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ABSTRACT 

A novel copolymer of 3-aminopropyltriethoxysilane (APTES) grafted epoxidized ethylene-propylene-diene 

terpolymer (eEPDM-g-APTES) was synthesized in toluene, 25% red iron oxide as additive. The chemical structure 

of eEPDM-g-APTES was confirmed by FT-IR spectroscopy. The corrosion resistant behaviors of EPDM, eEPDM, 

eEPDM-g-APTES with or without red iron oxide were investigated by potentiodynamic polarization and 

electrochemical impedance spectroscopic methods and also studied salt-spray tests in 3.5% NaCl solution. The 

experimental results reveal that the eEPDM-g-APTES with 25% red iron oxide offers the maximum corrosion 

protection to the steel surface. The better protective action offered by the reaction of APTES amine with oxirane 

groups of the eEPDM, which gives coating films with a high cross-link density.  
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INTRODUCTION 

Rubber based coatings have, for a long time, found use in industrial maintenance, marine and concrete and 

masonry walls. Rubber is a polymer with good barrier properties for water and oxygen. Ethylene-propylene-diene 

terpolymer (EPDM) is widely used as adhesive materials, due to its excellent physical and durability properties. 

Cross linked ethylene-propylene-diene terpolymer (EPDM) is one of the majority commonly used industrial 

polymer because of its marvelous resistance to heat, light, oxygen and ozone.  Due to simple reaction condition 

(low temperature and low pressure), the silanization of MWNTs has attracted increasing attention for preparing 

MWNT/polymer composites. Silane coupling agent can be chemically described as R[BOND]Si[BOND]inline 

image. The R′ group is generally alkoxy group that reacts readily with the hydroxyls on nanotube surface; The R 

group is usually ethylene, amine, epoxy, thiohydroxy, etc., and chosen to be reactive with different polymeric 

resins. Ma et al., however, due to the incompatibility of EPDM with inorganic pigment, the corrosion-resistant 

property of EPDM coating is very poor, which strongly limits their practical applications. However, noticeable 

improvements of above properties of EPDM can be obtained through grafting by other functional compounds. 

Silanes are also used as coupling agents that improves the adhesion of different nature of surfaces. Coupling agents 

are having both organic and inorganic groups; they bridge the interface between polymeric matrix resin and 

reinforcement through covalent bonding. The inorganic group is compatible with filler and the organic group is 

compatible with polymer matrix resins.  In the present study, the EPDM was first epoxidized with in situ formed 

per formic acid, which induced functional epoxy groups into the EPDM macromolecular backbone. A novel and 

new graft copolymer of 3-aminopropyltriethoxysilane onto epoxidized ethylene-propylene-diene terpolymer 

(eEPDM-g- APTES) has been synthesized in toluene. The corrosion resistant behaviors of EPDM, eEPDM, 

eEPDM-g-APTES with or without red iron oxide were investigated by potentiodynamic polarization and 

electrochemical impedance spectroscopic methods and also studied salt-spray tests in 3.5% NaCl solution. 

EXPERIMENTAL 

Materials: The EPDM (ENB) elastomer used in this study was a commercial grade  Nordel IP 4770P 

(ethylene/propylene/ 5-ethylidene-2-norbornene = 70/25/5 by wt.% , Mooney viscosity, ML (1+4) at 125°C is 70 and 

density of 0.87 g /cc) of DuPont Dow elastomers, USA. Hydroxyl-terminated polydimethylsiloxane (HTPDMS) as 

modifier, 3-aminopropyltriethoxysilane (APTES), (Mw = 221.3, boiling point = 217oC, density = 0.946 g.cm-3,) was 

procured from Aldrich Chemicals, USA. Dibutyltindilaurate (DBTDL) was purchased from Merck, Germany. 

Analytical grade formic acid (88%), hydrogen peroxide (30%), toluene,n-hexane were used as received. 
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In situ epoxidation of ethylene–propylene– diene terpolymer: The EPDM was first dissolved in toluene in a 

three necked flask equipped with a mechanical stirrer and thermometer, and maintained at 50°C in a water bath. 

Under continuous stirring, the EPDM solution was acidified stepwise with 88% formic acid to pH 2–3. The 

epoxidation was performed by dropping the required amount of H2O2 (30%) for 30 min. A rapid introduction of this 

reagent is not recommended, because it causes excessive development of oxygen due to the decomposition of 

hydrogen peroxide at high temperature. The reaction was continued for 7 h at 50°C. After epoxidation, the rubber 

was coagulated in acetone, thoroughly washed with distilled water, soaked in 1% w/v Na2CO3 solution for 24 h, 

and finally rinsed with distilled water. The rubber prepared was dried in a vacuum oven at 40°C to a constant 

weight. 

Preparation of eEPDM-g-APTES: The reactions were carried out in 500 ml three necked, round bottom flask 

equipped with a reflux condenser, a Teflon-coated mechanical stirring and a nitrogen inlet. 10gm of eEPDM was 

dissolved in 200 ml toluene and refluxed until complete dissolution of eEPDM. Further, 0.25 wt.% APTES 

dissolved in 50 ml of toluene  were added to eEPDM, using dibutyl tindilaurate catalyst, with continuous stirring 

for 2 h at 50°C. After the completion of reaction, the products were precipitated with methanol, filtered and dried in 

vacuum. 

RESULTS AND DISCUSSION 

Fourier-transform infrared spectroscopy: Fig. 1 shows the FTIR spectra of EPDM, eEPDM and Siliconized 

epoxidized EPDM. The IR spectra of EPDM (Fig. 1(a)) shows the C–H stretching vibration (aliphatic) at 2911 cm-

1, –CH2 rocking vibration at 1451 cm-1, CH3 symmetric bending vibration at 1367 cm-1 due to the presence of 

propylene group, –(CH2)n– wagging vibration at 721 cm-1 due to the presence of polyethylene chain, C–C 

stretching vibration at 2851 cm-1, and the unsaturation band (>C=CH–) at 811 cm-1 due to the presence of ENB 

content. The FTIR spectrum of eEPDM (Fig. 1(b)) was characterized by the presence of an epoxide band at 870 

cm-1 due to asymmetric epoxide ring stretching. Furthermore, the intensity of the >C=CH– band at 811 cm-1 

decreases because of the epoxidation of EPDM, which demonstrates that the C=C double bond in EPDM was 

converted to the epoxy functional group in eEPDM. The conversion of double bonds to epoxide was obtained as 

50% (ca.2.4 mol %). To take advantage of relative change of absorbance at 811 and 870 cm-1, a quantitative 

analysis was performed by area measurement of methyl deformation band at 1369 cm-1 as internal standard  Fig. 

1(c) illustrates the IR spectra of Siliconized epoxidized EPDM which reveals: Absorption peak appeared at 2900 

cm-1 and between 1140 cm-1 to 960 cm-1 confirms the presence of –Si-(CH2)3- and residual –Si-OH 

respectively.Absence of peak at 2850 cm-1 of –Si-OCH2CH3 and formation of Si-O-Si at 1143 cm-1 confirms the 

completion of reaction between HTPDMS and APTES coupled epoxidized EPDM. 

 

Fig. 1 FTIR spectra of (a) EPDM (b) eEPDM and (c) Siliconized epoxidized EPDM 

Corrosion protection performance of the EPDM, eEPDM and eEPDM-g-APTES: The EPDM, eEPDM and 

eEPDM-g-APTES films coated mild steel was studied by potentiodynamic polarization and electrochemical 

impedance spectroscopy [10, 11]. In a typical polarization curve, the lower the polarization current is, the better the 

corrosion resistance is. The potentiodynamic polarization curves of bare mild steel, EPDM, eEPDM and eEPDM-g-

APTES with or without red iron oxide coating in 3.5% NaCl solution are shown in Fig. 2a. The values of the Ecorr 

and Icorr obtained from these Tafel polarization curves are given in. It is clearly observed that the corrosion current 

(Icorr) decreases from EPDM to eEPDM-g-APTES, and the corrosion potential (Ecorr) increases from EPDM to 

eEPDM-g-APTES Fig. 2b. The positive shift increases red iron oxide coating system which implies that the 
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eEPDM-g-APTES film provides effective protection for mild steel coating against corrosion in aqueous 3.5% NaCl 

in comparison with EPDM and eEPDM. 

EIS plays an important role to monitor and predict degradation of organic coatings. The Nyquist plot 

obtained from EIS measurements for all coating mild steel specimen after 30 min immersion in 3.5% NaCl solution 

is shown in Fig. 2 b. The plot is characterized by a depressed semicircle from high to medium frequencies and an 

inductive loop at low frequencies. The appearance of the inductive loop in the Nyquist plot is attributed to the 

adsorption of an intermediate product in the corrosion reaction. Six different coatings, with or without red iron 

oxide coatings, were examined in chloride electrolyte. Nyquist plots are displayed. It can be seen that, with the 

exception of coating system eEPDM-g-APTES with or without red iron oxide coating, the other coating system 

EPDM, eEPDM with or without red iron oxide coating exhibits an incomplete semicircle in the high frequency 

region, followed by a low-frequency diffusion tail commonly called a Warburg diffusion tail The formation of an 

incomplete semicircle suggests that the sodium chloride solution has started permeating through the coating in the 

case of coating system EPDM,eEPDM with or without red iron oxide . 

 
 

CONCLUSIONS 

In this study, the chemical structure of eEPDM-g-APTES was confirmed by FT-IR spectroscopy. eEPDM-

g-APTES with or without red iron oxide coatings were used to protect mild steel against corrosion in 3.5% NaCl 

medium, and potentiodynamic polarization measurements and electrochemical impedance spectroscopy were 

applied to assess the ability of corrosion resistance. 
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