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ABSTRACT

In this work, we studied the impact of copper auggiby epoxy resin 4,-4Ethylene bis (N, N diglycidylaniline)
whose thickness of the deposited film on the saflesis estimated at 170 £ 10 um. To evaluate timpaict of
coating, we used the electrochemical impedancetsseopy (EIS) and scanning electronic microscopiNl)
were used in this study. The experimental resuitsined by the EIS method of copper gave the pmatan
resistance (B equal to 1524@2.cm2. This shows that the effect of the coatingppper investigated by the resin is
more effective in 3 % NaCl compared to the uncoateslin 3 % NaClSubsequently, we have studied the impact of
coated copper with a formulation of conducted a demnulation by adding of inorganic filler in theatnix of
protection 4, 4 Ethylene bis (N, N diglycidylaniline) in the peese of 5% of zinc leads us to an experimentalevalu
R, = 44240Q.cm?. The effectiveness is equal to 97% in 3 % NaCl

Keywords: copper, epoxy resin, coating, electrochemical imaped spectroscopy, scanning electronic microscopy
and 3 % NacCl.

INTRODUCTION

Copper and its alloys are very widely used matefiad their excellent electrical and thermal cortolities in many
applications such as electronics and integratemlits. Copper is resistant toward the influencatofiosphere and
many chemicals. However, it is susceptible to o in aggressive media, such as[T+14].

Organic coatings are the most widely used methadeil bodies protection from atmospheric corrosidre paint
film acts as a physical barrier between corrosleetsolyte and copper substrate. However, it id Webwn that the
coating is permeable to water, oxygen and corrdsing which are presented in the corrosive elegitoMoreover,
using organic coatings, the spread of corrosivedycts will be prevented at the initial sites of otlelyte

permeation into the metal surface. Therefore, theesion forces which attach the coating to the hsetdace can
also affect the coating corrosion performance [B5-1
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Different parameters including the number of poresic resistance of coating against electrolyféudion and the
cross-linking density of the coating can affect toating resistance against electrolyte diffusioroigh coating
matrix.

Epoxy is one of the most common barrier coatingeniat used in severe corrosion environments indgdnarine
environment [20,21]. Due to the hydrophilic cherhigeoups of cured epoxy structure (such as hydraxgup (—
OH), carboxyl group (C=0), phosphine oxide groupg=@Q® and amino group (N-H)), epoxy has exhibited
hydrophilic properties. This property of epoxy dongtcauses a negative effect on its protectiveradslity of
underneath metal. So therefore, there has been ef leffort to improve the protectiveness of epaaatings,
considering their coating thickness and surfacatitnent methods.

MATERIALS AND METHODS
Tetrafunctional epoxy resins

Tetrafunctional epoxy resin was synthesized by tiegc4,4- Ethylene bis (N, N diglycidylaniline) with
epichlorohydrin.
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Figure 1. Shows the chemical structure of 4,4Ethylene bis (N, N diglycidylaniline)

Amine type curing agents are one of the basic guaigents for epoxy resins, and they can be cledsifito three
major categories: aliphatic, aromatic, or cycloadific amines.

Amine type curing agents are one of the basic guaigents for epoxy resins, and they can be cladsifito three
major categories: aliphatic, aromatic, or cycloadific amines. Amine type curing agents react witbxale rings
by nucleophilic addition. We limited ourselves toechardener class: aromatic amine. According to teemical
structure. Figure 2 shows the chemical structu, dfdiaminodiphenyl methane (DDM).

H,N CH, NH,

Figure 2. Chemical structure of DDM

Evaluation of corrosion-resistant properties of the coating

The corrosion protection properties of the coatiwgse tested using electrochemical impedance ssacipy (EIS)
measurements, which were performed on Voltalab RG4ibtentiostat in a conventional three-electroelé The

coated carbon steel was used as the working etegteolarge platinum plate was used as the coetgetrode, and
the Ag/AgCI (saturated KCI) electrode was usedhasreference electrode. The test solution was a $&um

chloride solution. All tests were conducted at raemperature (25 °C) and open to air.

EIS measurements were performed over a frequeamoger of 100 kHz to 0.1 Hz by using a 10 mV ampétud
sinusoidal voltage at open cycle potential (OCHje Tata were acquired in four cycles at each frecyuéo obtain
good precision at all frequencies. All experimeate performed at the open circuit potential. Theaioied
impedance data are analyzed in terms of equivalentrical circuit using Bouckamp’s program.

The morphology of the coatings was characterizedguscanning electron microscopy (SEM, JEOL-JSM®50
The analysis is performed with an accelerationagw@tof 0.5-30 kV.
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RESULTS AND DISCUSSION

Electrochemical measurements by electrochemical ingglance spectroscopy

The results of this method are shown as Nyquidspibhese copper impedance diagrams which are isaddor
40 minutes before each measurement in an operitdindhe corrosive solution 3% NacCl vis-a-vis alhtrices are
grouped in Figure 3.

The analysis of the different diagrams correspomdespectively to the protective matrices shdved the latter
are formed by two capacitive loops : one with Higlyuency (HF) assigned to the film effect anddtieer with low
frequency (LF) which is generally attributed to terge transfer process. This is due to the phenomdiffusion.
Indeed, the larger the diameter of a semicircl@déonncreases, the better will be the corrosionstasce of the
protective film.
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Figure 3. Electrochemical impedance diagrams withpen circuit after 40 min of immersion for copper in3% NaCl in the presence of
matrices MP; and MP; at 298 K

The values of électrochemical impedance and théegtive efficiency résulting from each matrice obtection
MP; and MR are summarized in Table 1.

This table shows that the values of the polariratiesistanceR,) for the four coating matrices are evaluated
between 15.10and 44.16Q.cm2.

On this basis, the largest semi-circle in the Ngtjdiagram of MP coating system indicates a better corrosion
resistance, which can be explained by the presefte Zinc responsible for higher corrosion resise.

Table 1 summarizes the various electrochemical panaeters obtained from the impedance diagrams

Protective matrices (MP) (Q.'?:Sm ) (uF?cmZ) (Q'.:\::prfnz) (plgldrlnz) (Qicr[nz) (Qir;nz) E %
Copper 20 - - - 950 1200 -

MP, 540 41.5 1950 18.62 1383( 1524D 92%

MP, 638 30.09 2700 5.02 4416( 4622p 971%

Observations of Surface condition by SEM.

To confirm the results obtained by the électroclammeasures for the two matrices with standardiregpdMP;)
and loaded (ME by zinc (Zn), we used as a means of analysistilaing surface on copper in 3% NaCl after the
immersion for 48 hours at 298 K.

Figure 4 shows the SEM morphologies of the stateopper surface immersed in 3% NacCl for 48 h at RI8r
two sample.
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Figure 4. SEM images for the four samples after thenmersion for 48 hours in 3% NaCl

a) Coating matrix by the MP;

The standard protective matrix MBubmerged during the same interval of time in aNB| solution. As shown in
figure 4 (a), we expect that there is a relativalge spread of electrolytes (chloride ions) thtotige protective
film which may present micropores / defects whilducing a primary corrosion.

b) Coating by the matrix MP,

In addition, the SEM micrography during the apgima of the matrix MR, we observed in the film surface of the
coating some white spots considered as corrosiodygsts according to the literature and this shadvet it is
concerned with the zinc oxide layer which is neags$or the protection of passivation of metalsiexs from the
couplezn/ zrf* according to equations (4 b).

This can be explained by a synergistic effect mtediby the coating of passivation issuga( zr?*).
CONCLUSION

In this study we carried out the protection of depper by the coating method issued from the foatimds which
are based on a standard oxide polymer {jMiad a zinc inorganic filler (M#p. This was done in order to decrease
the corrosive effect of the medium on the subsifageally copper).

The main findings of this study can be drawn akval
1. The corrosion protective effect of the formuthateatrix MR, gave us the best results.
2. The SEM observation shows that the surface efntlatrix based on a polymer loaded with zinc depdson
carbon steel completely protected is due to thenédion of a protective layer which limits the pea&bn of
electrolyte through the protective film.
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