
CHAPTER II

THEORY AND LITERATURE REVIEW

2.1 E p o x y  R es in

E poxy  res in  is the rm ose tting  p lastics con ta in in g  an epox ide  g roup . E p o x y  resin  

systems have been found  m any uses in  b u ild in g , in d u s tr ia l m a in tenance  pa in ts  and 

c iv i l eng ineering  app lica tions . E poxy  systems can be fo rm u la te d  to m e lt a lm os t any 

con tingency , w h ic h  is requ ired  when, fo r  exam ple , concre te  needs to be bonded, 

repaired, p ro tec ted , surfaced o r resurfaced and sealed o r decora ted. A l l  these epoxy  

systems can be app lied  on b u ild in g s  above o r b e low  g round , on road  and b ridge  

cons truc tion  and even underw ate r. The p r in c ip a l cha rac te ris tics  o f  e poxy  res in  systems 

p rov ide  an exce llen t com b ina tion  o f  p roperties  o f  h ig h  va lu e  in  the  cons tru c tio n  

indus try  and coa ting  fo rm u la tio n . These properties  in c lu de  [4 ]:

H ig h  strength adhesion to m ost b u ild in g  m a te ria ls  

E xce lle n t abras ion resistance  

V e ry  lo w  sh rinkage du rin g  and a fte r cu ring  

G ood chem ica l resistance  

E xce lle n t toughness, hardness and f le x ib i l i t y  

E po xy  res in  conta ins one o r m ore reactive  epoxy  groups. The bas ic  l iq u id  epoxy  

resin consis ts o f  b ispheno l A  (B P A ) epoxides made b y  rea c tin g  B P A  w ith  

ep ic h lo ro h yd r in  (E C H ). U nde r basic cond itio n s , the in i t ia l re a c tio n  is a fo rm a tio n  o f  

B P A  an ion  (B P A  ), w h ic h  attacks EC H  and resu lts in  the fo rm a tio n  o f  new  ox irane
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r in g  w ith  e lim in a tio n  o f  ch lo rid e  an ion  (C l ). The reac tion  o f  B P A  w ith  N aO H  and 

E C H  g ives the d ig ly c id y l ether o f  b ispheno l A  (D G E B A ) [5 , 6 ] (as shown in  F igu re

2.1).

(n+2 )

E p ic h lo ro h yd rin

+
CHj

(n+1 ) HO— — Ç— (^ ^ — OH

ch3

B ispheno l A

E poxy  Resin

F ig u re  2.1 S tandard b ispheno l A  -  based epoxy  res in

Side reac tion  (h yd ro ly s is  o f  e p ich lo ro h yd r in , reac tion  o f  e p ic h lo ro h yd r in  w ith  

h y d ro x y l g roups o f  po lym e r) as w e ll as the s to ich iom e tric  ra tio  need to be co n tro lle d  to  

produce a p repo lym e r w ith  tw o  epoxide end groups. The  p o lym e r m ay be represented  

by the fo llo w in g  general fo rm u la , where the m o la r ra tio  o f  E C H /B P O  dete rm ines the  

average ท va lue ; EC H /B PO  =  ( n + 2 ) /(n + l) .  The m o le cu la r w e ig h t o f  the p o lym e r is 

con tro lle d  b y  the ra tio  o f  E C H /B P O  [7 ]. E p o x y  res ins are characte rised b y  th e ir  

Epox ide  E qu iva len t W e ig h t (E .E .W .), w h ic h  is de fin ed  as, the w e ig h t o f  resin  

con ta in in g  one gram  equ iva len t o f  epoxide. The E .E .W . is also re fe rred  to  as, W e ig h t  

Per E pox ide  (W .P .E .) o r E po xy  M o la r  Mass (E .M .M .) . A l l  th ree term s are 

in terchangeable. M os t epoxy resins used in  surface coa tin g  systems have equ iva len t  

w e igh ts  ( E .w .w . )  between 180 and 3 ,200, w h ic h  are m a in ly  in  “ tw o -package ”  lo w

tem pera tu re  cure systems.
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T a b le  2.1 C haracte riza tion  o f  com m e rc ia l epoxy  res in

ท va lue M o le cu la r W e ig h t E .E .W . M e lt in g  P o in t (°C )

0 -  1 350-600 170-310 < 4 0  ° c

1 - 2 600-900 310-475 40 -70  ° c

2 - 4 900-1 ,400 475 -900 70-100  ° c

4 - 9 1,400-2,900 900-1 ,750 100-130 ° c

9 - 1 2 2 ,900-3 ,750 1750-3 ,200 130-150 ° c

E poxy  res in  coa ting  obtains th e ir exce llen t p rope rtie s  th rough  reac tion  w ith  

cu ring  agents. The cu rin g  agent reacts w ith  the epoxide groups and /o r h y d ro x y l groups  

o f  the epoxy resin . The cu rin g  agent is e ithe r an am ine o r an am ide. A l l  are capable o f  

unde rgo ing  c ro ss lin k in g  reaction w ith  the epoxy  res in  to  fo rm  tough  res is tan t cross 

lin ke d  fdm s , w h ic h  g ive  ou ts tand ing  p ro te c tio n  and adhesion. These are n o rm a lly  tw o -  

pack systems and the am ine is kep t apart fro m  the epoxy  res in  u n t i l ju s t  be fo re  use.

C u rin g  reac tions o f  epoxy resins (D G E B A ) w ith  am ine  fo rm  cured epoxy. 

P rim a ry  a lip h a tic  am ine reacts at room  tem perature w ith  the epox ide  g roup , fo rm in g  

secondary am ines, w h ic h  are capable o f  fu r th e r reac tion  w ith  ano the r epoxy  g roup to  

fo rm  a te rtia ry  am ine l in k  between tw o  epoxy res in  m o lecu les  (as show n in  F igu re

2.2).
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H2C-----CH - X /  HC-----CH2 +\ / \ /0 0

E poxy resin

R
V

H2c ------ C! I HC— CH2— N— H +
V OH

Secondary am ine

R
I

H — N — 11 

P rim a ry  am ine

H ,Q ------ C H .
\ 0/

H Q ------ C H ,
Vo

R

H C -C H o — N - C H , —  H e :
X  I

H O  H O
T e rt ia ry  am ine

F ig u re  2.2 Reaction o f  an epoxy res in  and am ine

Thus a com p lex , h ig h  m o le cu la r w e ig h t s truc tu re  is ach ieved w hen both  

reac tions occu r d u rin g  epoxy res in  is cured. In  p rac tice , p r im a ry  a lip h a tic  d iam ine  are 

too  v o la t ile  to be sa tis fa c to rily  used as a cu rin g  agent, h ow eve r; i t  w i l l  be a h igh  

m o le cu la r w e ig h t structure i f  i t  is reacted b y  p o lyam in e  such as d ie th y le ne tr iam ine  

(D T A )  [4 ] (as shown in  F igu re  2.3).

F ig u re  2.3 E po xy  p o ly am in e  reac tion
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E po xy  resins used in  coa ting  fo rm u la tio n s  have p rope rtie s  in c lu de  good  

chem ica l resistance, ou ts tand ing  adhesion to a v a r ie ty  o f  substrates, exce llen t 

toughness, hardness and f le x ib i l i ty .  H ow eve r epoxy  based coa tin g  and f lo o r in g  do not 

have good  resistance to w ea the ring  in  s u n lig h t re su lt in g  in  a surface degrada tion  

phenom enon know n  as cha lk ing , w h ic h  changes b o th  g loss and co lo r. The ways to  

im p ro ve  properties  o f  resin b y  p ro te c tive  coa ting  are ty p ic a l ly  top -coa ted  w ith  a more  

weatherab le  coa ting , i.e. v in y l o r a lip ha tic  po lyu re thane  coa ting . The  end re su lt is a 

tw o  o r sometimes three coat system , b u t i t  is a lso la b o r in te n s ive  and expensive to  

app ly .

2.2 S ila n e  C o u p lin g  A g e n t

O rg a no fu n c tio n a l silanes m ay be used as adhesion p rom o te rs  be tw een o rgan ic  

po lym e rs  and m in e ra l substrates. The silanes adhesion p rom o te r, o r  “ c o u p lin g  agent”  

m ay fu n c tio n  as [8 ];

(1 ) A  f in is h  o r surface m o d if ie r m ay th e o re tic a lly  be o n ly  a m onom o le cu la r  

laye r, b u t in  p ra c tice  i t  m ay be several m ono laye rs th ic k .

(2 ) A  p r im e r o f  size is gene ra lly  0.1 to 10 p m  th ic k , and m us t have adequate  

m echan ica l f i lm  properties, such as r ig id ity ,  tens ile  s treng th , and toughness to  ca rry  the 

m echan ica l load  w hen  the com posite  is stressed.

(3 ) A n  adhesive depends on the th ickness o f  the b o n d in g  m a te r ia l at the in terface.

S ilane coup lin g  agents are used to im p ro ve  the b o n d in g  be tw een  the re in fo rc in g

phase and the po lym e r. The a b il ity  o f  s ilane added to  a coa tin g  fo rm u la t io n  to  m ig ra te  

to  the substra te in te rfa ce  and im p ro ve  bond ing , s ilanes have been added to  la tices and 

h yd ro ly ze d  to  fo rm  an in te rpene tra ting  p o lym e r n e tw o rk  ( IP N ). A  silane con ta in in g  at 

least one c a rb o n -s ilic o n  bond is k n ow n  as an o rganos ilane . The o rgan ic  groups  

attached to  the s ilic o n  atom can be e ithe r reac tive  o r non -rea c tive . T hey  have the
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general s truc tu re  o f  R nS iX (4.11), w hen  R  is a nonhyd ro lyzab le  o rgan ic  m o ie ty  tha t can 

be e ithe r an a lk y l, a rom atic , o rgano fun c tiona l o r a com b ina tion  o f  any o f  these groups. 

These groups p ro v id e  the o rgan ic  c o m p a tib il ity , w h ich  a llow s  the silane to fo rm  IPNs, 

o r in  the case o f  a reac tion  o f  o rgano fun c tiona l s ilane to co-react w ith  the coa ting  

po lym e r. A lk y l  and a ry l silanes are u t il iz e d  to im p ro ve  g loss, h id in g  pow er, m ix in g  

tim e and o the r p roperties . The X  represents a lko xy  m o ie tie s , m ost ty p ic a lly  m e thoxy  

o r e thoxy, w h ic h  reacts w ith  va rious fo rm s  o f  h y d ro x y l g roups and libe ra tes m ethano l 

o r ethanol. These groups can p ro v id e  the lin kage  w ith  in o rg an ic  substrate [8 -1 0 ] ,

The reac tion  o f  silane can be described b y  F igu re  2.4. F irs t, the a lko xy  g roup  

o f  s ilane w i l l  be h yd ro ly zed  b y  w a te r fro m  an exte rna l source o r m ay come fro m  the 

wa te r at the substrate to s ilano ls , w h ich  spon taneous ly  condense to  y ie ld  s ilano l 

o ligom e rs . A f te r  tha t, the silane w i l l  be coup led  on to  a substrate surface w ith  a loss o f  

water. C ondensa tion p o lym e r iz a tio n  o f  s ila no l m o lecu les m ay be m ore  rap id  when  

these m o lecu les are adsorbed on an ox id e  surface than w hen  they  are in  s o lu tio n  o r in  a 

p rec ip ita ted  fo rm . S iloxane n e tw o rk  and surface s iloxane bond fo rm a tio n  are 

accelerated b y  heat and dehyd ra tion  o f  the hyd rogen  bonded adso rp tion  com p lex  

[11,12].
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H yd ro ly s is

C ondensa tion

3H 20

R S i(O C H 3)3

“ ►  3C TLO H  (M e th a no l)\
R S i(O H )3

2R S i(O H ) \ 2 H 20

H O - S i - O - S i - O - S i — O H  

O H  O H  O H

O H  O H  O H

Substrate

H yd rogen  B ond ing

R R R 
H O - S i - O - S i - O - S i— O H

พ 1พ  \  พ 1พ Substrate

H 20

B ond  F o rm a tion
R R R

H O - S i - O - S i - O - S i— O H

? ? ?โ V C Y Substrate

F ig u re  2.4 Reaction o f  the silane cou p lin g  agent [1 2 ]
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T a b le  2.2 R e p re s e n ta t iv e  c o m m e r c ia l  s i la n e s

O rgano func tiona l

G roup

C hem ica l s truc tu re A bb re v ia tio n s

V in y l C H 2= C H S i(O C H 3)3 VS

C h lo ro p ro p y l C1CH2C H  2 C H  2 S i(O C H 3)3 CPS

E p o x y 0/  \
C H — C H C H 2O C H 2C H 2C H 2S i(O C H 3)3

GPS

M e th a c ry la te c h 3

C H 2= C -C O O C H 2C H 2C H 2S i(O C H 3)3

M PS

P rim a ry  am ine H 2N C H 2C H 2C H 2S i(O C 2H 5)3 APS

D ia m in e H 2N C H 2C H 2N H C H 2C H 2C H 2S i(O C H 3)3 A E A P S

M e rcap to H S C H 2C H 2C H 2S i(O C H 3)3 M G P S

C a tio n ic  s ty ry l C H 2=C H C 6H 4C H 2N H C H 2C H 2N H (C H 2)3S i(O C H 3)3 HC1 CSS

2.3 C o lo r  D if fe re n c e  o f  F i lm  u s in g  a C o lo r im e te r

Methods o f measuring color by using a colorimeter gives three numbers, which
represent hue, intensity and value. The hue is the basic color (e.g., orange, green or
blue). The intensity, also called chroma, saturation or color strength, refers to the
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concentration or dilution of the color. Value is the lightness or darkness of the color. 
The L* a* b* color space is presently one of the most popular color spaces for 
measurements of object color by Hunter Associates Laboratory in 1947. In this color 
space, L* indicates lightness and a* and b* are the chromaticity coordinates. The a* 
and b* indicate color directions ะ +a* is the red direction, -a* is the green direction, 
+b* is the yellow direction, and -b* is the blue direction. The center is achromatic as 
the a* and b* values increase and the point moves out of the center, the saturation of 
color increases [13] (as shown Figure 2.5).

Color difference AE* in the Hunter Lab color space, which indicates the 
degree of color difference is defined by the following equation;

W h i t e

A : T a rg e t  c o lo r
ย : S p e c im e n  c o lo r  B la c k
A ': T a g e t c o lo r  a t th e  s a m e  l ig h tn e s s  a s  s p e c im e n  c o io r

Figure 2.5 Color difference in the L* a* b* color space

( 2 . 1 )

w h e r e  A L * ,  A a * ,  A b *  ; D i f f e r e n c e  i n  L * ,  a *  a n d  b *  v a l u e s  b e t w e e n  t h e  s p e c i m e n

c o l o r  a n d  t h e  t a r g e t  c o lo r .
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2.4 Film Resistance to Salt Spray

This method is used for testing dry films, the test is also applicable to corrosion 
resistance. It is well established that salts such as sodium chloride can cause rapid 
corrosion of ferrous substrate, and it is useful to have information of behaviour of a 
particular system in protecting such a substrate from corrosion both with intact and 
damaged paint films.

The corrosion tester typically operates as a conventional salt spray.
Corrosion solution from the internal reservoir is pumped to the nozzle where 
it mixes with compressed air.
Nozzle atomizes solution and air into corrosion fog.
Chamber heater maintains the programmed chamber temperature.

Two tests are in common use: the continuous and the intermittent salt spray tests.
The continuous test: a continuous fog of salt solution is wafted from a nozzle in a 

special corrosion-resistant chamber to test the ability of coating to balk corrosion of 
metal. The test is of the ‘pass’ or ‘fair type, whereby the coating is subjected to 
treatment for a specified time and then examined for failure. Care must be exercised in 
interpreting the results of the test; it is not intended to be used as an accelerated test for 
normal weathering. The panels are prepared by the method described in ASTM D 609. 
The back and the edges of the panel are coated with a good protective air-drying 
material, tape or wax.The panel is aged for 24 hours before starting the test. A salt mist 
is produced by spraying a synthetic sea-water solution through an atomizer. The 
solution, which drains from the test panels is not recirculated. Panels are examined, 
rinsed in running water and dried with absorbent paper and examined immediately for 
blistering, adhesion, and corrosion from the cut. The use of standardized evaluation 
techniques, giving numerical ratings to test specimens is a common practice in paint
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testing. Rating systems for the evaluation of corrosion and blistering on coated metal 
panels have been standardized as follow [2, 14, 15]:

(1) ASTM D 610: Evaluating Degree of Rusting on Painted Steel Surfaces.
(2) ASTM D 714: Evaluating Degree of Blistering of Paints.
(3) ASTM D 1654: Evaluation of Painted or Coated Specimens Subjected to 

Corrosive Environments.
The intermittent salt spray test is similar to the continuous test except the mist 

is produced each day for 8 periods of 10 minutes at intervals of 50 minutes. It is 
carried for 5 consecutive days and then ‘rested’ for 2 days. It is normally confined to 
government contract specifications and is clearly not as severe as the continuous salt 
spray method.

Figure 2.6 Salt spray
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2.5 Mechanical Properties of Flooring Paints

The testing for mechanical properties is to effectively evaluate their function of 
substrate protection and/or improved appearance. Mechanical tests are usually carried 
out with the coating intact on the substrate. The testing of mechanical properties in 
many cases related to the end use of the paint, has resulted in the establishment of 
standard tests.

2.5.1 Adhesion Test
The most common test of adhesion is the crosscut adhesion test. A series of 

parallel cuts made into a coated surface in a systematic measure are used to rate 
adhesion of the material to its substrate [1], In version A, an X cut is made in the film 
to the substrate. In version B, a lattice pattern with either six or 11 cuts, one or two 
millimeters apart, in each direction is made in the film to the substrate, pressure 
sensitive adhesive tape is firmly pressed over the grid and pulled quickly to increase 
the severity of the test [3,16]. The number of squares that have coating remaining is 
evaluated by comparison with description and illustration in Appendix A (ASTM D 
3359 Tape test).

2.5.2 Hardness Test
Hardness is a quality measurement for solidity and firmness. Durometers, the 

measuring instrument, come in various types; therefore, the selection of durometers 
depends on the material to be measured. The type A durometer is used for soft rubber 
and non-rigid plastics, while the type D is used for harder rubber and plastics (ASTM 
D 2240). All durometers differ primarily in the sharpness of the point of the conical 
steel indenter and the magnitude of the load applied to the indenter by a calibrated 
spring, the type D having the sharpest and most heavily loaded indenter [1, 17], The
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durometer measures hardness based on the depth of indentation; the hardness varies 
from 100 at zero indentation to 0 at an indentation of 0.100 in (2.54 mm) and is 
automatically indicated on a scale. The load acting on the indenter usually varies 
inversely with the depth of penetration, being a maximum at zero penetration and 
reducing to practically zero load at maximum penetration, although some durometers 
use a weight to apply a constant load. Results obtained with one type of durometer 
cannot be correlated with those obtained with another type.

2.5.3 Compressive Strength
Compressive properties describe the behavior of a material when it is subjected 

to a compressive load. Loading is at a relatively low and uniform rate. Compressive 
strength and modulus are the two most common values produced. The specimen is 
placed between compressive plates paralled to the surface. The specimen is then 
compressed at a uniform rate. The maximum load is recorded along with stress-strain 
data. An extensometer attached to the front of the fixture is used to determine modulus. 
The specimen size is prepared by the method described in ASTM c 579.

Compressive strength and modulus are the two useful properties obtained.

maximum compressive load (2.2)Compressive strength = ----------------------------—
minimum cross-sectional area

2.6 Literature Review

For many years now, epoxy coating and flooring have been used in a wide 
range of protective coating for steel, aluminum and concrete in maintenance, marine, 
construction and finishing product. However, epoxy based coating and flooring 
generally do not have good resistance to weathering in sunlight, while such coating
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maintains their chemical and corrosion resistance upon exposure to ultraviolet light. 
This objective is to provide epoxy resin with improved physical or mechanical 
properties by silane coupling agent. In view of the commercial interest shown by the 
reinforced plastics and adhesion industry, silane coupling agents are in use. 
Plueddeman et al. [18] reported on the use of mixed silane coupling agents in primers 
and coupling agents for composites. The benefit is to derive this coating by using 
mixed silanes rather than single silane coupling agents. In this work, free-radical 
curing matrix polymers benefit least from mixed silanes on the reinforcement. Single 
reactive silanes with methacrylate or styrene functionality react completely in a free- 
radical initiated polymerization. Dilution with an amino-functional silane may be 
beneficial in condensing the siloxane with an inorganic substrate. High temperature 
composites benefit the most if stable aromatic silanes are mixed with organofunctional 
silane in the coupling agent. Foscante et al. [19] reported on the epoxy-based coating 
material with improved solvent, acid and base resistance by forming an 
interpenetrating polymer network (IPN) of polymerized epoxy resin network 
interwined with a polysiloxane network formed by the hydrolytic polycondensation of 
silane groups. A preferred method for preparing the IPN is to react the epoxy resin 
with aminosilane and silicone intermediate resin capable of both hydrolytic 
polycondensation of the silane moiety and amine addition of the oxirane rings of the 
epoxy resin. The selection of solvents affects the relative rates of reaction. 
Hydrocarbon solvents, which have no affinity for water, have little effect beyond 
increasing monomer mobility and reducing the monomer concentration. Alcohol 
solvents best catalyze the epoxy-amine reaction, but also absorb water from the 
atmosphere to facilitate the distribution and avalibility of water for condensation of 
silane groups. A more complex situation arises when ketone solvents are used. 
Ketones react reversible with primary amines to form ketimines and water, also the 
hydrolysis of silane by the water from ketimine formation accelerates the formation of
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the polysiloxane portion of the IPN. Thus, the interpenetrating polymeric matrices are 
comprised of intertwined epoxy-polyamine and polysiloxane network, which resulting 
structure has physical and chemical properties much improved over those of either 
polymeric component alone. Witucki et al. [12] studied on the application of alkoxy 
silanes for use as adhesion promoters, crosslinkers and hydrophobes. The basic 
methods of utilizing silanes in a coating application are (1) Surface treatment, which 
treatment is formulated into primers by applying silane from aqueous alcohol solution. 
The solution can be wiped, dipped or sprayed onto the surface. (2) Additives into 
paints, inks and adhesives; the silane becomes a component of the coating from which 
if diffused or migrated to the inorganic substrate and reacts. (3) Reactive intermediate 
for silicone resin synthesis and organic resin modification, such as alkoxy silanes, 
when cold blended with acrylic emulsion. These silicon acrylic emulsions have shown 
to have improved weathering characteristics. By utilizing a unique blend of methoxy 
silanes, a silicone modified latex improved the gloss retention and color retention. 
Each of these methods requires special consideration. Kim et al. [20] studied various 
silane-modified poly(vinyl imidazole)s synthesized, and the corrosion protection for 
copper at elevated temperature and in humid condition. Vinyl imidazole (VI) was 
copolymerized with four silane coupling agents, namely: allyltrimethoxysilane (ATS), 
y-methacryloxypropyltnmethoxysilane(MPS), 3(A-styrylmethoxyl-2aminoethylamino) 
propytrimethoxysilane hydrochloride (STS), and vinyltrimethoxysilane (VTS), by 
free-radical copolymerization. All copolymers show good corrosion protection 
capability, the thermal stability of copolymers depends on the length of the side chain 
in silane coupling agents. The copolymer with the long side chain Poly(STS-co-VI) 
has hardly formed the siloxane network structure. Hull et al. [21] developed epoxy 
coating by synthesis of epoxy-siloxane hybrid polymer, upon exterior exposure, an 
epoxy coating becomes chalk and lose all of its gloss quickly. Therefore, gloss 
retention is required, 50 um of an aliphatic polyurethane top coat must be used. The
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free isocyanate groups in urethanes lead to toxicity concerns. Epoxy-siloxane hybrid 
polymers have weathering and physical properties greatly exceeding those of both a 
typical epoxy and an aliphatic polyurethane. Turner et al. [22] studied the work dealing 
with characterization of 3-(trimethoxysilyl)propylmethacrylate (y-MPS) grafted onto 
Zr02powder surface. The modified Zr02 powder was studied using x-ray photoelectron 
spectroscopy (XPS), FTIR and NMR. The proposed model suggests bonding of the y- 
MPS molecules to the Zr02 powder surface through Zr-OSi bonding, accompanied by 
interlinkage between individual y-MPS molecules via Si-O-Si bonding. The described 
bonding configuration may also be applicable to other ceramic oxide-organic silane 
molecule-modified systems, particularly for the case of Ti02. Quinton et al. [23] 
investigated of organosilane adsorption mechanisms through the use of a model 
adsorbate and substrate system. Propyltrimethoxy silane (PTMS) is suited to the study 
of the silane surface bonding mechanism. The ability of metal oxide surface to form an 
interfacial bond with silane coupling agent is related to the electrokinetric character of 
the surface. The greatest silane adsorption is expected to occur on surface with the 
lowest values of the isoelectric point (IEP). Quinton et al. [24] investigated the 
structure of y-aminopropyltriethoxysilane (y-APS) on mechanically polished iron oxide 
surface. The situation for hydrolyzed y-APS, which molecule possesses two moieties 
on aminopropyl group and silanol species, that interact with an oxide surface. The y- 
APS molecule is capable of bonding to the oxide surface via both the silanol and 
amine groups. The preferred bonding group, and hence the orientation of the 
molecules, depend upon the isoelectric point at surface and the solution onto iron 
substrates at pH 10.4. The deposited films possessed a significant fraction of molecules 
bonded to the surface through protonated amine groups. A model of the possible 
adsorption conformations is displayed, three possibilities for molecule orientation on 
the surface. The conformation of type (a) molecule is adsorbed via a protonated amine 
group and an amine group at the surface/film interface. Type (b) corresponds to the
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possibility where each end of the molecules may be bonded to the surface, and type (c) 
the molecule is bonded through silanol adsorption and condensation to from Si-O-F 
metallosiloxane bonds. It is conceivable that all three conformations exist on the 
surface. The relative concentrations of protonated amine-surface bonding varies with 
time. Jang et al. [25] studied and analyzed the epoxy/silane coating steel system at 
elevated temperature and in humid conditions. They also investigated types of silane 
coupling agents to epoxy for steel corrosion protection. Silane coupling agents of N - j3  

-aminoethyl aminopropyltrimethoxysilane (AAPS), y-glycidoxypropyltrimethoxysilane 
(GPS) and bis[3-(trimethoxysilyl)-l-phenylpropyl]tetrasulfide (RC-2) were introduced 
as primers into an epoxy/steel system. Aminoalkyl-functional silane (AAPS) inhérents 
higher corrosion protection capability than glycidoxy (epoxy) functional methoxy 
silane (GPS) and trimethoxysilyl (sulfide) functional silane (RC-2), because amino 
alkyl-functional silane (AAPS) has an amine functional group that can act as a catalyst 
for hydrolysis and condensation to form siloxane network, which is thermally stable at 
elevated temperatures and resistant to water diffusion into the interface between the 
coating material and steel.
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