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Abstract: In this work, modified silicone tie-paints were prepared in a simple way for securing ad-
hesion between the epoxy anticorrosive primer and silicone fouling release coating. Hydroxy-ter-
minated polydimethylsiloxane (PDMS) mixture containing fillers and accessory ingredient was pre-
pared as base component. N-(2-Aminoethyl)-3-aminopropyltrimethoxysilane (DAMO) was me-
chanically mixed with other functional additives as curing component. ATR-FTIR, XPS, SEM and
tensile tests were used to investigate the chemical structure, morphology and mechanical properties
of the tie-coatings. It was focused on the effect of the DAMO content on the adhesion of the tie-
coating to epoxy primer. Peel off and shear tests were carried out to evaluate the adhesion. The
results showed that introducing DAMO can significantly improve the properties of the tie-coating.
The adhesion between the tie-coating and the epoxy primer increases with the increase of DAMO
content, but the excessive DAMO content will decrease the fracture strength of the tie-coating and
decrease the quality of the coating. When the DAMO content in tie-coating is 1.97 wt.%, the tie-
coating performs excellent in the interlaminar adhesion, shear strength and mechanical properties.

Keywords: silicone tie-coating; epoxy primer; N-(2-Aminoethyl)-3-aminopropyltrimethoxysilane;
adhesion

1. Introduction

Human marine activities have long been plagued by biofouling. For example, bio-
fouling on the surface of a ship will increase the weight of the ship, reduce its performance,
corrosion promotion and increase the cost of hull maintenance [1,2]. Applying antifouling
paints to the underwater structure of the ship is an effective way to solve biofouling. Tra-
ditional antifouling coatings (containing organic tin or cuprous oxide) are highly effective
in controlling biofouling [3]. With the increasing importance of environmental protection
to human beings, this type of antifouling coating has been banned [3]. Therefore, the non-
toxicity of antifouling coatings is an inevitable trend of development [4].

Among non-toxic antifouling coatings, low surface energy antifouling coatings have
become more and more popular. Low surface energy antifouling coatings rely on their
own characteristics, making marine organisms only weakly adhere to the surface and
readily removed by shear forces or other external forces [5,6]. Among the current low-
surface antifouling coatings, silicone antifouling coating-based PDMS have been widely
used due to the advantages of non-toxicity, low cost, an excellent antifouling effect and
other advantages [7-10], but there are still some shortcomings involved in application [6].
For example, silicone antifouling coatings are often used in conjunction with epoxy pri-
mer due to epoxy primer having excellent mechanical, electrical, and bonding properties
[11-14]. However, the interlaminar bonding strength between the silicone antifouling
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coatings and the epoxy primer were poor due to the surface properties of silicone such as
low chemical reactivity and low surface energy [15-18].

In order to improve the interlaminar bonding strength between the silicone coating
and the epoxy coating, researchers set about a technical approach at the levels of chemistry
and physics. On the one hand, Roth [16] et al. treated the rubber surface via low-pressure
oxygen and ammonia plasma to form acidic or reactive surface groups which can form
covalent bonds with epoxy groups of epoxy coating to enhance interlaminar bonding
strength. However, the effect is instable and difficult to apply in engineering. Wang et al.
[19] modified epoxy coating surface via corona discharge pretreatment, and the corona-
pretreated surface was silanized with vinyltrimethoxysilane to generate vinyl groups, and
finally reacted with the silicone resin to increase adhesion. However, this method requires
special instruments, and the process was costly for engineering application. On the other
hand, researchers incorporated epoxy resin into silicone resin by physical blending. How-
ever, the physical blending of silicone resin and epoxy resin would undoubtedly bring
about incompatibility due to the huge difference in solubility parameter [18,20]. In order
to improve this situation, silane coupling agents were introduced, and the functional
groups of the silane coupling agents combine the two components [21-23]. In previous
studies [9], various silane coupling agents were used as intermediates between epoxy
coatings and silicone coatings to improve their compatibility. The only drawback was that
the curing process was cumbersome. Xiong et al. [24] improved the adhesion properties
of silicone coating by dispersing silanized epoxy resin into methyl phenyl silicone rubber
and then cross-linking at room temperature. Zhou et al. [18] synthesized grafted copoly-
mers containing a segment of siloxane on the side chain of an epoxy resin, and then the
copolymer was dispersed into PDMS. This method significantly enhanced the adhesion
performance of the silicone coatings. Inspired by this, we incorporated the silane coupling
agent into PDMS through mechanical dispersion, and cured at room temperature to im-
prove the adhesion properties of the silicone coating.

In this work, we designed a silicone tie-paint based on PDMS that was modified by
N-(2-Aminoethyl)-3-aminopropyltrimethoxysilane (DAMO). The tie-paint is composed of
binder and a functional agent component. The binder was made from PDMS, titanium
dioxide, silicon dioxide, leveling agent, defoamer and dimethylbenzene, which were
mixed and ground. Before painting, DAMO, tetraethyl orthosilicate (TEOS) and dibutyltin
dilaurate (DBTDL) were mixed into the binder according to the formula ratio, the coating
can be prepared. In this study, samples with varying DAMO contents in tie-coating were
prepared, and the interfacial morphology, tensile properties, chemical structure of the tie-
coating and interlaminar bonding strength between coatings were investigated. The aim
of these works is to study the effect of DAMO on silicone tie-coating adhesion to epoxy
primer.

2. Experimental
2.1. Materials

Epoxy primer Penguard HB was purchased from Jotun Coatings Co., Ltd. (Zhangjia-
kou, China). Silicone tie- paint was made by the laboratory, hydroxy-terminated polydi-
methylsiloxane (PDMS) was purchased from Dayi Chemical Co., Ltd. (Yantai, China), the
kinematic viscosity of PDMS is 10,000 mm?/s. Silicon dioxide was purchased from Shen-
yang Chemical Co., Ltd. (Shenyang, China), the particle size was 5~40 nm. Titanium diox-
ide was purchased from Hongyunyuan Chemical Co., Ltd. (Shanghai, China), the average
particle size is 15 um. N-(2-Aminoethyl)-3-aminopropyltrimethoxysilane (DAMO) was
purchased from New Blue Sky New Materials Co., Ltd. (Wuhan, China). Tetraethyl or-
thosilicate (TEOS), dibutyltin dilaurate (DBTDL) and dimethylbenzene are all of analyti-
cal grade and purchased from Kemiou Chemical Reagent Co., Ltd. (Tianjin, China).
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2.2. Preparation of the Specimen

Silicone tie-paint was composed by binder and functional agent component. The
binder component was prepared by BGD 750 Versatile Sand-Milling Dispersing-agitator
(Biuged Laboratory Instrument Supplies Co., Ltd., Guangzhou, China). The preparation
process was as follows: PDMS was added to the BGD 750 Versatile Sand-Milling Dispers-
ing-agitator, and silicon dioxide, titanium dioxide and accessory ingredient were slowly
added at a speed of 1000 rpm, the speed was increased to 4000 rpm and blending for 30
min. After blending was completed, it was ground by QZM conical mill (Precision Mate-
rials Instrument Testing Machine Factory, Tianjin, China) with discharge speed of 5 g/min,
binder was stored in tinplate container after grinding. Before painting, mixed binder,
DAMO, TEOS and DBTDL according to the formula ratio, finally adding an appropriate
amount of solvent evenly, the coating can be prepared.

Samples were prepared according to the experimental design scheme. Samples were
named TDX, in which X represents the tie-coating with X mass% of DAMO in the tie coat-

mng.

2.3. Characterizations
2.3.1. Microstructure and Morphology Analysis

Some tie-paint samples were spread onto 150 mm x 150 mm x 2 mm teflon mold, and
demolded after curing 7 days in a high-low temperature damp heat test box at 25 °C and
humidity of 60%, and then taken out for testing. The molecular structure of tie-coating
was characterized by Frontier PerkinElmer infrared spectrometer (PerkinElmer Co., Ltd.,
Waltham, MA, USA) using the Attenuated Total Reflection (ATR) method. The scanning
range was 4000-650 cm™. The resolution is 2 cm™. The number of scans was 32 times.
Furthermore, tie-coating with air side and substrate side were also scanned by ESCALAB
XI + X-ray photoelectron spectrometer (XPS) (Thermo Fisher, Waltham, MA, USA), the N
elements were investigated. Each coating was tested three samples, and the results were
analyzed.

In order to investigate the fracture morphology between two coatings, two coatings
were prepared by air spraying to ensure that the same coatings were made with the same
spraying pressure, speed, and spraying times. First, the epoxy primer was sprayed onto a
75 mm x 25 mm x 1 mm glass slide. Then the prepared tie-paint was sprayed on the surface
of the epoxy primer after the surface drying. The epoxy primer or tie-coating in the sample
was made from the same batch of paint to avoid errors in multiple measurements. Each
layer of coating was completed, the coating thickness was measured by a film thickness
meter and the most qualified sample was selected. Second, samples were allowed to cure
for 7 days in a high-low temperature damp heat test box at 25 °C and humidity of 60%,
taken out and deep-frozen in liquid nitrogen for 24 h, and knocked immediately, then
taken out from liquid nitrogen. The fracture morphology of the sample was measured
separately with the Carl Zeiss Supra 55 Scan Microscope (SEM) and the Olympus OLS4000
CLSM (OLYMPUS (China) Co., Ltd., Beijing, China). In order to ensure that the results are
universal, we prepared three batches of samples in total, each batch of samples prepared
under the same conditions. Six fractures were obtained for each sample for observation.
The results were treated and the representative pictures are selected.

2.3.2. Tensile Tests

In order to investigate the tensile properties of the tie-coating, some tie-paint samples
were prepared in a teflon mold with dimension of 150 mm x 150 mm x 2 mm. Samples
were allowed to cure for 7 days in a high-low temperature damp heat test box at 25 °C
and humidity of 60%, and then the cast film samples were taken out and cut into 45 mm
x 4 mm dumbbell-shaped by dumbbell-shaped knife. According to national standard
GB/T 528-2009 (ISO37-2005), samples were tested with the UTM 5105 computer-controlled
electronic universal testing machine (Jinan Wance Electrical Equipment Co., Ltd., Jinan,
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China). The tensile speed is 50 mm/min. For each tie-coating, three reduplicate measure-
ments were performed. The average of the elastic modulus, stress at 100%, fracture elon-
gation and fracture strength were calculated and analyzed.

2.3.3. Crosslink Density

In order to investigate the crosslink density of the tie-coating, the crosslink density
of the cast film sample was investigated by the equilibrium swelling method. The weighed
cast film sample was put into a test tube containing 50 mL of methylbenzene, and it was
immersed in a constant temperature water bath at 25 °C. The cast film sample was taken
out from methylbenzene every 3 h, the solvent on the surface was quickly absorbed with
filter paper, and immediately put it into the weighing bottle was weighed with a precision
electronic balance, and then the cast film sample was continuously swelled in the solvent
until the difference between the two adjacent weighing results did not exceed 0.1 mg, the
cast film sample is in a state of equilibrium swelling. The crosslink density of the cast film
sample can be indicated by the relative molecular mass (Mc) between adjacent crosslink-
ing points of the polymer. The relative molecular mass between adjacent cross-linking
points of the sample was calculated according to the Flory-Rhener method. In order to
ensure the accuracy of the data, each sample was tested six times, and the average value
was taken to represent the Mc of the sample.

2.3.4. Interlaminar Shear Strength and Adhesion Test

Two coatings were prepared onto 150 mm x 70 mm x 1 mm steel plate which the
preparation method of two coatings was the same as the glass slide sample. Samples were
allowed to cure for 7 days in a high-low temperature damp heat test box at 25 °C and
humidity of 60%, and taken out for testing. Cutting tool was used to cross-cut on the sam-
ples surface with the assistance of BGD 503 Cross Cutting Rule (Biuged Laboratory In-
struments Co., Ltd., Guangzhou, China). The cutting interval was 1.5 mm, the distance
between the grid area and the edge of the steel plate was not less than 5 mm, cut into a
grid a grid of 100, then the PET silicone tape was glued to the grid area and peel off after
5 min at room temperature, observed and counted level of damage of each sample (Figure
1). The adhesion between tie-coating and epoxy primer was characterized according to

the anti-peeling rate (APR), the APR of the sample was obtain according to the formula as
following: APR = 100 — number of peeled gndl—o(z).zs X number of cocked edge % 100.

Peeled grid
Peeling off l.

S Bl cocked edge

Figure 1. Schematic of interfacial strength evaluation.

The shear strength of the tie-coating/epoxy primer composite coatings was tested by
the UTM5105 computer-controlled electronic universal testing machine (Jinan Wance
Electrical Equipment Co., Ltd.) (Figure 2). The tensile speed was 20 mm/min. The sample
preparation process was as follows: the two tinplate with dimension of 120 mm x 25 mm
x 0.28 mm were overlapping placed in the same direction, and the overlapping area is 30
mm x 25 mm. Epoxy primer were coated separately to the inner surface of the overlapping
area of the two tinplate by air spraying. The prepared tie-paint was sprayed onto the sur-
face of the epoxy primer after the surface drying, and the two epoxy primer were tied
through the tie-coating before surface drying. Samples were allowed to cure for 7 days in
a high-low temperature damp heat test box at 25 °C and humidity of 60%, and then taken
out for testing.
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Figure 2. Schematic of shear test.

3. Results and Discussion
3.1. The Chemical Structure of the Silicone Tie-Coatings
3.1.1. ATR-FTIR

Figure 3 shows the infrared spectra of the tie-coating samples with varying DAMO
contents. The absorption peak of the stretching vibration of the Si-Me2 bond was at 788
cm. The absorption peaks at 1008 cm™ and 1085 cm™ were attributed to the symmetric
and anti-symmetric stretching vibration of the Si-O-5i bond. The absorption peak at 2963
cm™ was attributed to the anti-symmetric stretching vibration of the -CHs bond. The
peaks between samples have no obvious difference. The intensity of absorption peak at
the 3335 cm™ increased with increasing DAMO content. The absorption peak at 3335 cm™!
was attributed to the N-H stretching vibration and -NH anti-symmetric stretching vibra-
tion in DAMO, which illustrates the DAMO has been introduced into the tie-coating,
which itself was realized by DAMO mechanically mixed into the binder.

3500 3400 3300 3200

ymoothed
3335

Absorbance (a.u)

M.WM,,_VM// V\bg\_’__/\/w J\/ b V J \\

4000 3500 3000 2500 2000 1500 1000 500
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Figure 3. Infrared spectra of the typical silicone tie-coating samples. TDO refers to the tie-coating
sample without DAMO, TD1.24 refers to the tie-coating sample with DAMO of 1.24 wt.%, TD2.45
refers to the tie-coating sample with DAMO of 2.45 wt.%.

3.1.2. XPS

Figure 4a shows the X-ray photoelectron spectra (XPS) of the tie-coating samples.
These analyses show the presence of Si, O, C elements in all the samples. N 1s scan spectra
of all samples was shown in Figure 4b, and percentage of N atomic was also shown in
Table 1. On the one hand, the intensity of the N 1s peak of each sample increased with the
increasing DAMO content. In theory, TDO does not contain N atomic, which may be
caused by contamination of the sample surface. On the other hand, no matter the DAMO
content being less or more in the coating, the intensity of the N 1s peak on the substrate
side of each sample was higher than that of the air side. An inference can be drawn based
on this phenomenon: the DAMO would migrate to the substrate side of the coating due
to the priority curing of the surface of the coating. The DAMO content on the substrate
side of the coating was more than that on the air side due to this phenomenon, and it was
more conducive to more active hydrogen reacting with epoxy groups.
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Figure 4. XPS analysis for typical samples: (a) XPS survey of samples; (b) N 1s scan of sample.

Table 1. Percentage of N Atomic.

Sample TDO0 TD1.24 TD2.45
Air side - 0.36 0.68
Substrate side 0.06 0.47 0.79

3.2. The Tensile Properties of the Silicone Tie-Coatings

The tensile properties of the tie-coating samples were shown in Table 2, which shows
that the tensile properties of the samples changed with the varies DAMO contents. Tensile
curves of typical samples were shown in Figure 5. The results indicated that the elastic
modulus, stress at 100%, fracture elongation and fracture strength of the sample without
DAMO is lower than the sample with DAMO of 1.24 wt.%. When the DAMO content
increases to 2.45 wt.%, those properties of the sample will decrease. This can be attributed
to the crosslinking density changes with DAMO content increasing. The Mc value of the
tie-coating samples were shown in the Table 3; the greater the Mc value, the lower the
crosslink density of the coating. The crosslink density of TDO is low due to insufficient
TEQOS content; a certain amount of DAMO was introduced into TD1.24 led to an increased
crosslinking density compared with TDO. This can be attributed to the alkoxy group of
DAMO being hydrolyzed in the presence of water, and then undergoing a dehydration
condensation reaction with the hydroxyl groups at both ends of the PDMS, so the cross-
link density of TD1.24 was increased. The content of DAMO continued to increase; the
curing effect of DAMO was stronger than TEOS due to the high content of DAMO; DAMO
played a leading role in the cross-linking process of the various molecular chains of
PDMS, and the formation of a network structure with the silicon-oxygen chain was no
existence due to the special structure of DAMO, so that the crosslink density of TD2.45
decreased. In addition, more DAMO would induce the number of PDMS molecular chains
connecting with silicon dioxide to decrease [25]. The tensile properties of the tie-coating
were changed due to these reasons.

Table 2. Tensile properties of typical tie-coating samples.

Elastic Modulus  Stress at 100%  Fracture Elongation Fracture Strength

1
Sample (MPa) (MPa) (%) (MPa)

TDO 473+0.01 0.38 = 0.01 286.15 +2.87 0.81 +0.02

TD1.24 7.73+0.15 0.47 +0.02 307.90 + 4.03 0.87 +0.01

TD2.45 7.12+0.20 0.41 +0.01 257.10 + 5.34 0.66 +0.04
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Figure 5. Tensile curves of typical silicone tie-coating samples.
Table 3. Mc value of typical tie-coating samples.
Sample TDO TD1.24 TD2.45
Mc 5965.50 + 64.09 4495.98 + 100.20 4916.34 + 42.30

3.3. Interlaminar Adhesion and Shear Strength

Excellent connection property is very important for the tie-coating. The property
could be indicated by anti-peeling rate (APR). The APR of the samples were shown in
Figure 6. The result showed that the APR was significantly improved by adding a certain
amount of DAMO. The sample with DAMO content of 1.97 wt.% and the APR of the tie-
coating on the epoxy primer was 100%. This shows that DAMO content in the tie-coating
was enough could improve adhesion between the tie-coating and epoxy primer.

120

—l—

0 jp—a—n—n

00 05 10 15 20 25 3¢
DAMO (wt.%)

Figure 6. Effect of the DAMO content on the APR of the tie-coating on epoxy primer.

In the application of silicone antifouling coating, the attached organisms were re-
moved when ships reached a certain speed. During this process, the coating was subjected
to large shear force. In addition, the main destruction method of the coating was shear
failure. Therefore, the shear strength of the tie coating/epoxy primer composite coatings
was tested by a tensile testing machine. The result was shown in the Figure 7. The shear
strength was influenced by DAMO content significantly, the shear strength of the sample
without DAMO was lower than that of containing DAMO, and the shear strength at
breaking increased as the DAMO content increased. The greatest value of shear strength
at breaking was 0.29 MPa that obtained through the sample with DAMO content of 2.21
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wt.%,the capability of damping external stresses was improved significantly. In addition,
the fracture position of the samples varied with the DAMO content. The tie-coating with-
out DAMO was completely peeled off from the epoxy primer and the epoxy primer was
completely exposed. With the increase of DAMO content in tie-coating, the fracture posi-
tion changed from the interface of the epoxy primer to the inside of the tie-coating and the
exposed area of the epoxy primer decreased.

0.35

L White part:tie-coating
0.30 | Red part:epoxy primer

£ 025/
s |
Z0.20

%0 L
80.15

50.10]
= I
“0.05

SRERY S8

0.00 . 1 . 1 . 1 . 1 . |ﬂh . PR
00 04 08 12 16 20 24 28
DAMO (wt.%)

Figure 7. Effect of the DAMO content on shear strength of the tie coating/epoxy primer composite
coatings.

3.4. Effect of the DAMO Content on Fracture Morphology of the Tie-Coating/Epoxy Primer
Composite Coatings

In order to more intuitively study the connection behavior between the tie-coating
and the epoxy primer, the tie-coating/epoxy primer composite coating sample was placed
in liquid nitrogen, deep-frozen, and knocked off to obtain fracture. The fracture morphol-
ogy of samples with varying DAMO contents was investigated by CLSM and results are
shown in Figure 8. The DAMO content would affect the fracture morphology. There is a
gap between the tie-coating without DAMO and epoxy primer (Figure 8a), this indicates
the adhesion between coatings is very poor. In Figure 8b, the fracture morphology of the
sample with DAMO content of 1.24 wt.% in tie-coating was a step profile. This phenome-
non can be explained as follows: The interface bonding strength of the two coatings in
TD1.24 was different in different areas due to insufficient DAMO content. Under the ac-
tion of external force, coating would bend out of shape, the two coatings would not sepa-
rate in the area with high interface bonding strength, and the two coatings would occur
separate in the area with poor interface bonding strength, breaking occur when the defor-
mation exceeds the breaking limit of the material. During the deformation process, the
separation of the two coatings starts from the area with poor interface bonding strength
and ends at the area with high interface bonding strength. Differing from the overall poor
interface bonding strength of the two coatings in TDO, the interface bonding strength of
the two coatings in TD1.24 differs in different areas. If the breaking occurs in the area with
poor interface bonding strength, the breaking process of the coatings will be influenced
by the distribution characteristics of the area, which would cause the difference in the
breaking position of the two coatings. In Figure 8c, when the content of DAMO in the tie-
coating increased to 2.45 wt.%, the fracture morphology of the two coatings is relatively
flat, and the interface bonding condition is good. This is attributed to the content of
DAMO in tie-coating being increased, which improves the interface bonding strength
with epoxy primer. When the external force was applied, the two coatings broke as a
whole.
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Z factor=1 Z factor=1 Z factor=1

Figure 8. CLSM 3D images of typical fracture morphology: (a) TDO; (b) TD1.24; (c) TD2.45. The white part is tie-coating,
the adjacent coating is epoxy primer.

Tie-coating

Epoxy primer

To reveal more clearly the interlaminar bond structure, above-mentioned samples
were observed by SEM. Their fractures were are shown in Figure 9. It can be obviously
found that the fracture morphology of between coatings was influenced by DAMO con-
tent. Figure 9a shows that there is an obvious gap between the tie-coating with DAMO
content of 0 wt.% and epoxy primer, which indicates that the adhesion between the tie-
coating without DAMO and epoxy primer is poor. In Figure 9b, the interface bonding
quality was improved between the tie-coating with DAMO content of 1.24 wt.% and the
epoxy primer, and there are still defects in some areas between coatings, which leads to
poor local adhesion between the tie-coating and the epoxy primer, which was caused by
insufficient DAMO content. In Figure 9c, with the increase of DAMO content in the tie-
coating to 2.45 wt.%, the interface bonding condition between the tie-coating and epoxy
primer is good, so TD2.45 showed excellent performance in the interlaminar adhesion.
The effect of the DAMO content measured by SEM was consistent with the CLSM meas-
urement result.

Tie-coating

Epoxy primer

10pm

Figure 9. SEM image of typical fracture morphology: (a) TDO; (b) TD1.24; (c) TD2.45.

All the results show that DAMO modified tie-coating can improve the interlaminar
bonding between the silicone coating and epoxy primer. The DAMO content in the tie-
coating determines the interface bonding quality between coatings. The DAMO content
was less, and so it was difficult to disperse the DAMO uniformly and the DAMO content
per unit volume was also less. During film formation, the amount of DAMO on the surface
of epoxy primer was less, and a little amount of epoxy groups was reacted (Figure 10a).
Hence, the interlaminar adhesion was weak between coatings. With the increase of
DAMO content, the interlaminar adhesion and shear strength was improved. The reason
for the improvement was that only one active hydrogen was needed for the ring-opening
reaction of an epoxy group form strong interaction, and the excess DAMO made epoxy
groups participate in the reaction as much as possible [26]. From the results of infrared
and XPS tests, it can be seen that the amount of active hydrogen involved in the reaction
with epoxy groups in the tie-coating increased with the increase of DAMO content. In
addition, the DAMO content affected the mechanical properties of the coating. We im-
proved the adhesion between the tie-coating and the epoxy primer by increasing the



Coatings 2021, 11, 71 10 of 12

DAMO content, but this also reduced the fracture strength of the tie-coating. The failure
location of the coating adhesion transferred to the inside of the coating, which is also un-
desirable (Figure 10b).

(a)

(b) Failure location

Tie-coating

Tie-coating

= DAMO ' Epoxy group ¥ Ring-opening reaction

=~ DAMO VYeEpoxygroup ¥ Ring-opening reaction

Figure 10. Schematic diagram of tie-coating failure: (a) interlaminar failure; (b) tie-coating fracture failure.

3.5. Tie Mechanism of the Silicone Tie-Coating Adhesion to Epoxy Primer

The tie-paint was prepared according to the formula ratio and then brushed on the
epoxy primer. In the initial state, the solvent in the coating was not evaporated a lot, the
coating had good fluidity, and the molecules diffused within the liquid coating that has
not been cured. As the solvent in the coating evaporated in a large amount, the water in
the air entered the coating. In the stage, the dealchoholized condensation reaction between
ethoxy group of DAMO, TEOS and hydroxyl groups of PDMS took place in the presence
of catalyst. On the surface of the epoxy primer, the active hydrogen in DAMO reacted
with the unreacted epoxy group on the surface of epoxy primer, and the tie-coating was
bonded to the epoxy primer by forming a chemical bond (Figure 11).

Tie-coating/ \

(a) \AO—SI—0ANS

l

Y Epoxy group —@® Primary amine group

—@ Secondary amine group

S

Figure 11. The tie method between epoxy primer and silicone tie-coating: (a) Schematic diagram of
tie mechanism; (b) reaction formula.



Coatings 2021, 11, 71 11 of 12

4. Conclusions

In the present study, DAMO modified silicone tie-coatings were prepared to improve
the adhesion with epoxy primers. This preparation method is simple and easy to imple-
ment. The effect of the DAMO content on the adhesion between the tie-coating and epoxy
primer was investigated. Results show that the DAMO content in the tie-coating exceeded
1 wt.% and the adhesion between the tie-coating and the epoxy primer was significantly
improved compared to the tie-coating without DAMO. However, the amount of DAMO
was over 1.97 wt.%, which will result in a decrease in the fracture strength of coating and
a decrease in the quality of the coating. Therefore, the appropriate DAMO content is very
important to the overall performance of the coating. Through verifications, the tie-coating
with DAMO content of 1.97 wt.% performed excellent in the interlaminar adhesion, shear
strength and mechanical properties.
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