
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 19 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Polymeric Materials
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713647664

Epoxy Resins-Polyamide Coating System
Sanjay Patela; Rajesh Baraiyaa; Jitendra Patela; Dipak Ravala; Jatin Thakkara

a Department of Chemistry, Sardar Patel University, Vallabh Vidyanagar, Gujarat, India

To cite this Article Patel, Sanjay , Baraiya, Rajesh , Patel, Jitendra , Raval, Dipak and Thakkar, Jatin(1998) 'Epoxy Resins-
Polyamide Coating System', International Journal of Polymeric Materials, 41: 1, 1 — 5
To link to this Article: DOI: 10.1080/00914039808034848
URL: http://dx.doi.org/10.1080/00914039808034848

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713647664
http://dx.doi.org/10.1080/00914039808034848
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Inrern. J .  Polymeric Muter., 1998, Vol. 41, pp. 1-5 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1998 OPA (Overseas Publishers Association) N.V. 
Published by license under 

the Gordon and Breach Science 
Publishers imprint. 

Printed in India. 

Epoxy Resins-Polyamide Coating 
System 
SANJAY PATEL, RAJESH BARAIYA, JITENDRA PATEL, 
DIPAK RAVAL and JATlN THAKKAR* 

Department of Chemistry, Sardar Patel University, Vallabh Vidyanagar-388 
120, Gujarat (India) 
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Bisester namely l,l’-( 1 -methyl ethylidene) bis[4-{ I-(l-imino-4-ethyl benzoate)-2-propa- 
nolyloxy}] benzene was synthesized by the reaction of epoxy resin (DGEBA) and 4- 
aminoethyl benzoate (4-AEB) using triethyl amine as catalyst. The synthesized bisester 
was reacted with three different aliphatic diamines viz; diethylene triamine (DETA), 
triethylene tetramine (TETA) and polyethylene amine (PEA) to obtained respective poly- 
amide resins (PAS) abbreviated as DGEBA-4-AEB : DETA, DGEBA-4-AEB : TETA 
and DGEBA-4-AEB : PEA respectively. 

The PAS synthesized were used as a curing agent for the difunctional epoxy resin 
(DGEBA) and trifunctional epoxy resin (TGPAP) in three different ratios. Using triethyl 
amine as a catalyst and PAS as a curing agent, DGEBA and TGPAP were polymerized 
on mild steel panels at 120°C for 1 hr. The coated panel thus obtained were tested for 
scratch hardness, flexibility, impact strength and chemical resistancy. 

It appears from the results for the epoxy resins, epoxy based polyamides can 
successfully be used as a curing agent for the coating application. 

Keywords: Epoxy resin; scratch hardness; impact strength; chemical resistancy; 
flexibility 

INTRODUCTION 

Epoxy resin have attained a prominent position in industry. In their 
fully cured state, they have remarkable properties to solvents, acids, 
base and heat [l]. In addition, the low cost of these resins have 
prompted its use as substitutes for phenolics in various important 
applications [2, 31. 

*Corresponding author. 
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2 S. PATEL et al. 

Epoxy resins are no longer a novelty to the coating industries also. 
Coatings based on epoxy resins are generally characterized by their 
excellent adhesion and overall chemical resistancy. They also exhibit a 
high degree of resistance to impact, abrasion and other types of physical 
abuse. It is therefore not at all surprising that epoxies have found utility 
in the end use areas like plant maintenance; automotive primers; can 
and drum coatings; pipe coatings; appliance coatings; adhesives for 
home, industry, millitary and aerospace usage etc. [4]. 

The reaction of epoxy ring with amine and alcohol is well establi- 
shed [5 ]  and hence the reaction of epoxy resin with an organic 
compound having amino and ester group like 4-amino ethyl benzoate 
may yield bisester derivative, which may afford polyamide on further 
condensation with diamine. 

Hitherto, most of the commercial polyamides are prepared from 
dibasic acids and diamines. Polyamide formation through epoxy resin 
based bisester has not received attention inspite of well defined 
applications of both epoxy resin and polyamides. 

Polyamide resin adducts have recently appeared on the market. 
These curing agents provide epoxy coatings with improved gloss and 
flow, better water and chemical resistance, and oRer greater freedom 
from surface exudation problems if the coating is applied under 
adverse weather conditions [6]. 

It has been reported that the polyamide curing agent displaces the 
water from the surface of the wet substrate, allowing the coating to 
adhere and cure to a dense, impermeable barrier [4]. 

The great deal of work of epoxy resin based polyamide has been 
carried out in our laboratory [7]. The work was mainly based on 
curing study of epoxy resins using epoxy resin based polyamides as 
curing agent. The present communication is in connection with the 
polymerisation of difunctional and trifunctional epoxy resin (i.c9 
DCiEBA and TGPAP) on the mild steel panels and to carry out the 
comparative study of coating properties. 

EXPERIMENTAL 

Moterlale 

DGEBA was procured from Synpol Chemicals Ltd.; Ahmedabad, 
India having epoxy equivalent weight 190-210, viscosity 4-  10 poise 
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EPOXY-POLYAMIDE COATINGS 3 

and density 1.16- 1.17 gm/cm3 at 25°C. Triglycidyl p-amino phenol 
(TGPAP) synthesis in the laboratory. 4-amino ethyl benzoate was 
synthesized according to the method given in a literature (m.p. 88 to 
9OOC) [8]. The bisester derivative and three polyamides were prepared 
by the methods described in our earlier communication [7]. 

Coating on Mild Steel Panels 

Coating compositions were prepared by combination of epoxy resin 
(DGEBA and TGPAP) and three PAS in three different ratio viz., 
60:40, 70:30, and 80:20. The compositions were then thinned with 
methano1:methyl cellosolve mixture (1 :3) to the required viscosity for 
application and were made free from coarse skin by passing through 
150 pm sieve (IS: 460- 1960). All resin systems were then coated on the 
mild steel panel [confirming to deep drawing quality as per IS: 513 - 
1960; size 150x 1.25 mm) using flat brush confirming to IS: 384- 1964. 
The coated mild steel panels were placed in vertical position for drying 
immediately; then examined after specific time intervals for the take 
free test and cured thermally. 

Measurements 

The films were applied on mild steel panels (6”x4”) and mechanical 
properties were studied as per Indian standard specification [9]. The 
flexibility was measured using 1/4” and 1/8” conical mandrel. The 
scratch resistance and adhesion were determined as per IS methods [9]. 
Resistance towards water, acid, alkali and organic solvents were deter- 
mined as per standard method described in the literature [lo]. 

RESULTS AND DISCUSSION 

The polyamides (PAS) was prepared by the reaction of the bisester 
derivative (i.e., DGEBA-4-AEB) with various aliphatic diamines. All 
the polyamides were obtained with high yield. Bisester was synthesized 
by the reaction of epoxy resin (DGEBA) and 4-amino ethyl benzoate 
(4-AEB) using triethyl amine as a catalyst. 

The curing temperatures were decided from the evaluation of 
dynamic scans obtained from differential scanning calorimetry (DSC) 
[71. 
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4 S. PATEL K /  ul 

Data furnished in Table I are regarding the scratch hardness, impact 
strength and flexibility test of the coated panel using various system in 
different ratio has been prepared for the study. 

All samples passed flexibility test of 1/4” and 1/8” conical mandrel, 
which confirm the good flexibility of the coated film. All the panels 
passed stripping test for adhesion, which is expected of frec hydroxyl 
group present in the resin systcm which contributcd in the strong 
metallic bond lormation with the surface of the mild stccl panels. ’I’he 
good adhesion of the film may also be due to the possibility that 
polyamide characteristics of the curing agents displaces the water from 
the surface of the substract, allowing the film to adhere and cure to a 
dense impermeable barrier [4]. 

Data listed in Table I indicates that TGPAP resin systems show 
better coating properties than the system where DGEBA was used. 
This difference may be responsible for the higher functionality of the 
TGPAP resin. The higher functionality of this rcsin leads to higher 

TABLE I Flexibility, impart strength and scratch hardness of the coated panels 

Sys/cf?1 Ratio Fie ribili/y ltnpurr Scra!cli 
Resin:Curitig agent ( i n  wgf%) Srrcngrh hurdness (p) 

DGEBA . A 60:40 Pass 160 I200 
DGEBA . A 70.30 Pass I75 1250 
DGEBA ’ A ao:2o Pass I90 I325 
DGEBA : B 60:40 Pass I80 1275 
DGEBA ’ B 70130 PiM I90 1375 
DGEBA : B 80120 Pass 205 1425 
DGERA . C m 4 0  Pass 205 1340 
DGEBA : C 70130 Pass 215 I400 
DGEBA : C 8020 Pass 230 1450 
TGPAP : A m:40 Pass 210 1290 
TGPAP : A 70:30 Pass 225 1350 
TCiPhP 1 A x0:20 Pass 250 1425 
TGPAP : B W:40 Pass 230 I340 
TGPAP : 1 70:30 Pass 240 132.5 
TGPAP : B ~ 2 0  Pass 255 1400 
’IGPAP ’ C a : 4 0  Pass 2 5 5  IS85 
TGPAP : C 70:30 Pass 270 1425 
‘IXiPAP : C 80:20 Pass 2x5 I500 

DCiEBh , Diglycidyl rthci d hiaphcnol-A 
TGPAP . TriKlycidyl ether of para aminn phunol 

A DGEBA-4-AEB DETA Polynmidc. 
B D( iERA4AEB.  TETA Polyamide 
C , DGEBA-4-AEB. PFA Polyarnidc 
4 A F B  : Cainino elliyl benzoate. 
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EPOXY-POLYAMIDE COATINGS 5 

crosslinking in the cured material. It is also observed that both the 
strength increase with decrease in the proportion of curing agent. This 
may be ascribed to the increased proportion of epoxy content which is 
also responsible for the improvement in the flexibility of the coated 
film. Aliphatic amines have a long aliphatic chain which is responsible 
for the flexibility of the coated film. 

The coated films are tested for the water and solvent resistancy. In 
case of water resistancy, coating based on all the resin systems show no 
colour change or blistering. The coated panels were immersed for 48 
hours, in water and solvent but no cracking or loss in gloss were 
observed which indicates that all the system have excellent solvent and 
water resistancy. Two % alkali solution test for 48 hours shows that all 
the panels were remained unaffected. The observation reveal that on 
exposing the coated panels to Two% H2S04 for 48 hours no 
substantial loss in gloss or change in appearance were observed 
indicating excellent adhesion as well as good resistance to acid, alkali, 
water and organic solvents. 
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