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Abstract: Mixtures of polyethylene glycol 4000 (PEG) and bisphenol A (BPA) with different ratios
(1:1, 2:1, and 1:2) were reacted with epichlorohydrin (ECH) to give diglycidylether epoxy copolymers
(DGECBAPEG). Diglycidylether of polyethylene glycol (DGEPEG) and diglycidylether of bisphenol
A (DGEBA) epoxy resins were also synthesized for comparison. The prepared epoxy resins were
characterized by FTIR and measuring the hydroxyl value and epoxy group content. Epilink 701
waterborne curing agent is used for hardening the water soluble (water based) epoxy resins, where
Epikure 3115-x-70 polyamide curing agent is used for hardening the water insoluble (solvent based)
epoxy resins. The curing process of the epoxy resins were applied and evaluated as coating materials.
The prepared waterborne epoxy resins give good metal coating properties.

Key word: polyethylene waterborne epoxy resin, polyethylene glycol 4000, bisphenol A, DGEBA,
metal coatings.

INTRODUCTION

Epoxy resins of diglycidylether of bisphenol A (DGEBA) were considered to be one of the most important
classes of thermosetting polymers with outstanding properties (Park et al., 2004), including good heat
resistance, high modulus, good heat resistance, and high electrical resistance. They are widely used in matrices
composite (Liu and Wang, 2009) and nanocomposite (Zhou et al., 2009) materials, coatings (Guermazi et al.,
2009; Gonzalez et al.,2009), structural adhesives (Possart et al., 2009; Raftery et al., 2009) and
microelectronics (Kanzow et al., 2005). The modern technology focuses on the development of reliable high
performance coating materials having superior thermal and mechanical properties ideally suitable for adverse
environmental conditions (Shaemin et al., 2004; Kumar and Narayana, 2002). Waterborne resins are polymeric
materials whose composition enables them either to dissolve or to swell in water. They are of commercial
interest principally because of their ability to alter advantageously the properties of aqueous systems or to
deposit coatings from water solutions. Due to the imposition of increased legislative restrictions on the emission
of organic materials to the atmosphere, water-borne coatings are finding more and more importance for coating
applications. The main advantages of using water as a solvent is primarily that it is non-toxic, non-flammable
and renewable (Shikha et al., 2003). Epoxy resins have been described extensively for various coating
applications. However, their utilization in the field of water thinnable resins is limited due to their high
functionality which results in gel formation prior to the water-soluble stage. Therefore, their functionality must
be reduced in order to achieve water solubility (Asada et al., 2005; Patent 4273921, 1981; Atta et al., 2006).
Aliphatic epoxy resin of polyols such as glycerol, neopentyl glycol, polyethylene glycol or propylene glycol
with epichlorohydrin (ECH) are known to give water borne coating with good exterior durability compared to
commercial bisphenol A epoxy resins. Some flexibility can be imparted to epoxy compositions by using
flexible epoxy resins, flexible hardeners, plasticizers or flexibilizers and elastomeric materials (Rabilloud, 1997).

MATERIALS AND METHODS

Materials:
Polyethylene glycol 4000 (PEG), bisphenol A (BPA), epichlorohydrin (ECH), and ethyl methyl ketone

(MEK) were provided by Aldrich chemicals. Epikure 3115-x-70 is a polyamide solvent based curing agent with
amine value 160-175 mg KOH/g, and hydrogen equivalent weight (HEW) 223 g/eq was provided by HXION
specialty chemicals. Epilink 701 is a water based curing agent with content 54-56 %, amine value 130-165
mg KOH/g, and HEW 300 g/eq was provided by Air Products Nederland B.V. chemicals Division - Europe.



Aust. J. Basic & Appl. Sci., 4(6): 1376-1382, 2010

1377

Boiling oil, hydrochloric acid, mineral turpentine, potassium hydroxide, sodium carbonate, sodium hydroxide,
sulfuric acid, and xylene were supplied by El-Nasr Pharmaceutical Co. of Chemicals, Cairo, Egypt. All
chemicals were provided in pure grade and used without further purification.

Methods and Techniques:
Synthesis and Characterization of Epoxy Resins:

Different molar ratios of BPA and/or PEG were mixed with ECH in a four necked round bottom flask
equipped with mechanical stirrer, dropping funnel, cold water condenser and temperature controller, the flask
immersed in warm water bath and start stirring with simultaneous drop wise of dehydrohalogenation using 10
N aqueous caustic NaOH solution at 60-70oC for 3 h. The molar ratio of the PEG+BPA to the ECH (1:3) was
taken. Characterization of the prepared epoxy resins were carried out by IR spectra recorded in polymer/KBr
pellets using Mattson-Infinity series FTIR Bench Top 961 (Motawie et al., 2008), epoxy group content
determined by pyridine/HCl method (Motawie et al., 2008). and the hydroxyl value carried out by
pyridine/acetic anhydride method (Ahmed et al., 2005). The different molar ratios of mixing and characteristics
of the prepared epoxy resins diglycidyl ether of bisphenol A (DGEBA), diglycidyl ether of polyethylene glycol
(DGEPEG), and diglycidyl ether copolymer of bisphenol A and polyethylene glycol (DGECBAPEG 1:1, 2:1,
and 1:2 of PEG:BPA mixing ratios) were tabulated in Table (1).

Curing Process of the Prepared Epoxy Resins: 
Due to the difference in the solubility of the prepared epoxy resins the curing agent used for hardening

the epoxy resin are changed. Epilink 701 waterborne curing agent is used for hardening the water soluble or
water based epoxy resins, where Epikure 3115-x-70 polyamide curing agent is used for hardening the water
insoluble or solvent based epoxy resin (DGEBA). Different weight ratios of all epoxy resins to there suitable
curing agent were ranged between 4:1, 2:1, 1:1 and 1:2. The different prepared polymers were dissolved in
there suitable curing agent and solvent to prepare 60% solution of the reactant mixture. Epoxy resin based on
PEG/ECH was mixed with Epilink 701 in water as a solvent. Epoxy resin based on BPA/ECH (DGEBA) was
mixed with Epikure 3115-x-70 polyamide curing agents separately in MEK as solvent, and then mixed to form
the solution. Epoxy resins based on PEG+BPA/ECH were mixed with Epilink 701 in the ratio of water and
MEK (1:1) as a solvent. Cured network of epoxy resin was prepared after curing at room temperature as
shown in Table (2).

Table 1: Characteristics of epoxy resins derived from PEG/BPA with ECH.
Resin Type Mixing molar ratio Physical State Color Hydroxyl value Epoxy group content

------------------------------
PEG BPA ECH

DGEPEG 1 - 3 Solid White 70 4.48
DGEBA - 1 3 Viscous Liquid Dark-Yellow 63.75 11.2
DGECBAPEG 1:1 1 1 6 Solid White 21.24 27.99
DGECBAPEG 2:1 2 1 9 Semi-solid Light-Yellow 4.2 11.19
DGECBAPEG 1:2 1 2 9 Viscous Liquid Dark-Yellow 8.5 55.99

Table 2: Mechanical properties of cured DGEBA epoxy coatings using different weight ratios of the Epikure 3115-x-70 as curing agent
and 40% MEK as solvent.

The epoxy resin The curing agent The Mechanical Properties
------------------------------- ------------------------------------ -----------------------------------------------------------------------------------------
Type Ratio Type Ratio Percent area removed % Adhesion Hardness
DGEBA 15% Epikure 3115-x-70 45% <5 4B 20N
DGEBA 20% Epikure 3115-x-70 40% 0 5B 7N
DGEBA 30% Epikure 3115-x-70 30% 0 5B 6N
DGEBA 40% Epikure 3115-x-70 20% >65 0B 4N

Preparation and Testing of Metal Coatings:
The 60 wt% paint solutions in MEK or 1:1 water/MEK were prepared and applied by film applicator

technique on commercially available mild steel strips of standard size of 30 mm � 10 mm � 1 mm for
corrosion/chemical resistance test and 150 mm � 100 mm � 1 mm strips for measuring adhesion test by tape
according to ASTM D 3359-95 (B), Hardness Test using A Pocket-Size Hardness Tester, Rod Model 318, and
solvent rub test using MEK as solvent. Physical-mechanical and anticorrosive performance evaluation were
carried only after 7 days of paint application (incubation period for the purpose of complete curing and drying)
(Ahmed et al., 2005). The coating samples were cured to have a uniform coating thickness of about 80-100
μm measured using coating thickness gage – basic instruments, Positector 6000-FT2, S/N:40825. The steel
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panels used were prepared in accordance with ASTM D609. Chemical resistance tests were performed in water,
acids (5 wt % H2SO4, 5 wt% HCl), alkalis (10 wt% NaOH and 10 wt% KOH), salt (20 wt% Na2CO3), solvents
(xylene, mineral turpentine) and oil (boiled oil) by placing the coating specimens in 3 inches diameter porcelain
dishes and dipping them in aforementioned media. Periodic visual examination was conducted until coatings
showed visual evidence of softening, deterioration in gloss, discoloration or weight loss.

RESULTS AND DISCUSSION

The aim of this study is to prepare water base epoxy resin for using as organic metal coating with keeping
the properties of DGEBA. In order to fulfill these goals three steps were distinguished. The first step includes
the synthesis of resins. In the second step includes choosing of curing agent for these epoxy resins, the final
step includes the application of epoxy resins as organic metal coatings. The epoxy resins used are prepared
by a catalytic reaction of ECH with PEG and/or BPA in different ratios of mixing. The chemical and
mechanical properties of these synthetic resins are evaluated.

Synthesis of resins:

Scheme 1: The general reaction of BPA with ECH for synthesis of diglycidyl ether of bisphenol A epoxy
resin (DGEBA).

Scheme 2: The general reaction of PEG with ECH for synthesis of diglycidyl ether of polyethylene glycol
epoxy resin (DGEPEG).

Scheme 3: The general reaction of BPA and PEG with ECH for synthesis of diglycidyl ether copolymer of
bisphenol A and polyethylene glycol epoxy resin (DGECBAPEG).

IR Analysis:
In Fig. (1), IR spectrum of DGEPEG shows the absorption band of OH group at 3424 cm-1, CH alkane

at 2885 cm-1, CH2 at 1464 cm1, C-O at 1183 cm-1, -CH2-O-CH2- linear at 1096,1150 cm1, -CH- cyclic epoxy
at 1647 cm-1, and epoxy group at 837, 1238 cm-1. In Fig 2: IR spectrum of DGEBA shows the absorption band
of OH group at 3448 cm-1, CH aromatic at 3137 cm-1, CH alkane at 2923 cm-1, C=C aromatic at 1632 cm-1,
CH2 at 1459 cm-1, CH3 at 1295 cm-1, C-O at 1178 cm-1, -CH cyclic epoxy 1639 cm-1 and epoxy group at 827,
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1238 cm-1. In Fig 3: IR spectrum of DGECBAPEG 1:1 shows the absorption band of OH group at 3396 cm-1,
CH alkane at 2898 cm-1, CH aromatic at 2960 cm-1, CH2 at 1459 cm-1, C-O at 1181 cm-1, CH3 at 1294 cm-1,
C=C aromatic at 1606 cm-1, -CH2-O-CH2- linear at 1150 cm-1, -CH- cyclic epoxy at 1630 cm-1 and epoxy
group at 829, 1246 cm-1. In Fig 4: IR spectrum of  DGECBAPEG 2:1 shows the absorption band of OH group
at 3394 cm-1, CH alkane at 2880 cm-1, CH aromatic at 2960 cm-1, CH2 at 1456 cm-1, C-O at 1178 cm-1, CH3
at 1351 cm-1, C=C aromatic at 1603 cm-1,  -CH- cyclic epoxy at 1650 cm-1 and epoxy group at 826, 1241 cm-1.
In Fig 5: IR spectrum of DGECBAPEG 1:2 shows the  absorption band of group OH at 3401 cm-1, CH alkane
at 2869 cm-1, CH aromatic at 2960 cm-1, CH2 at 1458cm-1, C-O at 1180 cm-1, CH3 at 1350 cm-1, C= C aromatic
at 1605 cm-1, -CH- cyclic epoxy at 1620 cm-1 and epoxy group at 828,1244 cm-1.

Fig. 1: IR spectrum of DGEPEG.

Fig. 2: IR spectrum of DGEBA.

Fig. 3: IR spectrum of DGECBAPEG 1:1.
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Fig. 4: IR spectrum of DGECBAPEG 2:1.

Fig. 5: IR spectrum of DGECBAPEG 1:2.

Curing Process:
It is important to select the best curing systems which include types of hardener (curing agent) and epoxy

resin, concentration of hardener, temperature of curing process and type of catalyst if it is present. The curing
experiments were formulated as water based liquid coatings in case of DGEPEG and DGECBAPEG epoxy
resins and as solvent based liquid coating with DGEBA. Different ratios of curing agents are used to form the
coating films. It is note worthily that the DGEPEG epoxy resin was not has ability to form a thin coating film.

Evaluation of Prepared Resins as Organic Metal Coatings:
The data of adhesion and hardness for cured epoxy resins were reported in Table (4). The adhesion data

shown all cured DGEBA epoxy resins had superior adhesion properties with substrate than DGECBAPEG
epoxy resin. This can be attributed to high epoxy functionality and presence of glycol groups as indicated from
hydroxyl number of the different prepared epoxy resins. It has been demonstrated that the presence of small
controlled amounts of glycol groups can have beneficial effects on adhesion (Atta et al., 2007). The variation
of hardness results from soft (minimum cross-linking) to hard coatings (maximum cross-linking density)
indicated that the best results were determined at low mixing mole ratio for epoxy: hardener systems (Ahmed
et al., 2005). As shown in Table (4), DGEBA > DGECBAPEG 1:1 > DGECBAPEG 2:1 > DGECBAPEG 1:2
in hardness properties which agree with adhesion results. It can be attributed to increasing the aromatic
character by BPA ratio which increases in epoxy resins and that leads to more crosslinking and more steric
effect. On other hand, DGEBA gives the best hardness values which correlated to the polar hydroxyls and
oxirane moieties present in the backbone of polymeric chain of resin which on curing with Epikure 3115-x-70
polyamide type produce more dense, highly adhere, uniform and crosslinked coating structure (Motawie et al.,
2008). This behavior indicated also that the type of curing agent affect on mechanical properties of resin
(Rabilloud, 1997).
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Table 3: Mechanical properties of cured epoxy coatings using different weight ratios of the Epilink 701 as curing agent and 40%
water/MEK (1:1) as solvent.

The epoxy resin The curing agent The Mechanical Properties
----------------------------------- ------------------------------- -----------------------------------------------------------------------------------------
Type Ratio Type Ratio Percent area removed % Adhesion Hardness
DGECBAPEG 1:1 15% Epilink 701 45% <5 4B 3N
DGECBAPEG 1:1 20% Epilink 701 40% 5-15 3B 3N
DGECBAPEG 1:1 30% Epilink 701 30% 5-15 3B 1N
DGECBAPEG 1:1 40% Epilink 701 20% <5 4B 2N
DGECBAPEG 2:1 15% Epilink 701 45% <5 4B 3N
DGECBAPEG 2:1 20% Epilink 701 40% 0 5B 2N
DGECBAPEG 2:1 30% Epilink 701 30% <5 4B 2N
DGECBAPEG 2:1 40% Epilink 701 20% <5 4B 2N
DGECBAPEG 1:2 15% Epilink 701 45% 0 5B 3N
DGECBAPEG 1:2 20% Epilink 701 40% <5 4B 3N
DGECBAPEG 1:2 30% Epilink 701 30% <5 4B 3N
DGECBAPEG 1:2 40% Epilink 701 20% 0 5B 2N

The panels were subjected to chemical environments (alkali, acid, solvent, salt, oil and water) to study the
chemical resistance and rub test. The data were determined for cured epoxy systems based on DGEBA and
DGECBAPE cured by different ratios of curing agents Epikure 3115-x-70 and Epilink 701, respectively, were
listed in Table (4). Data of water chemical resistance for all epoxy resins have excellent resistance to distilled
water. Data of acid, alkali and salts chemical resistance indicate that PEG epoxy had DGECBAPE high
resistance and DGEBA had very high resistance. This attributed to high crosslinked density of network
decreases their exposure to environment, these agree with the last results.

Table 4: Chemical resistance of cured epoxy metal Coatings.
Formulation Chemical Resistance Rub Test

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Water Acids Alkalis Salts Solvents Oil MEK
------------------------------- ----------------- --------- --------------------- --------

Type of Type of Hardener% Distilled H2SO4 HCl NaOH KOH Na2CO3 Xylene Mineral Boiled
Resin Hardener  water 5% 5% 10% 10% 20% turpentine Oil
DGEBA Epikure 25 A A Bb A A A A A A Pass

3115-x-70 50 A A Bb A A A A A A Pass
100 A A Bb A A A A A A Pass
200 A A Bb A A A A A A Pass

DGECBAPEG Epilink 25 A Bb Bb Ba Ba D B B A Failed
       1:1 701 50 A Bb Db Ba Ba D D B A Failed

100 A Bb Bb Da Ba D D D A Pass
200 A Db Db Da Da D D D A Failed

DGECBAPEG Epilink 25 A Da Db Da Da Da D D A Pass
       2:1 701 50 A DE Bb Da Da Da D B A Pass

100 A Bb Bb Da Ba Ba B B A Pass
200 A Da Db Da Da Da D B A Pass

DGECBAPEG Epilink 25 A Db Db Da Da B D D A Pass
       1:2 701 50 A Da Bb Da Da D D D A Pass

100 A Da Db Da Ba D D D A Pass
200 A Db DE Da Da D D D A Failed

Film appearance: A, unaffected; B, loss in gloss; C, slight loss in gloss; D, loss in gloss and weight; 
E, blistering, film starts peeling off the substrate; a, white change; b, brown rust.

The use of polar solvents such as ketones was often used to assess the degree of cure of crosslinked
composition for solvent resistance by solvent rub test using MEK as a solvent. The failure of test was
determined either by disruption or dissolution of coating films from panels (fail). The higher degree of
crosslinking indicated less free volume and segmental mobility remain available in polymer (pass). Therefore,
solvent molecules can penetrate hardly the crosslinked network. The crosslinked density can control by
changing the type of curing agents and functionality of epoxy resins as shown in Table (4).

Conclusions:
The coatings of the cured epoxy DGEBA (prepared based on BPA/ECH) had superior mechanical

properties (adhesion, and hardness), where the coatings of the cured epoxy DGEPEG (prepared based on
PEG/ECH) not be suitable for coating film formation. The coatings of the cured epoxy DGEBAPEG (prepared
based on BPA+PEG/ECH) give in between properties. This can be attributing to the higher crosslinking
density, aromatic character and high functionality of epoxy resins containing BPA.
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The data of acid, alkali, solvent, salts, oil and water resistance agree with mechanical results as the
durability of the coatings of the cured epoxy DGEBA higher than those of the cured epoxy DGEBAPEG
higher than the cured epoxy DGEPEG.

DGEPEG epoxy resin can be used as a plasticizer which improve flexibility and reduce the rigidity of
resins.

DGEBAPEG epoxy resins based on (BPA+PEG/ECH) have good mechanical and chemical resistance
although there are water based epoxy reins which give environmental and economical advantages by means
of collection between the properties of both DGEBA and DGEPEG epoxy resins.
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