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SUMMARY AND CONCLUSIONS 
Metals play a major role in manufacturing and construction. Among the 

vast variety of metals available, carbon steel is used widely due to its low 

cost; processability, strength, and mature technology. 

The present study is concerned with electrochemical behavior of carbon 

steel alloy in sea water, and providing corrosion protection to it by polymeric 

coatings. The work done may be divided into three parts: 

The first part deals with the corrosion behavior of carbon steel alloy. 

This behavior was investigated by three different techniques: Open circuit, 

potentiodynamic, and weight loss Techniques. 

The results obtained from all the above techniques showed that, when 

carbon steel alloy is immersed in sea water for a prolonged period of time, the 

metal will suffer corrosion for the first 6 months of immersion. Then a 

noticeable decrease in corrosion rate is observed during 9—12 months 

interval, which is explained by the formation of protective passive layer on 

the surfaces of carbon steel electrodes. Upon increasing the exposure time, an 

increase in corrosion rate is detected due to the breakdown of protective oxide 

layer, by the action of chloride ions, and a progress in corrosion reaction is 

noticed. 

Then the proposed corrosion mechanism was evidenced by scanning 

electron microscope (SEM) and X-ray diffraction examination. 

The second part of the study reveals the physicochemical properties of 

EPDM/PE blends, where Ethylene propylene diene monomer (EPDM) and 
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low density polyethylene (LDPE) were blended together in five different 

ratios (100/0, 90/10, 80/20, 70/30, and 60/40) respectively. 

Then the blends were submitted to the following measurements: 

1) Physicochemical measurements (Swelling). 

2) Mechanical measurements (Stress - strain). 

3) Electrical measurements (electrical conductivity). 

4) Morphological studies by spectroscopic techniques (SEM, and FTIR). 

All the blends showed excellent swelling behavior and very low values 

of penetration rate and average diffusion coefficient in seawater medium. It 

was found that addition of PE into EPDM matrix enhances the mechanical 

properties of the blends such as, tensile strength, modulus of elasticity and 

permanent set. Also EPDM/PE blends show sufficient degree of toughness to 

act as efficient coatings. Electrical conductivity measurements showed that 

incorporation of PE into rubber matrix increases the electrical conductivity of 

the composite, indicating the change of conduction mechanism from hopping 

to tunneling mechanism. 

Scanning electron microscope (SEM) examination of EPDM / PE blends 

showed uniformly distribution of EPDM and PE, forming a co- continuous 

phase morphology. 

Polymers are widely used for outdoor applications, hence they are 

exposed to solar radiation which may cause degradation of polymer blends, so 

the effect of UV exposure on chemical stabilization of blends was studied. 

EPDM/PE blends were exposed to UV radiation, and the effect of exposure 

was investigated by the use of fourier transform infrared spectroscopy (FTIR). 
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The results obtained showed that UV radiations do not induce chemical 

degradation of the blends, indicating high stability of EPDM/PE blends 

against UV exposure. However a slight unsaturation is observed, which may 

be resulting from breaking of crosslinks between macromolecules. 

The third part of the study is directed to evaluate the efficiency of 

EPDM/PE coatings by different techniques. The blends were applied on 

carbon steel electrodes with 3 different thicknesses 1,2, and 3 mm, then all 

the samples were immersed in sea water for 24 months to be evaluated 

monthly. 

Open circuit and potentiodynamic measurements showed that EPDM/PE 

blends are good barriers and do not allow corrosive ions to penetrate the 

substrate, hence, they can act as effective protective coatings. This was 

evidenced from the significant decrease in the values of corrosion current 

densities of coated samples in comparison with uncoated ones. 

The effect of blend ratio on corrosion protection efficiency was 

investigated. It was found that EPDM / PE blend with ratio 80 / 20 provides 

the best protection as indicated from the high value of polarization resistance 

(Rp). Also, it was observed that samples with thickness 2 mm. showed the 

best efficiency in corrosion control. 

The results obtained reveal that applying adhesive on the substrate 

increases the protective properties of EPDM / PE coatings. In general, the 

excellent electrochemical results indicate the good efficiency of EPDM / PE 

blends as protective coatings. 

The high efficiency of coatings was evidenced by ICP analytical 

technique where, the immersion solutions were analyzed, periodically, to 
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detect any increase in iron concentration along 24 months. The results showed 

that there is no metal dissolution after ageing indicating the excellent 

protection provided by EPDM/PE blends for carbon steel alloy. 

EPDM/PE blend with the deduced promising ratio (80 / 20) was 

examined, after ageing, by (SEM) and no delamination or cracking is 

observed. Also, the substrate was examined after peeling the coating and no 

pitting is detected. 

The presence of corrosion products on the substrate, after peeling the 

coating is investigated by X-ray diffraction technique, and there were not any 

iron oxides phases detected, and the only phase appeared is the iron phase. 

Finally, the results obtained during the course of this study enable us to 

state the following conclusion, that EPDM/PE blends can act effectively as 

protective coatings for carbon steel alloy in sea water, and that the best 

qualified blend ratio is (80/20), which provides excellent corrosion protection, 

in addition to its superior physical properties. 
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. (XRD) < -̂5* 4~An 

^ j J i ^-a j ^ j i ^ Q£#JJI (jjLajYl CjUalk] AjXjulall ^yal aaJt jjiaaU AJJ JA) QA ^uft *j*^ < flni^j 

; ij—A Log—La <J_£] A—illL-a (_J uUJ dtL-Jal^, ^jn , A \ (J_>IC A_J t* t j ^ , t 4_i\j^ll <jii_aaJu £} \]J\)\ 

o b e i k a n d l . c o m

http://lA.il.la


( r-UoJV^ ^ A > J ^ ) A j j \ ^ ^ j j j j a diLuAji _ > 

( i ^ V I J iSB ) ^ / I K M i i U J _ Y 

( c b j ^ l l J ^ ^ i l i AiLtf ) Aubj$£ CJUUS _ r 

AauJiVt - £**U1I ̂ jj£ty\ (-jjLuojjS^il ) j^blaB JdVitl (JJLUOJ 4-kJ JJ AJL^U Aibl! AJJ j ^ _ £ 

(e i^ t tx l t di2u AauiVt - 4J>MIVII» <j ja 

(J-al*-a j ( J l J ^ V t cl-ia-al AjJai i i / j aj£j UjaJl j AjJaiau-a ( r-liuiVl ) AJJ* UJLXJJJ CAJalaJ J £ CIJJAAJ 

. OlLkll J ^ k jaJi oUal jU&V* 

|C^alj^Jt j - * o^^i i>gta t j j L j j j f i t £}M*£$ ^LUd l t £4-*^ JJ &A£JI J j ^ i AilJaj j l ^ j .£ J 

< J * AjfllS Aa*jUt t l lUalaJ UJj^ia) La£ dA-u]i £-J~*aj J AJj^-aJl <Jabua J A*ill O J 3 J I A eLiUalall AjiLlJtfiLl-all 

(J jirfijiall 4 -Utatjk CJ1^UIIJ3 Cjj^_]al LjJaui j . ^jJiLsuoll A J j l c J^-o£ ^ L ^ J *taYl (j-*» lg iSol AJ\1A1I 

oiLkiS ^ b j ^ i i J^>jpl< s±>j j i ^ ^ j j j j j b o ^ j j j j UAAJVI £* u*i£i J J ^ ^ d <.PWĵ ^ 

La* 

. CAJalaJl £«J-*aJ AL^ai jJ-a j <jni3il.Vi.rt AjLkU AJJJ ( jJj^3 ^uHill 

(,J1 >»ri A_5 C5 i l l (jjA^uill AxJiY \g»>»J*j La-a £-J«ai J (jU^J (j^ *\j*^ L5̂  ̂  J ^ J ^ CjUalsk A.^^luii 

O!A j ^ b A ^ J j^S ( XJV ) A^-xjiJuii < j^ i A * ^ U cfl UK II r i . ^ i j c I ̂  j < diUalaJ t*ii3 < î ĴSiQ 
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Ai j 4 tg_j .l-UaJt 4aju*3 Ŝ U j <_£<!«» ( j ^ * ^ ̂ .JG^ ̂  ̂  (J j^3 ̂ JJ^ dllbaJl ^ a t ^ 4da,VVlm<aty ^P^i &b* 

4V^Ti iiiA\\ 0\C\J§ 4\ mitt CJj> ̂ j jVnj i j - i j^^ £--a (J-jljta <j_}Ljj^ Q-AA$\ 4lnK, (J-aai aJ LjaJl 

j ^ - j i Y £ SAAI jauli oU-aS (jlajaull ^*J (SEIVI) ^ " ^ ^ cs-^JJ^^ M j ^ J J ^ ^ ' Al^Vlnib (Y */A ♦) 

6±A\ O j JJU iĵ u-Ji ̂ ln m ĵJc j su gjtJJ ̂ i ^J^J ^ix t> j^bll ( X R D ) hh^ **£W 

eLj-a ^^ i JSLJLII A-»Ja ̂ j j j ^ J l ,v;,>-fc11 ^»b^ j 3J^Jlc Jj-aS <J**^ AiUa S j^a l^j^l o^P4 <^J^ J O^^ 

** 

o b e i k a n d l . c o m




