99 129.39 79

b- Potentiostatic polarization studies for Carbon Steel 45 coated by Epoxy ona& compositeusing Spin
coating

The applied spin coat§ deposition of C.S alloy 45 showed different degrees of protection efficiency in
different temperatures. The protection efficiency (PE) was obtained from equation (2) at temperature range
(298-328) K, as show in (Table 3).

Lcorrduncoated—corrdcoated

%PE = F Mnn@XXX

(reerrduncoatsd

Table 3: Corrosion parameters for C.Sallbyscoated with Epoxy only by spin coating at temperature range
(298-328) K in 3.5% NaCl solution.

Temp/| -OCPI| -Ecor/ | | con/ m?/‘;/ec mt)/?j/ec WL/ | P Rp!/ R/ PEo
K mvV mV | pAcm? 1 \ gnm?dt| mmy! | m®d) mpy 0

298 | 497.0] 509.9 | 49.75| 1420 | 128.0| 124 0.577 | 587.55 23 56.33

308 | 549.0] 551.1| 54.31| 1252 | 1105 | 13.6 0.63 469.28 25 63.39

318 | 552.0| 565.8 | 6543 | 1249 | 107.1| 164 0.759 | 382.64 30 59.94

328 | 557.0] 569.7 | 71.10| 120.9 | 120.1 17.8 0.825 | 367.95 33 58.49
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Figure4: The polarization curves for the corrosion of C.S 45 Coated with Epoxy only bgagiing ina
different temperatures as compared with the polarization curves for Uncoated C.S 45

Table 4: Corrosion parameters for C.Sallbyscoated with 9%Nanocomposite by spin coating at
temperature range (29828) K in 3.5% NacCl solution.

Temp/ | -OCPI| -Bor/ | leor/ | bcl bar | VY pu Rp/ R | oy
K 10\% 10\% Acmi’k | mV decd | mV dect m_g'd,l mmy*? medY mpy °

298 390.0 | 401.3 1.39 194.3 109.0 0.348 | 0.0162 | 21813.14 0.6 98.78

308 435.0 | 4479 2.59 115.2 79.9 0.647 0.030 7909.49 1.2 98.25

318 461.0 | 4749 3.32 173.5 105.5 0.83 0.0385 | 8580.56 1.5 97.96

328 463.0 | 476.6 4.11 217.0 113.6 1.03 0.477 7877.00 1.9 97.60
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Figure 5: The polarization curvesrfthe corrosion of C.S 45 Coated with 3¢an compositeby spin coating in
a different temperatures as compared with the polarization curves for Uncoated C.S 45.

The corrosion potentials were shifted to more active with temperature increasing. Corrosion
potentials corrosion current densities are determined via extrapolatingGatholicand Anodic Tafel regions,
the intersect opposite the corrosion current and corrosion potential. (Figure 4) show the polarization curve of
C.S 45 Coated with different cardration ofNan compositeat 298K. In compared with the polarization curves
for uncoated C.S 45, the corrosion potential for coated C.S 45 to more noble direction.
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Figure 6: Polarization curves for C.S 45 coated Wtn compositeat different concentiations as compared
with the polarization curves of uncoated C.S 45 at 298K.
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Table 5: Corrosion parameter for coated C.S 45 withn compositeat different concentrations In 3.5%NacCl

at 298K.

. bc/ | bal | WL | PLU
State -OCP Ecmvl 'Acr/n | mv. | omv. | gm? | mm. MR£/©Y PE% mR/
HA. dect dect dt yl py

C.S 4%ncoated | 500.0| 512.7| 113.92| 164.9 | 1114 28.5 1.32 253.41 | mmmm 53

C'S45E(|;0atedb 517.0| 529.9| 49.75 142.0 | 128.0 12.4 0.577 | 587.55 | 56.33 23

C.S 45 Coated
by 1%Nan 500.0| 512.6| 44.11 109.4 | 106.9 11 0.512 532.24 | 61.28 20

composite

C.S 45 Coated
by 3%Nan 496.0| 507.2| 8.45 1245 | 111.8 2.11 0.0981| 3026.89| 92.58 4

composite

C.S 45 Coated
by 5%Nan 422.0| 435.6 2.97 189.8 88.5 0.743 | 0.0345| 8824.21| 97.39 1

composite

C.S 45 Coated
by 7%Nan 481.0| 494.4 1.94 191.2 | 101.4 0.48% 0.0225| 14830.50| 98.30 0.9

composite

C.S 45 Coated 1.39 194.3 | 109.0 | 0.348
by 99%Nan 390.0| 401.3 0.0162| 21813.14 98.78 0.6

composite

There are two important trends that are evident first of all, Corrosion Potential is shifted toward more
passive value in Coateditty Nan compositeby using spin coating, Second Corrosion Current densities have
been significant reduced with Coated via Nanocomopsite by spin coating, Where Protection Efficiencies (PE)
ranged between (61.28%) at 298K to (98.78%) at 328K for carbon($62), (Table 5) show the corrosion
kinetic parameter deduced from this curve.

Kinetic and Thermodynamic Studies:

Thermodynamic parameters play an important protection mechanism. From Eg. (3) the values of the
slopes of these straight lines permit tiealculation of the similar Arrhenius activation energy (Ea).

Loghr =20 b [23 | XXX®® 600

Where(R) is gas constant (R = 8.314dit?), and determine the Arrhenius factor from intercept. Moreover,
transition state Eq. (4) was usél

2 XXXX 6no0

Age
FI0FR  LBODIAT

Log £27) = Log) +

Where lorr. Is corrosion current density, T is temperature in K, h is the planks constant ¢(6.628* J.S), N
isthe! @2 3 RIMBeQ®.023%x 10 mol'v = " mad G KS Sy KL LR i2the ehtropy DI G A 2y
activation, Straight line have been obtained from plotscef I T Versus. 1/ T, with the slope efi(I'/ 2.303R)
FYR |y Ay idSNDOSLIY 2.203 R)LIKR2YT 60 wkK AbCKKD  TKySR “pRfféctively2h@ive heen
calculated as shown in (Figure)for C.S 45 Aiioy uncoated andated, Byusing the estimated values of
NIFYREZn G o1& LI2aairotsS G2 Ot OdzZ | S § KSof affivatidaSar 2 F (1 K.
Corrosion process from the relation:

nbr pHTp{ XXXXXX 6po

n 'Y " yEf and A values for Cs45 alloy before and after coating were illustrated in (T-8bles 6
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Figure 7: (a) Arrhenius plot, logir. Versus 1 / T(b) Log (éorr./ T) against (1 / T) plot of Uncoated C.S 45 in
3.5% NacCl solution

Table 6: Transition state thermodynamic parameter at different temperatures for the corrosion ofeated
C.S 45 alloy in 3.5% NaCl Solution

" A/
Temp/ T/ I corr/ Log no nrf nil Ea/
K ki | pacm? | F09m | Ty | KImob | KImot | Jmoft | Kmot Mg'n"f‘;g'fs-
298 0.0033 | 113.92 2.057 -0.418 61.23
308 0.0032 | 148.37 2171 -0.317 63.00
318 0.0031 | 163.36 2.213 -0.289 64.78 8.32 -177.54) 1097 5.67E+27
328 0.0030 | 171.29 2.234 -0.282 66.55
1.88
1.86 y=-0.5462x + 3.4954 087 |y=-04072x+05622
184 R* =0.9749 078 R? =0.9557
& 182 - _
E : 076 .
g 18 "E" -0.74 -
E 178 - % 072 -
= 176 - =
g & 074
174 - E .
172 g -0.88 7
17 -0.66 -
1.68 ; ; ; ; . -0.64
29 3 31 3.2 33 3.4 29 3 3.1 3.2 33 34
1/T (K-1) 1073 1/T (K-1) , 1073
(a) (b)

Figure 8: (a) Arrhenius plot, logeir. Versus 1/F (b) Log (iorr./ T) against (1/ T) plot of C.S 45 Alloy Coated
with Epoxy only by Spin coating in 3.5% NacCl solution
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Table 7: thermodyamic quantities for the corrosion transitiorstate ata different temperatures for the C.S
45 alloy coated with Epoxy only by Spin coatiigchniques ir8.5% NaCl Solution

. A/
Temp/ T/ I corr/ Log no nrf ni Ea/
K ki | pacme | K09 | Gy | Kamot | KImot | Jmoft | KImot Mg'n‘?r‘;g'les'
298 0.0033 49.75 1.697 -0.777 58.07
308 0.0032 54.31 1.735 -0.754 59.76
318 0.0031 65.43 1.816 -0.687 61.44 .79 -186.72| 10.49 1.88E+27
328 0.0030 71.10 1.852 -0.664 63.13
07 25 -
_*
06 - *
'_: 2 > —¥ ¢
— 05 - ri
IE E
3 o -15 -
g 04 - k1
E 03 E‘
-m IE _1 -
3 02 1 y=-1521x+ 52139 - y=-1.3816x+ 2.2796
R® =0.9285 4 2 s R?=0.9149
01 - '
o ' ' ' ' 0
29 3 31 332 33 34 . 2 21 23 23 24
UT (k) 107 1/T (K-1) 5 1073
(@) (b)

Figure 9: (a) Arrhenius plot, logoir. Versus 1/F (b) Log (éorr./ T) against (1 / T) plot of C.S 45 Alloy Coated
with 9%Nanocomposite by Spin coating in 3.5% NaCl Solution

Table 8: Thermodynamiparameter for the corrosion transitiorstate at different temperaturesfor the C.S 45
alloy coated with 99%lanocomposite bySpin coatingTechniques irB.5% NaCl Solution.

* A/
Temp/ 1/T/ | corr/ Log n Ly n I/ n {/ Ea/
K K HA.cn? Logl cor (icorr/T) | KImot | KImot | JImot* | KImot M(gllq(:_cz:glles.

298 0.0033 1.39 0.143 -2.331 72.29

308 0.0032 2.59 0.413 -2.075 73.83 26.45 | -153.84| 2912 0 86E+28

318 0.0031 3.32 0.521 -1.981 75.37

328 0.0030 411 0.614 -1.902 76.91

Electrochemical Impedance TestsiQsncoated:

We see from EIS measurement that the behavior af §sdeal ads shown in (Figures 10 & 11), where
the equivalent circuit refers to Randle circuit.
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Figure 10SyQuesimpedance diagram for C.S45 Urated In 3.5%0NaCl SolutiomAt 298K.

Electrolyte Cdl ‘ ‘

Rsol. ‘ ‘

WA

Figure 11: Equivalent Circuit diagram, Model R (CR) for C.S 45 Uncoated in 3.5% NaCl Solution at 298K.
C.S 45 coated with Epoxy:
From (Figures 12&13), which represent the Neguist plot and equivalent circuit, evéhsee are

porous layers that appear obviously in equivalent circuit modeling. The SEM ensured the apper of porous layer
which increase the resistance and decreased the corrosion.
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Figure 12SyQuesimpedance diagram for C.S 45 Coated with Epoxy bin $pating in 3.5% NaCl Solution At
298K.
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Figure 13: Equivalent Circuit diagram, Model R (C(R (CR))) for C.S45 Coated with Epoxy by Spin coating in
3.5% NaCl Solution at 298K.
Css coated with 9%Nan composite

We see obviously there is change in beiloa for SyQuesbr equivalent circuitj.e. the Nano material
affects the corrosion as show in (Figures 14&15) below:

400.00

350.004
300.004
250.004

200.004

150.00 0 @] O O O )
O C oo

-Z" fohm

100.00
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Figure 14SyQuesimpedance diagram for C.S 45 Coated with9%Nanocomposite by Spin coating in 3.5%
NaCl Solution At 298K.

Electrolyte Ce I }
Rsul
—\W\— —
Ca
Re¢
Ret
Coating
Metal

Figurel5: Equivalent Circuit diagram, Model: R (C (R (CR))) for C.S 45 Coated with 9%Nanocomposite by Spin
coating in 3.5% NacCl Solution at 298K.

Table9: Electrochemical Parameter of Equivalent circuits obtained from best fit to impedance data for C.S 45
Uncoded and Coated in 3.5% NaCl solution at 298K.

Stat % R? R?T Total Q? Cdl n No
GmO| GmO| o 6 MmO (F) (F)
C.SUncoated| 5.1 | ------ 98 103.1 | - 3.51E4 | 0.8047 TITITO
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Cantng\y'th 49 | 27E+2| 1.01E+2| 3759 | 4184 | 1.3E3 | 08432 | 08764
Coated With
9%Nan 495 | 28E+2| 1.1E+2| 394.95 | 4284 | 1.01E3 | 0.8416 | 0.9012
composite

EIS spectrum in high frequency region is attributed due to coating behavior and low frequency region
corresponds to corrosion reaction [9}dRs constant at (4.%.1)ohm in 3.5% N2l solution. The capacitance
component is thought to be Double layer capacitance of the corrosian &€ the C.S 45 surface. Tow
resistances in the spectrum are thought to be coating resistance in theftéghency region and a charge
transfer resistane (Rt in lowfrequency region corresponds to corrosion reaction. The Nyquest plots show
that Zow for C.S 45 Uncoated is very much lower in (Figure 10), than the C.S 45 Coated with Epdan and
composite(Figures 12 & 14) respectively. These resultsstimt C.S 45 Coated with Epoxy ahan composite
can keep high corrosion resistance even though C.S 45 Uncoated has heavy Corrosion during the test time. EIS
data in present work might be explained using Equivalent Electrical Circuit model displayeduireg 11,
13&15) where Ridenotes the solution resistance, Rct indicates the charge transfer resistance corresponding
to the corrosion reaction, Cc is capacitance of coating, ants ©ouble layer Capacitance of the Corrosion
reaction.

Scanning Elgtron Microscopy (SEM)

SEM’ is a technique which uses electromagnetic lenses and an electronic beam to illuminate samples
under vacuum [10, 11]. Ascanning Electron Microscope scans a focused electron beam over a surface of a
sample to create an image.e€tron interaction with atoms of surface, producing various signals can be used to
obtain acquaintance about surface topography and composition.

SEM image carbon steel (1045) surface W#n compositeand Epoxy coatings in 3.5% NacCl indicated
that the cmposite phase between the C.S surface and the film coating was established, and the film coating
are homogeneous, the (SEM) image in (Figures 16 & 17) shows the particles on the surface and uniformly
distributed throughout the surface and the distributesd the coverage of Magnetitdan compositeare more
uniform than the distributed of Epoxy.

The Scale bar for this image is (1, 2, 20) um and (200,300) nm and the energy of the acceleration beam
employed was 25Kv.
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Figurel6: S image of Epoxy coating (a/1um), (b/1um), (¢/200nm), (d/300nm).

(a) (b)

© (d)

Figure 17: show the SEM image of the deposited of Magnetite and EpoXNaascomposite it shows
compact highly ordered homogeneous with particle size around (49.8m over a large area of the surfaces.

CONCLUSIONS

The Protection efficiency of Carbon Steel (1045) corrosion in 3.5% Na@hbsompositeand Epoxy
has been investigated using electrochemical measurement. The following conclusions were fadventhis
study: Nan compositeand Epoxy film acted as excellent protection for corrosion of C.S 45alloy in 3.5%NacCl
Solution The coated Carbon Steél045) with Nan compositeby Spin Coating reduced corrosion rate
compared to coated sample with Epoxyly while that coating C.S with Epoxy only reduced corrosion rate
compared to uncoated sample. Corrosion protection efficienciedNah compositeincreased with their
concentration and their values obtained from Polarization method and electrochemicaldanpe, and the
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