CHAPTER IV

RESULTS AND DISCUSSION

4.1 EffectofSilane content on the Heat Resistance of the Epoxy-based Coating

The effect of silane content on the heat resistance and anticorrosion of epoxy

resin-based coating was investigated in Section 3.4.1.1.

4.1.1 FTIR Analysis

The FTIR was used to investigate the siloxane crosslinking reaction. Figure 4.1
shows the FTIR spectra of epoxy resin coating, uncured silane (AEAPS as a control)
that has a film thickness of 100 pm, before and after being heated at 200, 250 and
300°c for 20 minutes. The characteristic peaks at 3460 c¢cm 1(broad) indicated the OH
stretching. The strong and sharp band at 1510 cm Lis assigned for the (=c stretching
motion) of benzene nucleus. The band at 1035 cm 1 indicates the aliphatic C-0
stretching. The band at 828 cm Lcorresponds to the vibration of adjacent hydrogens of
benzene nucleus. At 300°c (Figure 4.1d) the broad band at around 1720 cm' is
associated with carbonyl group (c=0). Figures 4.2, 4.3 and 4.4 show typical FTIR
spectra of epoxy/silane coating (AEAPS) (samples 1, 2, 3 and 4) compared to the
epoxy coating (a control) with afilm thickness of 100 pm and heated at 200, 250 and
300°c for 20 minutes. Characteristic bands of the -OH stretching at 3460 ¢m 1 and
the bands at 1035 and 828 cm 1 were originated from the epoxy resin. In each
FTIR spectrum, there were an absorption peak, which corresponds to the broad band

ofthe ¢=0 stretching (carbonyl group) at around 1720 cm \ Moreover, the effect of
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elevated temperature on the cured epoxy resin was also observed. We found that there
was formations of the carbonyl group generated through an oxidation in the epoxy
resin. The rate of oxidation could be determined by the increase of absorbance of the
carbonyl group at 1720 cm . In sample 4, the epoxy resin cured with the silane
(AEAPS) has an stoichiometric amount of 7 phr (in a basic). In addition, the highly
crosslinked siloxane network evidenced by the broad IR band at around 1103 cm 1lis
associated with the Si-O-Si band. The methoxy group was hydrolyzed and water is in
situ released during the heat treatment by a condensation reaction to form a siloxane
network structure, which is still observed at high temperature and high concentrate
of silane as shown in Figure 4.5. Effect of film thickness on IR transmittance is
shown in Figure 4.6. The results of sample 4 (AEAPS curing agent) having two film
thickness of 50 and 100 pm indicated that increasing film thickness for the curing
reaction does not affect the curing effeciency, because the IR absorption bands are
almost identical. It was also observed that both film thickness in sample 4 still showing
the broad band at around 1103 cm * which is associated with the Si-OSi band ( the

siloxane network).
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Figure 4.1 FTIR spectraofepoxy coating, uncured silane (AEAPS) at heated
temperatures of (a) room temperature, (b) 200°c, (c) 250°c and

(d) 300°c.
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Figure 4.2 FTIR spectra of epoxy/silane coating heated at the temperature of

200 ¢, (a) control, (b) sample 1, (c) sample 2, (d) sample 3 and

(e) sample 4
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Figure 4.3 FTIR spectra of epoxy/silane coating heated at the temperature of

250 °c, (a) control, (b) sample 1, (c) sample 2, (d) sample 3 and

(e) sample 4
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Figure 4.4 FTIR spectra of epoxy/silane coating heated at the temperature of
300°c, (a) control, (b) sample 1, (c) sample 2, (d) sample 3

and (e) sample 4
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Figure 4.5 FTIR spectra of epoxy/silane coating (silane as a curing agent) heated

at temperature of (a) room temperature, (b) 200°C, (c) 250°C and
(d) 300°c.
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Figure 46 FTIR spectra of sample 4 with a film thickness of 50 and 100 pm
heated at 300 °C, (a) 50 pm, (b) 100 pm



4.1.2

The siloxane network formed on the steel surface can protect the film from

Evaluation of coating film by colorimetry

4

deterioration of heat. The results of color difference (AE*) of epoxy coating at

difterent silane concentrations, film thickness and temperatures were presented in

Tahle 4.1

Table 4.1 Color difference (AE*) ofthe color changes caused by heat exposure at

various film thickness

Temperature

(°C)

200

250

300

Dry film
thickness
(D.F.T.) (pm)
25
50
75
100
25
50
5
100
25
50
75
100

Control

12.5
12.2
12.0
10.1
40.4
41.3
40.3
40.9
43.1
42.5
421
42.1

(AE*) of sample

1

12.3
12.1
12.6
10.0
39.7
411
40.1
39.9
42.8
42.7
41.6
41.6

2

12.4
12.9
12.5
10.5
39.9
40.8
40.1
40.3
42.6
42.4
41.7
41.7

12.3
13.6
12.5
10.5
40.0
40.6
39.9
40.1
42.1
42.4
41.2
40.9

131
13.2
12.7
10.2
31.9
38.4
31.7
31.7
40.7
40.5
39.1
38.7
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Color difference (AHY) slightly decreased with increasing film thickness, Ah
films became yellowish, which wes attributed to the type of cunng agent (amine).
When amine cunng agent wes heated, the effectiveness of the color of reaction is
shown in the yellowing of the coated film. At alow heating temperature, yellowing of
the coated films wes observed in temns of AE*. At the higher temperatre, the epoxy
coating Wwes somewnat decomposed to give Yellowing & well. For saple 4, it
contains inorganic slane that is thermally stale. This contributed to the increased heat
resistance, especially when inorganic slane content and its film thickness were
Increased. Figure 4.7 shows the color changes of enoxy/silane coating a various slane
concentrations heated atsoo-c forzo minutes.

Control Sample 1 Sample 2 Sample 3 Sample 4 |

Figure 4.7 Color change of epoxy/silane coating & various Slane concentrations
heated at 300°C for 20 minutes, at D.F.T. 100pm

It wes observed that the color shack of the low content sllane is darker than that
of high content sllane, which is described in color difference (AE*). Color difference
(AE*) decreased with increasing film thickness and concentration of slane (AEAPS).
Sanple 4 that had the lowest AE* values gave the good hedt resstance.
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413 Themmogravimetric Analysis (TGA)
TGA cetawere analyzed to evaluate themal stability of the coating films.

The coeted films were heated from 100°c 0 600-c. The thermogravimetric curves are
shoan in Figure 48
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Figure 4.8 Thermogravimetric curves of epoxy/silane coating (a) control
(b) saple 1, (c) sanple 2, (d) sanple 3and (€) sample 4

The resutt in Figure 48 shows the dlecomposttion of the coating In tes of
Weight loss. This oxidizing thermal decomposition hes two consequences: The weight
loss observed & the temperatures ranging from sso-c 10550+ Wes atfributed to the
decomposition of organic network (epoxy). After being heated, the change in weight
loss wes observed, the resicles of thermally stale ash were 10,54, 125% 17.4%
19:M% and 25.7% for the controlled slane, sanples 1, 2, 3 and 4 respectively. In the
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presence of inorganic siloxane the resiclue from the thermal degracition increased with
Increase in the concentration of sliane (AEAPS), especially In sample 4 that had the
higher thermal stability than the: epoxy coating. This sloxane network wes thermally
stable p to 600 °c . Thermel stability of the polymer is refated to the siicon
backbone. The slicone-hased polymers containing the S-O-Si linkagee have: Superior
heat and ultraviolet resistance (oesed on bond energy and oxidation resstance)
compared to polymers besad on only G-C  linkages. The S-O-SI linkages are similar
to the silicon atoms of sand and rocks, which are very clrable inorganic meterials. The
epoxy/siiane coatings are effective becauise they possess the strong bonding and higher
enexqy required to cleave the sioxane bongs. The SHO-SI bonds are  superior in
strength to the G-C bond. The SHO-Si bond provides an energy of about 106
kealimole, while a C-C hond hes only 8283 kcalimale [26, 27], The higher the
contert of slicone in aformulation, the stronger the bond energy in a.coating, and the
oreater the heat resistance. The organic groups, methyl and phenyl are most commonly
used in high temperature coating. To increase the arganic coating in' Superior heat
properties, slane should e incluioed in the formulation.

4.2 Effect of Slane content on the Adhesion of the Epoxy Coating

The achesive tape test is usad as a qualitative achesion test method. The siane
concentrations, thickness and cure time were studied. The resut in Table 4.2 shows
that the achesion wes assessadl qualitatively onthe Oto 5 scale (ASTM D 3359).



Table 42 Adhesive tape test on epoxy/siane coated film

DFT.
(pm)

25
Y%area
removed
50
Y%area
removed
75
Y%area
removed
100
Y%area

removed

Control

cure time

Sample 1

Cure time

Sample 2

cure time

Sample 3

cure time

Sample 4

Cure time

24 hrs, 20mins 24 hrs. 20 mins 24 hrs. 20 mins 24 hrs 20 mins 24 hrs 20 mins

Room 105°c Room 105°c Room 105‘ Room 105‘ Room 105 °c

temp.
3B
12

2B
20

2B
24

1B
40

5B
0

5B
0

5B
0

5B
0

temp.
5B
0

5B
0

5B
0

5B
0

5B
0

5B
0

5B
0

5B
0

temp.
5B
4

5B
0

5B
0

5B
0

5B
0

5B
0

5B
0

58
0

temp.
4B
4

4B
4

2B
20

2B
28

5B
0

5B
0

5B
0

5B
0

temp.

48
4

3B
12

2B
20

2B
20

5B
0

5B
0

58
0

5B
0
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For the 5B rating, the eddes of the cuts are completely smooth. In ne 4B
rating, the areas were defected less than S In the 3B rating, percent area removal
wes 5-15%. In the 2B rating, the percent areawes removed 15-35% In the B rating,
the coating became fiaked along the edes of cut and the percent area removed: es
35-65% of the lattice. In the (B rating, the defected area wes greater than 65% of the

lattice.

In Table 42, the resuits show that the achesion of control (no silane) is lower
than those of epoxy/silane coating (samples 1, 2, 3 and4) cured for 24 hours. The deta
in Table 4.2 indicate that slane is markegly effective in improving achesion after 24
hours cure. The mechanism for such aresut is rather complex. However, organosilane
IS Used & aprimer or an integral biend to promote achesion of the resin to the metal
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Substrate. Slane coupling agent procuces the highly reactive silanols, these silanols
begin to condense, and form oligomeric structures, and also to form weak hydrogen
bonds to the surface of inorganic materials. After drying, the inorganic material leads
to further condensation andl cehycration between the coupling agert and the surface.
This process Yields multiple strong, stable ether linkages, covalent bonds to the surface
13, 28], Figure 49 llustrates this type of chemical bonding,

Reactive coating
IR s S e SO
s

Reactive substrate Reactive substrate

Figure 49 Idealized structure of aslane reaction with areactive suostrate (3]

Sanple 4 used slane (AEAPS) & the curing agent for sulbstiuted poly(amide
amine), sothe achesion of coating film decreased with increaseing film thickness. The
trialkoxy silyl group is attached to a shart hycrocarbon chain, the other end of which
hes the amine functional group. Epoxy-silane (AEAPS) cre is accomplished through
silyl methoxy groups. It can react with water to produce silanol groups that can, in
tum, react with remaining silyl methoxy groups to generate polysiioxane & the surface.
The terminal amne groups can, of course, react with epoxy groups in the resin,
Becase the achesion is decreased, the Selection of salvents affects the relative rates of
reaction. In this work ketone wes used s solvert, which can react with primary amines
to give ketimines andwater (es shown in the reaction 4.1).
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ketone amne ketimine

The ketimine formed in the reaction will not readily react with epoxy group
and will remain in the ketimine form until adcitional water is introduced to reverse the
reaction. In the presence of hydrolyzable slanes; the water so formed irreversioly
reacts to hydrolytically condense the slane groups [7,19]. However, if these reactions
can increase film thickness to give multiple interfacial bonds, then a least some of the
bonds are expected to remain on the intact coating. Furthermore, hydrolysis s
reversiole, so that the hydrolyzed bongs can reform. In epoxy coating (control), the
adhesion cecreased with increase in film thickness, The use of ketone: solvent must be
carefully considered that it may react with primary amnes (as shown in reaction 4.1).
However, ketimines are hydrolyzed by water to release the free amine and the ketore,
which is the reverse reaction of kefimine formation and waeter. This Situation takes
place, when thick film wes difficultly cried out all components in a coating. The
improved achesion is accomplished when all formulations were cured a 105° for 20
minutes. Achesion of all formulations were very good (as shown in Table 4.2). For
every resin/silicone combination, there is an optimal usage level of the slicone. The
overdosage of silicon molecules, which mey remain in the interfacial layer could ke
undersirable sicee effects such s loss of achesion. The slicone additive will relatively
quickly migrate into the liouidigaseous interface ce to their interfacial activity. It is
stil mobile and aoes nat chemically react with other components. This is very
important to adjust the leve! of slane & an aptimal amount [27],
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4.3 Effect of Slane content on the Corrosion Resistance of the Epoxy-based
Coating

In'this study, we investigated the effect of the sllane coupling agent in epoxy
coating for cold mild steel plates on the comosion resistance via an accelerating
comosion test. In a comosion Study, tests progress in the: improvement of carrosion
protection by epoxy/silane coating. The carmosion evaluation IS operated by mess loss
measurements. The performance of epoxy/siiane coating ontest is evaluated by visuial
observation and appearance of rusts. The photographs shown in Fgures 4.10 to 4.13
Indlicate various degrees of degradiation, which serve as observational stangards greatly
recluce variation between ooservers. The Use of stancarcized evaluation and to give
numerical raings to test Specimens are a common practice in paint testing. Rating
systenms for the evaluation of cormasion and biistering on coated metal panels have been
standardzed (as desaribed ASTM D 1654, ASTM D 714 and ASTM D 610, s

Appendix A).

Control Sample 1 Sample 2 Sample 3 Sample 4

Figure 4.10 Effect of satt spray after 500-hour exposure on epoxy/silane coating

samples againstcontrol with D.F.T. 50 pm
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Control Sample 1 Sample 2 Sample 3 Sample 4

Figure 4.11 Effect of salt spray after 500-hour eposure on epoxy/silane coating
saples against control with D.FT. 100 pm

Figure 4.12 Effect of salt Spray after 1000-hour expostie on epoxy/silane coating

samples against control with D.F.T. 50 pm
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Contro Spel  Symple2  Sampe3  Samped

Figure 4.13 Effect of salt spray after 1000-hour exposure on epoxy/silane coating
saples against control with D.F.T. 100 pm

In Fgures 4.10 to 4.13, at the same time, the rusting of x-cuts on the epoxy
coating (control) wes larger than epoxy/silane coatings (samples 1, 2, 3and4). Forthe
longer exposure time of 1000 hours, the rusting of x-cuits on the epoxy/sllane coating
and epoxy coating (control) wes larger. A degree of rusting can be used to assess
00ITosion on acoating as shown in Table 4.3,
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Table 4.3 Effect of salt sray exposure time and coating thickness on cut rusting and

surface appearance
Typeof DFT. 500-hour exposure 1000-hour exposure
coating  (pm) X-Cut Surface X-cut Surface

Scribe Blistering Unscribe  Blistering  Scribe Blistering  Unscribe  Blistering
25 6 10 8 10 5 4MD 7 4MD

5 7 0 8§ 1 7 4MD 8  4MD
Conol 25 ¢ 0 9w 7 aM 9 4MD
W 8 0 9 1 7 2M 9  4MD
% 7 10 8 0 6 4MD 8 10
5% 8§ 19 0 7 4MD 9 10
R e S N Lt N TR S
W 8 0 0 0 7 M 9 1
% 8§ W 9 1 6 4MD & 10
5% 8 0 9 0 7 4MD 9 10
Sample 2
509 w00 1 M 9 1
W 9 0 O H 8 4 9 1
% & W 9 W 6 4MD 8 1
5 8§ 10 9 0 7 4MD 9 1
Sample 3
509 W 0 0 7 M 9 W
W 9 0 1 0 9 M 9 1
% 8§ W 9 10 8§ M 8 W
5 8 00 9 M 7 49 10
Sampled 5 9 9 w0 w7 49D

100 9 10 10 10 9 4M 9 10
Rusting Rating 10 = No change, 0 = Complete failure,  Blistering standard No.10 = No blistering,
No.8 = the smallest size blister, Nos. 6,4 and 2 = larger sizes, ~ Frequency at each step in Size was
designated as follows: Dense (D), Medium dense (MD), Medium (M) and Few (F).
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In Table 4.3, epoxy/siane coatings (saples 1 2 3 and 4) offer better
corrosion performance than the epoxy coating (control) alone. After 500-hour salt
spray expostre, the comosion could only oocur on the el a the x marks, the rating of
carrosion of the control is worse than those of saies 1, 2, 3and 4. Very satisfactory
result, no blisters were found on these samples. In generdl, hydrogen atom on the
amine group of polymer backbone can be bond strongly with oxide Surface of the Stee),
|f the interaction IS strong enough, the amine group would not ke displaced by water,
Inalong exposure time of 1000 hours, rusting and biistering & the x-cuts of the epoxy
coating wintout Slane were larger than those epoxy/silane coating (samples 1,2, 3ad
4). Rusting and hlistering on enoxy coating are caused by sodium chloride solution thet
pessd through the: damege and diffused into the interface between the coating and the
metal substrate. The cormosion process could occur on the stedl a the x-cuts. The
adhesion between the venides of the coating and the Steel surface is normally
enchanced by the polar interaction and by hycrogen bonding. These hydrogen bond
Interactions could be dispiaced by water, which can introduce hycrogen bond with ll
of the groups on the surface of the stedl. Water diffuses under the coating and causes
swelling of the coating. Therefore, the: coating and the metal substrate would lose their
adhesion. The coating thus became softer. This moce of failure, is illustrated in Figure
4.14 (28], However, the rate of water displacement can e recuiced, becase the
aosored polymer molecules have arrigid chain structure and sufficient number of
polar groups on each molecule. For instance, the epoxy/silane coating (samples 4, 2, 3
and 4) have rigid chain structLres, interpenetrating polymer network (IPN) more than
the epoxy coating (contrl)

In this work, the corrosion product is red rust (2Fe2) 3HD). The mechanism of
cormosion started, when water and oxygen hed pemeated through the film and water
displaced some of the adsorbed groups of the coating from the surface of the Stedl. In
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this process, all the conponents of an electrochemical cell are presart. Electrochemical
reactions begin in the absence of oxygen, the initial reactions are |29
At the anode (oxidation): the formation of ferrous ions by the loss of electron,

e — Fextle 42
At the cathod (regluction): the formation of hydroxyl ions,
02 +2HD +4e — 40H (43
The initial product of redox is thus the yellow rust of ferrous hyaroxide,
de+2HD +02 — 2Fe(OH)? 44

In the presence of excess oxygen, the fermous hyadroxide is oxiclized to hydrated
ferric oxide, rest rust:

UFe(0H)2+ 02— 2FeD3HD +2HD (45)

The method for predicting corosion of coated stedl material exposed to the
mist of salt solution s by acorrosion rate method (as snown in Fgures 4.14 and 4.15)

hm T+ +++ O
| Fe —» 2Fe 2
17--T- Rust

bbbt : —Fetetetatet ettt

F|gure 4 14 Sae of 00oSIoN a ascnbe andlistering through afilm [28]
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Figure 4.15 Corrosion rate of the epoxy coating (control), samples 1, 2, 3and4
for 500 hour exposure time
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Figure 4.16 Corosion rate of the enoxy coating (control), samples 1,2, 3and4
for 1000 hour expostre time

The relative comosion resstances are expressed as mils per year, when
mpy < 1= Qutstanding, mpy 15 = Excellent, mpy 5-20 = Good, mpy 20:50 = Far,
mpy 50-200 = Poor, mpy 200+ = Unaccepiadle [30]
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The variation in Slane coupling agent, film thickness and time were studied.
The resutts in Hgures 4.16 and 4.17 show that the comosion rates of epoxy coating
(control), samples 1, 2, 3 and 4 were decreased when the concentrations of slane and
film thickness increased. The cormosion range classified wes mpy (5. Moreover, the
classification of corrosion range implied excellent corrosion resistance. The corrasion
protective performance is improved, becauise the diffusion of molecules and ions could
not e deeper to the interface between the epoxy/siane coating and the Suibstrates.
Thus, thicker films will delay the attack of water and oxygen at the interface.

44 Effect of Slane content on the Mechanical Properties of the Epoxy-based
Flooring

The flooring systemis usedlin civil engineering. Several performance properties
of the floor systems were determined, incluing haroness, compressive strength and
chemical resistance. The mechanical property measurements were mede after 1, 3 5
ad 7days ofcure,

441 Hadess
Harchess was measured using amodified version of the methodology desobed
In ASTM D 2240/shore D. The resuts of the hardness are reported in Table 44,
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Table 44 Hardness of epoxy/silane flooring

Days of cure Harchess of flooring of
Control  Saple 1 Sample2 Sample 3

1 69 4 8 8
3 n & & &
5 I8 &8 &% %
! 16 84 8 %

It was observed thet harciness increased with increase in silane coupling agent
The haraness of epoxy/silane flooring (samples L 2 and 3) was higher than that of
epoxy flooring (control). The epoxy/silane flooring has nigidl chains; by the curing of
the epoxy resin with cycloaliphatic amine to form a cured epoxy polymer, and such a
reaction of silane (AEAPS) procuce the component hardness. The amine moiety of the
silane (AEAPS) undergoes the epoxy-aming addition reaction and Is condensed by
catalytic function of the amine functional group within itself. In sample 3, the silane
coupling agent is used as a curing gent, substituted cycloaliphatic amine curing agent.
The harchness was higher then the epoxy/silane flooring Swhere cycloaliphatic amine
was Used as a curing agent, because the silane can form polymeric structures by
concensation of the silanol group to become siloxane (SI-OS) linkages. These
structures have been extending into the resin matrix and  the SI-0 linkages are strong
and the rigid chain structure, which cannot move beyond the dimension of molecular
segments, such & Si-0 bonds in quartz, glass, ceramic are more rigid than the
organic C-C bond. Therefore, higher levels of the silane used in epoxy resin can
Increase the harcness of the coating 8, 11].
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44.2  Compressive Strength

Compressive strength wes measured using a muification of ASTM ¢ 579,
Hoor samples which are cast out in the diamension described (cylinder shape 1+ 1/32
Inch), have & cross section area of 1+ 1/32 inch. The result of the mechanical properties
1S reported in Figure 4.17.

ressive strength (MPa)

mp!

100 =S

mple 3

> day

Figure 4.17 Compressive strength of epoxy/silane flooring

The results in Figure 4.17 show the compressive strength of epoxy/silane
coating (samples L 2 and 3) and the control (no silane). It was observed that the
compressive strength increased with increase in silane (AEAPS) and curing time. One
day compression of epoxy/silane flooring is higher than that of epoxy flooring
(control). The acdlitonal silane (AEAPS) Is hydrolyzed and easily condenses by a
catalytic function of the amine function group, that gives avery rapid cure resulting in
the mechanical properties. Further increases in the silane content up to 3 wt% (sample
1), the compressive strength wes increased to an optimum value, which indicates thet
the level of silane affects the increase of compressive strength. However, increases of
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the silane content to 5 wi% (sample 2), the compressive strength wes slightly increased,
which was lower than that at 3 wt%silane content. This observation is attributed to the
excessive amount of amine from cycloaliphatic amine and silane (AEAPS), which
caused the incompletion of the epoxy curing reaction. The demand on the curing
process is to btain the best balance of properties with polyfunctional epoxides. For the
reaction curing agents, it is cesirable to react with the resin and curing agent &
approxiamtely stochiometric quantities.

443 Chemical Resistance

The effects of chemical immersion were stucied on epoxy flooring. Shore D
hardness was measured of the cured floor prior to chemical immersion and after the
Immersion. Harcness retention Is relevant to the flooring application where it indicates
the durability of the floor. Specimens were cured for 7 days & room temperature
before testing andl after 7-clay immersion. The reagents were removed and the surfaces
were dred Shore D hardness of each sample wes re-measured and the percent
hardiness retention wes then calculated. The results of this study are presented in Figure
418

U control
n samplel
DsampIeZ

.BampleS

Water ~ Ethanol  MEK  Toluene  Ethyl

cellosolve

Figure 4.18 Cremical resistance of epoxy flooring
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The result inclicates thet the: epoxy/silane floorings (samples 1, 2 and 3) are
resistant to water and solvent such as toluene. The immersion in ethanol and MEK
showed a marked softening of the floor, due to the absorbed solvent. The epoxy
flooring (control) was swollen especially a the floor when immersed in ethanol
Epoxy resins are ustially soluble only in highly polar solvents such as ketones, esters
and alcohols. The resuits indicates that silane (AEAPS) helps  improve the chemical
resistance through the highly crosslinked network. It Is interesting to note also thet,
when the concentrations of silane (AEAPS) was 5 wt% (samyle 2), after immersion in
solvent, harcness retention wes less than thet of silane (AEAPS) containing 3 wt%
(sample 1). This may be caused by the excess amine curing agent. Unreacted amine
functionalities apparently are hydrophilic enough to favor entrance of water and polar
solvent such &s ketone and alcohol, to the interphase region [4], Sample 3 (Silane
AEAPS curing agent) obtains a balance of properties with polyfunctional epoxide and
reactive coating agent. In the case of sample 3 (Silane AEAPS curing agent), the high
reactivity leads to improvenment in properties of the epoxy resin, which provies good
chemical resistance and harchess retention with the highly crosslinked network [8].
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